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“A concerted effort to preserve our heritage
is a vital link to our cultural, educational,
aesthetic, inspirational and economic legacies
-all of the things that quite literally make us who we are”
Steve Berry
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ABSTRACT
Since ancient times, humans have been fascinated with past cultures. Unlike other
material culture, getting hold of the architectural legacy of past civilizations is often
difficult, as buildings have been demolished, build upon, repurposed or consumed by
nature. Moreover, restoring the few historical buildings that have survived the
passage of time is often an arduous and extremely expensive process. Computergenerated imagery offers a cost-effective alternative to look back at the past. The
present study aimed at creating a 3D reconstruction of the medieval architecture
within the region of Osona. We started by gathering geographical data to create a 3D
topographical model; then using manual 3D modelling to reconstruct 4 medieval
castles from in situ photographs and historical blueprints. The outcome of both
simulations was finally merged to produce a realistic view of how the castles stood at
their heyday. The methodology and techniques developed in this project can be
applied to virtually reconstruct other historical buildings and their surroundings,
making it a valuable tool for professionals (e.g. historians, archaeologists) as well as
organizations (e.g. museums, tourist information centers). Further, our work will
facilitate the interpretation of the remnants of ancient buildings, helping promulgate
the importance of the architectural legacy of a given site by making it more
accessible to the general public.
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1. INTRODUCTION
The human urge to leave a mark in the world is as old as humanity itself. However,
the determination to preserve our ancestors’ legacy is not as inherent. The
architectural legacy of past cultures has arguably been amongst the most difficult to
preserve, as new societies have prospered by building over old ones; unfortunately,
when civilizations realized the value of their heritage, much of it was already was
gone. During more recent times, greater efforts have been made at maintaining the
legacy of the ones that lived before us, and numerous constructions have been
restored. Despite recent predisposition to preserve and restore past buildings, one of
the main concerns over the years has been the enormous investment that needs to
be made to keep ancient buildings in good condition, as that may not be a priority
when the cultural values continuously change through time.
New technologies, such as computer-generated imagery, provide us with new ways
to promulgate the importance of national heritage by making it more accessible to
everyone, anywhere, anytime. It is possible now not only create exact replicas of our
existing patrimony, but also reproduce demolished constructions. The ability to
recreate what we cannot see is further empowered when we superimpose it to the
present-day landscape, helping us fathom the magnificence of ancient architectural
constructions at their heyday.
“A study of Osona’s medieval castles”, a photographic insight combining architecture
and natural landscape with 3D reconstruction, offers an exciting opportunity: keeping
the past alive by creating virtual heritage models. The present study strives to
combine historical data with state-of-the-art multimedia technology in an innovative
multidisciplinary approach. It also aims to document both the actual state of our
heritage and display how it could have been some centuries ago. The historical
documentation part will be executed through photographical work, and the
multimedia component will feature computer-generated imaginary reinterpreting the
castles via their ruins and historical blueprints, as well as by their context through
their situation in the orography.
Our work aims to be a tool to help professionals, such as historians or archaeologists
to show their achievements and discoveries, and also for individuals and
organizations or entities to raise awareness to protect and preserve our historical
legacy.
For this reason, education is the key to its valuation and conservation, because if
people comprehend the significance of heritage in its broadest sense, they will be
able to understand its significance. We can have the possibility to reveal the
importance of legacy through more engaging experiences, and foster in society in
order to remember that our heritage is limited, non-renewable, and vulnerable.
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1.1. Motivation
The present study is motivated by my interest in computer-generated imagery and
the possibility to combine it with the real world. During my graduate studies in
Photography and Digital Design, I have had the chance to discover photography in
its broadest spectrum and acquire in-depth knowledge of multidisciplinary
techniques.
“The study of Osona’s medieval castles” makes use of several skills I acquired during
my degree and combines them with history, which has always been one of my
passions. From the beginning, I know that combining multiple approaches will be
time consuming and present a bigger challenge. However, the possibility to
contribute to public outreach and the virtual conservation of our heritage is highly
appealing. The study will require for me to research different technologies and value
which one is the most useful, thus introducing me to a wide range of new techniques.
Finally, having to deal with a large-scale project will help me be perseverant and
improve my time-managing skills.

1.2. Objectives
The main objective of the project is to create a comprehensive multimedia product
which combines state-of-the-art technology with historical data, so that it can
contribute to the promulgation of Osona’s architectural heritage and its virtual
conservation. Specifically, our objectives are:
Gain fluency on developing a viable project, especially regarding planning and
management, including budget and resources development, essential skills required
in multidisciplinary projects
Develop a marketing approach, and establish an action plan to the project visibility
and personal brand
Perform bibliographic research on 3D procedures, to know and understand
alternatives technologies
Create a series of images documenting the current state of the castles
Develop abilities into converting online geographical data onto a 3D model
Acquire further knowledge on 3D modelling, texture mapping and illumination in
virtual scenes
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2. STATE OF THE ART
2.1. Architectural Photography
Even there had been some attempts throughout history; we could say that the origins
of architectural photography started on the renaissance epoch, when Brunelleschi
demonstrated the geometrical method of perspective.
Soon after, nearly every artist started painting using perspective, such as Dürer or
Hans Vredeman de Vries, and architectural painting became hugely popular until the
discovery of photography. (1)
In the architecture field, was where photography replaced painting earlier, as it could
represent the world accurately. In fact the first image ever taken, by Nicéphore
Niépce, Figure 2, it is considered an architectural photograph.
During the first decades, architectural and landscape subjects were widely
photographed, mainly due to technical issues. City buildings were the main topic
when the current techniques, especially daguerreotype, calotype, started to develop.
From the daguerreotype epoch it could be highlighted “Les Excursions
Daguerriennes”, an album of 114 daguerreotypes captured in Europe, the northern
Africa, and the middle east of the EEUU, published on 1843.
Among quite a few photographers of those times, we can accentuate Charles
Clifford, one of the pioneers of photography in Spain. He travelled and documented
much of Spain, mainly public works projects, as the construction of the “Canal de
Isabel II”, or the remodeling of the “Puerta del Sol”. We can also point up the French
photographers Eugene Atget and Charles Marville, and their work in Paris. Atget,
one of the mentors in architectural photography, is noted to document all of Paris
architecture before its modernization, whereas Marville, named official photographer
of Paris in 1862, was the responsible for documenting the renovation and
construction projects.(2–4)
Photography materials and techniques have been evolving since then, but
architectural photography has always been a mirror for the society, to its industrial
architecture, industrial development, and of the contemporary buildings. (5) Even
some governs of different countries created groups of photographers to document
the country’s buildings, such as the Mission Heliographique, to document landmarks
and monuments around France or HABS/HAER/HALS, in EEUU, started just as
HABS (Historic American Buildings Survey) to document America’s antique
buildings.(6, 7)
With the evolution of the building’s design and materials, the photographic technique
has evolved too, but the intention to document the buildings has never disappeared.
An outstanding lifework was done by the Becher’s German couple, Bernhard and
Hilla, who are known for their series of images, organized in grids of industrial
buildings and structures. Some of their collections are held on the distinguished
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museum of MoMA, and the Guggenheim museum in New York, or the Tate Gallery in
London.(8)
During the whole analog photography period, view cameras were the most used
ones to photograph buildings, as they their lenses can be tilted or shifted relative to
the film plane. This peculiarity gave a huge control of perspective allowing
photographers to control vertical lines making them non-converging, avoiding
perspective projection distortion. Indeed, controlling perspective has always been a
key for successful architectural photographs, but nowadays photographers also look
for dynamism and spontaneity. In a result of that, there’s less use of front view to
gain freshness, and it is allowed to place people on photographs. Some example
from these new tendencies could be Olivo barbier or Hufton & Crow.

Figure 1. Northumberland House in London. Canaletto, 1752.
Figure 2. View from the window at Le Gras. Nicéphore Niépce,1826
Figure 3. “Puente de los Franceses” construction, Madrid. Charles Clifford, 1859
Figure 4. Port House, Antwerp, Belguim. Hufton & Crow, 2016

2.2. Computer-generated imagery and virtual heritage
Computer-generated imagery (CGI) is the process of using computers to create
visual scenes, dynamic or static. CGI is now an extended technique; used to produce
from landscapes to anatomical models, passing through architectural scenes,
designed for multiple purposes.
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One of these multiples purposes of CGI is virtual heritage, which is the name given to
the use of CGI when used to record, preserve or recreate artefacts, sites of historic,
artistic, religious, and cultural significance to provide formative educational
experiences.(9)
The firsts virtual heritage reconstructions were done in the early 1990’s, among
which we can highlight the first “virtual tour” done via the combination of photographs
and rendered scenes of Dudley Castle’. (10, 11). Currently, the most used technics
to create CGI models or scenes, are 3D scanning, photogrammetry and 3D
modelling, either manually or automatically.

2.2.1. 3D Scanning
This is a procedure done with a 3D scanner device, which is able to analyze a realworld object or environment to collect data on its shape and appearance and digitally
acquire the 3D object.
There are multiple types of 3D scan, which we can divide by the technology they are
using: contact and non-contact, and this last one can be active or passive.
This technology is continually evolving, trying to reduce capture times and costs, and
improving the level of definition.
This method captures the distance information between different points on the object
creating a virtual point cloud. For most situations, a single scan won’t produce the
complete point cloud of the whole object, and multiple scans, even hundreds, are
required to collect information from all facades. The scan needs multiple alignments
during the process, to crate a global reference system so the different scans can
merge onto a single point cloud. Afterwards, when introducing the data collected onto
specific 3D software, it can be turn on to a mesh to its further processing or
combination with 3D printing technologies. (12)
Even this procedure demands a considerably short time on production and it’s a high
precision method, the economic investment its costly, and it’s only at the expense of
professional companies. The applications of the 3D scans are multiple such as for
civil engineering, reverse engineering, law enforcement, advertisement, the
entertainment industry, virtual tourism or virtual heritage.
London is one of the cities that has invest on new technologies such as 3D scanning.
Below, there is attached an image (Figure 6) of the virtual flythrough of the Shipping
Galleries, before their decommissioning from the Science Museum, in 2012. The
digital replica of the whole exhibit was done in 276 scans, creating a point cloud of
over 2 billion points. (14) This virtual dissemination of the exhibitions, can reach a
wider digital audience and it prolong its legacy beyond its physical installation.
On the virtual heritage area, we can found also that the British Museum in London
scans and uploads 3D models of some of their statues onto Sketchfab, a website for
professionals and amateurs to upload 3D models. This website, freely accessible, is
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one of the most popular in this community right now. We can see an example below,
on Figure 6, a screenshot of the virtual model of the head of Amenemhat III.(13)
But there’s no need to travel that far to find examples, in fact in Catalonia 3D
scanning procedures have been tested too. The Episcopal Museum of Vic realized
that some individuals demand copies of pieces stored in their collection, and they
thought about creating high-precision virtual copies which could be latterly 3D
printed. Recently, they have been involved in a 6-year project to scan and 3D print
an altarpiece of 1341. The “Saulet” altarpiece 3D scanning procedure was developed
with a structured-light 3D scanner with a definition of 0.1 millimeters. An image of the
real and 3D printed altarpiece is showed below, Figure 8.

Figure 5. An example of 3D scanning
Figure 6. Screenshot of the virtual tour on "The Shipping Galleries", London
Science Musem, 2012
Figure 7. Screenshot of the virtual granite head of Amenemhat III, London
British Museum, 2015
Figure 8. Image of the real and the 3D print altarpiece. Vic, 2017
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2.2.2. Photogrammetry
This technique is based also on making a reconstruction of a 3D object, but from its
photographs and specialized software, which also creates a virtual point cloud of the
model, as the 3D scanner.
This procedure was, in fact, the basis for the development of the 3D scans, but it’s
still in use and a valid alternative. One of the reasons that it’s still in use is that the
costs of the procedure are much lower, as you just need software, georeferencing
gadgets, a camera, and possibly a drones if you need to reach building’s rooftops or
high parts, or exteriors. Nevertheless, we have to keep in mind that for nonprofessionals this can be very specific requirements. (15)
To sum up, we could say that photogrammetry became popular again with the help
of drones that can get to or difficult places to access by foot, because
photogrammetry gets especially appealing when applied to architecture and it’s
environment.
The photogrammetry software market is expanding and this specialized software is
becoming more focused to non-professionals. Among this friendly-user software we
could accentuate Pix4D. They have published several examples of how their
software work some of them on Sketchfab website. The Chateau de Chillon, Figure 9
& Figure 10, is one of the Pix4D of the uploaded ones, obtained through 6.227
images.(16)

Figure 9. Chateau De Chillon, Switxerland. Pix4D, 2015
Figure 10. Places of the token images from the Chateu de Chillon to create the 3D model
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Some very good examples from photogrammetry applied to virtual heritage can be
found in the Iconem website. This company is getting specialized on the
reconstructions of threatened heritage using digital advances. Recently they got
associated with Syrian DGAM to create a project specialized on the Syrian
architectural heritage. The Jableh Theatre, Figure 11 & Figure 12 from the Syrian
project is one of theirs lasts works. (17)

Figure 11. Jableh Theatre, Syria. Iconem, 2016
Figure 12. Jableh Theatre, Syria. Iconem, 2016

2.2.3. 3D Modelling and texture mapping
3D modelling can be described as the process of developing a representation of
anything, existing or not, manually or automatically, via specialized software.
This method is usually only chosen when the object that you want to represent
doesn’t exist or it’s impossible to scan or photograph, as the before mentioned
methods are equally or more accurate, but with less time investment.
Even that, it’s still a widely used technique because it isn’t necessary a great
economic investment in material, moreover it gives to the 3D modeler a lot of
freedom.
Usually the use of 3d modelling involves the use of texture mapping, which is the
procedure to wrap or project onto a blank 3D model some textures. Generally, the
textures used are photographic images, as it’s one of the fastest ways to make
realistic models and environments and get a high level of detail on the model without
losing a lot of time on modelling.
Inside texture mapping we can distinguish two ways of texturizing a 3D object,
projecting and wrapping. The first method consists is projecting the image straight to
the object, whereas in the second procedure, known as UV mapping, you wrap your
model with the texture. This procedure is done by unfolding the 3D model to a 2D
plane, with the intention to create a specific texture to apply onto this unfolded
projection of the model. It also implies creating UV coordinates for de 3D model, so
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when assigning the 2D plane to the coordinates, it seems that the 3D object has
been truly wrapped with the texture on the 2D plane. This procedure is shown on the
Figure 13.(18)

Figure 13. A 3D model and its textures unwrapped

Figure 14. Example of UV map procedure
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3. PLANNING
3.1. Tasks and structure plan

Figure 15. Pert chart

This dissertation compiles the whole development of the project “A Study of Osona’s
Castles”. As shown on the Pert chart above Figure 15, the project, and so the
dissertation, will be divided in four main sections: research & planning,
preproduction, production and postproduction. On this same figure are shown the
correlations between tasks, which are taken onto account to develop the time
planning on the Gant chart, Figure 16.
This segmentation must be done because of the established deadlines (shown as
blue vertical discontinue lines on Figure 16), but also for the proper development of
the project, as each part needs to be finalized to accomplish the next.
Preproduction, production and postproduction parts will also be divided in two main
aspects, photography and CGI. This will be done for an easier workflow, and to
distribute better the workload, being able to work on the two aspects in parallel.
Except for the preproduction part, the tasks will be written on this dissertation while
developing them, to don’t disregard the written part.
Finally, the planning leaves nearly two weeks as a margin of error, to be able to
accomplish the time allotted to deliver this dissertation.
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3.2. Gantt chart

Figure 16. Gantt chart
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3.3. Working methodology
To keep record of the tasks that are being done and control the timing, the project
will be developed following the Kanban agile methodology, a methodology that
distributes the tasks on a “To do” list, “In process” list, and “Done” list. This
methodology has been slightly modified, and this tree lists will be also divided on
memory, photography and CGI. This will be done to visualize better the tasks as
groups.
To help on the organization of this project, we have chosen a program called Trello,
which is based on a webpage and an app. It provides boards organized in column
lists where you can create cards, that are like “post-it’s”, and can be moved through
the lists. One of the Trello highlights is that cards support text, attached files, tasks
lists, delivery dates and color labels.

Figure 17. Screenshot of Trello's board

3.4. Risks and contingencies

CGI

Photography

Field

Probability

Importance
level

Contingency

High

Low

Plan another day

Medium

High

Ruins covered by
vegetation / obstacles

Medium

Medium

Difficulties to interpret
GIS data with available
software

Low

Medium

Risk
Bad weather on the day
planned to shot
Less ruins than expected
on the castle

The computer software is
not able to manage large
models
Rendering time higher
than predicted

Low

Medium

Low

Medium

Table 1. Risks and Contingencies
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4. BUDGET
In this section there is made a budget as if the project was a real assignment for a
company or institution. There has been made an internal budget, Table 5, created as
an itemize document for personal use, and a final budget Table 6, which would be
delivered to the client.
To create the internal budget Table 5, the expenses have been classified into 6
classes. There are tree columns time, price and a final column, total, which is the
result of multiplying the two previous columns.
The first group can be found the working hours. As shown on the Pert chart Figure
15, and Gantt chart, Figure 16, there are four main section during the project. The
hours have been estimated according to the workload of each part, whereas the cost
has been estimated after consulting the salaries of a junior multimedia designer and
a junior photographer in indeed.com website (19, 20)
The following two groups are the material and software expenses. Mainly the
material and software has to be paid all at once, so the cost per month has been
established to its amortization, that it has been calculated separately on the Table 2,
displayed blow. The price per month of each device or program has been established
via its initial cost and the years that will be in use, 5 years in this case.
Notice that Photoshop and After effects software, are displayed on the internal
budget but not in the Table 2, as they have a monthly fee, so it cannot be amortized.
Material and software amortization (5 years)
Initial cost

Cost per year

Cost per month

Canon 5D Mark III

3000€

600€

50€

24-70mm Lenses

840€

168€

14€

50mm Lenses

100€

20€

1,66€

Monopod

25€

5€

0,41€

MacBook Pro 13"

2500€

500€

41,66€

Wacom Intuos

120€

24€

2€

Cinema 4D

3150€

630€

52,5€

Vue Xstream

1695€

339€

28,25€

ArcMap

2500€

500€

41,66€

Table 2. Material and software amoritzation

Note also that even the photographic material won’t be used during whole two
months the amortization counts as if it was. Considering multimedia projects, it has
been done this way because if not it would be almost impossible to amortize the
photographic material.
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The subsistence allowance is the money paid
when an employee travels, to cover the cost of
travel, lodging and meals. During this project, it
is been need to travel one day to each castle,
which are four. In consequence, 4 diets to lunch
have been charged, as well as the cost of each
trip. The cents per kilometer have been
estimated on the Table 3, considering the car
maintenance and the gasoil.

Cost per kilometer
Gasoil
100km

5,6l
1l

1,10€

100km

6,16€

1km

0,0616 €/km

Car maintenance
~ 0,04 €/km
Total

0,1 €/km

Table 3. Cost per kilometer
Work Space

The next section it’s about the workspace costs. It has been
taken into account that even there’s no actual office rental as
a workspace, it could be considered that the apartment used
for living is also used half of the time as an office. In
consequence, half of the price of each month rent will be
charged on the final budget, as well as half of the supplies,
which include phone, water and electricity.
As a “virtual workspace” it has been charged the costs of
having an Internet webpage. In this case, as myself will
manage the webpage, there is only yearly domain expense.
The intermediate steps to establish the price per month have
been calculated on separate table, Table 4.

Rental
350 €/month
Working time: half
175 €/month
Supplies
200 €/ 2 month
Working time: half
100€ / 2 month
50 € /month
Domain
28 €/year
2,33 €/month
Table 4. Work Space

The block referring to insurances only requires an equipment insurance to cover
accidental damage, theft or loss. The price of this coverage has been obtained from
American Express website (21)
Finally, will be charged a 5% for unexpected expenses, and also included a 21% of
taxes, known in Spain as IVA.
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EXPENSES

TIME

PRICE

TOTAL

Working time
Research & planning

55

h

15

€/h

825

€

Pre-production

40

h

20

€/h

800

€

Production

140

h

25

€/h

3500

€

Postproduction

65

h

20

€/h

1300

€

Canon 5D Mark III

2

month

50

€/month

100

€

24-70mm Lenses

2

month

14

€/month

28

€

50mm Lenses

2

month

1,66

€/month

3,33

€

Monopod

2

month

0,41

€/month

0,83

€

MacBook Pro 13"

5

month

41,66

€/month

208,33

€

Wacom Intuos

5

month

2

€/month

10

€

Cinema 4D

2

month

52,5

€/month

105

€

Vue Xstream

2

month

28,25

€/month

56,5

€

ArcMap

2

month

41,66

€/month

83,33

€

Photoshop & After Effects

2

month

29,99

€/month

59,98

€

Voltregà’s castle trip

30

km

0,1

€/km

3

€

Oris castle trip

36

km

0,1

€/km

3,6

€

S'avellana castle trip

20

km

0,1

€/km

2

€

Torelló castle trip

45

km

0,1

€/km

4,5

€

Diet

4

days

10

€/per day

40

€

Office rental

5

month

175

€/month

875

€

Supplies

5

month

50

€/month

250

€

Web Domain

5

month

2,33

€/month

11,65

€

5

month

15

€/month

75

€

5%

417,25

€

8.762,30

€

1.840,1

€

10.602,38

€

Material

Software

Subsistence allowance

Work Space

Insurance
Equipment

Unforeseen expenses
Sub-total
IVA
Total
Table 5. Internal Budget
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Laura Pessarrodona

BUDGET

pessa33@gmail.com
682255522

7/03/2017

Details

Total amount

Includes all the costs of the realization of
Sub-total

A study of Osona’s Castles

IVA (21%)

“An photographic insight combining

Total

architecture and natural landscape
with 3D reconstruction”

Table 6. Final budget
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5. MARKETING ACTION PLAN
5.1. Objective
My personal goal in a maximum three years term is to work on the multimedia field, if
possible, specialized on CGI and photography. Through my personal brand, I want to
publicize that I’m versatile and able work on multidisciplinary projects.

5.2. Action plan
Promote the final degree project via Twitter while it is still on process, to create
expectation to see it completely when finalized
Publish a speed-art video on Vimeo of the production and postproduction of this
project while working on it, also to create expectation to see it completely when
finalized
Promote the personal brand and personal works in Vimeo and Twitter, creating an
online reputation, and reaching a bigger audience via sharing’s and likes, during the
following year
Create a web page with a portfolio of projects and promote it through social
networks, to achieve a good SEO positioning during the two next years
Give professional status to my profiles in Twitter and Linkedin, expanding the
professional contacts by the end of the project
Sponsor the final degree project when finished with a demo reel video in Vimeo, and
get at least 100 visits by the end of the year
Contact with museums, tourist information centers or institutions that can be
interested on this project

21

A study of Osona’s medieval castles
Laura Pessarrodona Silvestre

6. PREPRODUCTION
6.1. Castles Research
The Catalan historical legacy is impressive. To have an idea, throughout the territory,
there are about six hundred castles and fortifications.
Even that, the architectural heritage is not as preserved as everybody would like to
have it today.
In Osona’s region, there are documented thirty-four castles, all with defensive
function during the Middle Ages. After studying all of them, we have noticed that
nowadays their conservation leaves much to be desired, as nine have been
completely vanished and there are a lot about to disappear. (22)
We have done a bibliographic research and we have captured in an interactive map
its positioning and epoch. The green ones are from the ninth century, the blue ones
from the tenth, the yellow ones from the eleventh and the pinkish ones form the
twelfth century.
This map has been done with Google MyMaps application, and can be found on
https://drive.google.com/open?id=1PKaxucBwCWUhO6R_oRTwtjg2yqk&usp=sharing

Figure 18. Screenshot of the Castells d'Osona Interactive map
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As the state of the castles was quite difficult to represent on the map, two tables
have been done to determine their actual state and accessibility.
Public access

Demolished
9
Private property

Badly Damaged
12

Damaged
5

Reconstructed
1

Demolished
-

Badly Damaged
1

Damaged
-

Reconstructed
6

Table 7. Public acces and private property castles from Osona

After studding all the free access castles, we have chosen four, with the aim to
document their existence trough photography and hypothesize about their past with
the 3D reconstruction. These four ones are selected on the map with a slightly more
saturated color than the other ones.
The factors that determined the chosen of the castles were the proximity between
each, the state of the ruins, and the amount of documentation. This chosen castles
are Voltrega’s, Oris’ and Torello’s Castles and the Castle of s’Avellena, all situated in
the northern part of Osona, within a distance between 5 and 13 km, in a 54,4 km2
area. On Figure 19, we can see a screenshot of Google MyMaps, of the area
between the castles.

Figure 19. The four selected castles and the area between them

The research on the chosen castles has been summed up onto the four following
tables: Table 8, Table 9, Table 10, Table 11. The firsts images used are screenshots
from Google Maps, each one is a top view, pointing the location of the castle.
The blueprints drawn by Josep Ma Pericas, and they had been extracted from the
volume 4 of “Els Castells Catalans” books, written by Rafael Dalmau.

23

A study of Osona’s medieval castles
Laura Pessarrodona Silvestre

Torelló
Period
Current State
Access
Township
Altitude
Coordinate

Orís
Period
10th century
Current State
Damaged
Access
Free
Township
Orís
Altitude
752 m
Coordinate
N 42° 3’ 31”
E 2° 13’ 21”

9th century
Badly damaged
Free
Sant Vicenç de Torelló
780 m
N 42° 4’ 24.59”
E 2° 15’ 55.44”

Table 8.Oris information

Table 9. Torello information
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Period
Current State
Access
Township
Altitude
Coordinate

Voltregà
10th century
Badly damaged
Free
Les Masies de Voltregà
851 m
N 42° 00’ 37.35”
E 2° 12’ 22.65”

S’avellana
Period

11th century

Current State

Badly damaged

Access
Township
Altitude
Coordinate

Free
Les Masies de roda
546 m
N 41° 58’ 12”
E 2° 19’ 48”

Table 10. Voltregà Information

Table 11. S’avellana Information
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6.2. Photography
6.2.1. References
As mentioned on the section 2.1. Architectural Photography, when talking about
architectural photography it comes to our mind the name of Charles Marville. The
French photographer, born in the nineteenth century, he mainly photographed
architecture, landscapes and urban environment.
Charles Marville is widely known for the impressive body of work he left behind, one
of the few records left of Paris before 1870. It has been said that Marville
accomplished “documentary perfection”, as with is soft diffused light usually mixed
with the rain on the cobblestone produced a picturesque images that elicited a
feeling of perfection (23)

Figure 20. One of the buildings from Paris. Charles Marville (25)
Figure 21. Place St. André des Arts. Charles Marville, 1865 (25)

Subsequently several photographers had been documenting the heritage of their
country. In Catalonia it could be highlighted Jordi Gumí i Cardona’s work. He is one
of the Catalan’s most recognized photographers from the 20th and 21th centuries.
He had illustrated over five architectural books, and he was named in 1978 Maitre
photographe européen by Europhot, a recognized association of professional
photographers (24). Gumí has not only been an important figure that has work for the
development and divulgation of photography, but he was also an excellent
photographer who was able to shape the beauty of architecture into images.
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Figure 22. An street view from Tortosa’s Cathedral. Jordi Gumí (26)
Figure 23. A frontal image from “La Seu Vella”, in Lleida. Jordi Gumí (26)

6.2.2. Equipment

Photographic Equipment

Canon 5D Mark III

A camera with a
22,3 megapixels
sensor to get high
quality images

Canon 24-70 mm
f/4 lens

An zoom with
professional quality
to shot from several
distances

Canon 50mm f/1.8
lens

A bright lenses for
cases where the f/4
is not enough

Monopod

A lightweight
monopod

MacBook Pro 13”

A computer to work
anywhere
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Wacom Intuos

To retouch more
precisely the images

Photoshop

Software to retouch
images

CGI Equipment
After Effects

Software to edit the
clip from cinema 4D

Blender

3D freeware to
create the castles

Cinema 4D

3D software to
combine all the 3D
information and
create the clip

Vue xStream

3D software to
create the virtual
copy of Osona

ArcMap

GIS mapping
software and spatial
data analytics to
procces the GIS
data
Table 12. Equipment used
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6.2.3 Shooting Plan
The following plan has been developed using the website Photographer’s Ephemeris
to determine sun direction, azimuth and sun position, and the following images are
screenshots of the website. The ruins image has been done in Photoshop,
superposing the remaining ruins, painted in orange, on the drawings extracted from
the “Els Castells Catalans” book, and google maps screenshots.

Torelló
Ruins

Sun direction

Day, time, azimuth
and sun position
02/04/2017

21/04/2017

Table 13. Torelló shooting plan
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Oris
Ruins

Sun direction

Day, time, azimuth
and sun position
18/03/2017

18/03/2017

Table 14. Oris shooting plan

Voltregà
Ruins

Sun direction

Day, time, azimuth
and sun position
26/03/2017

21/04/2017

30

A study of Osona’s medieval castles
Laura Pessarrodona Silvestre

Table 15. Voltregà shooting plan

S’avellana
Ruins

Sun direction

Day, time,
azimuth and sun
position
12/04/2017

22/04/2017

Table 16. S'avellana shooting plan

6.3. CGI
6.3.1. References
Nowadays, there are plenty of CGI reconstructions online, some photorealistic and
some not. The first two CGI references, Figure 24 & Figure 25, are from a virtual
reconstruction project of Évora city, in Portugal. From this non-photorealistic project,
we can highlight the parts where there are free texture models, to accentuate the
architecture of buildings. In some parts, it is used a 360 degrees hdri sky, that even it
doesn’t try to achieve a realistic look, creates a better atmosphere than a flat color
sky. We can also appreciate a drone camera style, which allow us to get an overview
form all the buildings.
The two following images, Figure 26 & Figure 27, are from “The Carpenter”. It is a
very known video for filmmakers. From this reference the highlight is on the
animation of the text and how it is blended with the images.

31

A study of Osona’s medieval castles
Laura Pessarrodona Silvestre

https://vimeo.com/125300716

https://vimeo.com/115225046

https://vimeo.com/30698649

https://vimeo.com/30698649

Figure 24. Évora Project. Gustavo Val-Flores, 2015
Figure 25. Évora Project. Gustavo Val-Flores, 2015
Figure 26. The Art of Making, The Carpenter. Deep Green Sea, 2012
Figure 27. The Art of Making, The Carpenter. Deep Green Sea, 2012

6.3.2. GIS data
GIS data refers to any data containing geographical information. There are several
ways to store and manipulate GIS data, but Vue software can only read DEM files
(USGS format), TGA images and greyscale JPG images, to convert them into 3D
terrains.
Although that is not a problem in other countries such as United States, in Catalonia,
the Cartographic Institute of Catalonia (ICC) has only available Digital Elevation
Models (DEM files), in ASCII format, and so, not readable in Vue software. In
consequence, the best option has been to use a greyscale JPG image, using the
geographic data from those DEM files. To do this, another program will be required,
ArcMap, specific software to manage geographic data.
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6.4. Clip
6.4.1.Screenplay

SEQ. 1.
The title and the subtitle show up on a black background
“Study of Osona’s Castles”, a photographic insight
combining architecture and natural landscape with 3D
reconstruction
Fade out to black
SEQ. 2.
It appears a title “Torelló Castle”, with a moving
background image of the castle and surroundings
Six images of the castle fade in, one after the other
The last image keeps still while the Torelló’s CGI castle
fades in
The century of the castle and its name appear on the
screen. A map of the Osona’s region shows all the castles
of that century, and it points out on a different color
the castle explained on that moment.
Some details of the castle and the map key appear on the
bottom right side
Afterwards, the screen is divided on two parts: left and right.
The information showed on the bottom right side keeps still

LEFT:
a drone camera flies over the castle and show the castle
and where it is situated
RIGHT:
3D virtual map of the region of the castle is showing
where the castle is situated on the map and the movement
of the camera showed on the left side.
LEFT:
A camera situated on the top of the tower shows a part of
its views
RIGHT:
3D virtual map of the whole Osona region points out where
the castle is situated on the map and the movement of the
camera showed on the left side.
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SEQ. 3.
It appears a title “Orís Castle”, with a moving
background image of the castle and surroundings
Six images of the castle fade in, one after the other
The last image keeps still while the Orís’ CGI castle
fades in
The century of the
screen. A map of the
of that century and
out on a different

castle and its name appear on the
Osona’s region shows all the castles
the centuries before, and it points
color the castle explained on that
moment.
Some details of the castle and the map key appear on the
bottom right side
Afterwards, the screen is divided on two parts: left and right.
The information showed on the bottom right side keeps still

LEFT:
a drone camera flies over the castle and show the castle
and where it is situated
RIGHT:
3D virtual map of the region of the castle is showing
where the castle is situated on the map and the movement
of the camera showed on the left side.
LEFT:
A camera situated on the top of the tower shows a part of
its views
RIGHT:
3D virtual map of the whole Osona region points out where
the castle is situated on the map and the movement of the
camera showed on the left side.
SEQ. 4.
It appears a title “Voltregà Castle”, with a moving
background image of the castle and surroundings
Six images of the castle fade in, one after the other
The last image keeps still while the Voltregà’s CGI
castle fades in
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The century of the
screen. A map of the
of that century and
out on a different

castle and its name appear on the
Osona’s region shows all the castles
the centuries before, and it points
color the castle explained on that
moment.
Some details of the castle and the map key appear on the
bottom right side
Afterwards, the screen is divided on two parts: left and right.
The information showed on the bottom right side keeps still

LEFT:
a drone camera flies over the castle and show the castle
and where it is situated
RIGHT:
3D virtual map of the region of the castle is showing
where the castle is situated on the map and the movement
of the camera showed on the left side.
LEFT:
A camera situated on the top of the tower shows a part of
its views
RIGHT:
3D virtual map of the whole Osona region points out where
the castle is situated on the map and the movement of the
camera showed on the left side.
SEQ. 5.
It appears a title “S’Avellana Castle”, with a moving
background image of the castle and surroundings
Six images of the castle fade in, one after the other
The last image keeps still while the s’Avellana CGI
castle fades in
Afterwards, the screen is divided on two parts from the middle:
left and right

LEFT:
a drone camera flies over the castle and show the castle
and where it is situated
RIGHT:
3D virtual map of the part of the terrain is showing
where the castle is situated the movement of the camera
showed on the left side.
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LEFT:
A camera situated on the top of the tower shows a part of
its views
RIGHT:
3D virtual map of the whole Osona region pointing where
the castle is situated, showing the movement of the
camera, and some information of the castle
SEQ. 6.
A drone camera flies over the territory of Osona showing
the on the distance the four castles showed before.

6.4.2 Shooting script
Seq
1

Scene
1
1
2
3
4
5
6
7

2

8
9

3

Type of shot
Panoramic
Wide Shot (WS)
WS
Nadir
Close-up Shot
(CS)
WS
Very Wide Shot
(VWS)
“
Extreme Wide
Shot (EWS)

Camera movement
à
-

Image shown
Landscape + Castle
Castle
Castle
Castle

-

Rocks from castle

-

Castle

-

Whole castle

-

CGI Castle

-

CGI Osona

1
2
3
4
5
6
7

Panoramic
WS
CS
WS
CS
WS
VWS

ß
-

CGI castle Osona’s
and its
map: part
situation
CGI view
Osona’s
from
map:
Torelló
whole
Castle
Landscape + Castle
Castle
Castle
Castle
Rocks from castle
Castle
Whole castle

8

“

-

CGI Castle

9

EWS

-

CGI Osona

10

VWS

Zenithal

Drone

-

11

VWS

Zenithal

à

-
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4

5

6

10

VWS

Zenithal

Drone

-

11

VWS

Zenithal

ß

-

1
2
3
4
5
6
7
8
9

à
-

Panoramic
WS
WS
CS
WS
WS
VWS
“
EWS

10

VWS

Zenithal

Drone

-

11

VWS

Zenithal

à

-

1
2
3
4
5
6
7
8
9

ß
-

Panoramic
WS
WS
CS
WS
WS
VWS
“
EWS

10

VWS

Zenithal

Drone

-

11

VWS

Zenithal

ß

-

1

VWS

Drone
Table 17. Shooting script

37

CGI
Osona’s
castle and
map: part
its
situation
CGI view
Osona’s
from Orís
map:
Castle
whole
Landscape + Castle
Castle
Castle
Rocks from castle
Castle
Castle
Whole castle
CGI Castle
CGI Osona
CGI
Osona’s
castle and
map: part
its
situation
CGI view
Osona’s
from
map:
Voltregà
whole
Castle
Landscape + Castle
Castle
Castle
Rocks from castle
Castle
Castle
Whole castle
CGI Castle
CGI Osona
CGI
Osona’s
castle and
map: part
its
situation
CGI view
Osona’s
from
map:
s’Avellana
whole
Castle
Osona’s terrain and
castles situation
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6.4.3.Storyboard
SEQUENCE 1

SEQUENCE 2
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SEQUENCE 3
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SEQUENCE 4
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SEQUENCE 5
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SEQUENCE 6

Table 18. Clip storyboad
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7. PRODUCTION
7.1. Photography
The production has been done as planed on the Gantt Chart, Figure 16, during the
months of March and April. As shown on the preproduction, each castle was planned
to visit twice, to have different illuminations, searching always for clear sky days with
direct sunlight.
During the production, the major difficulty has been to get clear good perspectives of
the castles. As its typical in the castles construction itself, they were planned to be in
hard accessible places where the walls where built up to the edge of the cliffs.
In addition to that, nowadays there is a lot of vegetation covering some areas, this
has been a difficulty to get photographs from a certain distance, as the vegetation
quickly covered up the castle. The only castle which was prevented of that vegetation
was the Orís castle, which was fenced some years ago.
Even in all the photographic shots the aim was to document the whole castle
adjusting on its needs, three images were planned to take almost exactly on each
session. This three images consist on a close-up image from the bricks texture, a
panoramic view with the castle and its surroundings and an image where the
integration of CGI castle could be done.

Figure 28. Photographic images before the postproduction
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7.2. CGI
7.2.1. Orography creation
The first step consists in downloading the DEM zip files assigned to Osona’s area
(256, 293, 294, 295, 331, 332, 333 and 364) from the ICC’s geographic downloader
(VISSIR). They need to be been decompressed, as each one consists of two files.
One of those is a .txt file, which has been introduced in the ArcMap software, where
them will be geoprocessed and showed as an image.
The images will be in greyscale, representing the ground level when black and the
highest when white. The next step is equalizing the scales of the images, as they are
reproduced on different greyscales.
After this procedure, they form a single image which can be export on TIFF format.
The image is introduced at Photoshop, and it is used the Osona’s mask to cut the
parts of the images we don’t need.

Figure 29. Vissir DEM download areas
Figure 30. Equalizing images proccess

Figure 31. Image of the whole terrain proccesed
Figure 32. Final image with the Osona’s mask applied
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Once the image is created, we switch to Vue xStream software, to create an actual
3D terrain, so we open Vue software with a default procedural terrain.
Even the real length and width of our terrain is 42,5km x 50km, the dimensions of the
virtual terrain are to 50km x 50km, as the image created before to model the surface
is squared.
The next step is to open the terrain editor, selecting to import terrain data from a
picture. The blend-mixing mode will be set at 100%, to completely erase default
terrain with the data imported, and the terrain resolution raised up to 512 x 512, to
get a detailed surface.
To establish the height, it is necessary to modify the terrain by cutting it up to the
altitudes we know: Pantà de Sau for the lowest and Matagalls mountain, for the
highest. After closing the terrain editor, the terrain scale is modified again up to
1275m, which real distance between those points. Afterwards, the terrain editor can
be opened again to enlarge the cut surface up to the point we want.
An altitude color map is also generated,
to have the altitudes displayed in
different colors. Even there’s no code
established for height maps, an online
research points out that the most used
colors are green, yellow, brown and
white. Following this order, this are
colors have been used to create the
Osona’s virtual color map.
Figure 33. Example of a height colour map

That would be the whole process done in VUE, the program that we have used to
generate the terrain. Afterwards, the mesh and the color map are exported into
cinema 4D.

Figure 34. Map Key: Altitudes
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Figure 35. Osona's virtual map
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7.2.2. Castles Generation
As mentioned on the preproduction, this castles were chosen specially as they have
been documented, as not many have record of how they had been.
On the book “Els Castells Catalans”, the most extensive book about the castles in
Catalonia, there can be found some pages focused on each castle as well as a
blueprint of how the castle could have been. These drawings shown below on Figure
36, are the ones used in Blender software to create the basic shapes of the virtual
castles.
They were created starting from a simple plane which was extruded and modified to
follow all the contour of the castle in a 2D plane. When having all the outline, it was
extruded to get the 3D appearance.
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Figure 36. Castle drawings used to create the virtual castles

It has to be taken into account that no further information beside the basic shape of
each castle is documented. For this reason, the virtual castle has its simples shape,
avoiding any details such as arrow slits and merlons, that could help to identify it as a
typical medieval castle. It has been considered that as there is no verified information
of the details of the walls and towers, it’s better to leave it in its simplest shape, as
adding information to improve the virtual model should be a historians’ work.

Figure 37. Comparison of the two possibilities of the shapes of the castles

Despite what mentioned before, in the case of Orís Castle case, when visiting the
castle was found a perspective drawing of the castle. This one was used during the
creation of this castle, consequently this one has a few more details that the other
ones.

Figure 38.Oris Castle perspective picture
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Figure 39. Virtual Castles. From left to right: S'avellana, Torelló, Orís and Voltregà

When all the castles where shaped out, they were saved separately and exported
into Cinema 4D, where there was created the texture.
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At the time of creating a texture, there can be several possibilities depending on what
the final results are for. At the Figure 40, this possibilities are shown, from left to
right: a blank model, a transparent texture, a transparent texture with a brick bump
map, and one simulation of a real brick texture.
Considering that the castles have then to be blended on a photographic image, but
the whole project is not hoping to achieve hyperrealism, the final chosen texture is
transparent with a brick bump map, to get some detail but maintaining the idea of
hypothetical.

Figure 40. Possibilites of texturing the castle

7.2.3. Castles Situation
To situate the castles on the virtual terrain in cinema 4D, it has been used the the
interactive map created on the preproduction, Figure 18, which has the google maps
interface, and an image of the osona’s virtual color map overlapped with an ICGC
official map. With this two tools, it was really easy to situate precisely the castles.
As each castle was found on the map, a marker was placed. The four castles studied
have a bigger clip than the ones that are only anecdotal. In addition, at each time the
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castle explained change, the marker will turn in a blue color. All the markers are
showed on the Figure 41.
In addition, the virtual models of the castles Torelló, Orís, Voltregà and S’avellana,
generated with Blender were also positioned on the terrain.
For the clip some names of mountains and places needed to be shown. To
determine which mountains were shown on the clip, they were found following the
same procedure as the castles to locate them. This names were created in cinema
4D using MoText.

Figure 41. Castles markers
Figure 42. Mountains name created with MoText
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Figure 43. Map overlapping to view both maps at once

7.2.4. Fusion of photography and CGI
After taking the photographs, the image selected to make the fusion with CGI was
the one that showed as much as it could of the terrain where the castle would had
been placed.
For each castle, the chosen image was placed as a background image on a new
project of cinema 4D. Afterwards it was appended the castle according to the image,
and it was created a new camera emulating the real camera parameters. Finally,
some adjustments had been done on the rotation and the position of the camera to
improve the impression of the castle fitting on the image.

Figure 44. Render of the s'Avellana castle

7.2.5. Clip
Once situated the castles on the terrain there have been created and animated
virtual cameras to produce the final clip. As explained on the preproduction part (
6.4.1.Screenplay, 6.4.2 Shooting script, 6.4.3.Storyboard ), on each castle there are
three main views: a drone view of the castle and its situation, a general view from the
tower of castle, and a super general view of Osona. For all the animations, the
camera used has simulated a 35mm on a full frame, as it is the focal length that can
be compared with the vision of human beings, since the diameter of the retina is
approximately the same as the 24mm width of the image area on 35mm film. (27)
The drone view of each castle has been planned to show the castle and its situation
on the map. As the intention in this short part is to focus on the castle it has been
used a target camera, to keep the castle always in the center of the image.
For the animation of the castle’s view, the camera has been placed on the tower of
the castle. Even from each tower could have been done a 360 degrees’ animation, it
was decided to show a small part of what it could actually be seen from the tower.
This decision has been made as a matter of clip timing, as it would take too long to
show all the surroundings preventing the observer a vertigo sensation. In addition, it
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has been considered that all the Osona’s region can be shown during the whole
animation, and not all at once each time, avoiding repetition on during the clips.
On this two animations, there will be also a general view showing how the camera is
moving, to let the observer know each time where is he situated on the map. To mark
the path of each camera, it has only been necessary to create a child object of the
camera, to be precise a cone which was simulating the camera field of view.
Finally, the super general view from Osona, is where all the markers can be seen,
and the castle on its situation. For this view it only has been placed one perspective
camera, and the markers on the position of the castles.
These short animations were all imported as sequences of JPG onto a new
composition on After Effects.
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8. POSTPRODUCTION
8.1. Photography
The images have been post produced fundamentally to improve image quality.
All of them were opened on camera Raw, were it was applied a lens aberration
correction, some noise reduction and a sharpen mask.
The clarity, contrast and saturation of some images was also adjusted.

Figure 45. Adjustments applied on images

In Voltregà castle there was a Catalan flag on the middle of the ruins, and either the
flag or the stick was present on some of the images.
In this case, it was contemplated to use the clone stamp, as the stick was
considerably unsightly and it had been installed only few months ago.

Figure 46. Comparison of a voltregà castle image before and after postproduction

55

A study of Osona’s medieval castles
Laura Pessarrodona Silvestre

8.2. Fusion of photography and CGI
Once rendered the virtual castle, the first thing was to blend both images, leaving
visible the ruins. To leave those parts visible, it was created a copy of the original
layer and place it on top of the render layer. A layer mask was created on this layer,
where the parts that need to be visible, were painted in white.
For the organic parts, such as vegetation, another layer was required. On this layer
there were only selected the leafs that
needed to be in front of the castle.
The tool to refine the edges was applied
on the selection, to smooth it out and
refine it painting with the brush on the
leafs parts.
Figure 47. Photoshop layers of photography and CGI fusion

Figure 48. Fusion CGI and photography postproduction.
At left, as it came out of cinema 4D; at right after combining it with the real image

Figure 49. Fusion CGI and photography postproduction: vegetation.
At left, before the vegetation mask; at right after the vegetation mask
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Figure 50. Comparison of images with and without the virtual castle of s’Avellana

8.3 Clip
The postproduction on the clip, all done in after effects, has been basically putting in
order the clips, create some texts and make transitions.
All the clips follow the same structure: panoramic image, photographic images, CGI
and photography image, and after the CGI part, starting from the general view from
osona, the situation of the castle, and finally the view from the castle tower.
As mentioned during the production,

7.2.5. Clip, the screen during most of the CGI part, has been split in two. This
decision was made to help the observer know each time where he is situated on the
map while the left side animation is moving through the scene.
The texts were simply created with the text tool from after effects and the lines with
the shape layers. There’s only one move created with after effects, which is on the
first image, the panoramic. This animation is done with keyframes on the position
layer, to move the image from some landscape up to the point where we can see the
castle.
The transitions are all crossfades and a fade out to black to divide one castle from
the next. Due to the quantity of information contained on the clip, the type
of transition chosen where crossfades to avoid the sensation of suddenness.
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9. FINAL RESULTS

Figure 51. Torelló's final images
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Figure 52.Orís' final images
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Figure 53. Voltregà's final images

60

A study of Osona’s medieval castles
Laura Pessarrodona Silvestre

Figure 54. S'avellana's final images
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Figure 55. Torelló CGI & photography fusion

Figure 56. Orís CGI & photography fusion
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Figure 57. Voltregà CGI & photography fusion

Figure 58. S’Avellana CGI & photography fusion
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Figure 59. CGI castles: Torelló, Orís, Voltregà & S'avellana
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Figure 60. Osona's virtual terrain
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10. CONCLUSIONS
This project has recreated four medieval castles of the Osona area through CGI, and
has documented and given documentary evidence with photographs of their current
condition. The aforementioned work is captured in a clip, which is the visual part of
the project. In a way, multimedia projects broaden one’s possibilities by creating
products that can easily be understood by the general public, even if they do not
have previous knowledge of the issue. This project intends to be a comprehensive
study about architectural photography and CGI, focusing on 3D modelling using both
automatic and manual techniques. The project required applying the knowledge that
has been acquired throughout the degree, and complementing it with a self-taught
part.
From the beginning of the planning stage, I realized that that the present study would
be complex and would deal with a broad range of aspects. That’s the reason why the
project itself has had to be adjusted in some stages of execution to optimize its
results. An effective preproduction was the key to a successful outcome. The plan
was followed trying to work professionally doing research, solving complexities and
also when producing graphic material.
The present study could be taken further if we collaborated with professionals. For
example, collaborating with historians could provide more accurate details regarding
the textures to use, the function of certain structures and improve its overall historical
accuracy. They could have also reduced the time I invested in researching the
history of the locations I reconstructed.
As far as myself, every piece of work involved in the thesis will prove very valuable
for the future: the visual part of the project for my portfolio as it includes a lot of
techniques, and the dissertation, written in English, because I believe it will help in
my professional career, which I would like to be focused on broadening my
knowledge and skills abroad in the near future. Overall, this study has mainly an
educational and informative purpose. It can be a very useful tool for public or private
organizations committed to the preservation, perpetuation and promulgation of our
cultural heritage. The applicability of the thesis in the project will confirm it was worth
doing.
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