Fabbrica della Conoscenza

Carmine Gambardella

Xl Forum Internazionale di Studi

Lo -

B L 4

4 ‘.L 4 ﬁVle dej -
L 4. B3 A crcanti

.L ..
N

5

HERITAGE
ARCHITECTURE

=l /NDESIGN

CONSERVATION
REGENERATION
INNOVATION

A
LJ




Carmine Gambardella (a cura di)

HERITAGE ARCHITECTURE LANDESIGN

focus on CONSERVATION REGENERATION INNOVATION
Le vie dei Mercanti

XI Forum Internazionale di Studi

editing:
Caterina Cristina Fiorentino
Manuela Piscitelli

© copyright 2013 La scuola di Pitagora editrice
Via Monte di Dio, 54

80132 Napoli

Telefono e Fax +39 081 7646814

E assolutamente vietata la riproduzione totale o parziale di
questa pubblicazione, cosi come la sua trasmissione sotto
qualsiasi forma e con qualunque mezzo, anche attraverso
fotocopie, senza ’autorizzazione scritta dell’editore.

www.scuoladipitagora.it
info@scuoladipitagora.it

ISBN 978-88-6542-290-8

Finito di stampare nel mese di maggio 2013



HERITAGE r N
ARCHITECTURE
udll | ANDESIGN A 4

CONSERVATION Le Vle d
el.

REGENERATION ' : : :
feeial Mercanti Xl Forum Internazionale di Studi

Aversa | Capri
13-14-15 June, 2013

INDUSTRIAL HERITAGE, THE FABRA | COATS ENGINE ROOM IN
BARCELONA: A TERRESTRIAL LASER SCANNING POINTCLOUD
CLASSIFICATION

Juan M. CORSO?, Alejandro MARAMBIO?, Pilar GARCIA-ALMIRALL?®

() Laboratorio de Modelizacién Virtual de la Ciudad LMVC, Escola Técnica Superior d'Arquitectura de
Barcelona, Universitat Politécnica de Catalunya UPC, Barcelona, Spain

juan.corso@upc.edu

@ alejandro.marambio@upc.edu

@) pilar.garcia-almirallupc.edu

Abstract

This paper is divided into two parts: the first seeks to compare the results of two surveys made with a
time of flight scanner, Riegl z420i, and a phase based scanner, the Faro Focus®P. These surveys were
conducted inside an industrial heritage building, the Fabra i Coats boiler room (built between 1910 and
1920). T he c omplexity of t his ¢ onstruction a llowed us t o m ake a ¢ omparison be tween t echnical
characteristics of the instruments, s ettings, d ata collection and lighting conditions. T he second part
develops a classification workflow for this information. Architectural parts and installations were
separated in relation to three topics: historical construction, function and architectural program. A high
density point cloud model was generated, over 1.300 million points in a building volume of 7.000m?3.
Finally, advantages of this process in relation to the diffusion of heritage, conservation documentation
for the proper understanding of the current state are discussed as well as the representation of its
historical evolution in an interactive real-time point viewer.

Keywords: Laser Scanning, Industrial Heritage, Digital Preservation, Classification, Point clouds.

1. Introduction

Although there are s everal techniques for cultural h eritage documentation, terrestrial | aser s canner
(TLS) technology allows a survey of very complex sites in short periods of time without compromising
precision. Standard workflows are required in this type of surveys for a better understanding of the
building. It is a complex task to propose a unique methodology, given the technical characteristics of
instruments, the complexity of the objects and the piping facility, and the diversity of materials in these
scenarios.

An example of this methodology is presented for the classification of a high density point cloud of an
industrial heritage interior. A structure for the database is proposed to facilitate the access to existing
information and documentation generation by users involved in the process of heritage conservation, in
terms of planning, interdisciplinary communication, evaluation of outcomes and as a dissemination tool
[4].

The case study is the Fabra i Coats engine room, an industrial heritage icon of Barcelona, where boilers
supplied the energy for the textile factory to work, first by coal and later by gas. This room is part of a
larger complex consisting of several buildings built in different periods, the oldest dates from 1890. The
complex has witnessed the history of Sant Andreu de Palomar (the old town where he was born) before
its annexation to Barcelona. The Fabra i Coats, textile factory represents an exceptional moment in the
city's development and industrialization process which Catalonia lived in the XIX century.
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This study covers different levels and scales of detail, ranging from machinery cables to brick walls that
compose the main body of each boiler. A comparison of the technical characteristics between two
different laser scanners is made relative to the survey proposed, looking to improve the process in
relation to the data needed to identify the classified elements for a proper documentation and the time
required for each survey. In this process, a comparison between two technologies is also made; a time
of flight, Riegl z420i, and phase scanner, Faro Focus?®P, is discussed.

The paper is organized as follows: section 2 describes the case study and section 3 is a comparison of
the results of the two surveys in terms of data acquisition, resolution, accuracy and density of points.
Section 4 presents the workflow in the segmentation/classification of the point cloud model in relation to
the data density and the complexity of the geometry. Finally, section 5 focuses on the structure of the
database, designed to communicate the historical evolution of the different engines, data accessibility
and its interactive visualization.

2. Case Study: Fabra i Coats engine room, Barcelona

In the nineteenth century, Catalonia was a major player in the Industrial Revolution, leaving its mark in
history by changing the traditional craft production structure for the organization linked to the factory.
With an urban and productive progress so fast and intense, many industrial buildings ceased to exist,
others c ontinue ab andoned un til f urther use or where de stroyed. F ortunately, others have b een
rehabilitated. Today, these buildings are part of the identity of Catalonia; they are part of the rich urban
and architectonic heritage of Barcelona, as well as a representation of the collective memory [2].

One of the most prominent examples of these processes is the rehabilitation of the industrial complex
of Fabra i Coats, cataloged as Architectural Heritage of Barcelona with the “C” level [1]. Being a building
that meets historic, artistic and aesthetic values, it has a relevant urban impact in the area where it is
located. The Barcelona City Council bought it in 2005, turning its main buildings into a Cultural Center.
It is a group of warehouses, currently under construction, with resources for the creation, practice, and
dissemination of multi-disciplinary art, and the flagship project for the "Fabriques de Creaci¢" program.

The survey with the TLS was focused on a central chamber of the industrial complex, built between
1910-1920. It consists of a boiler room, a power plant room and a pump room. These last two rooms
are located on the ground floor of a f our level building. The construction has a brick structure, with
English laminated profiles as columns and beams.

3. Laser Scanning Data Acquisition

As a preliminary step to the classification of the point clouds, technical questions have been raised in
relation to the characteristics of a TLS survey to identify small elements in industrial heritage buildings
in relation to adjustments, yields and analysis data. This data must take into account the density of
points necessary to identify all elements, the optimum distance for capturing data, involvement by angles
of incidence and occlusion, considering the different characteristics of both of the equipment used.

The survey of the interior of Fabra i Coats was performed with two high precision scanners:

= The first is based on a flight time principle, Riegl z420i, with a field of view 360° H * 80° V, accuracy
10 mm and a distance range from 2 m up to 250 m, 1.5 million points per 5-10min scan at 0.1°
resolution.

= The second scanner is based on Phase-Shift, the Faro Focus®P, this scanner system allows for a
larger field of view 360° H * 305° V, with a range accuracy 0.6 mm @ 10 m, 0.95mm @ 25 m
(wavelength in nm 905), < £ 2 mm systematical distance error at 25 m, beside intensity of reflected
beam the Faro is able to acquire RGB, with an integrated camera 70 megapixels [5], 38 million
points per 5-10min scan at 1/8 resolution.

At the end the resolution of the survey depends largely in the number of positions and the resolution
established per scan. The importance of the registration process is key to the final point cloud resolution
as every single element in the room, including the cables or lamps, is pretended to be registered and
classified. An ICP method was adopted (figure 1) instead of the traditional target registration technique
as it performs a validation error in the binding of each position. This process allows a great level of
accuracy as all the information of the acquired data is considered, rather than only a limited number of
points. The principal advantage of the ICP registration is independent to the nature of the geometric
data (points, curves of different degrees of the surfaces). It is based on minimizing the distance between
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two point clouds, point by point, by successive iterations. The main disadvantages of this process in its
original form, is the convergence to a minimum which may be false, especially when data contains a lot
of noise, and it takes a large number of iterations for the convergence of the model. A final 1.300 million
point cloud model was obtained from 82 registered scan positions for the Faro, and a 45 million point
cloud model was obtained from 16 scan positions for the Riegl.

Figure 1: Scan positions ICP registration

The first comparison between the two surveys is clearly the final number of points per square centimetre.
The Riegl data was acquired with a 0.1° angle (1.5 million points per scan), and the survey with the Faro
was acquired with a 1/8 resolution and a 4x quality (38 million points per scan). Figure 2 shows a direct
comparison between instruments, scanned at the same distance, about 2,5 m from the center of the
boiler to each scanner with a 0.5-2mm resolution with the Faro Focus®P, and a 5-10mm with the Riegl
z420i.

Figure 2: Comparison of resolution between Riegl z420i (left) and Faro Focus3D (right).

One of the reasons between the differences in the point cloud models are not only the number of points
acquired but also occlusions. The accessibility between the boilers, the different heights, the complexity
of the piping distribution allowed a limited number of scan positions, which had a direct relation with the
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occluded areas (figure 3). The final point cloud model had a resolution of 0.2 mm with the Faro Focus?P,
and of 1cm with the Riegl z420i.

The density of points change between the interior and exterior in both surveys:

= In relation to the distance of the scanner and the complexity of the space-object, the scan distance
in the exterior with the Faro and Riegl varied between 3 to 5 meters. A homogenous point cloud
was generated.

= In the inside of the building, distances varied significantly between objects. Figure 4 shows some of
the typical problems that we face in this survey. This image represents an architectural plan-section
from the Riegl point cloud with a hi gh per centage of occluded ar eas. As the data c ollection
instrument is limited to an 80° angle in the vertical axis, it fails to document every part of the building.
On the other hand, the Faro scanner has a 305° vertical angle in data acquisition, covering all the
elements of the building, minimizing occluded areas and overlapping positions, decreasing the time
in surveying and making e asier the work plan. Number of positions where minimized, reducing
overlapping, solves problems caused by the scanning angle, like problems with the normal of points
(point direction in relation to the geometry), allowing a better illumination using the normal
information.

In the data collection process the ambient lighting conditions were different between both scanners, for
example inside the basement there was no direct lighting, only indirect lighting (specular), this affected
the intensity information in the phase-shifting scanner (Faro), changing the range of intensity between
levels, this problem was corrected using an equal falloff compensation for each position, modifying the
current range at a distance of 20 meters for each scan and applying an auto-scale level for the intensity
values, this also meant that the information out of this rage will not have a correct intensity value, and
each scan needed to be distance-filtered within this distance. This range depends on the quality of the
data and the distances in the space. The Riegl did not showed any significat change in the value for the
intensity.

Figure 3: Architectural ortho image. Riegl z420i, and Faro

4, Classification / segmentation workflow

The high density of points in the final Faro model (1.300 million points in a 7.000 m?® volume) made a
direct segmentation a difficult task. Segmentation by architectural levels was first proposed, starting with
the organization of the TLS position by levels; each level was divided in three files using a predefined
height, via Pointools* clip box tool.

The next process was the extraction of the architectural elements of the building. In this process the
floor was recognized as the principal element, as without it, walls and engines were easier to identify.
The area containing the floor was first extracted using a clip box tool, and then a RANSAC process in
Matlab was applied for a finer selection. RANSAC considers this information a plane for the extraction,
taking in to count that the data contained handrail bars on the ground.

1 Point cloud visualization software. pointools.com
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After the floor was extracted, we proceeded to divide the walls from the pipes along the walls (figure 4).
For this process a combination of RANSAC extraction and a manual edition in Pointools Edit software
was used. The same process was repeated from the information containing the wall and the boilers, the
pipes and the machinery. The segmentation between the roof, the wall and the structure needed manual
interpretation, b ecause of the complexity of these elements as they blend together, for example a
structural beam can be considered either supporting element or a part of the cover.

Figure 4: Complexity of classified surfaces

4.1 Classification in relation to the historical development, function and architectural program

In order to simplify user’s access to the different parts of the heritage building, a classification based in
architectural characteristics was required, although it can also be divided further taking into account
three different variables:

= The historic dev elopment: i ntegration of different boilers, c hanges in t he building, evolution or
modifications of the machines

= The function: coal boilers, gas boilers, electric system, hydraulic system

= Architectural program: areas were divided by different activities

The structure of the segmented point cloud to a classified one was mainly a manual process as it
required a specialisti nterpretation to assume this differences, is not only based on geometry
characteristics but rather on the knowledge of the buildings characteristics. Pointools Edit software was
used for this division (figure 4). Classification order started from the first two coal boilers (N2 and N3),
coal was served by hand, and supported by a system based on hoppers, supported by the bearing wall
and a complementary metal structure. These boilers were modified to gas as energy source, with the
addition of a burner and a steam accumulator on top.

The introduction of two new boilers (N4 and N1), forced an architectural expansion, the height of the
roof and walls were raised 3 meters, reaching a final distance of 10 m height at the lowest point. The
new gas boilers were elevated with respect to the previous ones from the floor by 3 meters in order to
facilitate the cleaning of the used coal. The last boiler was introduced in the building by making an
opening in a peripheral wall, as the tank was smaller and did not required the disassembly of the roof
for installation. This last boiler only worked with gas and gave the same energy power of the four old
ones (N5).

The ventilation systems associated with the boilers were modified over time, leaving at the outside of
the complex a brick chimney and ot hers metal made. Complementary to t his s ystem, two par allel
systems worked together, one electric and one hydraulic. They were used to distribute energy to the
other buildings through steam from hot water boilers, and to act as a fire prevention system. These
combined with the boilers, generate a complex network of pipes and auxiliary machines, distributed onto
walls and connected at the top with the boilers.
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The architectural part is in close relationship with these machines, on the lower level with warehouses,
on the upper floors with a metal frame for circulation (Figure 6), that reaches the highest point of the
machines, the roof with its modifications with a metal structure trusses and a metal structure that is still
being modified, as a reinforcement to the complex.

FABRA | COATS

v\

Fire pump room Boiler room High Voltage Room
101 Murs interior AV01 Maquinaria
102 Estructura escales AV02 Murs interiors
103 Maquinaria
Architectural Boilers

A00 Mur exterior color
A00 Mur exterior intensitats

C01 N1.cremador i acumulador vapor

> Wall | o1 Mur terior » N1 €01 N1.SA1615. calderes
AgZ Estructura columnes N2 C02 N2.cremador i acumulador vapor
q A03 Estructura coberta > C02 N2.SA1617. calderes
Structure A04 Estructura escales d

N3 C03 N3.cremador i acumulador vapor

Concrete slab > CO03 N3.SA1618. calderes
A05 Forjat
C04 N4.cremador i acumulador vapor
- > N4 | co4 N4.SA1616. calderes
Roof »
A06 Coberta
C05 acumulador pressi6 i ventilacio
: CO05 caldera gas
» aux ﬁgg \I\ili?tg’l?)zscaldera P N5 CO05 posada en marxa caldera.elevador

CO05 posada en marxa caldera

CO00 Auxiliar cables
CO00 Auxiliar llums
» CO00 Auxiliar varis
aux I coo Tubs

Figure 5: Database structure for the final point cloud model (31 parts).

In general the data structure is represented above (figure 5), the tree principal spaces; the boiler room,
the high voltage room and the fire system room, this last one is considered as an important innovation
in the industrial revolution of Catalonia.

a) b)

Figure 6: a) circulation left in red, trusses in orange, coal storage hoppers in yellow, and ground in gray. b) N3 and N2 isolated
boilers

155



4.2 Fine selection and extraction with RANSAC

The process RANdom SAmple Consensus (RANSAC) is proposed by Fischer and Bolles (1981) is an
iterative method for estimating parameters of a mathematical model from a set of observed data. This
method comes from the field of computer vision. Used as geometrical segmentation algorithm due to its
ability to automatically recognize the forms through the data (planes, cylinders, spheres and bulls),
despite the noise.

B

Figure 7: RANSAC detection to extract the ground and facades in complex models. A) Classified ground points. B) Example of a
segmentation of the major plane in a fagade.

The method RANSAC used is RANSAC.m from the RANSAC Toolbox for Matlab™ [6]. The principal
options assumed are: for the scalar value of the noise variable sigma a value of 0.01m, the probability
of error P_inlier 99%, percentage points to be considered as a plane 25%, we use the equation 1 for
the selection of the minimal base points (m) to establish the relationship between the points and the
plane. T his c alculation r equires the P _inter ( P), t he m inimum nu mber of po ints r equired f or t he
calculation (p), the fraction of abnormal values observed (outliers, €).

_ log(1-"P) _ log(1—-10.99)
M= og(1-(1-¢)p * T log(1— (1-025)°

Equation 1: minimal base points for the detection of a plane

The resulting shapes are tested against the original data points to determine how many of the points
come close to the shapes (Figure 7). From the extraction of these data the surface can be calculated,
striving to outline the geometry.

5. Diffusion of Heritage: the virtual model

The final part of the process is the appropriate diffusion of the information. We divided the final classified
model into three categories: a model for specialized users, a model for general users, and a model for
mass users (Figure 8).

= High resolution model: This information is the basic information for scientific-historical analysis and
historic doc umentation, with a resolution of 1 pointeach 3 millimeters. T his kind of information
changes the heritage analysis, as the new technologies and process allows us to go deeper in the
knowledge of the parts of t he b uilding, f rom c haracteristics of m aterial ( for ex ample m aterial
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alteration of an object over time) to structural studies (like deformations analysis). New research
opportunities are open describing the current state and the evolution of the heritage in technical

terms.

= Medium resolution model: This model allows the exploration of the whole building by non-
specialized users. The classification structure is maintained for data accessibility. This information
is oriented to users who constantly work with this building. In this case, to the Museu d'Historia de
la Ciutat de Barcelona (MHCB) and amigos de Fabra i Coats, who administer the building.

= Low resolution model: This model is made for webcasting purposes, in the process of building a
virtual museum buildings online (figure 9 b). With resolutions of 5 and 10cm, with no classification,

mainly use for navigation purposes.

82 scans, 917 Million
points (11Gb)

A 4

HIGH RESOLUTION MEDIUM RESOLUTION
MODEL MODEL
/ \ |
3 height 31 category 31 category by type
levels and by type Filtering to 2 cm

PROFESSIONAL
ANALYSIS

Figure 8: Tree levels of information for diffusion

a)

/ AN

GENERAL

LOW RESOLUTION

MODEL

N

Filtering to 5
cm

10 cm 2,3 Million
points (31 Mb)

b)

Figure 9: a) High Resolution Model: 917 million points, b) Low Resolution model: 2,3 million points

Point Cloud model viewers are increasingly growing in the industry, as professionals fell more
comfortable working directly with points rather than mesh models. We recommend both Meshlab? and
Pointools software for visualization purposes. Web point cloud viewers are starting to appear such as

2 MeshLab is an open source, portable, and extensible system for the processing and editing of unstructured 3D triangular

meshes or point clouds. meshlab.sourceforge.net
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cloudcaster?, or XB point stream?, all of them allow point cloud navigation and simple measurement in
the basic interface.

6. Conclusions

Riegl Laser scanner, time of flight scanner, is not an appropriate scanner for detailed interiors surveys
where data obtained is in the 2 to 10m range, as a larger number of points per position are necessary
for high detail acquisition. On the other hand, Faro’s portability and high number of points in short period
of time is the appropriate tool for this type of interior surveys where a measurement every 0,5cm is
needed to extract every object detail.

Changes in lighting conditions affect the intensity value directly of the Faro scanner, as well as distance
to objects, making this information useless when scan positions are registered. This is not the case
while working on single scans information. Riegl intensity value does not have a sensitive change if
lighting conditions changes or as to the distance to the objects. Incorporated RGB camera in the Faro
scanner, as it cannot be controlled by the user, provides unwanted color images. Texture value coming
from these images is very important for a correct 3d interpretation.

Obtaining a high density point cloud model is nowadays a fairly simple task. The discussion needs to
focus in two main aspects: how this model needs to be subdivided for an agile and appropriate use, and
how many different models need to be delivered for different users and applications. The subdivision of
the m odel pr esented i s f ar f rom an aut omatic c lassification, as it ne eds to r espond t o h istorical,
architectural or program needed. This step is necessary as it adds accessibility to the model. On the
other hand, different resolutions are necessary to be generated for the accessibility of the model for
different users.

3 High Definition Point Clouds in the browser. cloudcasterlite.com
4 A cross-browser JavaScript tool which emulates Arius3D's PointStream viewer. hitps://github.com/asalga/XB-PointStream

158



Bibliographical References

[11 APARICIO PUENTES, Maria. EI Modelo Barcelona de Espacio Publico y Disefio Urbano: Produccion
cultural como motor de desarrollo urbano. El caso del programa "Fabriques de Creacio" de Barcelona,
Tesis de master, Universitat de Barcelona, Facultad de Bellas Artes, Master en Disefio Urbano: Arte,
Ciudad, Sociedad, Barcelona, 2011, pag 114-125

[2] CABALLE, Francesc, GONZALEZ Reinald, Estudi de valoracié historico arquitectdnica del conjunt
de | a f abrica: F abra i Coats ( Sant Andreu), V ECLUS, S .I., Gestiéi d ocumentacié del patrimoni
arquitectonic i arqueolodgic, Barcelona, 2010, pp 3-6.

[3] CHEN, C, HUNG, Y, CHENG, J,. RANSAC-based DARCES: A New Approch to fast Automatic
Registration of Partially Overlapping Gande Image, IEEE Transacrions on Ptattern Analysis and
Machine Intelligence, vol 21 n 11, 1999, pp 1229-1234.

[4] LETELLIER, Robin. Recording, Documentation, and Information Management for the Conservation
of Heritage Places, Guiding principles, The Getty Conservation Institute, Los Angeles, 2007, pp. 45-56

[5] REMONDINO, Fabio, Heritage Recording and 3D Modeling with Photogrammetry and 3D Scanning,
Remote Sensing, ISSN 2072-4292

[6] KOVESI, Peter. “MATLAB and Octave Functions for Computer Vision and Image Processing”, 2006.

159



	heritage.pdf
	ID 002 Sacchi.pdf
	Abstract
	Fig. 1: Figure caption
	Fig. 2: Figure caption
	Fig. 3: Figure caption
	The Historic District in central  Zhongshan also has to become a significant part of China’s green leap forward. Our current way of life, here as anywhere else, is clearly unsustainable, and that which is not sustainable does not continue. Our cities ...
	A green city can have a great, positive impact on the planet’s future. Cities have to grow smart and old historic districts, if properly upgraded, can be way smarter than most recently built suburbs. The idea of a green city can coexist perfectly well...
	Central Zhongshan will thus experiment a great variety of challenging and entirely new issues, like, for example, new forms of urban farming: people will be able to produce a significant percentage of their food  using their small gardens, their terra...
	The new houses that will be built there and the old existing houses that will be competently and creatively renovated, will adopt solar panels to bring clean energy and refrigeration in the humid season and will make good use of the rainwater that fal...
	Housing must be dedicated to a range of incomes and mixed with offices, shops and a wealth of beautifully designed, low maintenance green spaces: parks, community gardens and playgrounds. Everything will be on a human scale to make pedestrians, elderl...

	ID 015 Calisi Bedoni.pdf
	Fig. 1: The types of bricks and their laying; an illustration showing the tasks and functions inside a brick factory. Images from "The ten books of Architecture" by A. Rusconi, 1660, pp. 49, 50.
	Fig. 2: an actual brick factory in Fez in Morocco still applies the ancient techniques (photo by Daniele Calisi).
	Fig. 3: Truss with three monks and details of the couplers between two half beams to form a single link, table LXVI.
	Fig. 4: Masonry vault reinforced with the use of a chain in iron. This first example shows a type of chain very rudimentary and probably the same used by Borromini. In fact are of this type the chains that join the four bases of the tower of the clock...
	The chains are then anchored with bolted end - plate. At right a drawing by Daniele Calisi.
	Fig. 5: masonry vault lightened with the use of amphorae and detail of the set of the vault of the Mausoleum of Sant'Elena in Rome.
	Fig. 6: Some examples of the centring useful to support the vault as shows by G. Rondelet on his Theoretic and practical Treatise on the art of build.
	Fig. 7: Axonometric view that highlights some of the load-bearing structures made of bricks and concrete, those of aid as the centring, the finishes of the plasters and paving and those of aid to the stillness as the chains and tie rods. In particular...
	Bibliographical References
	[1] GALIANI, Berardo. L'architettura di Marco Vitruvio Pollione. Tradotta e commentata dal marchese Berardo Galiani. Second edition, Naples: 1790 X books 252 p. XXV Illustrated tables.

	ID 036 Moretti.pdf
	Fig. 1: Souq Waqif Map
	Fig. 2: Msheireb Urban Regeneration Master Plan by a consortium of AECOM, Allies and Morrison Architects, and ARUP (Source: T. Makower)

	ID 038 Corso.pdf
	Figure 1:  Scan positions ICP registration
	Figure 3: Architectural ortho image. Riegl z420i, and Faro
	Figure 4: Complexity of classified surfaces
	Figure 5: Database structure for the final point cloud model (31 parts).
	Figure 8: Tree levels of information for diffusion
	Bibliographical References
	[5] REMONDINO, Fabio, Heritage Recording and 3D Modeling with Photogrammetry and 3D Scanning, Remote Sensing, ISSN 2072-4292

	ID 069 Tordesillas Garcia Barba.pdf
	Acknowledge
	Reference and/or Bibliography


	architecture.pdf
	ID 163 PITZALIS.pdf
	Abstract
	Fig. 2: Territorial framework -  Project area
	Fig. 3: Plan Stagnum Neronis
	Fig. 4: Processing module project
	Fig. 5: Cross Section
	Fig. 6: Roman statuary hall plan
	Fig. 7: Room plan of the fishpond
	Fig. 8: Plan teaching area
	Fig. 9: Roof plan
	Fig. 10: Structural detail
	Fig. 11: Cross Section
	Fig. 12: Hall of statues
	Fig. 13: Sculptures Area
	Fig. 14: Observation lounge pisciculture tanks
	Fig. 15: View old pier Stagnum Neronis
	Fig. 16: Diving area
	Fig. 17: View from the beach below the Castle of Baia


	landesign.pdf
	ID 010 Mandia.pdf
	Abstract
	Fig. 3: Last level of the museum
	Fig. 4: The project
	Bibliographical References
	[1] Referring Web Pages Web:http://www.archtopia.com/2011/01/30/101-inspirational-quotes-from-famous-architects-and-artists

	ID 024 Oureilidou.pdf
	Abstract
	Fig. 5: Typical microstructures. From left to right: the gradational transition between cleavage domains and microlithons, the discreet transition and the lenticular shape appearing inside the cleavage domains.
	Fig. 6: The core of the infinite linear system. From left to right: the form of the lenticular shape, the distorted curves of the system and the final outcome of the codification.
	Fig. 8: The model of the pleated surface. From left to right: the folds that define the beginning of the route, the bifurcating and relinking curves and the multiple folds that define the end of the route
	Fig. 9: The syntactical elements of the curved line synthesis. From left to right: the spatial transformation of the lineation and the foliation.
	Fig. 10: Top view of the linear structure that displays the way the route expands as it enters the lake Drana.
	Fig. 11: Renders displaying the dry lenticular precincts and the relation between the natural and the artificial.
	Bibliographical References

	ID 201 EMANUELE.pdf
	Abstract
	Fig. 2: via Appia Antica _ Roma
	Bibliographical References





