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Documenting large architectures with an accurateeguhas recently become possible even with adidnhiudget.
Digital survey tools based on both active and passolutions, offers today versatile opportunitfes the
architectural documentation, regardless of thedingfs dimension. This paper presents the postepgred for the
CHNT conference, with an extract of Terrestrial @matial Photogrammetry and Terrestrial Lasergramyndthis
was used by academics in the context of the Kyr@aatle in the Cyprus Island, a large medievalification
organized in an almost square planimetry with & siflabout 150 meters and walls height up to aBOumeters,
gathering the occasion of a specific workshop yat#id for one week in May 2018) and producing tre {partial)
digital model of this large built heritage. Follow the protocols and best practice in digital doentation of this
kind of architectures — the coordinator group @& wWorkshop in synergy with the management unihefrnuseum
hosted in the castle- has brought on an articulatguerience moving from the morphology of the eastib its
stratigraphy, to its exhibition aspects, to itdoestion issues, to the production of multimediateats for technical
and/or general public access. In that poster it p@sented the structure of the workshop, the tstreicof the
survey, the interactions and integrations betwefferdnt surveys, the system of tools, and thelteoming out at
first, from the on-field operations brought on Hhetstudents participating to the workshop and tiwing
processing operated by technical expert operamisg on to the development of common digital basesvolve
the way of approach to these monumental structiiepresent the complete workflow with samplespbster was
enriched with QR-Code links to online resources lteesn made to be a useful base for sharing andssisy the
whole set of activities completed on this subject.
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INTRODUCTION

The Mediterranean area is undoubtedly rich of bldtitage masterpieces, evident traces of humasepces
populate the territory since the time of the begigrof humanity [Blake and Knapp 2008], it offens ianpressive
view of architectures combined with the naturabecape.

The coasts, especially, present a rich set of pbaibors [Franco 1996], fortifications and foedi towns, many of
them developed from the XlII century, then reorgadiin a significant way all along the XV and X\@nturies
[Rodriguez-Navarro 2015; Verdiani 2016; IribarredilZ; Avilés 2017; Marotta and Spallone 2018].
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In recent times this well-known heritage enterddgh-risk phase: the wrong restorations, the ldcgroper culture,
the minimal resources, the uncontrolled, specwgatiban development, and the climate change [Sabbial. 2008]
caused dangerous condition for the fortified hgata

From this perspective, beyond any strategy or wetgtion plan, the creation of proper culture andvdedge in
students and professionals working in the fieldhitecture and cultural heritage is a prioritg antask that may
improve the approach to such a built patrimonyttf& same time, the use of digital survey has prdeede an
excellent way of documenting and later investigatind developing a project about built heritage.

These digital tools are nowadays more affordatdé) n terms of costs and complexity of use. Mamgiinational
experiences show how an intervention based on 3@r&canner and additionally contemporary photogreiry
may allow to “bring at home” a whole large architee and then post-process the data legitimatelwaficulated
aims [Bertocci et al. 2014; Verdiani 2017; Guida&t2009].

In the will of giving a contribution in preservingnd creating a possible future to the fortifieditage, the
organization of international workshops, mixingdsnts, tutors and professors from different pronees, is a
great opportunity to bring on proper disseminatiod knowledge about how operating. [Camiz 2018]

A CASTLE THROUGH TIME

The number of castles along the Mediterranean deastry large; together with the system of towansl minor
fortifications they created a network for inspegtiand controlling the movement of ships and peagibteg and
from the sea. In specific cases, they were simebpkng and protecting a waterway or a port.

In the case of the Kyrenia Castle, there is clearlyery articulated transformation through timeking the castle
evolving accordingly to the evolution of weaponnydaits passing by very different owners [Camiz let2816;
2017].

The Kyrenia Castle represents three distinct periofd architectural development, as the technigfewasfare
advanced from bows and arrows to the invention wfpgwder and cannons. Kyrenia Castle is one ofothst
examples to trace the evolution of medieval miitaastles in the region. The three periods traeedtlthe
architecture of the fortifications are: Byzantit380-1192 AD), Lusignan (1192-1472 AD) and Vene(ia#72-1570
AD) [Enlart 1899]. The special position, with itsategic and practical importance, seems to beirrnafl by the
archaeological evidence besides the castle, Ronmmains and Roman catacombs suggest the presemeelief
settlements dated about the 4th century AD.

The “Kyrenia Shipwreck”, the common name used thdate the important finding of a ship from the 4dntury
BC in the waters in front of Kyrenia [Katzev 1984]so supports the idea about the presence ofyagnrs town.
However, there is no evidence of a Roman militaagtie. This important relic is nowadays preserveidie the
castle museum [Katzev 2008].

Today the castle, with its round towers, solidlyltbcurtain walls, gun ports with smoke chimneyadaamparts,
represents one of the best architectural examplésed/enetian military architecture. Inside thestbain still well
recognizable conditions there are prison cellspanodation, and water cisterns created to provigpart in case
of siege. The drawbridge over a moat was the omly 1@ access the castle. In the harbor remainschfim tower
are still in place; this was used to control incoghunwanted ships.

The gun ports facing the land are worth an explanatheir position comes from the fact that theaek was
expected not only from the sea. Thus, even witth sucseries of defensive solutions, in 1571, KyreQastle
surrendered to the Ottoman army without firingragk shot [Hill 1948].

The Lusignan period castle entrance is visiblerdfte end of the Venetian entrance rampart. Théectmver with
its larger cut stones and coat of arms above the (géaced during the British period) stands oatrfrthe Venetian
period masonry work. The squared tower entrancéhefLusignan castle gate also had a portculliserAthe
entrance a short tunnel suddenly turns left, thia defence system in case the castle door geterrturning a
blind corner and limiting the number of enemiepéss by and giving a better chance in pushing thek.

The North East tower of the Kyrenia Castle is stillintact Lusignan "horseshoe-shaped" tower witfleal footing
and loopholes for firing longbows [Jeffery 1935hel Lusignans built the battlements for first, latee Venetians
improved them, and so today they can be seen omdtileern curtain wall. During this time, an eneattack would
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have used catapults instead of cannons. Ballistessbow, swords, and arrows were the most commidtergt
Lusignan castle also had the Donjon or keep, wigctoday still partially visible and included inghmuseum
exhibition. In its rooms King Peter’s pregnant méss was supposedly imprisoned by his jealous wife.

During the Lusignan period, the Kyrenia town whienensfolk resided and traded was a fortified towthvits own
towers acting as part of the castle fortificatiohieth was further enhanced by the Venetians and wenbf use
during the Ottoman period [Petre 2010].

The Byzantine castle is the first “castle” evidemtdyrenia and its own remains, although fragmentean yet be
traced. The main and prominent architecture froeBlgzantine period is the chapel of St. Georgagimaily built
outside the Byzantine castle (and later outsidegnas period castle). Venetians however, builtrtherth-west tower
enveloping it within the castle.

All the castle’s stones were extracted from a ngatbne quarry named Chrysokava. The area wasuakssh as an
early Byzantine worship place.

THE STRUCTURE OF THE WORKSHOP

With the workshop in Girne/Kyrenia, “Reading andsigming the Kyrenia Castle” held in May 2018, aficatated
group of participants from 30 different countriesHaced the large Castle of Kyrenia. 56 studésutors, and 10
professors had the opportunity of considering thigie castle from the point of view of the docunation,
diagnosis, design and hypothesis of reuse and eah@mt of its monumental apparatus. The approadheo
subject was divided into three main tasks: theeyatl of historical documentation, both from bilgliaphic sources
and reading the evidences on site, the digitalesuof the building with a specific attention to ttreiseum areas,
and the design intervention on the museum areasifCat al. 2018].

The aim of the workshop, coordinated with the Mipatity of Girne and the Department of Antiquitiesd
Museums, was to acquire data for the digital suifethe Castle and then to design a new archaezabgiuseum
inside the castle. For this survey time was exttgnmeportant, while the huge size of the buildingdathe need to
operate, teach and prepare/follow the post-prosgsand the preparation of the drawings/productsimgrfrom
each scanning day was quite difficult. But it wasgible to fix it in the mere time of one week.

The result was accomplished adopting an integratadey, mixing the coverage from lasergrammetryhwit
photogrammetry survey based on different sourdes; dllowed defining a quite complete and well eiable
coverage of the whole castle. The different teaatiected a full 3D laser scanner survey of the @mourt and of
its surroundings, a large set of aerial photogratrimpictures by flying a small UAV, thousands efrestrial hi-
resolution photographs, and a 3D eye complete inyagfethe castle. The team of professors and tytorsessed a
part of the data collected on site during the wiedisfor teaching purposes.

Within the different activities brought on, oneneaocumented with photographs and drawings therdifft types
of masonries present in the castle for restorgbiorposes [Farre et al. 2019] and another team dected with
terrestrial digital photogrammetric techniques soofghe archaeological fragments in the castlediti et al.
2019].

Exploiting these bases, the design teams propdffededt solutions for a new exhibition area foe tkyrenia Ship
relic and redesigned the showcases inside thdrexistuseum to exhibit the collection of artefaciarfd during the
underwater archaeological search for the Kyrenigv@teck. Hopefully, it would be very useful to adgufurther
funding for such a research project based for noly on the participants’ goodwill, the possibilitg move this
museum to a next condition, emerged quite cleaoyfthe work of the design group, a challenge thay found in
the Kyrenia Castle a subject of great potential.

LASERGRAMMETRY

Since the very first planning of the workshop, idsmdecided to have a 3D Laser Scanner survey asetiteal
element of all the measurement interventions. Thigice was done because of some fundamental asgeet3D
Laser Scanner is a fully trustable procedure, 3tsig easy to teach (and learn), the operativeerahgneasurement
and the many quality/density features combinatadltsv covering very large buildings in hours. The sf software
to manage and move the point cloud datasets fra@ualization to CAD integration are easily accessiahd
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nowadays quite simple in their basic functionsdsoe again well suitable for teaching them in therstime of a
workshop). Last but not least, the team of profesand tutors participating in the workshop wasl wrperienced
in using these tools and in planning operatiors imely manner.

The 3D laser scanner in use for this survey wasleZFroelich Z+F Imager 5006h a phase-shift |assanner
capable to gather points at a distance up to 8@netith an accuracy of about two millimeters ommal reflective
materials. In the survey work of the Kyrenia Cadibe all the scans it was preferred to use sedtinigh a density of
points in “middle” mode (in this survey work thigt8ng created single point clouds up to 9 millipoints) or
“high” mode (in this survey work this setting credatsingle point clouds up to 19 million points) anidh an

accuracy mostly set to “high” (with a redundancyfigé for each measured point). In this way, eacénsstation
asked about three to six minutes, plus the positgptimes. Because of the quite high level of detand the
possibility to have always articulated shapes widl recognizable characteristics, the use of targesimplify and
improve the alignment procedures was reduced tonamal, using mostly paper “black and white” chedi@ard

targets. A logic of “reduction” of the occlusionags [Bini and Bertocci 2012] and of “support” ke tfollowing

automatisms in point-cloud alignments [PomerleaaleR015], guided the planning of the survey sggt In this
way, it was possible to have short post proces8imgs and fully descriptive results. The lasergratignsurvey
covered the part of the castle from the main entraip to the central court along the main passaddram there
to the museum areas, the inner part of the norttosver, all the higher passages and the area dEltvech. In five
days, 257 scan stations were completed, gathebiogt£.5 billion of points.

The needs of the workshop guided the post-proagssiategy, starting from the second day of sureag, operator
began to treat the datasets, checking them andibgrhe alignment of each scan into a unique pdoud. In this
way, each day of activity produced a single polotid, furthermore treated by one of the groupstoflents. The
area focusing of the groups was all around the mmsarea and the central court. So the survey wiaikted from
there and moved around for the first three days. [kt two days of survey were mostly dedicatesetiors out of
the planning/re-design studies, like the top paits passages and the church.

The software in use for the post-processing of 3BelLaser Scanner data wefeitodesk Recapand Bentley
Pointools 8\, two very practical tools, wittRecapcapable to accept directly the ZFS files from e unit,
process them in fast, automatic (and easy to temcigle and implement the point cloud data into otheiodesk
software. Following the aligned point cloud was tiese to produce some very basic references fosttitents
group: vertical and horizontal sections, frontgrnpliews, orthographic and perspective views ofdastle. The
views were selected accordingly to descriptive segt! following specific questions from the studestd tutors.
After the definition of the views, most of the tim#ne drawing was extracted in raster image modaguthe
simplest solution for producing classic 2D drawingl the 3D and advanced modelling were postpofedhe
researches foreseen as following steps of the \Wwogks

TERRESTRIAL PHOTOGRAMMETRY

In the last ten years, the renovation of photogratmynhas brought incredible advantages in all tiseiplines.
Nowadays the evolution of these tools is undoutadjreat opportunity for any built heritage docutagon. The
growth in the use of these tools is evident andenzord more the possibility of integration with G&&I 3D laser
scanner data makes the use of photogrammetry gitadad efficient. The use of different dataset I(SD GPS,
Images) is little by little moving to full integiian, leaving the separation of tools/kind of surw§@uidi 2014] like
a past condition. The fast operations, good restieating a model become as simple as takingngistfior most of
the students at the first use of this solution, ke of software based on SfM/IM procedures [Gaiti Gonizzi
2014] may look so simple and intuitive to appeke k& kind of magic.

The automatization of the photogrammetry processimgj the almost immediate generation of 3D modedsate

sometimes the conditions for operating in a sorttdck box”. On one side the pictures enter andhenother the
textured 3D model comes out. It looks like the weee photogrammetry has inverted the satirical aphoiof

Ambrose Bierce when in his “Devil’s Dictionary” heites about the word “Picture”:

“A representation in two dimensions of somethingrigomme in three”. [Bierce 1980]

! https://www.autodesk.com/products/recap/overview
2 https://www.bentley.com/it/products/product-linefi;-modeling-software/bentley-pointools
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Thus, it is clear that most of the issue aboutgiality of what is produced depends on the qualitthe pictures.
So, becoming a good photographer, at least froeclanical point of view, with clear knowledge abphbtographic
aspects and how they may affect the results frootqgnammetry, is the most relevant step any stuchenttake to
start using conscientiously a camera to producengidels. Keeping the students out of this underatgnid most
of the case a poor choice.

The workshop had various photogrammetric activitiesnany of them, the students were called toarskto get
better experienced with their own cameras, whiteha same time, a set of professional pictureseviaken by
tutors and/or professors to create a solid conietf the digital documentation of the castle.

The photogrammetric works were divided by subjecid tools: one about all the external front of @sestle (using
both a Nikon D800e full frame, 36.3 Mp DSLR witt24-120 mm F4 Nikkor zoom lens and a 3D Eye kit v@tiny
Cyber-shot DSC-QX30 20.1 Mp camera, 10 meters aoteremote control); one about the relic of the shithe
Shipwreck room; one about the Graffiti in the Shipgk room [Bertocci et al. 2019]; one about therchy\Volzone
et al. 2019], these three conducted using onlyNilken D800e with the Nikkor 24-120 mm F4 and a Midtikkor

60 mm F 2.8; one about the single fragments ardhi@anain court, developed with various camerasef#it et al.
2019]. Moreover, some groups of students experiatetite photogrammetry shooting and processing ore $mnt
of the central court, using their own equipment.

The photogrammetry processing was done partiallgléce, but most of all the accurate and final pssing was
postponed to the following phases. The problemperate in place was connected mainly to the caionldime
and the missing of a robust Internet connectiom flist issue was something not possible to saivhé short time

of the workshop, while the second issue was stgppiny intention about uploading the pictures to eanline
service like the one provided by Autodesk RecapstMid the photogrammetric processing was done usgigoft
Photoscah, using a couple of well performant notebooks. Saesting using Reality Capture were done to allow
the participant to see the different results, theguting times, the specific differences in the kilow from picture

to the final 3D model.

The students got instructions about how to workesty for terrestrial photogrammetry, details abitweir cameras
and about the tools in use in the workshop (theatheristics and benefits of a professional higgohetion DSLR
and of the 3D Eye kit). They got all the informatiabout how to perform basic treatments of theaiges and 3D
models to enhance the result, without going toohrinaletails about an advanced solution for pregssing of the
pictures [Gaiani et al. 2016] and post-processirty® 3D models [Verdiani 2011].

AERIAL PHOTOGRAMMETRY

Taking pictures from the air is one of the most owin need (and dream) in archaeological and in gémethe
external survey, the last years made it quite angomtask in any well-structured intervention.

The easy access to UAV technologies and the mackefimore and more safe and simplified systemgadla “on
the shelves” made possible to anyone the use fifing camera” [Gilli and Gilli 2016]. It is wortho say that such
a condition meets the need of regulations and rskesthe actual conditions for using this glolmeddvation must
accomplish to local and specific rules, authortadi and laws that are expected to be well knowhbydrone
operators [Franke 2014].

In the case of the Kyrenia Castle, having a fligith a UAV unit was a great contribution in termfscompletion
and integration of the digital survey. Using a Bplark unit, equipped with a 12 Mp camera, the savfeflights
produced a sub-selection of 1303 usable shotsriogvell the top parts of the walls and completingnassive, but
well detailed 3D model of all the external partstof castle and its near surroundings.

The operators started all the main flights from ¢eatral courtyard and from the top of the waltame secondary
flights were taken from the streets around theleaSthe participants to the workshop were able ¢sish the
operation and post-process various image sets fatanthe UAV, obviously, it was not possible toveaa “hands-
on” experience in flight mode, but they got a wd#kailed description of all the procedures and afpmmal
conditions.

3 https://www.agisoft.com/
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DESIGN PROPOSAL

Three design teams worked in close contact withHdkergrammetry team since they provided the nacgs$oud
datasets of the whole structure to be transfelrd@AD programs during the design process.

What had been given as a design problem was toaleade the spatial characteristics of the casttethe existing
museum section and come up with a proposal forrehaaological museum entirely dedicated to the Higre
Shipwreck [Katzev 1981], which holds an importalatce in the history of underwater archaeology [Kat2008].

All the teams approached the castle museum inrdiffeangles: the design program was set either ceimepsively
from the main entrance of the castle to the shoes#sr the artefacts with a separate temporarytstrel for the
shipwreck or focused on the existing museum sedtiacreate an affordable real-time solution asspaase to the
request of the museum administration.

Both approaches acknowledged the changing chaisiierof museums in terms of pedagogy, culturabpction,
economic appraisal, and social interaction wheeentiseum is designed in consideration with the

“...bodily, sensory and affective impacts of spaaes @bjects on visitors”. [Tzortzi 2017, p. 495]

The design intervention was not conducted by thersuand the students merely as a museum desigoisxebut
the means of understanding and promoting a culhgdtage was also examined throughout the worksboge of
the groups chose to introduce a novel architecexinsion that goes through and constructs théewlsitor path.

The group working on the showcases highlightedsthall artefacts that were revealed from the Kyr&tigpwreck,
depicting a physical attribution to what the casirexhibit specifically. Yet, another group defindm existing
problems of the current exhibition and the physicalequacies of the Kyrenia Castle Museum and egmeith a
practical yet inclusive design proposal, where gshxth one of the consequent rooms on the northedstof the
inner courtyard was to be rebuilt with a contempp@nstruction material to house the shipwreckyl@d et al.
2019]. The design proposals were brought on tortaicepoint where the administrative organs cousleha
perspective plan of executing a well-rounded mustarrthe sake of the castle, the shipwreck anctityeof Girne.

CONCLUSIONS

The Kyrenia Castle workshop has been the occasiastablish an operative base of knowledge andatioeg a
significant amount of data about a Castle thatesgmts a challenging monument in the Mediterraseanario.

The first digitalization of this fortification is ught to be the starting point of a series of stidiEnhis paper,
following the poster brought in the CHNT/VH confece in Vienna in November 2018, presents the roadabaut
the post-processing of the digital resources prediic the castle in the days of the workshop (E)g.

If the workshop was the moment to disseminate anctlg collaborate, the following phases are thements for
reflections, in-depth researches, more accurateileions, experiment and testing with differeritiions.

Writing this research allows the development oéaes of papers, describing the various activitied the specific
experience and investigations centered on the Kyr@astle, as well as a series of master’'s andiazation

theses about the development of an HBIM [Brusap®@di5] of some part of the castle, the proposalsafoew
museum assets, an intervention plan about a setrafegic starting restorations and new approathethe

presentation of some valuable items inside thdealie the Kyrenia Ship and the various Graff#presenting
harbors, ships and boats.

The historical value of the subject and the tedihiadvanced intervention, mixed with professiocaatl academic
competencies has brought to a high-quality teachimament, even in the variety of proveniences, e,
approaches, the people involved in this experiemaee found a moment of measuring themselves wigh th
importance of the monument, with his story.

A moment where Cultural Heritage and New Techn@sdjiave really found a common ground!
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Fig. 2. A group of participants to the workshop kiag with the 3D Eye unit
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Fig. 3. Operations with the drone on the wallstef Kyrenia Castle
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Fig. 4. The aligned point-cloud from the 3D Laseafner survey in Autodesk Recap

CHNT 23, 2018



The Kyrenia Castle, an approach for digital docutaigon in the Cyprus Island 1:9

Fig. 5. Sections and plan views from the aligneieshtpdoud
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