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"In all works of preservation, restoration or
excavat.lon,. there should always.be precise Venice Charter, 1964
documentation in the form of analytical and critical - -
. . . p://www.international.icomos.org/e_ve
reports, illustrated with drawings and photographs. nice.htm#historic
Every stage of the work of clearing, consolidation,
rearrangement and integration, as well as technical | ICOMOS Charter for the
and formal features identified during the course of | Conservation of Historic
the work, should be included. This record should be Towns and Urban Areas

placed in the archives of a public institution and Washington Charter, 1987

: . . " http://www.international.icomos.org/e_to
made available to research workers. whe htm

Article 16 of the Unesco

... emphasis on

= involvement of the public through a better ICOMOS report on
identification, understanding, interpretation and Principles for the Recording

presentation of cultural heritage. of Monuments, Groups of
Buildings and Sites, 1996

= dissemination of the recorded information, to

.. http://www.international.icomos.org/rec
permit informed management and control of all ording.htm
change to cultural heritage




The keywords in all above statements and International Agreements are :

= Recording of a vast amount of 4-Dimensional multi-source, multi-
format and multi-content information, in proper levels of accuracy and
detail.

= Inventory by the use of photogrammetric and GIS solutions in 3D
and, as far as available, down dating with historical images.

= Management of the 4D information in a secure and rational way, also
susceptible to sharing and distribution to other users.

=>» Visualization and Presentation of the information in a user-friendly
way, so that different kinds of users can actually retrieve the data and
acquire useful information, using Internet and Visualization Techniques

=> Appropriate use and tuning of the up-to-date Information
Technology, when aiming at the above tasks.

... under
diverse requirements

Complete, Precise

Elaborated
documentation




Tachyometer [
Total Skakion

30 Laser
Pantograph

vs

I";'l

Digikal Camera

Digikizer

Scanner

Laser Printer

Plokter

AvTikeipevo
anoTimwang

Etomhopog/Mebodoroyia

[poiovTa amoTimwong

EmiAco
Tohgnuou

—
Optic 1RIS 30 La
Evvbuaoyis putoypogg

nrer
wpary laser

Meovayia Kepa

] )

|

,i |
Trimbe G520 Laser scanner

Euvhuaopos puroypappetplog wo odpao; lassr

y

Apxawohoyikol
XBpoL

Bepyive
Aot
Emaveopn
Képog

=

NEVTIAG ERIRGTTTEN e AT
usToypEppeTpikis pe

k] ke

AMOTUTHIEL
LRV
AVTIKELLEVIOY KO
ENPILATEV

Minolea 9Vi Next Engine 2020i




By Purpose

Table 1:
Classification of applications

of monuments
of monuments
Studies of artifacts
Special Studies
Studies of city centers
and settlements
GIS

Architectural analysis
Conservation and restoration

Archaeological Documentation

Visualization Virtual Museums

2D vector Plans/Sections

2D texture maps

By Product

3D vector reconstructions

3D reconstructions
+ Texture

Single-photo

Stereo / Multi-photo

By Methodology

Multi-sensor fusion

Technical aspects

Documentation, Archiving
Visualization aspects
Financial
aspects
Time
aspects

phasis on

By Em|

O Mepiexopeva

O ociopdc Tou 1978

H nahid noAn Tng Asukwaiag

H Mavayia Tn¢ Kepa

ApXCIIO)\OYIKOi )((J'.)pOI (Bepyiva, AionnAio, Enavwpn, Képoc)
>nnAaio NMoAugpnuou

Movn PoucoTtdavou, MeTewpa

EpyaoTtnpio AlaTunuaTtikou MetanTtuxiakou MNZ/AMNO©
©aAdoolo HETWNO Oe00aAoVikng
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> O O€I0H0C TNG Oecoalovikng Tou 1978

- 45 vekpoi KUpIwG ano TNV KaTappeuan oKTAWPOPNG
rnoAukaTolkiag oTn ©cooalovikn

- 220 TpauparTieg
- 9.480 KTipIa Ye KN EMIOKEUACIPEG BAABEG

- InNMAavTIKECG {nNMIEG OTIC NEPIOXEC Oeaoalovikng, BOABNG —
Aaykadd, KiAkig, Zeppav, XaAKIOIKNAG.

-nPacivo : ‘Oxl Peinan TNG OEIoMIKNAG
XWPNTIKOTNTAG. APETA XPNOIHOMOIOUKEVO.
Eioodoc anepiopioTn.

-KITPIVO: MEIWPEVN GEIOUIKN XWPNTIKOTNTA.
H xprion 0ev eniTpENeTal NPIvV ano €NIOKEUN
Kal TNV evioxuon. EnmpeneTal nepiopiopévn
€i00dag.

-KOKKIVO: Mn acpalec. MiBavn Eapvikn
KATappeuan.

AnayopeUeTal n XpAon A n €i0odoc.

> H nepioxn PYEAETNG

Tunua Tng MupikauoTng {wvng — IoTopIKO KEVTPO TNG Osooalovikng

R o [ MUUTE e O 1) Eyvartio
- XZ1epdvov

Tétm

Anpntpiov

Awdekoviicov Tobvapn

Aéovtog
Zo@pov

Zolapivog

Topaiokn Aemeopog

KoAdpn
ZTpatnyod
Apavi




* H pTOYpPaUUETPIKN anNOd00N TWV KTIPiwV

e Mg OTEPEOOKOMIKN OpACN
anodobnkav ol OTEYEC Kal Ol
TAPATOEG TWV KTIPiWV OTOV WN@Iako
(PWTOYPAUHETPIKO GTABUO.

KaTa tnv TpiodiaoTaTn
anodoon Twv KTIpiwv, n
UWOETPIKN akpiBeia TwV Onueinv
ATav peTa&u 0.5-1.0m onwg kai
0TV NEPINTWon GUAAOYAG
onueiwv Tou Wnelakolu MovTtéAou
Edagpouc.

e H dnyioupyia TwV TPI1031A0TATWV CTEPEWV TWV KTIPIWV

Awtnpntéa Ktiplo
(og 3D popery)
Top
View s NEQL KTIP1OL TOV
amodofnKkov
(meprypdppato
TOV GTEYOV TOVG)
Dynamic Awtnpntéa
View (o€ 3D popon

|:| Néa ktipa Tov
amodotnkov

(og 3D poper

[D]
0




H nepioxn HEAETNG HE TA TPICSIACTATA HOVTEAA TWV KTIPIWV KAl TOV
avayAu@o opBopwTtoxdpTn. To avayAugo d€ paiveral kahkda AGym Tng
HIKPNG KAiong Tou dapoug (2%)

e H guAAoyn Twv oToixeiwv ano Tnv YAZBE kai n
dnuioupyia Tou nivaka TnG Baonc dedopuEvVeV

= >TnVv YAZBE Ta KTipia kataxwpnuéva avaloya pe Tn diEUBuvan Toug

= Ta kTipla nou ixav ByaAel adelec ATav ndn karaxwpnueva os pia Bacn dedOPEVWV

= To npdypappa nou xpnoiydonoindnke yia Tn diaxeipion TnG Baong dedopévmwy ATAv n
Access

= 3TN Bdaon dedoUEVWV KATAXWPNONKE O XaPaKTNPIOHOG OAWV TwV KTIPIWV PETA TO OEICHO
Tou 1978

|XAPAKTI{PIETIKA ZTOIXEIA TN KTIPIRN TOY EENTP OY THE OEZZAAONIKHE I
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APIZETOTEAEIO MANENIEZTHMIO ©EEEAAONIKHE

ATrPONOMON

TMHMA 1oporpaven  MHXANIKOQN

KTHMATOAOI'IOY
DQTOTPAMMETPIAL

TOMEAX XAPTOTPA®IAZ

METAINTYXIAKO
IMPOT'PAMMA
TEQIIAHPO®OPIKHX
AIAXEIPIZH ®QTOTPAMMETPI KHE

TNAPAIQIHE KAI THAEMEKOTIHEZHE *E
TMEPIBAAAONGIS

AMIAQMATIKH EPIAXIA ME O EMA:

"Tp1631G6TATN QOTOYP ALUETPIKI AVOTAP GGTACT

OV 16TOPIKOY KEVTPOL TG Oeccahovikng Kot
avantoénGIS v dwyeipion katastpoedv"”
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ApOpog Knipiov

XopoKTNPIGHOS TOV KTIPI®V avaroya pe Tov apiOpd tov
0poYOV TOVG
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MAPPING OF BUILDINGS FACADES’ AT THE HISTORICAL CENTRE OF NICOSIA, CYPRUS AND CREATING A
RESTORATION INFORMATION SYSTEM

Project Area




Sample Images of Building Facades

Project Overview
4 \

Area of Interest
4 Neighborhoods

The Photogrammetric Survey

Data Acquisition
30 Streets

300 Buildings
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The Photogrammetric Survey

Single Image Photogrammetric

Image Rectification

Usage of Z/I IRAS/C Software

8-10 Control Points for Each Image
3-5 Check Points for each Image
Rectified Images Accuracy 1-2 cm

Rectified Images Resolution 0.5 cm

Number of GCPs: 15
Degrees of Freedom; 22
Standard Error: 0.01m
Model: Projective

2D Drawings Creation and

2D Drawing Creation




Geo-Reference
Reference: Survey Maps of the 4 neighborhoods

2D Drawings Creation and

Geo-Reference

3-4 Interest points were measured in each facade
to serve as tie points

2D Drawings Creation and Geo-Reference

Final Drawing were comprised from all the facades
along a street face

Geo-Reference

" Rectified Image Accuracy <2cm
" Rectified Image Resolution 0.5 cm

" Full recording of fagade’s
architectural elements, corrosions,
erosions and damages

® Georeference Accuracy <2cm




Preservation Information
System

Database Design

HISTORICAL CADASTRAL BUILDING BUILDING PREVIOUS
DATA DATA MATERIALS CONDITION RESTORATIONS
Date of Current owner Structure Structure Type of
construction Materials condition restoration
Ownership Building plot Facade materials | Facade Original Materials
history condition
Previous uses Building data Morphological Pathology Restoration
(number of Elements Materials
floors, area,
height, etc.)
Construction Current use Roof Erosion Restoration date
phases
Wall paintings/ Corrosion Analysis and
frescos Evaluation of
previous

restoration

Balconies

Disintegration

Chimneys

Vegetation

Coatings
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® Epappoyéc pe eMikoTTEPO
Kalt
laser scanner

i. Anpioupyia xaptn Tou apxaioAoyikoU Xwpou Tou NeoAiBikoU
oikiopoU oto AiornAid, Kaotopida (AUyouoTtoc-ZenTéppploc 2006)

R4 3 1 s




- 71 ovo okdupa B
XapakTnpIoTIkd peyEOn aspopwToypdenong

Acpopwroypdpnon
EARpBnoav ouvoAikd 195 pwroypagicg
- 124 ovo okappa A

Kwiiko¢ pwroypaypiac

Yyoc¢
rrriong (m)

KAiuaka pwroypagpiac

MEyeBog pixel
aro édapoc

(mm)

Aiaordoeic
pwroypayiag (m)

Exraon mou
kaAumrerar (m2)

50

17.2

44.x33

1450

26

89

22x17

374

6

20

5x4

20

TomoypapIKEC Epyaoiec yia Tov mpoodlopIouo PwTooTaBepwy

PwroypaupucToikl eneéEpyaoia okauudTrwy
- Avayvwpion gwTooTadBepwyv
- Avaywyn 21 eikévwv (Erdas Imagine8.7)
- Anpioupyia avnypévwy gikOvVwyY Kai ouvtagn xapTwv







ii. Alaxpoviki acpopwToypapnon oTov aApXaloAoyiko
xwpo AionnAié (AuyouoTog-ZenTéuppiog 2007)

L

YAomoinon, pETpnon Kar umoAoyiopos gpwroorabBspwyv

Reflectorless total station TCR 305 tng LEICA




Tpoypaupariouoc mrions

EAnpBnoav cuvoAikd 458 pwTtoypaieg
- 250 oto okdppa B
- 160 oTo okdppa I
- 14 ovo okdappa A
8 oTo okdupa E
26 oto okdupa =T




2 Kdappa T

2 Kappa I




Laser scanning TapeLwv 6KARNATOG
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LASER SCANNER otov IIEPIBOAO

AYTIKO

MNOTIO

i
Em@avela kdAvymge: ~1500t.p.

LASER SCANNER otov IIEPIBOAO

OAokAnpwOnkav:
- 60 otdoelg Twv 2 Laser Scanner.

—~

Trimolz €5200 Oogrzery TLRTS 30
- AMym skatoppvpiov 3D onpeiwv Tov Movtédov Emu@aveirag tov
MepLBorov.
- Ak a8 eC KEKALPEVEG PwTOYpa@ieg Tov [lepBorov.
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iii. AmoTUmwon waAdloOXpIOTIAVIKAC €EKKANCiag
otnv Ewavoun, Ocooalovikn (AUyovotog 2007)




Karakdpupn aspopwroypapia

YAomoinon, pETpnon Kar umoAoyiopos gpwroorabBspwyv
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Tpoypaupariouoc mrions

ANwpida mrriong <<ueydAng>> kAjpasag

SwroypacTpIky eneéspyaoia

Erdas Imagine 8.7 Anuloupv*ia XdapTh

MovoeikoVvIKA HETPNON QWTOOTAOEPWY o dwTopwadiko




PwroypaupeTpIk emepyaoia

Erdas Imagine 8.7 Anuloup\za XdpTh

MovoeIKoVIKA HETPNON YWTOOTADEPWY o dwTopwadiko

iv. Anpioupyia opBopwToxdaptn Tou Makedovikou
avakTopou TnG Bepyivac (Noéuppioc 2006)
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Greece

Cyclades

Keros

Konakia
Gerani

Dhaskalio

Keros (Greek: Képog) is an uninhabited Greek island in the Cyclades about 10 km
southeast of Naxos. Administratively it is part of the community of Koufonisi. It has
an area of 15 km2 and its highest point is 432 metres. It was an important site to
the Cycladic civilizationthat flourished around 2500 BC.




The Cambridge Keros Project, co-
directed by Colin Renfrew and
Michael Boyd, conducted
excavations in 2006 and 2007 at
the site of Kavos on the west
coast of the island, where a
special deposit of broken choice
material has been systematically
excavated. This site is believed to
be the source of the so-called
"Keros Hoard" of fragmentary
Cycladic figurines. In 2008, the
same project identified a
substantial Cycladic period
settlement on the nearby island
of Dhaskalio, located opposite the
special deposit of Kavos.

Dhaskalio

o

[ m—]
i 100 Metres

weg

&SN
Special Deposit North

ac

Kavos

épecial Deposit South

"Keros Hoard“

fragmented marble
figurines and vessels,
metal items and clay
vases of the Early
Cycladic Il period - Syros
phase, 2800-2300BC

© N.P. Goulandris Foundation - Museum of Cycladic Art

http://www.cycladic.gr




Kavos

Dhaskalio

excavation works during ‘The Cambridge Keros Project’ in 2008

Dhaskalio




' . excavation works during ‘The Cambridge Keros Project’ in 2008
»1" X ! | o 0 M 7 E

Kavos (Special Deposit South)

AERIAL IMAGE ACQUISITION Image acquisition

AND IMAGE PROCESSING

The UAV-helicopter
used for the image
acquisition

Measurement of GCP’s

Image acquisition

Photogrammetric processing

An autonomous UAV (Unmanned aerial vehicle)-helicopter, equipped with a digital camera,
was used for the photogrammetric documentation of the study area.

The camera mounted to the helicopter was the 10.1 Mpixel (3888 x 2592) Canon EOS D400.
The camera was calibrated and the calibrated focal length was c=9.056mm.

For the production of the final orthophotos 1:500 in both study areas, images acquired from
an average flight height of 20meters corresponding to an average image scale of 1:2000.The
ground coverage in each image 1:2000 was 49.94x33.30m.

All the strips of images in both study areas were acquired with approximately 60 % overlap
along and 30 % overlap across the strips.




AERIAL IMAGE ACQUISITION

AND IMAGE PROCESSING
Measurement of GCP’s
Image acquisition

Photogrammetric processing

Photogrammetric processing

The Digital Terrain Model of Dhaskalio

The photogrammetric processing includes a number of digital photogrammetry applications
such as tie point measurement, bundle adjustment, DSM and orthophoto generation, using
the software package LPS 9.0 (Leica Photogrammetry Suite).

The initial standard deviation of GCPs was 2cm while the accuracy of image point standard
deviation was 2 pixels. The Bauer’s simple model was used as an additional parameter
function.

Because of the steep terrain, DTMs were created for each individual strip and merged
afterwards. In addition to finalize the DTM so as to improve orthophoto’s quality it was
edited. The cell width varies between 0.5 and 3m and the general mass point quality for most
of the points was 80 %.

For the orthophoto derivation a pixel size of 2cm was used.




Orthomosaic of islet Dhaskalio

Orthomosaic of islet Dhaskalio




Orthomosaic of islet Dhaskalio

Orthomosaic of Special Deposit South




Orthomosaic of Special Deposit North

REMOTE
SENSING
APPLICATION

For the geometric correction and
georeferencing to EGSA87 (GGRS87), of
the QuickBird Image, 5 up-to-date
cadastre maps 1:5000 and a Digital
Terrain Model (DTM) of the whole area
of interest, provided by The Hellenic
Military Geographical Service, were
used.

During the process of the ortho
resampling of the QuickBird Image in
the commercial software package Erdas
Imagine 9.1, the rectified maps 1:5000
were used for the determination and
measurement of Ground Control Points
(GCP’s), as well as the Digital Terrain
Model (DTM) of the whole region.

mosaic of 5 cadastre maps 1:5000

Digital Terrain Model (DTM)

Quick Bird Image




Quick Bird Image

Screen captures of
a flythrough video

showing Keros and
Dhaskalio using the
QuickBird Image

LASER SCANNING
APPLICATIONS

During the Keros-Dhaskalio
project, the production of a
DTM for the excavation site
took place, using the
Optech ILRIS 3D laser
scanner.

The DTM grid was selected to
be 20 cm.

The point cloud alignment and
registration was performed
using the Polyworks software.

The final merged model was
inserted in the Geomagic Studio
software for texturing and hole
filling.

3D model of the Dhaskalio Site

3D model of the Keros Island

7 different scans were performed.

Approximately 4 million points
were collected.

The final model was comprised of
433.402 triangles.

4 different scans were performed.
4.235.632 points were collected.

The final model was comprised of
2.625.212 triangles.




Laser scanner modeling
of trenches

During the Keros-Dhaskalio project, the detailed modelling of 2 trenches took place,
using the Optech ILRIS 3D laser scanner.

9 different scans were performed
using a 5mm grid collecting
5.651.133 points.

The final model was created using
the Geomagic Studio 10 software.

Islet Dhaskalio

The final model had 4.243.134
triangles.

8 scans were performed
collecting 2.639.840 points.

The final model had 588.792
triangles.

Special Deposit
South

3D model of the second trench

Laser scanning of Cycladic figurines

A NExtEngine scanner was used to scan 6 pre history Cycladic figurines with a dimensional
accuracy detail of 127 um and a grid of 63.5 um.

3D models of high detail were created, using Geomagic Studio 10 software to produce
photorealistic texturing, in order to identify traces in the figurines surface that can give

hinds to archaeologists about their usage.

The number of scans was around 15 scans per object.

3D model of a fragmented figurine




Laser scanning of Cycladic figurines

Yoz
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3D model of an artifact
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rlzirelwzire = Sofrware usadl

Trimble GS200 Laser scanner
1,5mm point accuracy at 50m
360 x 60 degrees

Software:
Cyclone
Polyworks
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Armrorurrwaon Bpdyou kai KeAUgpoug the Movn¢ Pouooavou, Metéwpa

Sop.= 620y

AvdAuon 13cm




Arrorurrwaon Bpdyou kai KeAUgpoug the Movn¢ Pouooavou, Metéwpa

Sop.= 200y

AvdAuon 5cm

Arrorurtwaon Bpdyou kai KeAUgpoug the Movn¢ Pouooavou, Metéwpa

Sop.= 230y
AvdAuon 5,5¢cm




Arrorurrwaon Bpdyou kai KeAUgpoug the Movn¢ Pouooavou, Metéwpa

Arrorurtwaon Bpdyou kai KeAUgpoug the Movn¢ Pouooavou, Metéwpa

Sop.= 50u

AvdAuon 3cm
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ATmoTLTTOON HIKPOAVTIKEIMEVWYV HE Micro Laser Scanner

15cm améoraon, - J 15cm anoéortacn,

12 capdosg, TR .\ 8 capmozig,
avaivon 0.7mm, avalvon 0.7mm,
apXIKO Vipog 77 MB 7 apxiko végpog 3.8 MB

TEMPORAL STUDY OF COASTAL FRONT OF THE HISTORICAL CENTRE OF THESSALONIKI
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The study refers to the visual representation of the coastal front of
the historical center of Thessaloniki and its changes that have
occurred through the years.

The research was initially based on the photogrammetric
processing of archive aerial images (1938) of Thessaloniki’s city
centre. Besides the vertical images, high oblique aerial images
dated back to 1932, proved to be a significant source of
information. A rich archive of old photographic material, sketches,
drawings and gravures of the coastal forehead of the city was also
used. Ortho-images of the coastal front, derived from laser
scanning (2010), and a 3D model of the historical city centre,
derived from the stereo photogrammetric process of aerial images
(1990), contributed decisively at the multi temporal study of the
city front.

Main outcomes of the present documentation study are:

*The 3D representation of temporal changes of the coastal front
of the historical centre of Thessaloniki.

*The 2D representation of these changes with respect to
variations on skyline, lacunas, interventions in old buildings etc.
eDevelopment of a multi temporal GIS.

Images taken along the coastal front of Thessaloniki showing: a) Eleftherias square, b) Aristotle's
square, c) the White Tower.




Aerial images of Thessaloniki’s coastal front dated
back to: a) 1938, b) 1951, c) 1965, d) 1978, e)
1990, f) 2000.

High oblique aerial images, dated back to
1932, showing the coastal front of the city.

Part of the archive of old photographic material used
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Part of the 3D model (building silhouettes) of the historical city centre,
derived from the stereo photogrammetric process of aerial images (1990).
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Ortho-images of the West coastal front of the city, derived from laser scanning (2010),
showing the first three building blocks along the waterfront.

High oblique aerial
image, dated back to
1932, showing the
same part of the
coastal front of the city.




Aerial image of
Thessaloniki’s coastal
front dated back to 1938.

High oblique aerial image,
dated back to 1932,
showing the same part of
the coastal front of the city.

3D representation of
building volumes showing -
the same part of the “
coastal front of the city:  ~
a)in 1938, b) in 2010.

High oblique aerial image,
dated back to 1932,
showing the same part of
the coastal front of the city.




Photomosaics of the first block of
the West coastal front showing

a significant number of temporal
changes:

a) at the beginning of the 20t
century

b) circa 1920
c) 1929

d) present time.

a)

b)

c)

High oblique aerial image, dated back to 1932.

Graphic restitution methods, using
perspective images representing objects of
known dimensions (fagade or ground plan)

in order to extract geometric information.

Aerial image of
Thessaloniki’s coastal
front dated back to 1938.
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