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D E D I C A T I O N

BBeginning in 2006 Robin Letelier brought his vision of an 
integrated graduate level course in heritage recording, 
documentation and information management to the 
Program in Historic Preservation at the University of 
Pennsylvania.

Today that course curriculum, now under the direction 
of Mario Santana, represents the synthesis of principles 
and practices considered fundamental knowledge for all 
heritage professionals.

This symposium, initially planned by Robin at UPenn, is 
dedicated to that vision and his tireless effort to promote 
heritage conservation through research, teaching, and 
public service.
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Good decisions in heritage conservation are based on timely, relevant and accurate information 
about the conditions, materials and evolution of heritage buildings and landscapes. Therefore, 
documenting, recording and analysis of heritage places is an essential part of their conservation 
and management.

The rapid rise in new digital technologies has revolutionized the practice of recording heritage 
places. Digital tools and media offer a myriad of new opportunities for collecting, analyzing 
and disseminating information about heritage sites. With these new opportunities, there are 
also conflicts, and an intense effort to build digital media into the education of conservation 
professionals. Issues regarding the proper, innovative and research-focused uses of digital 
media in heritage conservation are an urgent topic in the global heritage conservation field, and 
Penn, KU-Leuven and its partners have played a leading role in this area of cross-disciplinary 
research and practice.

The SMARTdoc symposium offers a unique opportunity for educators, professionals, heritage 
institutions, and managers of heritage places to share, exchange, and explore new approaches, 
best practices, and research results in the area of heritage informatics.
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POSTER FORUM A: DOCUMENTATION, ARCHIVAL RESEARCH 
AND THE INTERPRETATION OF HISTORIC DATA

This	forum	addresses	the	use	and	relevance	of	the	existing	stock	of	information	about	historic	places.	As	
an	activity,	it	includes	all	methods	related	to	the	systematic	collection,	archiving,	and	analysis	of	records	
for	a	variety	of	uses.	(Letellier	et	a	l,	2008).

Integrating  3D Laser Scanning and 3D Modeling Tools for Investigating 

the Medieval Design Process at Southwell Minster By Lisa Reilly1, Worthy 

Martin2,3, Chad Keller2

1:	Department	of	Architectural	History,	University	of	Virginia,	lar2f@virginia.edu
²:	Institute	for	Advanced	Technology	in	the	Humanities,University	of	Virginia,	ctk4n@virginia.edu
3:	Department	of	Computer	Science,	University	of	Virginia,	martin@virginia.edu

Keywords:	architectural	history,	3D-laser	scanning,	3D	modeling,	design	process

Abstract

Why:	Determining	the	design	process	of	medieval	churches	is	a	difficult	undertaking.		Multiple	building	
campaigns,	as	a	result	of	changes	in	stylistic	preferences	or	deterioration	leading	to	collapse,	and	the	
length	 of	 the	 campaigns	 themselves,	 contribute	 toward	 the	 difficulties	 in	 determining	 how	 design	
is	 generated.	Our	analysis	 in	 the	English Medieval Architecture: A Model for Design Process Analysis	
project	(www.medievalarchitecture.org)	attempts	to	achieve	a	greater	understanding	of	the	medieval	
design	process	by	analyzing	 the	 relationship	between	 the	Romanesque	and	Gothic	 fabrics	of	English	
monuments.

Where or Context:	We	selected	Southwell	Minster	as	the	starting	point	for	the	 investigation	because	
its	 building	 history	 is	 relatively	 straightforward,	with	 a	 clear	 distinction	between	 the	 twelfth-century	
Norman	nave	and	transepts	and	the	thirteenth-century	east	end1.		

When:	Archbishop	Walter	de	Grey	of	York,	who	held	office	from	1216	to	1255,	replaced	the	Norman	east	
end	in	a	building	campaign	between	1234	and	12412.

Effectiveness:	 Our	 analysis	 of	 a	 series	 of	 models	 will	 lead	 to	 an	 understanding	 of	 the	 relationships	

A B S T R A C T S
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that	exists	between	the	later	Gothic	additions	and	the	early	Romanesque	fabric	still	surviving.		Unlike	
static	models	which	provide	outstanding	illustrations,	dynamic	models	can	be	turned	and	broken	apart	
to	explore	spatial	relations	 in	the	fabric.	Our project aims to look at the building as a whole and this	
holistic	approach	to	analysis	will	enable	us	to	understand	crucial	 issues	such	as	how	later	sections	of	
construction	respond	to	earlier	sections	in	terms	of	scale,	proportions	and	mass.	Fortunately, the later 
Gothic choir contains extensive evidence of Romanesque fabric that can be used in our analysis. Through 
methods developed in conjunction with our digital models and database, we will establish analysis to test 
the hypothesis that at Southwell, at least, there was a self-referential component to the medieval design 
process.

References:

•	 Lisa	Reilly,	Chad	Keller,	Edward	Triplett,	“The	Medieval	Design	Process	at	Southwell	Minster”,	in	
New Approaches to Medieval Architecture,	Ashgate	Publishing	Ltd.,	Surrey,	England,	(in	press).

•	 Jennifer	 S.	 Alexander,	 ed.,	 Southwell and Nottinghamshire Medieval Art, Architecture and 
Industry	(Leeds,	1991).

Underwater Cultural Heritage Documentation: History, Complications, 

Outcomes and Future By: Sorna Khakzad

Katholieke	Universiteit	Leuven,	KULeuven,	Kasteelpark	Arenberg	1-bus	2431,	BE-3001	Heverlee,	Belgium,	
sorna_serena@yahoo.com

Keywords:  Underwater	Cultural	Heritage,	Underwater	Cultural	Heritage	Assessment,	Documentation,	
UNESCO	Convention	2001

Abstract

Why:  The same as on-land cultural heritage sites, the importance of documentation, archival 
research and the interpretation of historic data from Underwater Cultural Heritage (UCH) is of 
importance. The nature of the environment where this kind of heritage located has made the process 
of documentation and recording more complicated which affects the methods and techniques 
which are used to record, survey and document underwater sites. Moreover,	 under water is a 
very dynamic environment and the sites or objects underwater are under the permanent threat of 
erosion, breaking and also human interventions, therefore, documentation of these kinds of sites is 
considered as one of the most and urgent steps in order to record the entire site.	  

Where or Context: An overall view of different activities from the best practices in the world will be 
illustrated. Later, two case studies will be offered as examples in order to have a clearer idea of the 
details, possibilities and complication of the current projects.  

When: In general the progress of underwater cultural heritage documentation will be presented 
from the very beginning of developments of documentation techniques in this field. An overview 
of what has been achieved, since this field has become scientifically developed, till the recent 
developments and inventions in techniques will be demonstrated. Also, the enhancement of 
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interventions’ methods in underwater cultural sites since the 2001 UNESCO Convention on the 
protection of UCH will be highlighted.     
	
Effectiveness: It	is	important	to	evaluate	that how	the	collected	information	will	be	presented	in	a	critical	
way	to	evaluate	not	only	the	quality	and	quantity	of	the	data,	but	also	in	order	to	assess	the	extent	of	
value	of	these	data	for	presentation,	interpretation,	study	and	conservation	of	the	sites.	These	data	are	
significant	in	order	to	facilitate	going	on	further	with	conservation	and	management	plans	for	underwater	
cultural	heritage.		The	question	remains	how	to	benefit	from	this	data	to	achieve	the	mentioned	aims?

References:

•	 The	2001	UNESCO	Convention	on	protection	of	Underwater	Cultural	Heritage.
•	 Project	information	from:	http://inadiscover.com/ina_turkey/bodrum_research_center/,
•  www.machuproject.eu , http://www.vioe.be/ and http://www.hwtma.org.uk/bouldnor-

cliff	
•	 Sorna	Khakzad,	Underwater	Cultural	Heritage:	Conservation	and	Presentation	to	the	Public,	Post	

Graduate	Thesis	to	RLICC/KUL,	June	2008			 

Using historical and archival material to define an efficient recording strategy 

— the survey of the Sint-Jan Berchmanscollege in Brussels (B) By Pieter-Jan 

De Vos1, Koen Aertgeerts, Sandrine Herinkx & Audrey Dussard²

1:	Raymond	Lemaire	International	Centre	for	Conservation,	Katholieke	Universiteit	Leuven,	Kasteelpark	
Arenberg	 1,	 B-3001	 Heverlee,	 Belgium,	 	 pieterjandevos@hotmail.com,	 pieterjan.devos@student.
kuleuven.be
²:	koen.aertgeerts@student.kuleuven.be,	sandrine.herinkx@student.kuleuven.be,	audrey.dussard@
student.kuleuven.be.

Keywords:	documentation	survey,	recording	strategy,	historical/archival	material

Abstract

Why:	 To	 come	 up	 with	 a	 conservation	 plan	 of	 historic	 buildings	 it	 is	 necessary	 to	 understand	 the	
infrastructure	in	its	essence.	Of	key	importance	in	this	understanding	process	is	carrying	out	a	detailed	
documentation	survey.	After	all,	a	simple	survey	can	become	an	effective	tool	in	assessing	the	potentials	
of	a	building	and	in	the	development	of	a	conservation	plan.	In	practise	one	can	see	that	there	is	often	
too	less	attention	paid	to	this	facet:	time	and	the	costs	of	a	survey	are	often	the	constrains.	In	the	past,	
this	was	unfortunately	also	the	case	in	the	Sint-Jan	Berchmanscollege.	These	constrains	can	however	be	
bridged	by	setting	up	a	well	considered	recording	strategy,	based	upon	historical	and	archival	research.

Where or Context:	 The	 original	 buildings	 of	 the	 Jesuit	 Sint-Jan	 Berchmanscollege	 were	 constructed	
between	1908	and	1914	 following	 the	designs	of	architect	Georges	Cochaux-Ségard.	Over	 the	years,	
many	changes	were	made	to	the	building,	some	concerning	the	internal	organisation	and	some	visible	
also	from	the	outside.	These	changes	were	done	mostly	without	vision	or	architectural	coherency	and	
did	not	keep	in	mind	the	tradition	of	the	building.	Although	the	college	was	listed	by	Monuments	and	
Sites	in	2001,	a	conservation	plan/strategy	was	clearly	lacking.	

http://inadiscover.com/ina_turkey/bodrum_research_center/
http://www.machuproject.eu
http://www.vioe.be/
http://www.hwtma.org.uk/bouldnor-cliff
http://www.hwtma.org.uk/bouldnor-cliff
mailto:pieterjandevos@hotmail.com
mailto:pieterjan.devos@student.kuleuven.be
mailto:pieterjan.devos@student.kuleuven.be
mailto:koen.aertgeerts@student.kuleuven.be
mailto:sandrine.herinkx@student.kuleuven.be
mailto:audrey.dussard@student.kuleuven.be
mailto:audrey.dussard@student.kuleuven.be
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When:	 	The	documentation	survey	was	done	in	approximately	five	days.	Because	time	was	limited,	 it	
was	 necessary	 to	 set	 up	 a	well-defined	 recording	 strategy.	 Archival	 and	 historic	 research	 pointed	 at	
information	gaps.	These	gaps	needed	to	be	filled	during	the	survey.	Two	days	were	used	to	document	
the	 building	 using	 photographic	 material.	 Another	 two	 days	 were	 used	 to	 set	 up	 the	 TotalStation	
equipped	with	a	tablet	pc	running	the	AutoCAD	and	Theolt	software.	The	information	gathered	with	the	
TotalStation	was	later	used	to	rectify	photos	in	AutoCAD.	A	fifth	day	was	used	to	draw	and	to	measure	
important	details	of	the	building.

Effectiveness:	The	results	demonstrate	that	setting	up	a	well	considered	recording	strategy,	based	upon	
historical	 and	 archival	 information,	 can	 bridge	 the	 time	 constrains.	 Even	 a	 relative	 short	 survey	 can	
capture	in	most	cases	key	information	about	the	infrastructure	and	moreover	leads	to	important	issues	
in	setting	up	a	conservation	plan.	

References:

•	 Pieter-Jan	 De	 Vos,	 Koen	 Aertgeerts,	 Sandrine	 Herinkx	 &	 Audrey	 Dussard,	 “	 The	 Sint-Jan	
Berchmanscollege	ands	its	Urban	Environment	in	Brussels“,	[unpublished	project	dissertation],	
KULeuven,	2010.

Preliminary Risk Assessment for the Petra Archaeological Park – Recording 

Strategy by Giorgia Cesaro, Pieter-Jan De Vos, Eleni Glekas, Luca Visconti

Raymond	 Lemaire	 International	 Centre	 for	 Conservation,	 Katholieke	Universiteit	 Leuven,	 Kasteelpark	
Arenberg	 1,	 B-3001	 Heverlee,	 Belgium,	 giorgia.cesaro@student.kuleuven.be,	 pieterjan.devos@
student.kuleuven.be,	eleni.glekas@student.kuleuven.be,	luca.visconti@student.kuleuven.be

Keywords:	risk	assessment,	Petra	Archaeological	Park	(PAP),	recording	strategy

Abstract

Why:	Despite	its	inscription	on	the	UNESCO	World	Heritage	list	in	1985	and	its	protection	as	Immovable	
Heritage	in	2005,	the	Petra	Archaeological	Park	is	threatened	by	risks	of	different	kinds,	mainly	of	man-
made	origin.	The	lack	of	definition	of	the	site	buffer	and	core	zones,	together	with	the	increasing	number	
of	visitors	 to	 the	property	are	two	main	problems	which	have	had	a	negative	 impact	on	the	state	of	
conservation	and	integrity	of	the	site.	Therefore,	a	risk	assessment	of	Petra	Archaeological	Park	(PAP)	by	
natural	and	man-made	events	has	been	carried	out	on	the	trails,	site	areas,	traffic	flow	in	and	out	of	the	
site	and	visitors	experiences.

Where or Context:	The	work	presented	here	is	the	result	of	a	UNESCO-sponsored	project	carried	out	
in	Petra	by	an	 international	 and	multidisciplinary	group	of	 graduate	 students	 specializing	 in	heritage	
conservation	 from	 the	 Raymond	 Lemaire	 International	 Centre	 for	 Conservation	 (RLICC),	 University	
of	 Leuven	 (Belgium),	 the	University	of	 Jordan,	 Faculty	of	Architecture,	 and	 the	Al	Hussein	University	
of	 Amman.	 The	 fieldwork	 has	 been	 combined	with	 introductory	 lectures	 by	 both	 local	 and	 national	
authorities.	
When:	Work	was	carried	out	in	June	6-18,	2010,	first	in	Petra,	and	then	presented	at	the	UNESCO	office	
in	Amman.		The	short	time	available	has	been	recognized	as	one	of	the	limits	of	the	study.

mailto:giorgia.cesaro@student.kuleuven.be
mailto:pieterjan.devos@student.kuleuven.be
mailto:pieterjan.devos@student.kuleuven.be
mailto:eleni.glekas@student.kuleuven.be
mailto:luca.visconti@student.kuleuven.be
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Effectiveness:	The	result	of	the	overall	study	has	been	a	preliminary	risk	management	recommendation	
which	was	completed	by	the	rapid	assessment	technique	which	readily	identified	vulnerabilities,	hazards	
and	 threats	 to	 the	 state	of	 conservation	of	 the	PAP.	Results	of	 this	work	comprise	 two	movies	using	
time-lapse	 photography,	 25	 geo-referenced	 panoramas,	 a	 GIS	 system	 showing	 GPS	 track	 logs	 for	 all	
trails,	satellite	imagery	&	location	of	facilities,	signage,	monuments,	395	geo-referenced	photos	for	the	
trails	assessment,	105	geo-referenced	photos	for	the	areas	assessment.	An	easy	way	to	understand	and	
visualize	the	circulation	in	the	PAP	was	to	bring	the	different	trails	on	a	satellite	image	through	the	use	
of	a	GPS	system,	combined	with	the	ArcGIS	software,	in	order	to	create	a	live	track	log	while	walking	the	
trails	in	the	PAP.	Tracing	this	track	log	later	in	the	GIS	software	indicated	the	actual	location	of	parts	of	
the	PAP	circulation.		

References:
•	 Taylor	Luck,	‘Students	map	natural,	man-made	risks	to	Petra’s	integrity’,	 in:	The	Jordan	Times,	

July	8,	2010.
•	 Aida	Tawil,	‘Mapping	project	of	the	risks	to	Petra’,	in:	Al	Dustour,	July	8,	2010.
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POSTER FORUM B: RECORDING HERITAGE PLACES

This	 forum	 addresses	 ‘the	 graphic	 or	 photographic	 capturing	 of	 information	 describing	 the	 physical	
configuration,	evolution,	and	condition	of	heritage	sites	at	known	points	in	time	(Letellier	et	al,	2008).		
These	assessments	are	aimed	at	acquiring	a	measurable	‘dataset’	of	the	object’s	physical,	morphological,	
contextual	and	temporal	aspects.

Illustrated Examples – 21 Case Studies of Successful Documentation Projects 

from Around the World by Rand Eppich and Amel Chabbi

The	 Getty	 Conservation	 Institute,	 1200	 Getty	 Center	 Drive,	 Los	 Angeles,	 CA	 90049	 	 310	 440	 6287.	 	 	

reppich@getty.edu

Keywords:	Conservation,	documentation,	Case	Studies,	Tools,	Photography,	Survey,	RecorDIM

Abstract

Why:	Good	conservation	of	our	cultural	heritage	is	based	on	informed	decisions.	Information	to	make	
these	decisions	is,	in	part,	obtained	through	the	use	of	documentation	and	recording	tools.	Knowledge	
of	 these	 tools	and	 their	use	 is	 readily	available,	however	many	of	 the	decision	makers	are	unaware,	
uninformed	or	unconvinced	of	 their	benefits.	 Several	 reasons	 for	 this	 include	a	misunderstanding	of	
the	tools	and	techniques	or	intimidation	by	the	technology	or	language.		This	has	long	been	an	issue	in	
the	field	of	conservation.	To	address	this	knowledge	“gap,”	this	handbook	highlights	a	wide	variety	of	
projects,	tools,	and	techniques	through	case	studies	that	demonstrate	how	conservation	decisions	were	
reached	through	the	appropriate	use	of	documentation.	This	publication	is	designed	and	written	with	
the	mid-career	architect,	conservator	or	site	manager	in	mind	—	those	who	make	decisions,	work	in	the	
field	and	need	to	identify	and	select	documentation	tools.	It	is	a	non-technical	book	and	each	concise	
example	can	be	read	by	these	busy	professionals	within	thirty	minutes

Where or Context:	 From	around	 the	world.	 	 This	 collection	of	 examples	draws	 from	published	work	
and	balances	 technology,	geography,	and	site	significance.	Our	methodology	was	simple:	 conduct	an	
extensive	and	rigorous	literature	review	to	select	examples	that	represent	‘best	practices’	for	heritage	
documentation	 and	 recording.	 The	 layout	 and	 numerous	 graphics	 of	 the	 handbook	 were	 carefully	
considered	to	allow	professionals	to	quickly	draw	parallels	to	their	own	projects.

When:	Through	out	the	project.	Recognizing	that	the	audience	is	interested	more	in	solving	a	pressing	
problem	and	needs	a	tool	to	assist	them;	each	of	the	eighteen	examples	is	presented	with	a	conservation	
“issue”	first	–	not	with	the	documentation	tool.	This	is	followed	by	a	description	of	the	site	and	project,	
then	the	tool	and	its	use	are	presented.	Finally	an	“answer”	statement,	final	product	and	summary	are	
included.	

Effectiveness:	 A	 variety	 of	 tools	 ranging	 in	 complexity	 is	 featured	 in	 this	 publication.	 The	 content	 is	
organized	following	the	method	of	a	conservation	process	whereby	information	is	first	gathered,	then	
processed	and	finally	analyzed.	 	A	 fourth	section	comprises	non-traditional	 recording	 tools	 that	have	
been	found	useful	in	addressing	a	conservation	issue.
It	is	important	to	note	that	many	of	these	projects	use	a	number	of	tools	but	we	have	limited	our	focus	
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to	the	main	tool	or	technique	that	assisted	in	reaching	the	conservation	decision.	In	addition,	although	a	
tool	or	technique	illustrates	a	specific	step	of	the	conservation	process	here,	it	may	be	suitable	for	other	
stages	as	well.	Technical	summaries	were	prepared	to	understand	the	application	of	each	of	the	featured	
tools.	They	clearly	present	their	attributes,	pros	and	cons,	alternatives	and	tools	to	use	in	combination.	
An	index	located	at	the	end	of	the	book	compiles	this	information	so	that	tools	can	be	compared	using	
the	same	criteria.

Finally,	the	last	part	includes	further	references	to	existing	published	materials	and	contacts	to	practicing	
experts	in	the	field	of	documentation.		Our	wish	is	that	this	collection	of	examples	from	around	the	world	
will	serve	as	a	beginning	reference	guide	to	the	conservation	community.

References:

•	 Letillier,	 R.,	 Schmid,	 W.,	 LeBlanc,	 F.,	 “Guiding	 Principles	 –	 Recording,	 Documentation,	 and	
Information	Management	for	the	Conservation	of	Heritage	Places”	

•	 A	full	bibliography	is	available	on	line	at:		http://gcibibs.getty.edu/asp/
•	 The	 publication	 is	 also	 available	 on	 line	 at:	 http://www.getty.edu/conservation/publications/

pdf_publications/recordim.html

Producing HABS Measured Drawings from Laser Scans; the Pros and Cons of 

Using Laser Scanning for Heritage Documentation By Catherine Lavoie and 

Dana Lockett

Catherine	Lavoie,	Historic	American	Buildings	Survey,	National	Park	Service,	Washington,	DC,	(202)	354-
2185,	catherine_lavoie@nps.gov
Dana	Lockett,	Historic	American	Engineering	Record,	National	Park	Service,	Washington,	DC,	(202)	354-
2164,	dana_lockett@nps.gov

Keywords:	laser	scanning,	measured	drawings,	HABS/HAER/HALS	standards

Abstract

Why:		While	laser	scanning	is	gaining	momentum	in	the	field	of	architectural	recording,	scans are only 
the tip of the iceberg	when	it	comes	to	creating	comprehensive	documentation	that	is	useful	in	efforts	
such	as	rehabilitation	and	historical	investigation.	HABS/HAER/HALS	supplements	laser	scans	with	hand-
measuring,	and	after	the	scanning	process,	uses	software	to	migrate	the	point	clouds	into	AutoCAD	to	
produce	measured	drawings	to	its	standards.		Additionally,	laser	scanning	does	not	engage	the	recorder	
in	 the	same	manner	that	hand-measuring	does,	and	thus	 it	can	undermine	the	hands-on	experience	
advocated	 by	 HABS/HAER/	 HALS	 and	 others	 interested	 in	 the	 study	 and	 documentation	 of	 historic	
architecture.		Laser	scanning	also	eliminates	the	field	notes	that	are	consider	a	key	component	of	the	
documentation,	and	alone	does	not	produce	a	record	that	is	guaranteed	sustainable	over	the	long	term.

Context:	 The	Historic	American	Buildings	 Survey	 (HABS)	of	 the	National	Park	 Service—along	with	 its	
companion	 programs,	 the	 Historic	 American	 Engineering	 Record	 (HAER)	 and	 the	 Historic	 American	
Landscape	 Survey	 (HALS)—is	 tasked	 with	 creating	 documentation	 of	 America’s	 architectural,	

http://gcibibs.getty.edu/asp/
http://www.getty.edu/conservation/publications/pdf_publications/recordim.html
http://www.getty.edu/conservation/publications/pdf_publications/recordim.html
mailto:catherine_lavoie@nps.gov
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engineering,	and	 landscape	heritage	 that	 is	accessible	 to	 the	public	 through	 the	Library	of	Congress.		
The	documentation	 consists	 of	measured	drawings,	 large-format	photographs,	 and	written	histories.	
The	drawings	are	intended	to	make	the	structure	understandable	to	the	general	public	and	to	interpret	
industrial	processes	and/or	patterns	of	use.		Measured	drawings	are	more	easily	understood	than	laser	
scans,	and	they	ensure	the	long-term	permanence	of	the	information.		The	Library	of	Congress	does	not	
accept	digital	media,	still	requiring	documentation	in	hard	copy.

When:		The	programs	use	a	laser	scanner	for	capturing	measurements	of	structures	that	would	otherwise	
require	challenging	and	costly	means	of	access	or	that	are	unsafe.	Its	benefits	include	extreme	accuracy,	
a	range	that	can	record	at	difficult	to	reach	heights	and	locations,	and	potential	savings	in	field	time.	The	
disadvantages	are	that	 it	cannot	record	elements	that	are	obscured	by	adjacent	features,	vegetation,	
or	otherwise	beyond	 the	 range	of	 its	point	 cloud,	and	 it	has	great	difficulty	detecting	elements	 that	
are	dark	 in	color.	Likewise	 it	cannot	actually	“read”	building	material	or	discern	the	subtleties	of	age	
and	 construction	 technology.	 The	 laser	 scanner	 is	 also	 generally	 less	 effective	 and	timely	 than	 hand	
measuring	when	it	comes	to	recording	architectural	details,	floor	plans,	and	small-scale	structures.	

Effectiveness:		Laser	scans	produce	highly	accurate	yet	incomplete	documentation.	Thus	it	should	not	
be	used	exclusively,	but	always	combined	with	hand-measuring	to	create	measured	drawings	in	order	
to	attain	comprehensive	and	well	informed	documentation	that	is	also	retrievable	long-term,	and	easily	
interpreted	for	use	by	architecture	professionals,	scholars,	and	the	general	public.		

3D Laser Scanning for Masonry Documentation and Replication of 

Architectural Elements – A Case Study of George Washington High School, 

New York, NY By John Smits, AIA1, Jason Hirschhorn²

1:	Corinthian	Data	Capture,	115	Wyandanch	Ave,	Wyandanch,	NY	11798,	john.smits@corinthian-
usa.com,	631	920-2340
2:	Corinthian	Cast	Stone,	115	Wyandanch	Ave,	Wyandanch,	NY	11798,	jason.hirschhorn@corinthian-usa.
com,	631	920-2340

Keywords:		3D	laser	scanning,	masonry,	cast	stone,	historic	preservation,	

Abstract

Why:		Preservation	of	older	masonry	buildings	in	urban	environments	is	affected	by	a	number	of	factors;	
chief	among	them	is	the	continued	occupancy	of	the	building	and	safety	concerns	for	those	occupants	
during	the	construction	process.	The	use	of	3D	laser	scanning	to	assist	in	the	design	and	preconstruction	
process	can	hasten	the	construction	schedule.	A	beneficial	byproduct	is	allowing	building	elements	to	
remain	in	place	until	their	replacements	are	delivered	to	site	for	installation.

This	case	study	examines	how	a	combination	of	two	different	types	of	3D	laser	scanners	can	be	utilized	to	
aid	in	the	replication	of	architectural	ornamentation,	demonstrating	the	effectiveness	of	laser	scanning	
as	a	tool	for	historic	preservation	documentation	and	construction	
Context:  George	Washington	High	School	is	a	masonry	and	cast	stone	building	located	at	the	north	end	of	
Manhattan.	Built	in	the	1920’s,	this	large	colonial	revival	style	school	has	numerous	cast	stone	elements	
including	extensive	coping	and	cornice,	balusters	and	railings.	The	upper	cupola	area	is	accented	with	

mailto:john.smits@corinthian-usa.com
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SMARTDoc 2010

BOOK OF ABSTRACTS

P A G E

18

decorative	urns	and	large	cast	stone	eagle	statues	modeled	after	the	famed	Penn	station	eagles.	These	
elements	all	required	replacement	as	part	of	a	school	wide	restoration	and	renovation	project.

Typically,	cast	stone	pieces	are	replicated	by	using	a	mold	cast	on-site	around	the	object,	or	by	actual	
removal	of	 the	object	and	then	casting	the	molds	 inside	a	controlled	shop	environment.	The	weight,	
the	state	of	degradation	and	the	location	several	stories	high	of	these	large	objects	made	their	removal	
in	one	piece	almost	impossible.	The	construction	schedule	required	the	project	to	proceed	through	the	
winter	months	and	the	expected	cold	weather	would	create	long	delays	due	to	the	large	number	of	cast	
stone	profiles	and	 forms	 that	 required	 replication.	 Site	molds	 typically	 cannot	be	done	 in	 the	winter	
season	as	cold	temperature	adversely	affects	the	molding	material.

A	combination	of	long	range	and	hand	held	laser	scanning	at	George	Washington	High	School	provided	
precise	 information	on	 the	as-built	 condition	and	 location	of	all	 cast	 stone	elements.	 Scanning	 could	
proceed	during	the	winter,	as	the	laser	units	can	be	operated	in	mid	thirty	degree	temperatures,	allowing	
shop	drawings	and	approvals	to	be	completed	ahead	of	the	construction	time	schedule.	More	importantly,	
all	 existing	 items	could	 remain	 in	place	until	 replacement	pieces	were	available.	 This	maintained	 the	
integrity	of	the	building	envelope	and	minimized	potential	disruption	to	the	school	from	water	leakage.

How: In	order	to	create	an	accurate	measurement	of	the	required	lengths	of	coping	and	cornice,	a	long	
range	Faro	Photon	120	Laser	Scanner	was	used	to	record	the	buildings’	facades	and	entire	roof	area.	The	
resulting	point	cloud	data	was	then	imported	into	AutoCAD	to	produce	accurate	shop	drawings.

The	complex	shape	and	geometry	of	the	decorative	ornaments	required	the	use	of	a	hand	scanner.	A	
Creaform	EXAScan	hand	held	scanner	is	small	enough	to	be	moved	around	an	object,	capturing	all	of	its	
recesses	and	curves.	Small	removable	target	dots	placed	on	the	object	enable	the	scanner	to	locate	the	
points	relative	to	each	other.	Its	accuracy	of	.023	millimeters	produces	a	well	defined	solid	surface	image	
that	can	be	exported	 into	a	variety	of	3D	modeling	programs.	These	files	can	be	digitally	adjusted	to	
restore	parts	of	the	objects	that	are	broken,	weathered,	or	missing.	The	resulting	files	become	the	basis	
for	a	program	to	run	within	a	CNC	machine,	a	milling	device	that	cuts	a	positive	prototype	for	a	mold	or	
in	some	instances	cuts	a	mold	of	the	object.

Effectiveness:  Laser	 scanning	 proved	 to	 be	 a	 valuable	 method	 in	 the	 preservation	 process	 for	 this	
project.	Not	only	did	it	provide	accurate	details	hard	to	replicate	by	traditional	hand	measuring	methods	
or	photography,	it	was	a	successful	method	to	help	meet	the	projects’	schedule	in	delivery	of	cast	stone.	
By	scanning	during	 the	winter	months	 the	building	was	 fully	documented,	accurate	 images	and	shop	
drawings	were	prepared	even	before	the	scaffold	was	erected.	 	The	cast	stone	pieces	produced	were	
easily	installed	with	almost	no	field	cutting	required.	The	use	of	laser	scanning	also	produced	a	beneficial	
by-product.	The	data	obtained	created	an	archival	record	of	the	school	building,	a	3D	file	that	will	serve	
future	generations	who	wish	to	study	the	schools’	architecture	and	design.
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Documenting Cultural Resources with GIS and GPS Technologies by Deidre 

McCarthy, Matt Stutts, James Stein

Cultural	Resource	GIS	Facility,	Heritage	Documentation	Programs,	National	Park	Service

Keywords: Geographic	 Information	 Systems,	 Global	 Positioning	 Systems,	 cultural	 resources,	
documentation

Abstract

Why:	Throughout	the	field	of	historic	preservation,	accurate	locational	data	remains	a	critical	element	
in	our	understanding	of	cultural	landscapes,	building	traditions,	settlement	patterns	and	past	life	ways.		
However,	relying	completely	on	traditional	survey	and	documentation	methods,	limits	our	options.		At	the	
Cultural	Resource	GIS	Facility	(CRGIS)	of	the	National	Park	Service,	we	investigate	the	use	of	geographic	
information	 systems	 (GIS)	 and	 global	 positioning	 systems	 (GPS)	 to	better	manage	 cultural	 resources.		
Combining	these	technologies	with	traditional	documentation	methods	allows	us	to	expand	the	use	of	
documentation	produced	in	a	variety	of	forms.		This	poster	will	provide	examples	of	using	GIS/GPS	and	
related	technologies	in	documentation	efforts	that	address	each	of	the	Forum	areas.

Where	or	Context:	Documentation,	archival	research	and	the	interpretation	of	historic	data
The	 Delaware	 and	 Lehigh	 National	 Heritage	 Corridor	 encompasses	 five	 counties	 in	 southeastern	
Pennsylvania	 and	 focuses	 on	 the	 coal	 industry	 historically	 centered	 in	 the	 region,	 as	well	 as	 related	
manufacturing	operations.		As	part	of	their	mission,	the	Corridor	staff	need	to	create	and	maintain	in	
inventory	of	cultural	resources,	as	well	as	fully	document	the	remaining	features	to	interpret	the	Corridor.		
In	2009	CRGIS	created	an	inventory	of	resources	for	the	Corridor	using	aerial	imagery,	GPS	and	GIS	data	
to	create	a	comprehensive	tool	for	the	Corridor	staff.		In	creating	a	GIS	tool,	existing	documentation,	such	
as	measured	drawings	of	canal	features	(used	to	move	coal	and	steel	along	the	Lehigh	River)	created	by	
the	Historic	American	Engineering	Record,	were	associated	with	locations.		Other	documentation,	such	
as	National	Register	of	Historic	Places	nominations	were	similarly	 incorporated	 into	the	GIS,	allowing	
Corridor	staff	to	combine	traditional	documentation	with	new	visualization	tools	and	to	participate	in	the	
local	planning	processes	and	protect	the	resources	that	remain.

Recording	heritage	places:	capturing	detailed	information	that	fully	records	a	physical	cultural	resource	
remains	the	heart	of	historic	preservation.	 	Traditional	measured	drawings	and	photographs	continue	
to	 serve	 as	 the	 major	 tools	 to	 accomplish	 these	 goals.	 	 However,	 as	 we	 continue	 to	 broaden	 our	
definitions	of	cultural	resources,	we	must	also	entertain	new	ways	to	record	these	resource	types.		In	
2009	CRGIS	worked	with	the	Historic	American	Landscapes	Survey	to	document	the	eighteenth	century	
North	 Family	 Shaker	 village	 in	Mount	 Lebanon,	New	York.	 	 Recording	 this	 village	 and	understanding	
the	 interconnectedness	of	 the	various	buildings,	 structural	and	natural	 features	 tells	 the	story	of	 the	
community	and	helps	to	explain	some	of	the	life	ways	associated	with	a	cultural	group	that	no	longer	
exists.	 	Utilizing	 traditional	measured	drawings,	created	 in	CAD,	as	well	as	 large	 format	photographs,	
CRGIS	constructed	a	Google	Earth	application	modeling	the	entire	village	in	3	dimensions	and	allowing	
the	user	 to	explore	 the	entire	 landscape.	 	 Taking	advantage	of	 tools	 such	as	Sketch	Up,	CRGIS	 could	
“build”	a	virtual	village	using	the	CAD	and	photos	as	the	framework,	overlaying	geo-referenced	historic	
maps	and	current	landscape	features.		This	tool	proved	to	be	an	effective	way	to	record	and	interpret	
the	site	for	the	public	in	a	much	more	accessible	way.		In	the	process	CRGIS	provided	a	way	to	present	
traditional	documentation	in	a	much	more	dynamic	environment.



SMARTDoc 2010

BOOK OF ABSTRACTS

P A G E

20

Condition	survey	and	assessment:	hurricane	Katrina	devastated	the	Gulf	Coast	and	created	the	largest	
disaster	for	cultural	resources	that	the	United	States	has	witnessed	since	the	inception	of	the	National	
Historic	Preservation	Act	(NHPA)	in	1966.		Notably,	the	NHPA	created	the	National	Register	of	Historic	
Places	and	stipulates	that	any	Federal	undertaking	which	may	adversely	affect	National	Register	eligible	
resources	be	mitigated.		For	the	Federal	Emergency	Management	Agency	(FEMA),	Katrina	produced	the	
largest	compliance	project	ever.		Beginning	in	2006,	at	the	request	of	FEMA,	CRGIS	created	a	strategy	to	
help	FEMA	meet	its	NHPA	obligations	in	New	Orleans,	Louisiana.		Combining	GPS	and	GIS	tools,	CRGIS	
constructed	a	methodology	to	 identify	and	evaluate	all	potentially	effected	properties	and	determine	
the	historic	significance	of	each	resource	through	GIS.	 	The	GPS	documentation	of	resources,	derived	
GIS	data	and	method	of	review	for	NHPA	was	completely	digital	for	the	first	time,	reducing	the	typical	
assessment	time	 for	each	 resource	 from	90	days	 to	14	days.	 	 The	use	of	GIS/GPS	 to	 identify,	 survey	
and	assess	the	condition	as	well	as	significance	of	resources	proved	extremely	efficient,	and	the	data	
generated	will	 serve	as	a	digital	 record	 that	can	be	accessed	 to	help	assess	damage	should	disasters	
affect	the	area	in	the	future.

Information	management	for	maintenance	and	monitoring	of	heritage	places:	documenting	resources	
serves	to	provide	a	permanent	record	of	a	physical	paradigm,	but	it	can	also	serve	as	important	tool	to	
assist	in	maintaining	a	resource	and	monitoring	its	status	over	time.		In	2010	CRGIS	completed	a	project	
at	Alexandria	National	Cemetery	in	Alexandria,	Virginia,	creating	a	GIS	tool	to	locate	resources	such	as	
headstones,	but	also	provide	a	means	of	monitoring	the	entire	landscape.		Using	GPS	and	geo-referencing	
historic	maps,	CRGIS	created	a	GIS	model	of	the	cemetery	and	all	of	its	associated	features.		Integrating	
the	existing	cemetery	documentation,	such	as	military	records,	the	custom	application	provides	better	
access	 to	 data	 about	 each	 person	 in	 the	 cemetery	 as	well	 as	 the	 condition	 of	 the	 various	 cemetery	
features.		The	application	allows	the	staff	to	better	maintain	the	resources,	explore	treatment	options	
and	work	to	steward	the	entire	site.		An	active	cemetery	containing	soldiers	from	the	Civil	War	to	the	
present,	the	tool	additionally	provides	visitors	with	an	entirely	new	and	effective	way	to	navigate	through	
the	cemetery	to	find	specific	individuals	or	groups.

Information	 systems	and	dissemination:	 recording	 locations	of	 cultural	 resources	 is	 as	 critical	 a	 form	
of	documentation	as	recording	the	physical	parameters	of	a	resource.		Sharing	and	disseminating	this	
form	of	documentation	 is	also	 just	as	 important	 to	help	 interpret	and	understand	the	context	within	
which	resources	acquire	significance.		Currently,	each	state,	Tribe	or	Federal	agency	maintains	their	own	
inventory	of	resources,	often	in	different	formats,	with	different	levels	of	accuracy.		Sharing	important	
location	information	on	short	notice,	in	response	to	a	disaster	for	instance,	remains	extremely	difficult.		
Similarly,	sharing	 location	information	to	take	part	 in	planning	processes	continues	to	be	a	challenge.		
To	help	in	the	dissemination	of	spatial	cultural	resource	data	CRGIS	has	taken	on	the	task	of	developing	
cultural	resource	spatial	data	transfer	standards.		As	the	designated	lead	Federal	agency	for	the	cultural	
resource	 data	 theme	 through	 the	 Federal	 Geographic	 Data	 Committee,	 CRGIS	 is	 collaborating	 with	
Federal,	 state	and	Tribal	agencies	 to	develop	tools	and	standards	that	will	allow	data	sharing.	 	CRGIS	
created	draft	standards	that	were	tested	in	the	response	to	hurricane	Katrina	in	2006.		These	standards,	
now	refined	and	finalized	 into	National	Park	Service	cultural	 resource	spatial	data	transfer	standards,	
serve	as	the	basis	for	the	continued	work	toward	creating	Federal-agency	wide	standards.

Effectiveness:	Together	these	examples	show	the	range	and	depth	of	possibilities	GIS	and	GPS	technologies	
offer	 cultural	 resource	 specialists	 as	 they	work	 to	 find	 new	ways	 to	more	 accurately	 record	 cultural	
resources.		The	promise	shown	by	making	documentation	more	dynamic	provides	a	new	array	of	tools	
which	use	documentation	to	create	better	interpretation,	increase	the	visibility	of	cultural	resources	in	
planning	processes	and	improve	our	stewardship	of	important	resources.
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Abstract

Why:	The	process	of	mapping	vectors	onto	a	3D	point	cloud	can	be	improved	by	automatically	placing	
primitive	2D	or	3D	shapes	onto	the	point	cloud.	The	existing	software	platform,	Light	Form	Modeller	
(LFM)	 enables	 conversion	 from	 point	 data	 to	 CAD	 objects	 by	 locating	 shape	 on	 the	 point	 cloud	 as	
primitives.		For	example	a	primitive	shape	of	a	cylinder	can	be	mapped	onto	the	point	cloud	to	represent	
a	column,	which	is	then	textured	from	the	associated	image	data	(Abmayr	et	al.,	2005).	An	improvement	
in	automated	mapping	by	Dekeyser	et	al.	 (2003)	recognises	architectural	elements;	they	describe	the	
building	as	a	set	of	elements,	organized	by	a	set	of	topological	relations	arranged	in	geometrical	terms	
by	 the	 architect’s	 vocabulary	 (Dekeyser	 et	 al.,	 2003).	 A	 new	 process	 is	 described	 in	 this	 abstract	 as	
Historic	Building	Information	Modelling	(HBIM)	(Murphy	et	al.,	2007)	whereby	parametric	objects	(based	
on	historical	data)	are	mapped	onto	point	cloud	surveys	of	historic	buildings;	 to	create	a	 full	 reverse	
engineering	process		and	also	an	opportunity	to	develop	detail	behind	the	object’s	surface	concerning	its	
methods	of	construction	and	material	makeup.		

Where or Context:	The	HBIM	process	begins	with	remote	collection	of	survey	data	using	a	terrestrial	
laser	scanner	combined	with	digital	cameras.	A	range	of	software	programmes	is	then	used	to	combine	
the	 image	and	scan	data	to	create	models	of	the	historic	structures.	Digital	photo	modelling	can	also	
be	used	alongside	the	laser	scanning	for	independent	data	collection.	The	point	cloud	is	then	meshed	
followed	by	texturing	from	the	image	data	creating	a	surface	3D	model.	Mapping	of	BIM	objects	onto	
the	point	cloud	 is	the	final	stage	 in	the	reverse	engineering	process	creating	full	3D	models	 including	
detail	behind	the	object’s	surface	concerning	its	methods	of	construction	and	material	makeup,	this	new	
process	is	described	as	Historic	Building	Information	Modelling	(HBIM)		(Murphy	et	al.,	2007).		

Effectiveness:	The	parametric	objects	are	mapped	onto	the	laser	scan	surveys	as	building	components	to	
create	or	form	the	entire	building,	The	HBIM	can	automatically	create	cut	sections,	details	and	schedules	in	
addition	to	the	orthographic	projections	and	3D	models	(wire	frame	or	textured).	In	Building	Information	
Modelling	parametric	building	objects	are	not	defined	singularly	but	as	systems	using	interaction	with	
other	objects	and	their	own	values	(shape,	texture	etc.)	within	a	BIM(Eastman,	2006).	
The	design	and	detail	for	the	parametric	 library	objects	are	based	on	the	manuscripts	from	Vitruvius.	
In	building	parametric	objects,	 the	problem	of	file	 format	 and	exchange	of	data	has	been	overcome	
within	 the	 BIM	 ArchiCAD	 software	 platform	 by	 using	 a	 geometric	 descriptive	 language	 (GDL).	 The	
scripting	in	GDL	allows	for	sharing	and	editing	of	the	parametric	objects	at	different	levels.	Before	placing	
a	construction	element,	or	GDL	object,	in	a	HBIM,	the	default	parameters	can	be	edited	by	the	software	
changing	parameters	of	shape,	size	or	other	properties	as	opposed	to	re-scripting	in	a	GDL	editor	(Tse	et	
al.,	2005	).
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Abstract:

Why:	In	order	to	protect	cultural	heritage,	understood	as	a	right	and	an	obligation	of	the	society;	
it	requires	achieving	a	deep	knowledge	of	all	its	heritage	values.		Not	only	documenting	them	
for	posterity,	but	mainly	to	enable	a	proper	management,	which	will	 	allow	decisions	based	
on	 accurate,	 appropriate	 and	 timely	 information[1].	 Therefore	 it	 will	 facilitate	 preventive	
conservation	and	maintenance	practices.	Nevertheless	there	 is	another	social	and	economic	
reality	in	other	countries	such	as	Ecuador.	This	situation	obliges	to	the	researchers	to	be	more	
creative	and	practical	with	 tools	 and	methods	more	adjusted	 to	different	 contexts;	without	
renouncing	the	protection	and	conservation	of	cultural	heritage[2].	
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Where	 or	 Context:	 In	 general,	 historical	 sites	 and	 heritage	 buildings	 are	 a	 great	 source	 of	
information	to	know	the	past,	understand	the	present	and	project	them	to	the	future[3].	The	
development	of	a	monitoring	system	based	on	an	aerial	photos,	had	been	performed	in	order	
to	implement	preventive	conservation	strategies	in	the	historic	centre	of	the	city	of	Cuenca;	which	
is	 starting	 to	 undertake	 permanent	 evaluations	 related	 to	 the	 identification	 of	 damages	 or	
changes	(materials,	interventions,	etc)	on	its	built	heritage.

When:	 Nowadays	 there	 are	 different	 and	 sophisticated	 tools	 to	 document	 culture	 heritage,	
which	are	evolving	every	day[4]	.	But	in	order	to	contribute	and	apply	a	practical	Monitoring	
and	Control	System	for	Cuenca,	this	research	presents	a	different	approach	in	documentation	
of	 cultural	 heritage.	 It	 aims	 to	 be	 decisive	 visual	 information;	 obtained	 through	 successive	
aerial	photography	taken	from	an	“ultra-light”.	Through	this	documentation	and	in	comparison	
with	old	aerial	photography	of	the	city;	different	analyses	could	be	carried	out	by	integrating	
this	 information	 in	a	geographic	 information	system	(GIS).	 In	doing	so,	 this	 system	could	be	an	
important	tool	for	heritage	managers	involved	in	process	of	preventive	conservation.	

Effectiveness:	 In	order	to	accomplish	the	analysis	process,	 the	 integration	between	the	database	and	
the	GIS,	which	 is	still	at	 its	 initial	stage	had	been	fundamental	 in	the	development	of	this	monitoring	
and	control	system.	The	overlaying	procedure	(between	rectified	photos	from	different	periods),	allows	
to	clearly	visualize	the	current	situation	at	the	interior	of	the	building	blocks.	The	analysis	was	executed	
in	four	particular	building	blocks,	taken	as	example	to	prove	the	system.	They	were	evaluated	between	
the	periods	1954,	1978,	2008	and	2009;	and	the	results	showed	different	changes	in	materials,	covered	
courtyards,	roofs,	etc.	These	interventions	evidence	the	lost	of	heritage	values,	nowadays	occurring	in	
Cuenca.	

Although,	 this	 research	 was	 successfully	 applied;	 it	 faced	 different	 limitations.	 Such	 as:	 occasionally	
resulted	difficult	to	distinguish	diverse	materials	(tiles,	zinc,	stone,	etc),	added	or	missing	elements	of	a	
heritage	building.	The	resolution	of	the	pictures	was	decisive	during	the	analysis	process.	These	so	far	
identified	problems	could	be	necessarily	taken	in	further	investigations.

Finally	 it	 is	 important	to	remark	that	this	monitoring	and	control	system	is	a	clear	example	of	a	cost-
effectiveness	management	tool	for	a	World	Heritage	Site.	Which	could	be	further	developed	in	the	city	
of	Cuenca.	
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Abstract

Why:	 	 The	 poster	 compares	 and	 contrasts	 two	 recent/ongoing	 case	 studies	 utilizing	 LiDAR	 (laser	
scanning)	to	create	a	highly	accurate	3D	record	of	current	conditions	of	a	historic	structure.		Although	
the	technology	and	processing	of	data	is	similar	in	each,	the	resulting	models	and	visualization	tools	are	
unique	to	support	the	specific	needs	of	each	project.			The	buildings	studied	are	Frank	Lloyd	Wright’s	
Fallingwater	and	the	Produce	Terminal	in	Pittsburgh’s	Strip	District.

As	an	emerging	technology,	the	two	case	studies	seek	to	demonstrate	the	expanding	breadth	of	relevant	
applications	for	laser	scanning	in	historic	documentation.		While	the	documentation	Fallingwater	holds	
obvious	value	for	recording,	the	process	revealed	a	surprisingly	wide	range	of	uses	for	the	information	
by	a	wide	variety	of	stakeholders.		The	Produce	Terminal	on	the	other	hand	is	not	a	historic	landmark	
but	does	hold	historic	value.		It	has	retained	its	function	as	a	produce	distribution	warehouse	in	some	
parts	while	others	are	being	completely	re-imagined	and	renovated	for	new	and	more	public	uses.		The	
Produce	Terminal	is	also	tied	to	an	urban	fabric	that	straddles	a	vibrant	and	bustling	city	neighborhood	
and	an	open	expanse	of	prime	riverfront	land	ripe	for	redevelopment.		In	this	case	the	design	team	and	
stakeholders	will	benefit	from	the	resulting	3D	building	modeled	in	its	larger	context.		

Context: Case	Study	1:		Fallingwater,	Mill	Run,	PA,	Frank	Lloyd’s	Masterpiece	of	residential	architecture.		
Owned	and	operated	by	the	Western	Pennsylvania	Conservancy

Documentation	Value:		

•	 UNESCO	World	Heritage	Site	documentation
•	 	Snapshot	in	time	of	the	interior	collection/use	by	curator
•	 	Documentation	of	structural	status	of	the	building	tracking	movement/deterioration
•	 	Documentation	of	mechanical/office	and	other	secondary	spaces	
•	 	Track	effects	of	user/visitor	traffic
•	 	Ability	to	share	the	model	on	the	web	for	educational/promotional	purposes
•	 	Documentation	of	 surrounding	natural	 landscape	 (captured	at	 the	time	of	exterior	building	

scanning)
o	 		Track	effects	of	the	Hemlock	Wooly	Adelgid	or	other	future	threats	to	vegetation
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o	 		Track	erosion/invasives

o	 		Snapshot	in	time	of	significant	tree	location/condition

Case	Study	2:	Produce	Terminal,	Strip	District,	Pittsburgh,	PA

Brick	structure	built	in	1926,	the	5	block	long	structure	continues	to	warehouse	produce	in	some	areas	
while	others	are	vacant	and	 in	need	of	repurposing.	 	The	structure	 is	historically	significant	and	 is	on	
the	radar	of	several	stakeholder	groups	concerned	with	its	integrity	but	is	not	on	the	National	Register.		
Owned	by	the	Pittsburgh	Urban	Redevelopment	Authority	&	leased	to	a	variety	of	tenants.

Documentation	Value:

•	 Resulting	3D	model	can	be	used	as	tool	for	reuse/repurposing	options
o	 Architect/designers	can	model	shell	modifications	&	interior	fit-out

o	 Quick	option	studies

o	 Quick	spatial	analysis/SF	calculations

o	 Energy	modeling	to	determine	retrofit	options

•	 Valuable	 tool	 for	 current	 owner	 (Urban	 Redevelopment	 Auth.),	 tenants,	 potential	 tenants,	
property	management	 company,	design	 team	 (architects,	 interior	designers,	MEP	engineers,	
landscape	architects)

•	 Contextual	 analysis	 tackles	 issues	 of	 visibility,	 accessibility,	 ease	 of	 use,	 connectivity	 to	
surrounding	uses	 (riverfront	 trail,	 Strip	District	 shopping),	parking,	etc.	 	Contextual	data	was	
captured	at	the	same	time	as	the	exterior	building	scanning.

o	 Allows	 for	 visualization	 of	major	moves	 such	 as	 punching	 through	 the	½	mile	 long	
structure	to	connect	the	street	grid

o	 Allows	 for	 the	 study	of	 various	options	 for	dealing	with	 the	accessibility	 challenges	
posed	by	the	continuous	loading	dock	skirting	the	building

How: Case	Study	1	(Fallingwater):	FARO	Laser	Scanner	LS	880,		EdgeWise	software	by	ClearEdge3D,		Revit	
software	by	Autodesk	 	 	 	

Case	Study	2	(Produce	Terminal):		FARO	Laser	Scanner	LS	880,		EdgeWise	software	by	ClearEdge3D,		Revit	
software	by	Autodesk,	Google	SketchUp

Effectiveness:  Models	are	currently	being	created	and	analyzed.		Results/lessons	learned	will	be	available	
at	that	time.		Will	address	the	question	“was	laser	scanning	the	most	effective	tool	for	this	analysis”
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Abstract

Why:	In	2008	the	DARDUS	Department	of	the	Polytechnic	University	of	Marche,	Italy,	headed	by	Prof.	
Fausto	Pugnaloni,	started	a	project	directed	at	the	documentation	and	valorization	of	the	Beijing	section	
of	the	Great	Wall	of	China.	The	project,	supported	by	the	Italian	Ministry	of	Foreign	Affairs,	is	conducted	
jointly	with	the	Beijing	Civil	Engineering	and	Architecture	University	and	 is	coordinated	by	Prof.	Tang	
Yuyang.

The	 researchers	 were	 immediately	 confronted	 with	 two	 major	 issues:	 i)	 whether	 “knowing”	 the	
monument	and	 identifying	 its	most	endangered	parts	 to	plan	 conservation/restoration	 interventions	
was	actually	possible	using	an	analytical	approach,	by	monitoring	its	deteriorated	or	collapsed	areas;	and	
ii)	selecting	or	devising	suitable	methods	to	manage	the	documentation	and	data,	particularly	methods	
that	would	allow	 their	 semantic	display	and	 consultation	 to	 support	 the	design	phase	of	 restoration	
projects.	The	Great	Wall	in	Beijing	Province	is	approximately	540	km	long	and	comprises	120	towers	and	
several	additional	accessory	buildings.	If	the	phase	of	morphological	documentation	were	defined	as	a	
discrete,	analytical	task	it	would	require	a	sort	of	continuous	survey.	Traditional	direct	surveys	carried	
out	by	the	local	research	team	in	2007	took	about	18	months	to	complete.	As	a	result,	at	the	end	of	
the	work	 some	of	 the	 information	was	 already	 dated	or	 obsolete,	 since	 the	 portions	 at	 greater	 risk	
of	deterioration,	especially	those	built	 in	brittle	or	frail	materials,	could	well	have	undergone	further,	
significant	damage.

Where or Context:	The	research	group	is	devising	the	IT	tools	and	conducting	data	acquisition	campaigns	
in	 a	 sample	 section.	 The	 section,	 located	 in	 Yanqing	 County,	 in	 the	 north	 of	 Beijing	 Province,	 is	
approximately	450	m	long	and	encompasses	four	significantly	deteriorated	towers	and	an	almost	wholly	
ruined	bridge.

When:		The	research	strategy,	directed	at	achieving	technical	and	economic	goals,	envisages	the	following	
activities:

•	 performing	a	direct	“analytical”	survey	every	5	years;
•	 realizing	a	3D	model	whose	textures	can	be	updated	as	additional	data	become	available;
•	 conducting	frequent	photographic	campaigns	to	obtain	high-resolution	images	for	continuous	

monitoring	of	Wall	surfaces;
•	 planning	in-depth	analyses	for	sections	at	greater	risk	of	damage	(risk	grades	being	defined	in	

advance	 based	 on	 previous	 analytical	 examination	 of	 sections,	 to	 identify	 recurring	 damage	
types);
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•	 creating	 a	 database	 that	 can	 be	 used	 immediately	 and	 interactively	 to	 enable	 semantic	
consultation	and	data	overlay/intersection.

•	 The	strategy	that	has	been	developed	in	the	last	few	months	is	based	on	two	main	elements:
•	 classification	of	the	different	types	of	sections	based	on	intrinsic	and	extrinsic	parameters	and
•	 creation	of	a	data	documentation	and	display	system	that	uses	the	3D	model	as	the	medium	to	

communicate	different	types	of	data	(material-related,	chemical-physical,	structural).

Effectiveness:	The	tests	conducted	so	far	have	shown	that	the	most	suitable	approach	to	data	acquisition	
is	one	where	 records	 from	an	earlier	 survey	can	be	updated	with	 information,	 including	metric	data	
obtained	by	nimble	methods	 like	fast	photogrammetry,	especially	where	the	monument	morphology	
is	still	partially	preserved.	Acquisition	of	spherical	panoramic	photographs	at	intervals	of	12-18	months	
then	enables	the	creation,	in	a	comparatively	short	time,	of	high-resolution	textures	that	can	be	applied	
to	the	basic	model	and,	in	the	event	of	significant	change,	can	also	reconstruct	the	original	morphology.
Images	of	small	portions	particularly	prone	to	damage	due	to	rain	and	overgrowth,	such	as	earth	walls,	
were	acquired	by	3D	laser	scanning.	The	method	allows	considerable	reductions	in	time	of	acquisition	as	
well	as	weight	of	the	data	to	be	loaded	onto	the	database.

The	 acquisition	 technology	 now	 being	 honed	 also	 allows	 implementation	 of	 a	 nimble	 multimedia	
information	system.	Uploads	can	bear	the	local	coordinates	of	the	3D	model,	or	they	can	be	monument	
conservation	unit	(MCU)	files	reporting	specific	monument	portions	whose	features	belong	to	a	given	
type.

The	latter	upload	method	enables	rapid	selection	and	display	of	the	portions	at	greater	risk	of	deterioration	
or	exhibiting	specific	 types	of	 lesions,	 to	which	more	comprehensive	analyses	can	be	confined.	Data	
display	as	explorable	spherical	panoramas	that	can	continuously	be	updated	is	also	allowed.

The	research	methodology	described	above	is	still	being	honed	and	tested	on	the	sample	section.	The	
tools	being	devised	are	proving	suitable	to	achieve	their	purposes,	whereas	the	part	of	the	information	
system	enabling	data	overlay	directly	on	the	surface	of	the	3D	model	is	still	being	developed.	

Another	outstanding	 issue	 regards	 the	web	diffusion	of	 the	 contents.	 The	plan	 is	 to	 create	a	 sort	of	
Virtual	Museum	where	the	results	of	successive	survey	and	monitoring	campaigns	can	be	exhibited.
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Abstract

Recording	 condition	using	photography	 is	a	widespread	practice	and	 the	use	of	photography	 for	 the	
recovery	of	metric	 information	is	becoming	ever	more	practical	with	the	advent	of	digital	workflows.	
The	completeness	of	photo-cover	is	a	long	standing	problem	and	the	addition	of	aerial	imagery	to	the	
record	adds	much	to	our	records.	Various	sources	of	imagery	are	commonly	used	but	can	be	problematic	
when	used	for	metric	information	recovery.	Recent	development	of	methods	of	handing	digital	imagery	
in	a	generic	CAD	environment	(AutoCAD)	now	allow	metric	information	recovery	from	‘non	standard’	
imagery	thus	expanding	the	value	of	digital	imagery	as	a	recording	tool.

Why:	Infill	photo-cover	by	use	of	non-metric	imagery	for	monument	records.
The	sources	of	imagery	for	heritage	documentation	vary	according	to	need,	visitor	access	and	site	status.	
Often	a	number	of	specialists	will	take	‘narrative’	shots	to	record	aspects	of	the	monument	to	record	
details	relating	to	their	specialism.	
A	given	monument	will	have:

•	 Tourist	coverage,	consisting	of	a	wide	variety	of	resolutions	and	view	points	
•	 Inventory	or	archive	coverage
•	 Conservator	narrative	records	of	pre	and	post	intervention.
•	 Commissioned	record	photography
•	 Aerial	(mapping	scale)	coverage
•	 Metric	imagery

In	addition	to	these	sources	there	may	be	metric	control	information	available	either	as	drawings	(plans,	
sections	etc)	or	as	control	points	marked	on	the	site	for	monitoring.	It	is	also	increasingly	common	for	
laser	 scanned	point	 clouds	 (either	 registered	or	unregistered)	 to	be	acquired	 for	 sites	of	 national	 or	
international	significance.	These	are	often	acquired	speculatively	without	infill,	wide	area	control	or	post	
capture	processing.		Taken	together	this	is	a	rich	body	of	information	which	will	be	largely	ground	based,	
dispersed	and	have	gaps	in	coverage.	The	increasing	performance	of	digital	cameras	and	their	decreasing	
cost	has	caused	an	increase	in	the	volume	and	accessibility	of	imagery,	often	accessible	from	internet	
sources	which	can	be	used	for	condition	recording.		

While	‘classical’	photogrammetric	converge	will	have	(typically)	good	cover	of	facades	many	facets	of	data	
collection	are	missed	such	as	roof	surfaces	and	the	important	services	connected	with	then,	guttering,	
lead	 flashing	 etc.	 Good	 photography	 of	 roof	 coverings	 can	 be	 difficult	 to	 obtain	 and	 novel	 camera	
lifting	systems	(hoist,	pole,	balloon,	kite,	and	aircraft)	can	be	deployed	to	achieve	the	all	important	infill	
coverage.

Traditional	photogrammetric	records	use	ground	based	photography	with	field	of	view,	resolution	range,	
oversight	limitations.	Raising	the	camera	by	‘cherry	picker’	hoist,	pole,	or	hydraulic	mast	have	all	been	
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effective	but	limited	to	heights	of	12m	for	poles	and	masts	and	20m	in	extreme	cases	for	large	‘cherry	
picker’	access	equipment	which	require	a	large	‘footprint’	which	restricts	their	use	and	standoff	distance	
from	the	structure.	

Where or Context:	 application background;	 types	 of	 imagery	 available	 for	 condition	 records:	 the	
classification	of	imagery	for	record	can	be	described	as	being	in	one	of	2	broad	categories:	metric,	or	non-
metric.	This	classification	simply	divides	imagery	from	2	sources,	that	for	which	the	camera	properties	
and	the	scale	of	the	object	are	known	and	that	which	does	not	have	an	associated	record	of	the	camera	
properties	or	the	co-ordinates	of	sufficient	number	of	control	points	available.
In	addition	a	number	of	key	image	attributes	can	be	used	to	describe	image	performance:

• Historic,	where	the	properties	of	the	camera	are	not	known	or	the	image	originates	from	a	past	
epoch.

• Co-incident,	where	imagery	has	converging	coverage	between	2	or	more	images	of	the	same	
subject

• Stereo,	where	2	images	over	lap	from	2	horizontally	offset	viewpoints
• Rectified	or	mono	where	a	single	scaled	reference	plane	is	used	to	achieve	metric	performance	

in	an	image	(often	used	for	simple	facades)
•	 The	 utility	 of	 imagery	 in	 recording	 condition	 and	 scheduling	 works	 is	 well	 known	 and	 the	

primary	tool	for	preparing	project	documentation	from	imagery	is	photogrammetry.	Effective	
use	of	photogrammetry	is	dependant	on	precise	camera	calibration	and	object	control	data.		

The	 restrictions	 of	 camera	 calibrated	 imagery	 have	 historically	 limited	 flexibility	 of	 image	 use	 in	
photogrammetry.	This	longstanding	problem	has	been	addressed	by	a	recent	development	by	kubit	GMBH	
where	 feature	extraction	 from	point	cloud	registered	 imagery	has	been	a	 feature	of	 the	 ‘PointCloud’	
product	as	an	infill	aid	since	2009.		Now	released	as	PhotPlan	3D	it	offers	the	possibility	of	using	‘non	
traditional’	photographic	coverage	for	photogrammetric	infil	of	3D	data	sets.	By	using	a	combination	of	
planar	intersection	and	a	classic	multi	image	intersection	method	a	robust	solution	to	photogrammetric	
workflow	has	been	achieved.	By	working	inside	AutoCAD	and	able	to	use	a	potentially	vast	un-calibrated	
image	pool.	kubit’s	new	tool,	PhoToPlan3D,	uses	AutoCAD’s	geometry	and	image	handling		features	with	
a	 simple	 interface	 to	get	plotted	vectors	 from	2	or	more	 images	based	on	 identification	of	9	 control	
points	in	the	object	area.	In	shifting	the	scalar	performance	from	image	to	object	kubit	have	enabled	
a	 relaxation	 of	 image	 constraints.	 In	 cases	where	 a	 point	 cloud	 of	 an	 object	 exists	 there	 is	 an	 ideal	
infill	benefit.	Where	existing	3D	survey	from	previous	photogrammetric	campaigns	needs	completion	
PhotoPlan3D	provides	a	low	cost	capture	method	for	adding	data	from	images	captured	from	a	variety	
of	viewpoints	to	achieve	completeness	of	cover,	work	which	has	often	been	deemed	uneconomic	when	
‘full	blown’	photogrammetric	systems	need	to	be	deployed	can	now	be	achieved	by	use	of	relatively	low	
resolution,	lightweight	cameras	suspend	by	balloon	kite	or	pole.	

When:	Method or tools used to address the why and context:	digital	photogrammetry	has	reduced	the	
cost	of	workstations	considerably	from	the	high	precision	analogue	machines	of	old;	none	the	less	high	
resolution	 image	processing	 requires	 costly	 high	 speed	processor	 and	mass	 data	 handling	 capacities	
above	and	beyond	the	norm.			Photogrammetric	systems	fall	into	2	distinct	groups:	‘Production	platforms’	
for	 example	 the	 Leica	 Helava	 system,	 and	 ‘low-cost’	 (see	 table	 1)	 such	 as	 PhotoModeller,	 iWitness,	
Topcon	PI3k	‘image	master’.	Kubit	PhoToPlan	3d	addresses	the	gap	between	the	2	by	offering	AutoCAD	
integrated	digitising	of	co-incident	images. 
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Table 1: Low cost photogrammetric software tools

System Cost A u t o C A D 
integration

C a m e r a 
C a l i b r a t i o n 
dependent?

Point cloud 
integration

Method

iWitness
1 , 9 9 5	
USD

n n no
S t e r e o	
correlation

PhotoModeller
‘Scanner’

2 , 6 9 5	
USD

n y limited
D e f i n e d	
P e r s p e c t i v e	
plane

Topcon	 ‘image	
master	PRO’

2 , 9 8 5	
USD

n y limited
S t e r e o	
correlation.

kubit	PhotoPlan3d
1 , 9 9 5	
USD

full n full

P e r s p e c t i v e	
intersect/
D e f i n e d	
P e r s p e c t i v e	
plane

Effectiveness: results and assessment of the approach; The	Archer	pavilion	project:	the	archer	pavilion	
was	built	between	1709	and	1711	by	Thomas	Archer	at	the	request	of	Henry	de	Grey,	Duke	of	Kent	whose	
family	would	once	have	made	use	of	its	basement	kitchen	and	‘secret’	heating	system	to	entertain	their	
friends.	Costing	£1,809,	 it	was	decorated	 inside	with	elaborate	 trompe l’oueil	wall	paintings	by	Louis	
Hauduroy	in	1712	(Figure	2).	

Maintenance	and	repair	of	the	roof	structure	requires	careful	planning	and	condition	recording	plays	
an	 important	part	 in	 this.	The	existing	photogrammetric	cover	was	acquired	from	terrestrial	cameras	
achieved	photogrammetric	plots	of	approx	80%	of	the	roof	area	(Fig	7)	as	AutoCAD	DWG	plots	at	1:50	
scale.	Fixings	and	plumbing	details	were	recorded	as	3D	lines	sampled	at	5-20mm	node	interval.	

The	coverage	of	the	roof	areas	was	incomplete	and	it	was	proposed	to	achieve	completion	by	use	of	Kite	
Aerial	Photography	(KAP)	.	Existing	survey	data	comprised	a	full	3d	wire-frame	photogrammetric	plot	
prepared	by	the	English	Heritage	Metric	Survey	Team	derived	from	ground	based	Wild	P31	and	Zeiss	
UMK	stereo	metric	imagery.	

The	plots	had	been	prepared	for	elevational	views	and	did	not	include	coverage	of	the	six	roof	elements	
below	the	dome	cornice.	The	current	condition	assessment	requires	a	plot	of	the	hidden	roofs	to	record	
the	condition.	

At	the	request	of	the	client’s	site	management	team	a	risk	assessment	of	the	proposed	KAP	operation	
was	conducted	based	on	a	standardised	6	step	safety	plan.	(see	table	2)

The	site	was	closed	to	the	public	during	the	proposed	flight	schedule	and	the	greatest	risk	identified	was	
conflict	with	grounds	maintenance	operations	involving	power	tools.

The	concept	of	the	‘distraction	hazard’	was	discussed	and	all	site	staff	were	briefed	to	be	aware	of	this.	

The	setting	of	the	Archer	Pavilion	is	designed	to	provide	two	important	aspects:	shelter	by	tree	screening	
and	vista	from	the	house	and	the	walks	leading	to	it.	
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This	is	problematic	in	terms	of	lift	for	kites.	The	available	air	flow	is	above	tree	height	in	most	directions	
and	although	the	pavilion	is	surrounded	by	clear	lawns	there	is	very	little	flow	at	ground	level.	

The	Pavilion	sits	at	the	lowest	point	of	a	wide	valley	adding	to	the	difficulties	of	getting	good	lift	near	it.	
A	towed	launch	was	used	to	reach	the	dominant	airflow	over	the	tree	line.	

Table 2: Risk assessment for KAP operations at Wrest Park

Identify, characterize, and 
assess threats

Assess the 
vulnerability of 
critical assets to 
specific threats

Determine the risk	
(i.e.	the	expected	
consequences	of	
specific	types	of	
attacks	on	specific	
assets)

Frequency Liability Organisational, 
procedural 
amelioration 
procedures

Entrapment	of	persons	by	
flying	line

During	launch	and	
recovery.	

Persons	unaware	of	
sudden	tensioned	line	
could	receive	line	burn	
to	exposed	parts	of	the	
body.

Medium
BBHD/EHRestrict	access	to	flying	

area	subject	to	advice	
of	hazard	and	personal	
injury	OR	suspend	kite	
operations	as	required.	
Avoidance	of	operations	
during	times	of	public	
access.

Abrasion	of	persons	by	flying	
line

Medium

BBHD/EH

Conflict	of	kite	flying	
operators	and	grass	cutting/	
trimming,	tree	surgery	/
landscape	management	
operations.

Personal	injury	to	kite	
operator.	Injury	to	
persons	unaware	(due	
to	use	of	power	tools)	
of	fall/trip	hazards.	
Distraction	hazard.

Serious	injury	to	persons	
in	contact	with	cutting/
chipping	equipment

frequent

BBHD/EH

Restrict	access	to	flying	
area	subject	to	advice	
of	hazard	and	personal	
injury	OR	suspend	kite	
operations	as	required.

Conflict	of	landscape	with	
persons	flying	kite/operating	
camera	

Stepping	backwards	
in	to	hazard:	rabbit	
scrapes,	embankments,	
landscape	features,	
waters	edge.	

Personal	injury	for	fall,	
immersion,

seldom

BBHD

Failure	of	kite	line,	fall	of	rig Loss	of	equipment	 Injury	to	persons	in	line	
of	fall

seldom

BBHD Equipment-check	
procedure,	equipment	
design,	frequent	
inspection	of	flying	line	
for	damage,	access	
to	secure	anchor	as	
required.		250lb	line	used.		

Damage	to	monument	from	
contact	with	rig,	flying	line	
or	kite.

1kg	suspended	load	
impact	to	monument.	
Damage	or	loss	of	
equipment.

Percussion	damage,	
abrasion

	

BBHD

Operational	procedure,	
flight	control

Entanglement	or	loss	of	
equipment	in	trees.

Damage	to	trees
Damage	/loss	of	
equipment.

Breakage	of	small	
branches.	Kite	
unrecoverable	from	
tree.

Medium

BBHD

Noise	of	landscape	
management	equipment	
stops	communication	
between	camera	and	kite	
operator

Uncontrolled	camera	
direction	causes	impact	
to	monument.

Loss	of	camera	
direction,	damage	to	
monument. Medium

BBHD

Suspend	kite	operations
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Lessons learned:PhoToPlan	3D	is	easy	to	use	and	make	very	flexible	use	of	imagery.		Using	AutoCAD	
and	PhoToPlan	3d	is	simple	and	effective	but	the	speed	of	plotting	by	the	2	point	matching	methods	ids	
slow	compared	to	a	classic	stereo	model	approach.	For	the	cost	and	simplicity	PhoToPlan	3D	offers	a	
good	technique	for	small	infill	projects	from	un-calibrated	imagery.		P3D	works	well	as	infill	to	3d	data	
sets	but	not	 ideal	 for	 full	 photogrammetric	projects	mainly	due	 the	 limitations	of	AutoCAD	 in	 image	
handling,	KAP	requires	skill,	practice	and	patience.

3	flights	were	achieved	each	of	approx	2-3	hours	duration	each	with	wind	direction	of	NNE,	SE	and	SW.		
Capture	was	operated	by	a	two	person	team	with	full	ground	preview	of	image	capture.	
Photo coverage:

•	 Flight	1:	29/01/2010	Sutton	FF	30	(reconnaissance)	Leica	DLux	4:	156	acceptable	images	out	of	
-179	images	captured	(Figure	4)

•	 Flight	 2:	 11/02/2010	 HQ	 Flowform	 Olympus	 EP1:	 818	 acceptable	 images	 out	 of	 920	 images	
captured	(Figure	5)

•	 Flight	 3:	 10/02/2010	HQ	Flowform	 	 Leica	DLux	 4	 :	 882	 acceptable	 images	out	 of	 922	 images	
captured	(Figure	3)

•	 Total	acceptable	images:	1856
•	 Total	rejected:	165Reject	rate	8.9%
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Abstract

WHY.	This	poster	highlights	the	potential	of	studying	an	expanding	repository	of	images	that	have	been	
produced	from	cultural	and	natural	World	Heritage	sites.	Since	2001,	more	than	250	sites	around	the	
world	have	been	documented	by	the	production	of	nearly	2500	panophotographies	‘.
	
Panophotography	is	a	medium	that	provides	a	greater	exposure	of	these	sites	and	disseminates	their	
significance	as	part	of	a	World	Heritage.	Nowadays,	the	bottleneck	is	to	study	the	relevance	of	this	work	
in	terms	of	heritage	studies,	museology	and	hypermedias,	as	well	as	a	mean	to	bring	World	Heritage	sites	
to	the	vast	public,	who	cannot	visit	the	actual	locations	throughout	the	world.	

Context:	«	What	makes	 the	concept	of	World	Heritage	exceptional	 is	 its	universal	application.	World	
Heritage	 sites	belong	 to	all	 the	peoples	of	 the	world,	 irrespective	of	 the	 territory	on	which	 they	are	
located	»	(UNESCO	WH	website1,	accessed	:	2010).	Such	World	Heritage	status	confers	to	these	open-
air	sites	a	museum	category,	which,	in	turn,	runs	the	risk	of	being	perceived	like	a	label	if	accessibility	
issues	to	potential	visitors	is	not	being	addressed	in	terms	of	museum	studies.	How	may	these	«	unique	
and	universal	»2	 sites,	 supposedly	belonging	 to	us	all,	be	brought	 to	attention	and	hopefully	benefit	
from	a	better	understanding	?	With	more	than	900	sites	spread	around	the	globe,	how	could	the	World	
Heritage	List	and	the	vast	transhistorical	and	transnational	richness	it	contains	be	accessed,	valued	and	
transmitted	regardless	of	their	physical	location	?	

When: 	 to	 attempt	 answering	 these	 questions	 and	 the	 potential	 contribution	 of	 panophotography	
leads	 to	examine	 its	 relevance	according	 to	different	 levels	of	mediology3	 :	 as	 a	media	 for	historical	
documentation,	 as	 a	media	 for	 immersion	 (the	 feeling	of	 being	 there)	 and	 interaction	 (manipulating	
artifacts),	as	a	media	for	conserving	the	«	spirit	of	the	place	»4,	and	as	a	media	to	transmit	knowledge.	
In	this	perspective	:	to	document,	inspire	and	research	are	the	basic	missions	of	museums,	and	these	
would	 be	 offered	 to	 perform	on	 the	World	Heritage	 List	with	 the	 help	 of	 hypermedias	 (Information	
Technologies).	

Effectiveness: a	 project	 to	 display	 panophotographic	 pictures	 from	 World	 Heritage	 sites	 onto	 the	
inner	 surface	 of	 domoscopic	 setups	 (for	 example	 planetariums)	 is	 being	 implemented	 and	 analyzed.	
The	objective	would	be	 to	 test	 the	effectiveness	and	 relevance	 it	 could	provide	visitors,	while	 letting	
them	manipulate	virtual	artifacts	which	are	associated	to	 the	site	and	that	have	been	transmediated	
from	originals	in	situ	or	elsewhere	in	museum	collections5.	By	adding	multiple	layers	of	data	(2D,	3D,	
fixed,	animated	images,	sounds,	texts)	over	panophotographies,	how	effective	would	it	be	to	create	a	
heritage	cosmos	available	as	a	monumental	tri-dimensional	pano-website	?	What	cultural	transactions	
could	be	enabled	if	this	heritage	universe	were	to	be	amplified	by	connecting	networked	museums	and	
planetariums	across	the	planet	?	How	indeed	this	proposal	could	serve	the	respective	and	interlinked	
purposes	 of	 «	 technological	 humanism	 »6,	 the	 «	 concept	 of	 World	 Heritage	 »	 and	 «	 its	 universal	
application	»	?	
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Abstract

Why:	Comprehensive	data	collection	offers	more	than	just	raw	material	for	research	and	site	analysis	by	
project	participants	and	the	public.		A	sustained	process	of	collecting	data	of	multiple	scales	and	formats	
enables	the	extensive	redefinition	of	documentation’s	role	both	in	the	interpretation	of	evidence	as	well	
as	in	future	conservation	and	preservation	efforts.	

Where or Context:	The	ancient	Greek	Mt.	Lykaion	sanctuary	and	altar,	dating	from	around	1,000	B.C.E.	
in	the	Peloponnese	Mountains,	as	well	as	the	surrounding	living	landscape	are	currently	under	study	by	
the	Mt.	Lykaion	Excavation	and	Survey	Project.	Multidisciplinary	from	its	inception,	the	project	continues	
to	 uncover	 and	 document	 findings	 from	 a	 range	 of	 scales:	 from	 the	markings	 left	 on	 ancient	 coins	
unearthed	in	trenches		to	sediment	patterns	revealed	through	microscopy;	from	stages	of	inhabitation	
traced	through	measured	field	drawings	to	geo-referenced	data-points	located	by	digital	survey.

 When:	One	of	the	biggest	challenges	for	the	site	is	defining	which	levels	of	protection	and	interpretation	
are	appropriate.	A	primary	goal	at	this	point	 is	to	consistently	collect	data	in	 its	many	forms	(such	as	
GPS	information,	related	photographs,	narrative	descriptions,	and	historical	research)	from	each	team	
member	and	begin	 to	 interconnect	 the	pieces	on	a	proprietary	database.	The	architecture	 team	has	
worked	 on-site	 over	 the	 past	 six	 years	 to	 document	 extant	 built	 structures	 and	 related	 fragments	
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through	measured	hand	drawings,	digitized	CADD	versions	of	these	drawings,	photographic	‘contextual’	
documentation,	and	written	conditions	assessments.	 In	addition,	every	feature,	trench,	and	structure	
has	been	surveyed	and	geo-referenced	across	the	site.

Effectiveness:	All	of	these	varied	modes	of	information	gathering	work	together	to	produce	a	body	of	
relationships	and	burgeoning	 insight	 traditionally,	 this	 information	 is	brought	 together	 in	a	static	site	
plan	or	similar	 large-scale	document.	But	can	it	all	be	represented	in	one	dataset	without	the	loss	of	
the	various	scales,	the	vantage	points,	the	complexity?		Can	it	be	combined	graphically	to	be	a	source	
for	 interrelational	 insights	 as	 well	 as	 limited	 inquiries,	 where	 site-patterns	 are	 evident	 along	 side	
macroscopic	detail?		As	a	start,	we	seek	to	open	the	door	to	the	possibility	of	more	complex	2-D	graphic	
representations	of	our	findings.		Drawing	lessons	from	data	visualization	as	well	as	the	graphic	languages	
commonly	used	in	design	fields,	we	propose	to	broaden	the	conversation	around	site-documentation	
techniques.

References:
•	 Pfaff,	Christopher.	x	The	Argive	Heraion,	Volume	1,	The	Architecture	of	the	Classical	Temple	of	

Hera,	American	School	of	Classical	Studies	at	Athens	Princeton,	N.J.		2004
•	 Romano,	D.G.	1997.	 “Topographical	 and	Architectual	 Survey	of	 the	Sanctuary	of	Zeus	on	Mt.	

Lykaion,	Arcadia.”	AJA	101,	p.	374.	
•	 Romano,D.G.		2005.	“A	New	Topographical	and	Architectural	Survey	of	The	Sanctuary	

of	Zeus	at	Mt.	Lykaion.”	In	Østby	2005,	pp.	381-396.

DHARMA (Digital Historical Architecture Research and Material Analysis) 

Research Group - 3D-laser scanning: Documenting, Analyzing, Preserving & 

Educating by Jill Kapadia

Jill Kapadia, Recent Graduate, University of Notre Dame, School of Architecture Graduate Program.  

Jill.Kapadia@gmail.com 

Keywords: 3D-laser scanning, DHARMA, University of Notre Dame

Abstract

Why:	 Our	 built	 environment	 is	 the	 result	 of	 the	 culmination	 of	 centuries	 of	 cultural,	 religious,	
philosophical,	 scientific	and	social	values.	 	Our	ancestors	have	 left	behind	an	 impression	or	 image	of	
their	time	and	their	advances	through	cultural	monuments	that	have	survived	the	test	of	time.	Through	
the	centuries,	many	scholars	have	attempted	to	describe	the	precise	meaning	of	architecture	and	 its	
relation	to	human	culture	and	society.

UNESCO	(United	Nations	Educational,	Scientific	and	Cultural	Organization)	has	identified	679	sites	world-
wide	that	form	part	of	the	cultural	heritage,	which	the	World	Heritage	Committee	considers	as	having	
outstanding	universal	value.		UNESCO’s	new	vision	goes	beyond	the	narrow	definitions	of	heritage	and	
strives	to	recognize	and	protect	sites	that	are	outstanding	demonstrations	of	human	coexistence	with	the	
land	as	well	as	human	interactions,	cultural,	spirituality	and	creative	expression.		In	a	generation	that	has	
experienced	some	of	the	most	atrocious	losses	of	world	heritage	monuments	due	to	conflicts	pertaining	
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of	religion	and	culture,	it	is	important	to	recognize	their	value	and	work	towards	their	preservation	and	
posterity.		These	monuments	not	only	represent	the	best	examples	of	religious	and	cultural	traditions	
throughout	the	world	but	also	hold	the	key	to	understanding	their	interconnection.		

Context:	 The	 purpose	 of	 the	 University	 of	 Notre	 Dame’s	 DHARMA	 (Digital	 Historical	 Architecture	
Research	 and	Material	 Analysis)	 team	 is	 to	 apply	 innovative	methods	 of	High	Dynamic	Range	digital	
documentation	to	world	heritage	sites	in	order	to	reveal	the	current	state	of	these	historic	monuments	
and	 investigate	their	historic	significance	and	cultural	value.	DHARMA	plans	to	S.A.V.E.(Scan,	Analyze,	
Visualize,	and	Educate)	monuments	of	historic	and	cultural	importance	by	combining	research	analysis	
and	 on-site	 documentation	 to	 understand	 traditional	 building	 techniques,	 thus	 utilizing	 a	 process	 of	
intellectual	 investigation	 and	 dissemination	 of	 knowledge	 that	 allows	 future	 generations	 to	 benefit	
through	the	application	of	cutting-edge	technology.	This	information	will	be	used	to	create	an	extensive	
database	and	model	for	the	use	of	future	academic,	civic,	and	social	purposes	worldwide,	making	the	
University	of	Notre	Dame	School	of	Architecture,	a	center	for	the	acquisition	of	digital	documentation	of	
world	heritage	monuments.

The	work	undertaken	by	the	DHARMA	research	group	would	fill	an	existing	gap	between	understanding	
sacred	 cultural	 heritage	 of	 chosen	 sites	 and	 relating	 their	 significance	 to	 cultural	 development	 and	
influence	on	other	religions.					

Objectives: 

•	 Uncover	historic	and	religious	principles	of	measuring,	designing	and	building	sacred	structures.	
(using	 technologies	such	as	Ground	Penetrating	Radar	 in	conjunction	with	 the	Anthropology	
Department)

•	 Use	innovative	technology	of	3D	scanning	to	create	virtual	models	that	are	up	to	0.5mm	accurate	
identifying	issues	in	the	monuments	not	visible	during	normal	inspection.

•	 Determine	structural	stability	of	the	World	Heritage	Monuments	through	the	use	of	3D	models.
•	 Integrating	material	studies	and	health	monitoring	of	structures	can	identify	eminent	threats	of	

monuments.	(in	co-operation	with	the	Civil	Engineering	Department)
•	 Analyze	climatologic	and	pollution	effects	on	building	materials	using	PIXE	(Proton	Induced	X-ray	

Emission)	data,	X-ray	Fluorescence	meter	and	Neutron	Activation	Analysis.	(in	co-operation	with	
the	Physics	and	Chemistry	Department)

•	 Utilize	 high	 dynamic	 range	 digital	 documentation	 of	 monuments	 with	 significant	 cultural	
heritage	and	historic	value	to	create	a	digital	database	that	is	of	educational	value	for	graduates,	
undergraduates.

Effectiveness: by	combining	the	techniques	mentioned	above,	the	goal	is	not	only	to	moniter	the	current	
state	of	the	building	for	preservation	purposes,	but	also	to	understand	the	role	of	architecture	and	its	
impact	 on	 cultural	 development	 and	 religion.	 Exploring	 sustainable	 ways	 of	 building	 and	 traditional	
techniques	known	to	man	can	benefit	the	needs	of	today’s	architectural	profession.	With	these	techniques,	
the	intention	is	to	study	the	structural	stability	and	the	impact	of	climatic	change	and	pollution	on	World	
Heritage	Monuments	in	order	to	understand	what	needs	to	be	done	to	preserve	them.		Having	a	digital	
database	of	monuments	can	also	be	used	as	a	helpful	 study	 tool	and	 restoration	means	 for	years	 to	
come.	 	With	a	3d	model	 it	will	be	easier	 to	 reconstruct	 lost	elements	or	whole	buildings	harmed	by	
natural	or	man-made	disasters.

The	basis	of	DHARMA’s	research	began	with	smaller	buildings	around	campus	including	the	University’s	
Basilica	 and	 Library.	 	 The	 research	 grew	 further	 into	 buildings	 around	 town	 in	 need	 of	 restoration	
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and	 preservation,	 including	 St.	 Pauls	 Church,	 South	 Bend,	 IN.	 	With	 the	 help	 of	 seed	 funding	 from	
University	of	Notre	Dame	 in	the	summer	of	2008,	the	DHARMA	research	center	began	documenting	
the	Taj	Mahal	monument	as	well	as	three	other	tombs	monuments	in	India	through	high	dynamic	range	
digital	documentation	combined	with	traditional	methods	of	site	documentation	and	identified	a	clear	
hierarchical	connection	between	tombs	built	by	the	Mughal	dynasty	between	1508-1631AD.	This	project	
is	the	first	of	a	series	that	was	undertaken	by	the	DHARMA	research	group	focusing	on	the	documentation	
of	sacred	architecture.	The	intent	of	this	research	and	collaboration	with	various	departments	stated	
above	is	to	understand	the	ancient	techniques	used	in	construction	of	sacred	monuments	with	the	use	
of	latest	technology	that	can	help	uncover	the	traditional	methods	used	and	their	relation	to	the	eminent	
threats	they	face	today.	To	achieve	this	goal,	the	ongoing	project	encompasses	a	detailed	analysis	and	
architectural	study	four	Mughal	tombs	(amalgam	of	Islamic,	Persian	and	Indian	architecture),	including	
the	Taj	Mahal.		

World	Monuments	hold	 the	 key	 to	 some	of	 the	most	 important	questions	we	ask	 today	about	how	
our	 ancestors	 related	with	 each	 other.	 The	 use	 of	 newer	 technologies	 such	 as	 the	 3d	 Scanner	 and	
photogammetry,	make	it	easier	for	us	to	document	great	structures	and	study	proportions,	materials,	
sites,	and	much	more.		It	is	important	that	we	understand	what	we	know	today	about	our	ancestors	comes	
from	the	information	made	available	to	us	through	their	cultural	artifacts.		It	is	therefore	imperative	that	
we	preserve	this	information,	along	with	the	structures,	for	future	generations.		
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Abstract

Why:	 The	 view	 from	 above	 a	 structure,	 archaeological	 site	 or	 artwork	 gives	 conservators	 a	 unique	
perspective	and	powerful	 tool	with	which	 to	make	 informed	decisions.	 	Such	 images	can	be	used	 to	
create	site	plans,	to	assist	in	monitoring	and	analysis	and	for	planning	interventions.		Sites	and	structures	
can	be	 represented	using	a	 single	vertical	 image	 taken	 from	directly	above	or	 from	multiple	oblique	
viewpoints.
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Where or Context:	 Michael	 Heizer’s	 Double	 Negative,	 Nevada,	 USA;	 Lifeguard	 towers,	 Los	 Angeles	
County,	USA;	giant	Texaco	Road	Map,	New	York,	New	York,	USA;	Gordion,	Turkey.

When:	The	‘view	from	above’	can	be	particularly	compelling	in	the	case	of	large-scale	land	art	sites	such	
as	at	the	Double	Negative	or	at	smaller	sites	such	as	the	Lifeguard	Towers	on	Los	Angeles’	beaches.		At	
an	even	smaller	scale	are	the	floors	of	the	Texaco	Road	May	in	New	York	City	and	the	mosaics	in	Gordion,	
Turkey.		It	is	particularly	effective	when	other	forms	of	aerial	photography	such	as	helicopters	or	airplanes	
are	either	too	expensive	or	prohibited.

Effectiveness: In conclusion, the view from above gives conservators an extremely powerful tool for 
documenting sites and making informed decisions.  Advances in digital cameras, memory capacity 
and software have made older forms of aerial photography such as balloon cameras, kite and pole 
photography more accessible than ever.  As with all tools and techniques there is a tendency toward 
improvement and this often leads toward making tools more complicated.  Simplicity and reliability 
were key factors in the team’s tool development, providing conservators with methods that do not 
rely heavily on specialist technical knowledge or large project budgets.  The advantages of having a 
view from above justify exploration of these tools by many conservation projects.

References:

•	 Celikoyan,	T.M.	Altan,	M.O.	Kemper,	G.	“Calibrating	and	Using	an	Olympus	Camera	for	Balloon	
Photogrammetry”.	CIPA	

•	 Alber,	J.,	Alber,	S.	“Unmanned	Small-Format	Aerial	Photography	from	Kites	for	Acquiring	Large-
Scale,	High-Resolution,	Multiview-Angle	Imagery”	Pecora	15/Land	Satellite	Information	IV/	ISPRS	
Commission	I/FIEOS	2002	Conference	Proceedings
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Abstract

The	work	presented	 in	 this	abstract	 is	part	of	 the	project	“Development	and	use	of	a	4D	Geographic	
Information	System	to	support	the	conservation	of	the	Calakmul	site	(Mexico)”.
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Calakmul: The	Calakmul	Biosphere	Reserve	is	situated	in	the	centre	of	the	Yucatan	peninsula,	close	to	
the	Mexican-Guatemalan	border.	The	Calakmul	Biosphere	Reserve	consists	of	a	vast	protected	area	with	
a	unique	biodiversity	and	of	several	archaeological	centers	of	which	the	one	of	the	pre-Colombian	city	
Calakmul	is	the	most	important.	It	 is	one	of	the	largest	known	Maya	sites	and	was	in	2002	registered	
on	UNESCO’s		World	Heritage	List	as	a	site	of	outstanding	cultural	value.	In	the	original	local	language,	
Calakmul	means	“the	city	of	two	adjacent	pyramids”	and	those	pyramids	are	the	most	visible	structures	
in	a	city	of	70	km²	in	which	more	than	6000	buildings	have	been	identified	under	the	green	cover	of	the	
forest	 surrounding	 the	 site.	Within	 recent	years,	 settlement	pressure,	 farming	and	new	extraction	of	
commercial	timber	caused	threats	to	this	natural	and	cultural	heritage.

The project: The	aim	of	the	project	“Development	and	use	of	a	4D	Geographic	Information	System	to	
support	 the	conservation	of	 the	Calakmul	site	 (Mexico)”	 is	 to	develop	a	management	system	serving	
the	conservation	management	in	terms	of	planning,	zoning,	analyzing,	monitoring	and	reporting	tasks	
(nationally	and	towards	UNESCO).	The	system	will	help	the	UNESCO	site	managers	in	making	inventories	
and	assessing	resources,	in	managing	the	facilities	and	in	monitoring	the	sites.	The	developed	online	GIS	
tool	will	facilitate	communication	with	local	stakeholders	and	visitors	to	promote	sustainable	use	of	the	
protected	area.	It	will	also	assist	them	in	their	reporting	activities	and	to	apply	for	a	nomination	“mixed	
site”	at	UNESCO	in	the	framework	of	the	World	Heritage	Convention.	A	time	bar	is	available	in	the	online	
GIS-tool	to	select	the	data	of	a	specific	interval	of	time.	Each	object	added	in	the	online	GIS-tool,	has	a	
timestamp	determined	by	archaeologists.	

As	input	for	the	GIS	tool,	digital	3D	models	of	the	historical	buildings	in	Calakmul	are	required.
Survey: To	gather	the	field	data	required	to	construct	those	digital	models,	a	team	of	Ghent	University	
conducted	 a	 survey	 of	 the	 ‘Plaza	 Central’	 of	 the	 Calakmul	 site	 in	 April	 2010.	 Next	 to	 a	 traditional	
topographic	survey,	the	team	evaluated	some	additional	techniques	which	might	enable	a	more	efficient	
and	cost-efficient	survey	in	future	projects.
	
Topography: A	Trimble	VX	Spatial	station	was	used	as	a	total	station	to	set	up	a	topographical	network	
at	the	ground	level	of	the	Plaza	Central.	With	this	network	as	basis,	the	existing	map	of	the	area	was	
updated	to	include	the	exact	locations	of	the	seven	structures	surrounding	the	Plaza	Central.	In	addition,	
two	of	the	structures	(the	big	pyramid	II	and	the	smaller	building	V)	were	surveyed	at	the	highest	level	
possible	with	traditional	 topographic	techniques.	These	detailed	surveys	allow	to	construct	digital	3D	
models	in	a	traditional	CAD	environment.	

GPS: Two	Leica	GPS	receivers	(type	SR20)	were	used	to	establish	the	absolute	position	of	two	points	of	
the	topographical	network.	During	four	days	signals	for	both	points	were	logged	and	afterwards	absolute	
coordinates	were	calculated	 through	post	processing.	Using	GPS	 for	more	detailed	 surveys	 similar	 to	
those	done	with	the	total	station	proved	to	be	impossible.	Except	in	some	rare	more	open	areas	in	front	
of	the	structures,	an	open	view	of	the	sky	and	a	good	reception	of	GPS	signals	was	hampered	by	the	
canopy	of	the	surrounding	forest.	

Laserscanning: Using	 the	 scan	 function	 of	 the	 Trimble	 VX	 spatial	 station,	 two	 bas-reliefs	 of	 major	
archeological	importance	inside	structure	II	were	modeled.	For	the	largest	one,	five	deployments	along	
the	 length	of	 the	bas-relief	 resulted	 in	100	000	 registered	points	 for	an	area	of	20	by	3	m.	A	similar	
approach	with	only	two	base	points	and	30	000	registered	points	was	used	to	model	the	bas-relief	of	
a	mask	(area	of	3	by	4	m).	The	scanning	resolution	of	3.5	cm	at	a	distance	of	5	m	from	the	scanner	was	
the	result	of	a	compromise	between	the	desired	level	of	detail,	available	time	and	granularity	of	the	bas-
relief.	The	resulting	cloud	points	are	then	processed	to	clean	out	noise	and	other	erros,	after	which	an	
initial	wire	mesh	is	constructed.	Combining	this	mesh	with	adjusted	high	resolution	pictures	results	in	a	
high	quality	digital	3D-model	of	the	bas-reliefs.
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Photomodeling: Using	 standard	 digital	 reflexcameras	 of	 decent	 quality,	 the	 team	 also	 did	 a	 detailed	
photographic	survey	of	the	structures	surrounding	the	Plaza	Central.	This	resulted	in	over	9000	pictures	
in	which	all	the	faces	of	the	seven	structures	are	represented	at	least	four	times	(two	different	positions,	
two	different	lenses).	From	these	pictures	it	is	possible	to	reconstruct	the	geometry	of	the	represented	
structures	based	on	the	calibration	of	the	cameras	optic	system.	The	result	of	this	reconstruction	is	a	
point	cloud	that	can	be	further	processed	as	described	above	for	the	laserscanning.	

Conclusion: Building	3D	models	can	be	done	using	traditional	techniques	as	topographic	surveys,	more	
recent	equipment	as	laserscanners	or	an	even	more	novel	technique	of	photomodeling.	All	of	these	have	
their	own	(dis)advantages	and	depending	on	the	time	and	equipment	available,	 the	 level	of	detail	 to	
model	and	the	experience	available,	all	can	have	their	contribution	in	building	high	quality	3D	models.
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Abstract

Why: 		Faced	with	flaking	finishes	on	a	delicate	plaster	substrate,	the	ceiling	of	the	Gertrude	Vanderbilt	
Whitney	Studio	in	the	New	York	Studio	School	of	Drawing,	Painting	and	Sculpture	is	a	masterpiece	of	early	
twentieth	century	art	in	deep	need	of	historical	and	technical	research	and	conservation	work.		After	a	
portion	of	the	ceiling’s	cornice	fell	in	2008,	a	collaboration	between	the	New	York	Studio	School,	World	
Monuments	 Fund,	 Integrated	 Conservation	 Resources	 and	 PennDesign’s	 Architectural	 Conservation	
Laboratory	was	formed	to	address	the	needs	for	further	preservation	of	the	space.		The	fragile	nature	of	
the	ceiling’s	condition,	coupled	with	inconsistent	lighting	from	the	skylight	and	seven	window	openings	
in	the	room,	necessitated	the	use	of	different	forms	of	recording	to	both	document	and	represent	the	
ceiling.	

Partially	pre-fabricated	and	partially	modeled	in-situ,	the	ceiling’s	surface	is	a	complex,	three-dimensional	
architectural	feature	that	required	the	use	of	different	technologies	to	fully	document	and	understand	
its	 fabrication.	 	 Using	 ortho-rectified	 photography,	 hand-held	 laser	 scanning	 and	 digital	 fabrication	
technology,	along	with	material	analysis	of	both	the	plaster	and	original	decoration	finishes,	this	project	
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explored	applications	of	digital	technology	and	recording	that	could	incorporate	a	large	accumulation	of	
data	in	a	concise,	educational	and	interpretive	display.	

Where or Context:	The	space,	designed	by	the	decorative	artist	Robert	Winthrop	Chanler,	was	
commissioned	as	a	personal	studio	for	Gertrude	Vanderbilt	Whitney	Studio	from	1918	to	1923.		
This	building	complex	would	eventually	become	the	original	location	of	the	Whitney	Museum	
of	American	Art	in	1930,	and	later	the	home	of	the	New	York	Studio	School	of	Drawing,	Painting	
and	Sculpture	in	1967.		The	room	was	a	private	sanctuary	for	the	famous	patron	of	the	arts,	
composed	of	seven	elaborately	colored	stained	glass	windows,	a	sculptural	fireplace	of	metal	
and	plaster	flames	that	stretched	up	the	chimney	into	a	low	relief	ceiling,	filled	with	fantastical	
imagery	of	the	cosmos,	the	depths	of	the	sea	and	creatures	both	real	and	unreal,	all	designed	
by	Robert	Winthrop	Chanler.		Following	the	Whitney	Museum’s	departure	from	the	property,	
the	windows	were	removed,	the	fireplace	and	ceiling	were	over	painted	and	the	corresponding	
decorative	screens	were	removed.

When / What Was Explored: ortho-rectified	 photography	was	 essential	 in	 generating	 a	 baseline	 of	
documentation	 for	 the	 present	 condition	 of	 the	 ceiling.	 	While	 the	 details	 of	 the	 plaster	 relief	 best	
showed	in	raking	light,	the	end	product	needed	to	be	a	cohesive	montage	of	several	photographs	that	
best	showed	the	dimension,	detail	and	high	resolution	of	each	piece	to	the	whole.		The	resulting	image	
was	a	montage	of	the	ceiling,	shown	in	raking	light	to	display	the	highest	detail	of	the	relief,		but	with	
light	bracketing	to	represent	the	ceiling	in	one	image.

Realizing	that	paint	exposures	of	the	original	paint	scheme	in-situ	would	be	a	far	more	complex	issue	
than	could	be	considered	within	the	scope	of	this	project,	it	was	decided	to	explore	other	technologies	
as	a	way	to	present	the	original	paint	scheme	for	the	ceiling.		Due	to	the	intricacy	of	the	surface	on	the	
decorative	plaster	and	 its	 location	on	a	ceiling	approximately	thirty	 feet	above	floor	 level,	 traditional	
methods	of	acquiring	a	mold	of	a	ceiling	segment	would	be	challenging.		Handheld	laser	scanning	was	
explored	as	a	viable	option	because	of	its	capabilities	for	high	detail,	its	compact	features	suitable	on	
small	 scaffolding,	 and	 its	 ability	 to	 capture	detail	without	making	 contact	with	 the	 ceiling.	Once	 the	
surface	was	scanned,	a	portion	of	the	ceiling	approximately	20”	by	40”	was	chosen	for	digital	fabrication.		
This	segment	was	used	as	a	mock-up	for	color	application	and	technique.	

Given	more	time	and	resources,	this	study	would	have	also	included	Polynomial	Texture	Mapping	(PTM)	
as	way	to	represent	the	ceiling	under	various	lighting	conditions.		This	technology	has	many	capabilities,	
including	 the	 generation	 of	 “light-adjustable”	 images	 and	 the	 use	 of	 light-dependent	 maps	 for	 3D	
rendering.	While	this	tool	has	been	heavily	used	on	small	objects,	its	use	on	the	ceiling	would	have	been	
an	entirely	new	scale	and	direction	for	this	tool.	

Effectiveness:	the	ultimate	goal	of	this	project	was	driven	by	the	mission	of	PennDesign’s	Architectural	
Conservation	Laboratory	to	find	the	appropriate	tool	for	the	task	at	hand.		Given	the	restrictions	and	needs	
of	the	Whitney	Studio	project,	laser	scanning	became	a	particularly	useful	tool	for	the	documentation	
and	eventual	display	of	historic	information.		As	work	continues	on	the	project,	the	team	will	continue	to	
consider	the	capabilities	of	three-dimensional	scanning	for	cultural	heritage	recording	and	conservation.	
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Abstract

In	the	period	2006-2009,	many	Czech	–	 Iraq	projects	have	been	carried	out	for	the	reconstruction	of	
monuments	 in	 northern	 Iraq	 with	 the	 aim	 of	 primary	 monument	 documentation,	 archaeological	
investigation,	finding	appropriate	technology	for	documented	objects	restoration	and	final	restoration	
of	selected	objects.	Photogrammetric	and	geodetic	measurements	were	the	first	step	of	all	the	activities.	
Among	the	major	projects,	the	Choli	minaret	documentation	and	restoration	in	Erbil,	primary	mapping	
and	documentation	of	the	Al-Qala	citadel	in	Erbil,	detailed	documentation	of	the	Dalal	Bridge	in	Zakhu	or	
Qubahan	School	in	Amedi	by	the	Turkish	border	in	northern	Iraqi	Kurdistan	can	be	mentioned.

Erbil: most	of	 the	 architectural	monuments	 suffered	 from	 lack	of	 interest	 of	 state	 authorities	 under	
Saddam	Hussein’s	Republic	and	their	condition,	even	before	latest	conflict	ended	in	most	cases,	could	
be	described	no	less	than	critical.	Erbil	 is	an	ancient	city,	originally	Sumerian	and	Assyrian,	 located	in	
the	foothills	of	the	eastern	Iraqi	mountains.	It	is	a	commercial,	cultural,	agricultural	and	administrative	
centre	of	the	Kurdish	region.	In	the	historic	centre	of	Erbil,	there	are	two	historical	monuments	known	
worldwide:	The	Choli	minaret	and	the	Al-Qala	Citadel.

The	Citadel	 in	Erbil	 is	on	UNESCO’s	 list	of	 the	world’s	most	endangered	historic	 sites.	 It	 forms	a	vast	
complex	of	buildings	and	narrow	streets	enclosed	by	town	walls.	The	Citadel	in	Erbil	is	one	of	the	oldest	
continuously	 inhabited	 urban	 settlements	 in	 the	 world.	 According	 to	 ICOMOS	 data,	 eight	 thousand	
years	of	 inhabitation	are	proved	 in	 this	unique	urban	concentration,	making	 it	 the	 longest	 inhabited	
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place	on	the	Earth.	This	has	been	made	possible	by	rich	water	sources,	still	available	today,	which	have	
never	dried	out	in	recorded	history.	The	fortified	Citadel	itself	is	situated	on	an	artificial	elevation	of	28	
to	32	meters	above	 the	 surrounding	countryside,	which	 is	now	the	city	of	Erbil.	Well-known	 records	
and	archaeological	finds	proved	layers	of	Assyrian,	Akkadian,	Babylonian,	Persian	and	Greek	Pre-Arabic	
settlements.	Fortifications	were	primarily	built	in	the	12th	century.	From	about	5000	inhabitants	in	2006	
only	 one	 family	 lives	 in	 citadel	 at	 this	moment.	 The	 regional	 government	 of	 Kurdistan	 is	 looking	 for	
opportunities	to	revitalize	and	preserve	this	unique	complex	 for	the	significant	rise	 in	tourism	that	 is	
expected	in	the	future.

During	the	short	time	of	the	expeditions	it	was	not	possible	to	collect	a	detailed	documentation	of	this	
structure.	Instead,	terrestrial	and	aerial	photogrammetry	was	utilized.	In	Citadel’s	case,	sets	of	terrestrial	
digital	images	were	taken	(more	than	250	outside	the	Citadel	and	200	inside);	the	next	70	images	were	
taken	from	a	US	Army	helicopter	at	the	height	of	approximately	100m.	In	Iraq,	there	are	no	available	
photogrammetric	 aerial	 images;	 instead,	 a	 satellite	 image	 from	 the	QuickBird	 (2005)	 satellite	with	 a	
resolution	of	65cm		was	used	for	the	ground	plan	of	the	Citadel	(after	image	sharpening,	filtration	and	
new	sampling	the	pixel	size	was	modified	to	25cm)	.	The	outputs	of	this	procedure	are	encouraging	and	
enable	the	next	step	to	process	with	better	quality.

A	provisory	geodetic	network	in	the	Citadel	area	was	built	and	over	600	object	points	were	geodetically	
measured.	Next,	16	control	points	were	signalized	and	measured	for	aerial	imaging,	mainly	on	the	roofs.	
The	Photomodeler	software	was	used	for	all	photogrammetric	image	processing.	In	the	3D	model	about	
5000	object	points	were	measured	and	calculated.

Finally,	we	had	geodetically	measured	object	points,	points	from	Photomodeler	processing,	measured	
control	points	and	a	transformed	satellite	photo	plan	(as	an	under	layer	photo	plan).	These	data	were	
then	used	for	processing	to	the	base	vector	plan.	The	other	part	of	this	project	was	the	creation	of	an	
information	system	for	the	Citadel,	which	will	be	used	for	the	storage	of	all	valuable	information.	All	of	
these	outputs	were	made	with	the	aim	of	creating	base	material	for	the	future	restoration	works;	but	
the	political	and	economical	 situation	 is	 changing	constantly.	Nowadays,	 the	General	plan	 for	 citadel	
is	finished	and	it	would	be	strongly	recommended	to	begin	with	the	restoration,	because	the	state	of	
citadel	is	very	poor.
Choli	minaret

The	Choli	minaret	 is	 from	 the	14th	 century	 and	 it	 is	 the	 last	 part	of	 the	oldest	Kurdish	mosque.	 It	 is	
ranked	among	most	significant	Kurdish	monuments	and	its	condition	is	alarming	owing	to	the	tilting	of	
the	upper	part	of	the	minaret.	The	lower	seven-angle	part	of	the	minaret	is	12	m	high.	The	circular	part	
of	the	minaret	is	about	24	m	high	and	shelters	a	double	spiral	staircase.	The	upper	part	of	the	minaret	
diverts	from	the	vertical	axis	to	65cm	and	there	is	a	substantial	threat	of	it	collapsing.

In	2006-8	a	geodetic	and	photogrammetric	documentation	and	measurement	were	made	before	planned	
reconstruction.	Calibrated	digital	cameras,	réseau	photogrammetric	camera	RolleiMetric	6006	and	total	
station	were	used	for	the	basic	documentation	of	the	Choli	minaret.	A	small	geodetic	network	consisting	
of	5	points	was	stabilized	by	the	usage	of	steel	marks	stabilized	in	concrete.	The	outdoor	parts	of	the	
Choli	minaret	were	measured	and	processed	by	using	 intersection	terrestrial	photogrammetry	 in	 the	
Photomodeler	software	(residuals	on	control	points	were	about	2cm),	indoor	parts	were	measured	with	
tape	for	construction	in	AutoCAD	only.	From	these	measurements	the	following	outputs	were	created:	
a	real	3D	model	 for	static	modeling	and	calculations,	 true-photo	rendered	3D	model	with	animation,	
classical	photo	plans	of	lower	part	and	unwrapping	of	upper	minaret’s	tube.	All	construction,	animation	
and	editing	of	photogrammetrical	measured	items	were	processed	in	AutoCAD	and	were	used	as	a	basis	
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for	the	reconstruction.	The	final	reconstruction	of	minaret	was	realized	by	the	Czech	firm	GemaArt	in	
2009-2010.

Dalal Bridge:	 in	2008,	a	project	“Documentation	of	 the	Dalal	Bridge”	has	been	started.	This	bridge	 is	
erected	over	the	Khabur	River.	This	river	begins	in	Sirnak,	Turkey,	flows	through	Zakho,	Iraq	and	empties	
into	 the	River	 Tigris	 at	 the	 tri-point	between	Turkey,	 Iraq	and	Syria.	 The	origin	of	 the	Dalal	Bridge	 is	
not	 clear;	probably	 it	 is	 from	the	Roman	period,	but	 there	are	other	 theories,	which	assign	 it	 to	 the	
Greek	period	or	the	period	of	Alexander	the	Great.	However,	the	 legendary	battle	field	at	Gaugamel,	
where	Alexander	the	Great	beat	Dareios	III.	in	331	B.C.	is	located	in	Iraq	near	Erbil.	During	only	2	days,	
in	 September	 2008,	 the	 Dalal	 Bridge	 was	 documented	 by	 terrestrial	 digital	 photogrammetry	 using	
a	calibrated	digital	camera	Canon	20D.	A	total	station	Trimble	with	self-reflecting	distance	meter	was	
used	for	necessary	geodetic	measurement.	The	detailed	3D	model	with	all	necessary	details	and	stones	
was	planned.	Both	software	AutoCAD	and	3D	Max	Studio	were	used	for	construction	and	visualization.	
The	model	is	now	under	final	construction	updating	and	after	finishing	(October	2010)	it	will	be	used	
for	 future	 restoration	of	 the	bridge,	which	 is	now	only	under	planning.	As	 the	second	step,	a	 special	
database	for	information	about	stones	(quality,	material,	exposition,	damage	…)	will	be	created,	which	
can	be	useful	for	planned	restoration.	Mouse	clicking	on	a	stone	in	the	model	will	depict	the	related	data.	
Similar	system	has	been	developed	at	the	Czech	Technical	University	in	Prague	and	used	for	the	Charles	
Bridge	(Prague,	UNESCO	heritage).

Qubahan School: the	 town	 of	 Amedi	 (´Amádiya)	 is	 situated	 in	 the	 northeast	 borderline	 part	 of	 the	
Iraqi	Kurdistan,	on	 the	 southwest	periphery	of	Zagros	Mountain,	and	belongs	administratively	 to	 the	
Duhok	governorate.	 In	the	frame	of	the	post-war	renewal	and	development	of	the	region,	the	Amedi	
municipality	 has	 expressed,	 long	 time	 ago,	 its	 will	 to	 improve	 the	 state	 of	 local	 archaeological	 and	
architectural	heritage.	The	integrating	of	the	monuments	into	the	system	of	the	regional	tourism	and	its	
overall	support	is	important	priority	of	the	local	policy.	The	medrese	Qubahan	at	Amedi	has	a	priority	in	
this	process	for	two	reasons:	firstly	for	the	apparent	architectural	and	historic	value	of	this	monument,	
secondly	for	its	rapid	destruction	accelerating	in	the	last	years.	Czech	group	of	archaeologists	and	other	
specialists	carried	out	the	initial	archaeological	recording	and	survey	of	the	area	in	2009.
The	site	has	not	been	reflected	in	the	available	historical	sources	at	all.	The	first,	laconic	mention	about	
the	already	ruined	school	occurred	in	the	travelogue	of	Mark	Sykes	(Sykes	1904,	165),	but	the	exact	date	
of	the	end	of	the	school	occupation	could	not	be	determined.	The	origin	of	the	building	has	been	broadly	
linked	with	Zangids	in	12th	century	AD	or	with	much	later	Bahdinan	princes.	From	the	documentation	field	
of	view,	photogrammetry	was	used	as	a	base	method.	The	outputs	are:	3D	model,	photo	plans	of	walls	
and	3D	documentations	of	several	well-kept	decoration	details	by	using	close	range	photogrammetry	
with	correlation	technique	(outputs	are	3D	models	made	from	point	clouds).
The	 conservation	 must,	 regarding	 to	 the	 outlined	 historical	 and	 architectural	 importance	 of	 the	
monument,	 come	 out	 from	 the	 wide	 base	 of	 archaeological	 data	 about	 evolution,	 chronology	 and	
architectural	 context	 of	 the	 building.	 After	 documentation	 and	 archaeological	 investigation	 we	 can	
suggest	several	different	concepts	of	the	conservation.
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Abstract

Why:	Documentation	projects	are	often	limited	by	their	location	and	by	their	budget.		The	Moni	Perivoli	
Conservation	Project	was	set	in	a	rural	area	with	limited	computer	access	and	rudimentary	documentation	
technology.	 	This	poster	will	demonstrate	the	creative	techniques	that	were	utilized	to	counter	these	
limitations	and	will	hopefully	serve	as	inspiration	for	future	documentation	projects	in	remote	areas.	

Where or Context:	Moni	Perivoli	is	a	monastery	located	on	the	island	of	Lesvos,	Greece	that	dates	from	
around	1350.		Its	church	is	noted	for	its	significant	set	of	murals	that	primarily	date	from	around	1590	
and	are	noted	for	being	the	only	complete	cycle	on	the	island	of	Lesvos.		

When:	Columbia	University	organized	a	team	of	three	interns,	a	head	conservator	and	an	iconographer	to	
assess	the	conditions	of	the	building	and	to	produce	a	report	to	lay	the	foundation	for	future	conservation	
work	on	the	murals	in	the	summer	of	2010.

Effectiveness:	The	documentation	of	Moni	Perivoli’s	church	was	successful	and	the	team	has	developed	
a	number	of	recommendations	for	the	future	survival	of	the	structure’s	murals.		A	set	of	over	100	hand-
drawings	were	 compiled	while	 on	 site,	 all	 of	which	 have	 been	 transferred	 to	Adobe	 Photoshop	 and	
AutoCAD	after	returning	to	the	United	States.		
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Abstract

Conservation	of	historic	buildings	and	monuments	is	a	means	of	continuity	of	history	as	it	keeps	alive	
cultural	sense	of	that	period	of	history	to	which	it	belongs.	The	aim	of	conservation	is	to	protect	the	
cultural	significance	of	the	given	object	by	maintaining	the	fabric	of	which	the	object	is	made.	In	practice,	
it	means	to	find	a	way	of	conserving	the	physical	form	of	the	material,	which	does	the	least	damage	to	
its	qualities	under	protection.	Therefore,	any	work	on	an	object	must	be	preceded	by	the	study	of	the	
physical	and	documentary	evidence,	object	condition	and	significance	of	its	cultural	value.	

The	heritage	conservation	unfortunately	has	not	been	given	due	considerations	by	the	government	as	well	
as	the	public	of	Pakistan.	The	whole	concept	of	conservation	has	been	considered	as	anti	development	
and	 resource	 intensive	 activity.	 The	 challenges	 and	 threats	 that	 our	 built	 heritage	 is	 exposed	 to	 are	
mainly	neglect,	poor	quality	conservation	works,	rapid	urbanization,	environmental	pollution	and	natural	
disasters.	

Pakistan	possesses	a	diverse	cultural	heritage	 in	 the	 form	of	existing	monuments	and	archaeological	
sites	dotted	across	the	country.	The	selected	site	Shahdara	Complex	for	research	is	the	masterpiece	of	
Mughal	architecture	with	all	its	creative	detailing,	beautiful	surface	renderings	and	unique	construction.	
The	magnificent	tombs	in	the	complex	with	all	their	elaborate	decorations	are	also	the	reflection	of	the	
glorious	past,	which	needs	to	be	protected,	preserved	and	passed	on	to	future	generations.	

The	Mughals	contribution	in	the	realm	of	architecture,	being	unique	in	style,	is	witnessed	all	over	the	
Indian	subcontinent.	Their	monuments	like	Taj	Mahal,	along	with	many	of	the	landmark	buildings	still	
serve	as	source	of	inspiration	and	are	icons	of	the	glory	and	grandeur	of	an	era.	The	Mughals	intelligently	
transformed	their	original	architectural,	brought	from	Central	Asia,	into	a	unique	Mughal	style	in	terms	
of	space	and	decorations.	This	was	a	hybrid	of	standard	Islamic	forms	(domes	and	arches)	and	indigenous	
elements	having	their	inspiration	drawn	from	Indian	and	Iranian	traditions.	
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The	 city	 of	 Lahore	 lies	 on	 the	 historical	 trade	 route	 linking	 Central	 Asia	 to	 the	 Indian	 subcontinent.	
Located	on	the	location	31°	32´	North	and	latitude	74°	22´	East,	Lahore	is	the	capital	of	the	Punjab	(the	
land	of	five	rivers)	famous	for	its	fertile	plains	since	ancient	times.	Shahdara	(King’s	Gateway)	occupies	
an	important	location	on	the	right	bank	of	the	river	Ravi,	opposite	to	the	modern	city	of	Lahore.	It	 is	
approached	from	the	north	through	the	famous	Grand	Trunk	Road	and	acts	as	a	main	entry	point	to	
Lahore.	Soon	after	the	conquest	of	India	by	Babar,	in	1526,	Shahdara	became	the	focus	of	architectural	
and	political	activity	by	the	Mughals.	Queen	Nur	Jahan	found	this	area	as	an	ideal	location	for	laying	a	
splendid	garden	known	as	Bagh-e-Dilkusha.	Shahdara	once	a	site	for	pleasure	gardens,	transformed	into	
royal	funerary	landscape	during	1527-1645,	bringing	a	complete	change	to	the	land	use	and	its	character.	

The	royal	tombs	of	the	Mughal	emperor	Jahangir	(1627	A.D.),	his	brother-in-law	Asif	Khan	(1641	A.D.)	
and	his	wife	Nur	Jahan	(1645	A.D.)	were	constructed	in	this	area.	The	tomb	complex	at	Shahdara	exhibits	
a	unique	character	as	far	as	spatial	morphology	is	concerned.	The	other	Mughals	funerary	complexes	are	
stand-alone	buildings	laid	in	strong	spatial	linkage	which	were	built	over	a	period.	The	tomb	buildings	
negotiate	with	 each	 other,	 sharing	 a	 common	 landscape	 representing	 an	 era	 in	 continuity,	 which	 is	
quite	similar	 to	the	Valley	of	Kings	 in	Egypt.	At	present,	 the	Shahdara	Complex	 is	exposed	to	various	
environmental	threats	as	well	as	experimental	ground	of	inadequate	conservation.	As	a	result,	its	historic	
structures	are	rapidly	and	irreversibly	decaying.	Many	of	its	elements	and	features	are	vanishing	with	the	
passage	of	time	(for	example	the	eastern	pavilion	of	the	Jahangir’s	Tomb).	The	3	dimensional	research	
methodologies	 (consisting	of	3D	modeling,	solid	mass	models,	density	mapping,	damage	assessment	
measurements	etc.)	developed	taking	into	account	all	the	three	interactive	processes	of	documentation,	
condition	surveys	and	assessment	acting	in	the	same	frame	of	time	to	evaluate	the	present	state	of	the	
historic	structures	individually	as	well	as	collectively	on	the	site.	

The	3D	modeling	(using	3D	modeling	software)	developed	reality	based	3D	reconstructed	models	for	
all	the	historic	structures	(also	for	the	structures	in	ruins)	within	the	site.	The	generated	reconstructed	
models	were	 the	 results	of	 the	different	density	maps	 (generated	 for	 the	estimation/	assessment	of	
the	damaged	and	decays	phenomena’s).	The	real	texture	of	the	reconstructed	surfaces	was	obtained	
from	the	original	digital	photographs	and	mapping.	The	surface	reconstruction	was	achieved	from	these	
computer	aided	models	to	establish	the	damage	contents	of	the	historic	surfaces.	The	tool	also	helped	
in	extracting	2D	slices	of	the	structures	to	determine	the	degree	of	deteriorated	surfaces.	The	results	
generated	are	now	being	used	for	developing	the	future	conservation	activities/	methodologies	for	the	
historic	structures	in	Shahdara	Complex.

The	deterioration	of	historic	structures/monuments	is	the	result	of	interplay	of	both	natural	as	well	as	
anthropogenic	deteriorating	agents	in	combination	to	historical	materials	(composition	and	properties)	
as	observed	during	the	surveys.	Three	sets	of	interrelated	factors	(3D	models	results)	determine	how	
materials	interact	with	deteriorating	agents	and	the	form	of	decay;	material,	environment	and	process.	
Unfortunately,	this	complex	set	of	relationships	means	that	it	is	often	difficult	to	establish	a	clear	and	
distinct	one-to-one	relationship	between	deteriorating	agent	and	decay	forms	for	example	the	biological	
growths	due	to	the	climatic	conditions	which	are	natural	as	well	as	from	anthropogenic	factors.	It	is	also	
possible	that	the	same	agent	can	produce	different	decay	forms	depending	on	the	specific	circumstances	
of	interactions,	or	it	may	be	that	the	same	form	can	be	produced	by	a	set	of	different	agents	acting	in	
combination	at	one	time.	

The	3	dimensional	research	methodologies	identified	significant	locations	where	we	can	see	the	impact	
of	deteriorating	agents	on	the	materials	of	these	historic	structures	which	results	into	their	dissolution,	
splitting,	fractures,	cracking,	spalling	and	weathering	(weakening	of	the	materials	structures	inside).	A	
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representative	chart	(for	the	decay	forms	and	the	degree	of	intrusion)	was	prepared	to	show	the	common	
deterioration/	decaying	phenomenon	active	on	this	particular	site	with	the	visual	evidences	(later	the	
analysis	was	also	done	to	confirm	the	type	and	nature	of	deterioration).	For	the	clear	understanding	of	
the	phenomenon	of	deterioration	(currently	prevalent	in	Shahdara	Complex)	a	number	of	samples	were	
collected	for	examination	in	the	laboratory	to	evaluate	the	degree	of	damage	and	the	conditions	of	the	
historic	materials	constituting	the	structures	along	with	the	active	deteriorating	agents	at	the	specific	
locations.	

The	 close	examination	of	 the	 surfaces	of	historic	 facades	 (also	depicted	 in	 the	 reconstructed	 surface	
modeling)	revealed	that	many	superficial	treatments	are	being	carried	out	in	the	name	of	restoration	work	
without	having	a	long	term	vision	and	in-depth	knowledge	of	the	subject.	These	cosmetic	treatments	are	
wastage	of	money	and	time.	At	the	same	time	poor	conservation	techniques	are	adversely	damaging	
the	existing	structure	and	its	fabric.	New	materials	like	cement,	dye	chemicals	and	binding	agents	are	
accelerating	decay	as	they	come	in	contact	with	originally	used	materials.	

Time	has	 come	where	 this	 issue	 needs	 to	 be	 dealt	with	 in	 a	 larger	 perspective	 rather	 than	 focusing	
on	individual	problems,	separately.	First	and	the	foremost,	a	comprehensive	conservation	plan	should	
be	prepared.	This	plan	should	include	research	on	properties	of	used	materials	and	behavior	of	new/	
replacement	materials	 in	depth	with	the	expertise	of	the	subject.	 It	should	also	 include	development	
of	 proper	 conservation	 techniques	 for	 the	 prolonged	 life	 of	 the	monuments	 particularly	 in	 our	 part	
of	the	world	which	 is	quite	rich	 in	heritage	spanning	thousands	of	years	of	history.	Study	should	also	
expand	to	surrounding	environment	and	factors	affecting	the	structures	acting	externally	and	internally.	
There	is	a	need	to	bring	awareness	among	public	about	the	importance	of	the	cultural	heritage	so	that	
damage	by	human	elements	be	minimized	 to	 some	extent.	Encroachments	along	boundary	wall	also	
need	serious	legal	action	to	restore	the	environment	surrounding	the	monument	and	give	the	space	to	
these	structures	for	breathing.	

Although	much	damage	has	been	caused	by	the	many	factors	discussed	earlier,	and	mostly	the	ignorance,	
it	is	not	too	late.	Adopting	a	carefully	planned	scheme	while	employing	latest	technology	can	preserve	
the	valuable	heritage.	Buildings	preserved	on	solid	technical	grounds	will	then	be	able	to	maintain	their	
essence	over	time.	
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Abstract

There	are	plenty	of	 culture	heritages	 left	 in	China	over	 the	 long	 course	of	history.	All	 information	 in	
these	heritages	composed	the	ancient	life	of	Chinese	and	recorded	the	history	and	culture.	How	to	make	
the	contemporary	people	see	the	original	scenes	of	ruins	and	immerse	in	the	history	is	the	subject	we	
devoted	to.	Based	on	the	research	in	early	years	and	the	application	of	information	technology,	we	built	
up	a	 system	called	Re-relic	which	was	on	purpose	of	 supporting	 research,	archaeological	excavation,	
heritage	conservation,	heritage	management	and	public	participation	through	collecting	information	of	
heritage,	developing	specified	database	and	setting	up	comprehensive	presentation	system	of	heritage.

The	project	of	Yuanmingyuan	was	 the	first	digital	practice	of	Re-relic	 system.	Yuanmingyuan	was	 the	
most	important	summer	palace	in	Qing	Dynasty.	It	was	called	‘the	Garden	of	gardens’	as	it	assembled	
all	kinds	of	architecture	achievements	and	garden	styles	from	all	over	the	empire.	It	was	burned	down	
in	1860	and	became	ruins	until	today.	Whether	to	rebuild	Yuanmingyuan	is	a	heated	debate	for	many	
years.	The	project	provided	a	new	philosophy	on	balancing	the	relationship	between	reemerging	the	
original	scenes	and	heritage	conservation	of	Yuanmingyuan	with	a	platform	based	on	new	techniques	
and	wide	communications.	The	project	achieved	specific	application	and	techniques:

•	 The	research	team	of	Yuanmingyuan	practice	was	formed	by	scholars	from	several	fields,	such	
as	architecture	history,	cultural	heritage	preservation,	archaeology,philology,	urban	planning,	
meteorology	and	so	on.

•	 Accurately	 collecting	 the	 information	 of	 heritage	 on	 archaeological	 sites	 and	 restoring	 it	
academically	with	the	digital	 information	technology,	such	as	3D	Laser	Scanning,	CRP	(Close-
Range	 Photogrammetry),	NDT	 (Non	Destructive	 Testing),	 4S(	GPS,	GRS,	 RS,	MIS)	 and	 so	 on,	
could	greatly	enhance	the	technicality	and	precision	of	Digital	Visualization.	

•	 Seriously	consulting	a	large	number	of	historical	archives	and	discriminating	heritage	information	
rigorously	in	last	10	years,	could	greatly	enhance	the	authority	and	credibility	of	the	restoration	
design.

•	 Visualization	of	the	buildings,	urban	space	and	historical	activities	could	make	the	contemporary	
people	immerse	in	the	history	and	experience	the	customs,	activities	and	emotions	in	the	past.

•	 Heritage	 information,	 researches,	daily	management	and	VR	 system	was	associated	 to	each	
other	in	a	comprehensive	database	for	interactive	query	and	receiving	feedbacks	from	public.	
An	open	innovation	platform	was	built	up	on	the	basis	of	the	heritage	information	database	and	
visual	scenes.

Since	2009	we	have	completed	4-dimensional	presentation	of	90	historical	 scenes	 that	 located	 in	22	
historical	 sites	 over	 5	 historical	 periods	 from	 1740	 to	 2010,	which	 got	 positive	 responses	 and	 great	
attentions	from	professionals	and	experts.	The	result	approved	that	the	approach	of	heritage	preservation	
was	effective	and	practical.
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Furthermore,	Re-relic	will	focus	on	the	conservation	and	presentation	of	Prehistoric	heritage,	Ancient	
cities,	Intangible	cultural	heritage,	and	so	on.	It	will	be	more	popular	and	widely	used.	We	believe	that	
tradition	and	heritage	doesn’t	mean	preserving	the	ashes,	but	keeping	the	flame	alight.

Interdisciplinary Digital Imaging Research for Architecture and Archaeology 

by Luke Golesh,* Ryan Hughes,* Ben Keller,† Krupali Krusche,* Paul Turner,† Kristina 
Davis,‡ and Mark Schurr§

* School of Architecture; † Academic Technologies; ‡ Center for Research Computing; § Department 
of Anthropology

Keywords:  3D laser scanning, giga-pixel imaging, Collier Lodge, Roman Forum

Abstract:

What	–	Our	 research	goal	 is	 the	merger	of	data	produced	by	 two	highly	advanced	 technologies:	 the	
Leica	ScanStation,	which	uses	a	high	definition	surveying	(HDS)	laser	to	efficiently	document	and	model	
complex	structures,	and	the	GigaPan	Systems	robotic	tripod,	which	enables	the	creation	of	multi-giga-
pixel	digital	panoramic	photographs.		

Why	 –	 These	 technologies	 provide	 complementary	 information:	 The	 scanner’s	 point	 data	 accurately	
captures	a	scene	in	three-dimensional	space,	but	it	loses	crucial	material	indicators	such	as	texture	and	
color.		The	giga-pixel	photographs	capture	the	fine	detail	and	the	feel	of	the	space;	they	are,	however,	
inherently	 two-dimensional,	 relying	on	 indirect	cues	 like	 lighting,	 shading,	and	perspective	 to	convey	
depth.		While	undeniably	useful	in	parallel,	these	tools	could	be	even	more	powerful	if	combined.		
Where	–	Both	technologies	were	employed	at	two	sites	during	the	summer	of	2010:	the	Collier	Lodge,	
a	hunting	lodge	on	the	National	Register	of	Historic	Places	in	northern	Indiana,	and	the	Roman	Forum,	a	
World	Heritage	site	in	Rome,	Italy.		The	two	sites	have	proved	to	be	immensely	useful	in	increasing	our	
knowledge	of	the	technologies	independent	of	one	another	and	also	in	collaborative	use.

Present	–	This	poster	presents	our	current	research	based	on	these	technologies	and	their	application	at	
Collier	Lodge	and	the	Roman	Forum.		Preliminary	results	and	issues	encountered	when	merging	3D	scan	
data	with	2D	photo	data	are	detailed.

Future	–	Ultimately,	we	seek	 to	 integrate	 the	diversity	of	data	acquired	 from	each	 technology	 into	a	
single	 interactive	 system	 for	 cataloging,	 analysis,	 and	 display	 of	 both	 subsurface	 sites	 and	 standing	
structures.	 	 A	 web-presence	 allowing	 this	 data	 to	 be	 accessed	 and	 systematically	 studied	 from	 any	
location	is	accompanying	goal.		The	challenges	are	numerous,	yet	far	from	insurmountable.	
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POSTER FORUM C: CONDITION ASSESSMENT

This forum addresses all activities of survey, assessment, and evaluation aimed at understanding 
the current state of conservation of the place by investigating material and environmental 
evidence and all associated alterations.

The Early Phrygian Gate at Gordion, Turkey:  An analysis of dry laid masonry 

in seismic regions by Meredith Keller

University	of	Pennsylvania,	Graduate	Program	in	Historic	Preservation,	115	Meyerson	Hall,	 	210	South	

34th	Street,	Philadelphia,	PA	19104,	makeller@design.upenn.edu,	(717)	333	7584

Keywords:	dry	stone	masonry,	condition	survey,	seismic	activity

Abstract:

Why:	 In	 regions	 of	 high	 seismic	 activity,	 dry	 stone	 masonry	 is	 particularly	 susceptible	 to	 structural	
instabilities,	deformation	 (especially	bulging)	and	possible	collapse	 resulting	 from	ground	movement.		
Documentation	of	a	structure’s	conditions,	as	well	as	an	examination	of	the	properties	of	traditional	dry	
laid	masonry	systems	and	their	behavior	when	exposed	to	seismic	waves,	 is	necessary	to	understand	
past	damage	patterns	and	active	conditions.		

Where or Context:	Investigations	consider	the	physical	and	mechanical	properties	of	the	Early	Phrygian	
Gate	 at	 Gordion,	 Turkey,	 the	 largest	 extant	 gate	 to	 survive	 from	 the	 Iron	 Age	 in	 the	 Middle	 East.		
Constructed	around	900	BCE	and	first	excavated	in	the	1950s,	the	citadel	gate	is	composed	of	an	ashlar	
limestone	veneer	encasing	a	rubble	core	and	served	only	briefly	as	the	main	entryway	to	the	citadel.		
Successive	periods	of	occupation	within	the	citadel	mound	resulted	in	further	building	campaigns	which	
utilized	the	earlier	structures	as	foundations	for	new	construction.		The	changing	load	patterns	produced	
by	the	new	structures	caused	a	series	of	visible	conditions—most	notably	cracking	and	displacement.		

When:	 Because	 properties	 of	 dry	 stone	masonry	 structures	 and	mechanisms	 of	 failure	 are	 not	well	
understood,	condition	recording	and	monitoring	is	critical	in	establishing	a	correlation	between	bulging	
and	possible	failure.		Starting	in	2006,	the	Architectural	Conservation	Laboratory	developed	an	extensive	
documentation	 program,	 which	 included	 a	 digitized	 condition	 survey	 of	 each	 exposed	 elevation	 to	
record	spalls,	open	joints,	missing	chinking	stones,	split	faces,	grouted	courses	and	bulging,	and	in	2009	
conducted	 high-density	 laser	 imaging	 with	 a	 mid-range	 Trimble	 VX100	 laser	 scanner.	 	 These	 varied	
systems	of	 recording	 allowed	 for	 a	more	diagnostic	 approach	 to	 both	 record	 the	 gate’s	 construction	
techniques	and	respond	to	ongoing	displacement	and	the	threat	of	possible	collapse.		

Effectiveness:	 Results	 of	 the	 documentation	 process	 indicate	 that	 many	 visible	 conditions	 occurred	
historically.	 	Comparisons	made	between	images	taken	during	the	1950s	excavation	to	document	the	
gate	and	the	2006	condition	survey	show	a	correlation	between	the	additional	Middle	Phrygian	building	
load	and	the	innumerable	compression	cracks	found	below	extant	Middle	Phrygian	courses.		However,	
the	1950s	images	reveal	that	the	greatest	degree	of	displacement—visible	by	the	large,	central	bulge	
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of	 the	South	Court	elevation—occurred	more	recently.	 	Following	 the	analysis	of	data	collected	 from	
the	various	documentation	techniques,	a	method	to	quantify	displacement	in	this	potentially	unstable	
region	was	implemented	in	April	2010	through	a	joint	effort	between	Middle	East	Technical	University	
and	the	Architectural	Conservation	Laboratory.		The	monitoring	program,	which	will	determine	whether	
bulging	 is	 resulting	 from	constant	 incremental	movement	or	only	displacing	during	 seismic	events,	 is	
critical	to	the	design	and	execution	of	a	stabilization	program	for	the	gate	structure.
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Abstract:

Why:	 The	 safety	and	 stability	of	historical	 structures	often	 is	of	 key	 importance	when	dealing	with	a	
restoration	 project.	 The	 stability	 of	masonry	 arches	 and	 vaults	 is	 directly	 related	 to	 their	 overall	 3D	
geometry.	Accurate	knowledge	of	the	geometry	of	ribs	and	vaults	thus	leads	to	better	instruments	for	
the	assessment	of	their	structural	safety.

Where or Context:	 3D	 laser	 scanning	 has	 been	 applied	 within	 a	 pilot	 research	 project	 at	 the	 Sint-
Jacobschurch	at	Leuven	(B).	The	church	is	located	in	the	heart	of	Leuven	and	has	been	closed	down	for	
the	public	since	1963	because	of	danger	for	collapse.	Based	on	the	3D	data	of	the	point	cloud	captured,	
data-analysis	provide	the	input	data	for	the	structural	assessment,	that	is	mainly	based	on	the	line	of	
thrust	methodology,	captured	within	the	software	Calipous.

When:	Since	masonry	mainly	behaves	as	a	non-tension	material,	lines	of	thrust	have	to	be	found,	lying	
within	the	cross	section	of	the	vaults.	Therefore,	the	safety	is	directly	related	to	the	geometry	itself	and	
the	analyses	results	strongly	depend	on	the	accuracy	in	which	this	geometry	can	be	measured	in	practice.

Effectiveness:	 The	 results	 demonstrate	 that	 the	 use	 of	 accurate	 3D	 geometrical	 information	 can	 be	
transformed	 in	 an	 semi-automatic	 way	 into	 the	 required	 input	 results	 that	 are	 used	 for	 the	 safety	
assessment,	Figure	1.		Attention	goes	to	the	different	phases	to	be	addressed:	gathering	the	point-clouds,	
3D-modelling,	 structural	 analysis	 calculating	 thrust	 lines	and	 the	 consolidation	 requirements	 that	are	
obtained.	The	added	value	is	in	the	capturing	of	accurate	3D-geometrical	information	without	the	need	
for	scaffolding,	nor	touching	the	vaults	and/ribs.
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Abstract

Why:	 To	monitor	 the	microclimate	of	 the	 altar	 frescoes,	 63	humidity	 and	 temperature	 sensors	were	
placed	in	the	vault	(1).

When	 these	 sensors	 began	 to	 send	 data,	 a	 problem	 was	 faced:	 the	 data	 was	 so	 abundant	 that	 it	
overflowed	the	capacity	of	the	office	software	that	was	initially	used.
Consider	a	quick	calculation:	each	sensor	processes	one	piece	of	data	per	minute,	so	63	sensors	(32	of	
temperature	and	31	of	relative	humidity)	operating	24	hours	a	day,	7	days	a	week,	gives	a	total	of	over	
2.5 million records per month!	and	one	year	of	data	is	necessary	to	form	conclusions.

At	first,	the	familiar	MS	Excel	spreadsheet	was	used	to	manage	the	data.	But	soon	the	capacity	of	the	
program	was	overwhelmed.	Excel	can	only	handle	a	maximum	of	approximately	300,000	pieces	of	data.	

Since	Excel	is	a	spreadsheet	and	not	a	database,	it	seemed	a	logical	evolution	to	use	the	program	MS	
Access.	a	database	and	therefore	a	specific	program	to	handle	large	amounts	of	data.	The	requirements	
of	this	study	called	for	a	specific	program,	like	the	Microsoft	database	MS	Access,	that	was	capable	of	
handling	larger	amounts	of	data.	But	not	at	quantities	so	great:	Access	only	does	well	with	up	to	one	
million	pieces	of	data.	This	option	also	fell	short.
Of	course	 there	are	specific	solutions	 to	 these	problems	 in	 the	market.	Oracle	 for	example,	 is	a	very	
powerful	 database	 capable	 of	 handling	 vast	 amounts	 of	 data.	 Oracle	 is	 widely	 used	 in	 enterprise	
environments.	But	an	Oracle	license	is	very	costly	in	economic	terms.
Where or Context:	The	most	relevant	places	where	the	microclimate	has	been	studied	are:	the	Ariadnas	
house	in	Pompeii,	Italy,	the	frescoes	at	the	Cathedral	of	Valencia,	and	the	shipwreck	Zencity	in	Buenos	
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Aires,	Argentina.	

In	 Pompeii	 the	 IVC+R	 was	 going	 to	 conserve	 the	 frescoes	 of	 the	 Adriana’s	 House.	 Previous	 to	 its	
conservation,	 a	 series	 of	 studies	were	 carried	out.	 	 Amongst	 them,	 a	microclimate	 study,	which	was	
carried	out	in	order	to	find	the	most,	appropriate	techniques	and	materials	to	be	used	in	its	conservation.	

In	the	main	chapel	of	the	Cathedral	of	Valencia,	some	frescoes	were	found	behind	a	false	vault.	They	were	
twelve	winged	angels,	4	meters	tall.	Sensors	were	placed	inside	the	walls	to	observe	the	transpiration	
within	them.		The	system	would	be	used	to	find	possible	humidity	infiltrations	on	walls	and	ceilings	that	
could	damage	the	paintings.	

During	 a	 construction	 project	 in	 Buenos	 Aires,	 a	 land-locked,	 shipwreck	 from	 the	 18th	 Century	 was	
discovered.	 	 The	 local	 authorities	decided	 to	 transport	 the	 remains	 to	 a	 new	 location	 to	be	 interred	
again	in	a	more	secure	location.		Sensors	were	placed	in	the	remains	to	measure	the	levels	of	electric	
conductivity	and	temperature	inside	the	wood	in	order	to	evaluate	the	humidity	levels	that	had	suffered	
immensely	during	the	excavation,	drying	almost	completely.		It	was	assumed	that	by	interring	the	wood	
of	the	shipwreck	again,	it	would	re-hydrate,	reaching	a	state	of	equilibrium.		These	changes	in	humidity	
levels	in	any	given	conservation	project	present	serious	issues	that	greatly	influence	the	amount	of	care	
and	restoration	required	to	preserve	them.			

When:	Changes	 in	humidity	and	temperature	are	a	major	threat	 for	 the	conservation	of	artwork	and	
historical	materials.	 The	 artwork’s	 conditions	 can	 be	modified	 by	 travelling	 exhibitions,	 conservation	
interventions	 or	 just	 sudden	 atmosphere	 changes.	 Therefore	 is	 a	 must	 to	 control	 the	 microclimate	
conditions	in	order	to	assure	the	safety	of	the	pieces.	This	monitoring	includes	the	recording	and	storage	
of	large	amounts	of	data	to	prevent	the	artwork	from	future	deterioration.	

Effectiveness:		The	solution	was	to	create	software,	tailored	to	the	specific	needs	and	respectful	to	budget	
of	 this	 project.	 It	was	 realized	 that	 every	 resource	 needed	 to	 produce	 it	was	 immediately	 available:	
a	 license	 owned	 by	 the	 UPV;	 (Universidad	 Politécnica	 de	 Valencia)	 by	 Delphi;	 (Delphi	 is	 a	 software	
development	environment	based	on	Object	Pascal	language	and	developed	by	U.S.	company	Borland,	
after	recalled	as	Embarcadero	and	a	free,	open	sourced,	motor	database	called	Firebird.

With	these	tools,	a	data	manager	was	created	to	specifically	meet	the	needs	of	the	project,	specifically	
the	 large	amount	of	data	 that	must	be	managed.	 The	 result	was	 called	Burrito	 (“donkey”	 in	 Spanish	
language).

This	data	management	software:	It	can	handle	millions	of	pieces	of	data.	It	is	perfectly	adapted	to	the	
data	 recollected	 from	 the	 sensors.	 Uses	 as	 a	 data	 engine	 Firebird,	 a	 free,	 non-proprietary	 program	
(no	need	to	pay	license	fees	for	its	use	or	distribution)	and	it	was	open	source	(anyone	with	sufficient	
knowledge,	can	modify	it	and	adapt	to	their	needs).	Does	not	consume	excessive	system	resources;	runs	
on	a	mononuclear	PC	with	Windows	XP	and	1	GB	of	RAM.	Works	on	Windows	Vista	and	Windows	7.	It	
can	store	data	at	a	maximum	frequency	of	one	piece	of	data	per	minute.	Once	the	data	has	been	taken,	
it	can	be	queried.	These	queries	can	be	made	by	date,	type	of	sensor,	etc.	The	results	are	shown	in	a	list	
and	in	graph	format.	The	program	can	export	the	results	of	a	query	to	a	datasheet	of	MS	Excel.	getting	the	
best	of	both	worlds:	the	power	of	storing	of	a	database	and	the	processing	capabilities	of	a	spreadsheet.	
The	query	results	obtained	can	be	averaged	daily,	hourily,	every	15	minutes,	etc.	That	way	results	can	be	
obtained	whenever	needed	thus	offering	an	ease	of	use	unparalleled	by	other	programs.
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Abstract

Traditionally,	quantification	of	surface	change	on	in-situ	building	blocks	and	laboratory	based	weathering	
experiments	 were	 small	 scale	 and	 relied	 upon	 mechanical	 techniques	 (Smith	 et	 al.	 2002).	 These	
were	 often	 time-consuming,	 risked	 damaging	 the	 surface	 being	measured,	 and	 required	 a	 statistical	
interpolation	between	a	limited	number	of	points.	To	overcome	these	difficulties	requires	a	rapid,	non-
contact	mechanism	 for	monitoring	 surface	change	using	a	dense	network	of	measurement	points.	 It	
was	in	search	of	improvement	in	the	speed	and	precision	of	surface	analysis	that	this	study	trialed	the	
use	of	 two	3D	 laser	 based	 surface	 scanning	 systems	 as	 a	means	of	 accurately	 and	non-destructively	
monitoring	 the	progressive	decay	of	building	stone	 in	 laboratory	based	experiments	and	 in	 the	field.	
3D	 laser	scanning	physically	measures	and	catalogues	 the	 topographic	expression	of	various	surfaces	
without	a	priori	assumptions	of	form	(Bourke	et	al	2008).	

The	 aim	 of	 this	 research	 project	 is	 to	 investigate	 the	 spatio-temporal	 distribution	 of	 weathering	
phenomena	 in	 limestone	 in	 the	 built	 environment	 in	 Oxford	 and	 in	 particular	 the	 spatial	 patterns	 /	
relationships	and	the	identification	of	any	scale	related	discontinuities.

The	data	collected	from	these	sites	is	used	to	construct	detailed	Digital	Elevation	Models	(DEMs)	of	the	
surfaces	 under	 investigation.	 This	 allows	 the	production	of	more	detailed	models	 to	 isolate	 patterns	
of	 decay	 and	 spatial	 variability.	 Geostatisical	 analysis	 on	 these	 surfaces	 is	 used	 to	 characterise	 the	
surface	roughness	and	roughness	scaling	of	weathered	surfaces.	Monitoring	of	these	sites	on	an	annual	
basis	allows	the	calculation	of	denudation	rates	and	analysis	into	the	spatial	distribution	of	this	decay.	
This	 investigation	will	 also	 help	 fill	 some	 ‘measurement	 gaps’,	 highlighted	 by	 Viles	 (2002)	 existing	 in	
weathering	phenomena.	Data	collection	started	in	November	2006,	with	return	visits	in	Nov	2007,	Nov	
2008	and	March	2010.

The	two	laser	scanning	technologies	used	in	this	study	to	capture	surface	geometry	are	the	Leica	ground	
based	LiDAR	system	HDS	3000	and	the	Konica	Minolta	non-contact	digitizer	vi9i	–	Object	scanner.	The	
ground	based	LiDAR	-	Leica	HDS	3000,	uses	a	rotating	pulsed	laser	at	2000pts/sec	to	capture	detailed	and	
accurate	surface	geometry.	These	remote	surface	coordinates	are	collected	in	the	form	of	a	hyper	dense	
‘point	clouds’.	Measurement	data	also	includes	a	surface	reflectance	value	based	on	the	return	strength	
of	the	laser.
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The	Konica	Minolta	Vi9i	 is	a	high-resolution	high	accuracy	laser	scanner.	This	scanner	operates	on	the	
principal	of	 laser	 triangulation.	A	 target	 is	 scanned	with	 laser	 stripes	and	a	CCD	camera	 receives	 the	
light	reflected	from	the	surface	of	the	subject.	Distortions	in	the	shape	of	this	stripe	are	captured	by	the	
camera,	which	is	offset	by	a	known	distance	from	the	laser	stripe,	and	converted,	through	triangulation	
into	 distance	 information	 (Piper	 et	 al.,	 2002).	 The	main	 consideration	when	using	 any	measurement	
technology	for	monitoring	is	the	use	of	reference	points	or	control	at	the	study	site,	i.e.	a	series	of	points,	
ideally	outside	the	area	of	interest	that	will	not	move	between	return	visits.

Before	the	object	scanner	was	used	in	the	field	a	series	of	laboratory-based	salt	weathering	experiments	
were	conducted	on	Jurassic	limestone	samples.	The	fresh	unaltered	surface	was	laser	scanned	using	a	
Vi-9i.	The	blocks	were	then	placed	into	a	commercial	salt	corrosion	cabinet	and	subjected	to	cycles	of	
changes	in	temperature	and	salt	misting,	routinely	removed	and	the	exposed	surface	laser	scanned.	Data	
from	this	successful	laboratory	trial	was	used	to	calculate	several	quantitative	morphological	indices	on	
a	17cm	circle	located	in	the	centre	of	the	block.

Fieldwork	in	Oxford	began	in	November	2006	when	detailed	geometry	of	rapidly	decaying	limestone’s	
surfaces	was	captured	over	a	wide	range	of	scales.	Data	from	this	in-situ	monitoring	of	Oxford	Colleges	has	
allowed	the	production	of	extremely	accurate	Digital	Elevation	Models	(DEMs),	the	calculation	of	primary	
surface	features,	the	volume	and	rate	of	material	 loss,	analysis	of	the	changes	in	surface	morphology	
and	surface	swelling	(Fig	3).	By	adopting	this	surface	monitoring	approach	it	is	possible	to	replace	often	
anecdotal	evidence	of	change	with	time	bound	measures	that	can	be	expressed	quantitatively,	translated	
readily	 into	 traditional	 survey	packages	and	presented	 in	a	 range	of	visual	 formats	 that	can	be	easily	
understood	by	non-scientists.	This	type	of	monitoring	of	built	heritage	helps	stakeholders	make	better	
informed	decisions,	as	well	as	giving	scientists	valuable	 information	to	 increase	understanding	of	 the	
decay	processes	involved	and	improve	the	accuracy	of	predictive	models.
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Abstract

Why: it	is	a	known	fact	that	the	geological	conditions	of	the	site	and	its	surroundings	–	rock,	soil,	water	
on	surface	as	well	as	underground	–	play	a	very	significant	role	in	building	construction	in	determining	
the	 location,	form,	materials,	construction	techniques,	type	of	 foundations	etc.	Monuments	surviving	
from	ancient	times	all	over	the	world	stand	as	testimony	to	the	fact	that	buildings	were	built	on	a	firm	
footing,	understanding	the	significance	of	ground	conditions	for	strength	and	long	life.	Changes	in	the	
ground	 conditions	often	bring	 about	 changes	 in	 the	 structure	and	 strength	of	materials	 in	buildings.	
There	is	a	need	to	understand	building	construction	placed	in	the	ground	setting,	monitor	changes	in	
the	structure	and	materials	of	the	buildings	in	the	context	of	fluctuations	in	ground	due	to	passage	of	
time,	and	determine	cause-effect	relationship	for	taking	steps	for	conservation	and	preventing	further	
damage.	There	is	a	wide	application	of	Geo-hydrological	techniques	and	technologies	in	the	investigation	
of	 original	 construction	 and	 damage	 in	 historical	 buildings	 due	 to	 changing	 soil	 and	 ground	 water	
conditions.		

Where or Context: 
Case	Study	1:	The	former	British	Residency	at	Hyderabad,	India	(1800-1806)	was	built	on	the	banks	of	
River	Musi,	 located	in	the	heart	of	densely	built,	highly	urbanized	area	of	Hyderabad,	the	fifth	largest	
metropolitan	city	in	India,	with	a	10	million	population.	Study	of	historical	maps	of	the	site,	surroundings	
and	city,	plus	documentation	of	architectural	details	in	the	basement	of	the	building	and	buried	surface	
drains	on	the	site	have	indicated	the	role	of	site	drainage	played	in	the	original	design	and	construction	
of	the	building.	Inspection	of	the	building	fabric	has	shown	signs	of	condensation	and	salt	formation	in	
the	basement	and	dampness	rising	from	ground	to	upper	floors.	Investigative	studies	were	undertaken	
on	the	43-acre	campus	using	geo-hydrological	techniques	and	technology.	
Case	 Study	 2:	 	 	 The	 23-acre	 site	 belonging	 to	 the	 Jiddu	 Krisnamurthi	 Foundation	 Trust	 located	 in	
Ghatkesar	near	Hyderabad,	India:	The	site	of	‘Naimism’	campus,	located	in	the	sparsely	built	hinterlands	
of	 Hyderabad	 city	 was	 developed	 in	 the	 last	 two	 decades	 and	 buildings	 were	 built	 about	 a	 decade	
back	 using	 RCC	 and	 modern	 materials.	 The	Main	 Library	 building	 housing	 the	 literature	 about	 and	
preachings	of	the	Late	Philosopher-Saint	Jiddu	Krishnamurti,	for	usage	as	a	Reading	Room,	has	shown	
signs	of	 leakage	and	dampness.	 Though	many	errors	were	 found	 in	 the	original	design,	 architectural	
detailing	and	construction	of	the	building	which	are	causing	leakages	and	moisture	entry	due	to	rain	and	
plumbing,	the	unusual	dampness	was	found	in	the	western/south-western	walls	of	the	building	in	the	
period	immediately	after	a	severe	two	months	of	hot	summer	with	peak	temperatures	hitting	44	degrees	
Celsius.	Investigations	being	carried	out	on	the	site	at	the	moment.
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When:
i.	Case	Study	1:	Geo-hydrological	Investigations	were	carried	out	on	the	43-acre	campus	of	the	200-year-
old	former	British	Residency	at	Hyderabad,	India,	during	2003-2005	as	part	of	Phase-I	of	the	restoration	
project	funded	by	the	World	Monuments	Watch,	funded	by	the	American	Express.
ii.	Case	Study	2:	Geo-hydrological	Investigations	are	being	carried	out	on	the	23-acre	campus	of	Jiddu	
Krishnamurti	Trust,	located	in	Ghatkesar	near	Hyderabad,	developed	and	built	in	the	last	two	decades.	(	
2008-ongoing)

Effectiveness: 
Case	Study	1:	The	Former	British	Residency	at	Hyderabad,	India.	
The	 investigative	 studies	 had	 established	 and	 reinforced	 the	 observations	 made	 from	 the	 study	 of	
historical	maps,	architectural	documentation	and	inspections	made	on	the	site	that	the	location,	design	
and	construction	of	 the	original	building	positioning	 its	base	on	a	particular	geo-hydrological	 setting.	
They	have	also	determined	the	impact	of	present	levels	of	ground	water	on	the	condition	of	the	building,	
because	of	which	 it	was	established	 that	 the	damage	 to	 the	building	 is	more	due	 to	clogged	surface	
drains	and	improper	maintenance	of	the	site
Case	Study	2:			The	Jiddu	Krisnamurthi	Foundation	Trust,	Ghatkesar	near	Hyderabad,	India:	
While	analyzing	the	present	site	contours	and	the	works	of	rain	water	harvesting	taken	up	by	the	Trust	
in	the	last	few	years,	there	are	at	least	two	factors	which	may	be	causing	rising	dampness	in	buildings.	
i.	The	main	building	was	constructed	on	a	mid-level	contour	standing	on	the	lower	step	of	a	sudden	drop	
in	the	site.	The	building	is	acting	as	an	obstruction	for	water	from	the	ground	in	its	front	on	the	eastern	
side	to	flow	to	the	lower	contours	on	the	western	side.	Soil	eroded	from	the	front	is	stacking	up	on	the	
edge	of	the	building	in	its	front.	The	flow	of	underground	water	is	not	known.
ii.	The	Trust	has	dug	a	huge	rain-water	harvesting	pit	on	the	down-side	of	the	main-library	building	on	its	
western	side.	Meaning	the	water	is	being	stored	close	to	the	building.	There	seems	to	be	a	need	to	stop	
the	water	flowing	from	the	upper	contours	of	the	site,	before	the	building	on	its	front	at	a	distance	where	
water	is	absorbed	into	the	ground	without	effecting	the	main	building
Investigations	are	on	to	establishing	the	underground	geo-hydrological	conditions	and	their	impact	on	
buildings	for	determining	the	further	course	of	action	of	prevention	and	restoration.

References:
•	 ICOMOS	and	ISCARSAH	Charters	and	Principles	prescribing	adoption	of	scientific	methods	and	

techniques	of	research,	investigation	and	diagnosis	for	determination	of	conservation	action.
•	 Conservation	of	Historic	Buildings	by	Sir	Bernard	Feilden,	1982
•	 Interaction	with	and	Report	by	Geo-hydrologists	of	the	Ground	Water	Department,	Government	

of	Andhra	Pradesh
•	 Material	from	the	Internet.



SMARTDoc 2010

POSTER PRESENTATION

P A G E

59

Analysis of Cracks in a Historical Building by means of Terrestrial Laser 

Scanning: the Basilica of San Paolo Maggiore in Bologna by Dante Abate1, 

Graziano Furini1, Silvio Migliori1, Samuele Pierattini1

1:ENEA,	Italian	National	Agency	for	New	Technologies,	Energy	and	Sustainable	Economic	Development,	

UTICT,	Bologna,	 Italy,	 {dante.abate,	graziano.furini,	 silvio.migliori,	samuele.pierattini}@enea.it,	
0039	051	6098490

Keywords:	3D-laser	scanning,	crack	analysis,	masonry,	monitoring	

Abstract

Why:	 The	 structure	 of	 the	 Basilica	 of	 San	 Paolo	Maggiore	 shows	 cracks	 in	 different	 locations	 in	 the	
masonry,	mostly	 running	 from	 the	base	of	 the	 vault	 toward	 the	floor.	 Those	 instabilities	 are	 causing	
detachments	of	 the	 frescos,	with	 consequent	 damage	of	 the	decoration,	 together	with	 static	 issues.	
The	 high	 cracks	 position	 prevented	 any	 direct	 and	 traditional	measurement,	 without	 the	 use	 of	 big	
scaffolding,	and	consequently	the	evaluation	of	their	dimensions	in	width	and	depth.	

Where or Context:	The	Basilica	of	San	Paolo	Maggiore	is	placed	in	the	historical	city	centre	of	Bologna.	
It	was	designed	by	Ambrogio	Mazenta,	and	built	between	1606	and	1611	thanks	to	the	patronage	of	the	
Barnabiti	Order,	who	are	still	the	tenant	of	the	complex.

•	 The	church	is	composed	by	a	main	nave	with	three	chapels	for	each	side,	transept	and	choir.
•	 The	 vault	 of	 the	 nave	 and	 the	 dome	 over	 the	 transept	 are	 completely	 covered	 by	 frescos,	

realized	at	the	end	of	XVII°	century	by	Antonio	and	Giuseppe	Rolli.

When:	During	summer	2009	the	ENEA	Laser	Scanning	Team	(UTICT),	which	belongs	to	the	ENEA	Research	
Centre	 of	 Bologna,	 has	 performed	 a	 Laser	 Scanning	 survey	 of	 the	 Basilica	 of	 San	 Paolo	Maggiore	 in	
Bologna,	Italy.

•	 The	Laser	Scanning	survey	was	realized	by	means	of	a	HDS3000	by	Leica	Geosystems	in	almost	
ten	days	of	field	work.	

•	 Forty-one		stations	were	performed	with	an	average	resolution	of	2cm	x	2cm.	
•	 Four	stations	were	dedicated	to	the	cracks	acquisition	with	a	Laser	Scanner	resolution	of	1.2mm	

x	1.2mm,	with	an	average	distance	“scanner	laser-object”	of	10-12	meters.	
•	 The	 points	 cloud	 finally	 produced	 consist	 of	 132	 millions	 points,	 each	 of	 which	 has	 X,Y,Z	

coordinates,	reflectance	and	RGB	values.	

Effectiveness:	The	most	important	cracks	were	identified	at	the:

•	 bottom	wall	and	vault	of	the	first	chapel	on	the	right,	next	to	the	façade;
•	 bottom	wall	and	vault	of	the	third	chapel	on	the	left,	next	to	the	transept;
•	 bottom	walls	of	 the	transept	 (confirmed	also	by	visible	 fractures	 in	the	same	position	 in	the	

external	side	of	the	church);
•	 base	of	the	dome,	on	the	edge	with	the	main	nave.	However	this	crack	was	covered	by	a	tissue	

applied	to	preserve	further	loss	of	the	frescos	and	then	not	detectable	properly	by	the	Laser	
Scanner	beam.
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The	points	clouds	acquired	over	the	cracks	are	extremely	dense	and	then	allow	a	fine	evaluation	of	their	
features.

The	ability	of	making	sections	of	cracks	with	point	spacing	in	the	order	of	1	mm	allow	us	to	estimate	the	
depth.	However	the	depth	of	the	gaps	with	the	width	lower	than	2mm	cannot	be	detected.	Below	this	
value,	due	to	Laser	Scanner	possibilities,	cracks	measurements	and	detection	are	limited.	Besides	these	
elements,	a	wrong	interpretation	of	the	depth	can	be	driven	by	the	scattering	phenomenon	of	the	laser	
beam	above	the	edge	of	the	fractures	which	results	in	noise.

In	this	step	section	process	was	carried	out	using	the	Cyclone	software	by	Leica	Geosystem	and	then	
exported	to	Cad	software	package.	

In	the	next	months	a	new	Laser	Scanning	survey	will	be	performed	in	the	basilica	of	San	Paolo	Maggiore	
in	order	to	evaluate	any	difference	or	change	with	the	previous	one.	This	means	that	it	will	be	introduced	
the	forth	dimension	represented	by	the	time,	making	the	database	forth	dimensional	(4D).	It	 is	easily	
understandable	 how	 monitoring	 the	 crack	 pattern	 over	 an	 amount	 of	 time,	 especially	 in	 historical	
architecture,	can prevent a more serious structural instability

References:
•	 Stefano	Zironi,	Catalogo	della	mostra	La	basilica	di	San	Paolo	Maggiore	e	il	suo	territorio	nella	

storia	e	nell’arte:	Bologna,	12	ottobre-2	novembre	1986
•	 Michal	 Kedzierski,	 Piotr	 Walczykowski,	 Anna	 Fryskowska,	 “Application	 of	 fisheye	 lens	 and	

terrestrial	 laser	 scanning	 in	 architectonic	 documentation	 of	 hard-to-reach	 cultural	 heritage	
objects”,	 Proceedings	 of	 American	 Society	 for	 Photogrammetry	 and	 Remote	 Sensing	 Annual	
Conference	2009,	Baltimore,	Maryland,	March	8-13	2009

Earthen construction techniques: 3D reconstruction and material analysis at 

La Joya (Mexico) and Arslantepe (Turkey) by Giovanna Liberotti1 
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liberotti@gmail.com,	0039	333	20	58	971

Keywords:	3D	reconstruction,	material	characterization,	earthen	architecture

Abstract

Why:	Although	earth	as	a	building	material	has	a	wide	distribution	and	ease	of	 location	in	the	world,	
there	is	little	information	on	the	processes	to	which	the	raw	materials	have	been	submitted	in	antiquity.	
According	to	UNESCO,	17%	of	listed	World	Heritage	Sites	are	of	earthen	architecture.	The	use	of	earth	
as	building	material	has	been	associated	with	various	types	of	building	techniques,	thereby	showing	its	
versatility	in	creating	new	forms	and	languages	that	characterize	each	region.	Because	of	the	large	spread	
of	the	earth	used	as	building	material,	both	the	spatial	arrangement	of	buildings	and	the	architectural	
features	may	vary	greatly	with	time	and	places,	depending	on	the	cultural	practices	and	traditions	they	
reflect.	Nonetheless,	the	problem	remains	of	preserving	the	huge	but	fragile	earthen	cultural	heritage.	
In	this	context	the	advance	of	scientific	knowledge	about	materials	is	a	fertile	direction	towards	reliable	
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solutions.	By	focusing	on	two	different	but	related	case	studies,	 I	shall	try	to	show	the	importance	of	
material	science	and	the	archaeological	and	architectural	study	of	buildings,	in	an	attempt	to	relate	the	
macroscopic	performance	to	mechanisms	that	occur	at	the	micro	scale	level.	

Where or Context:	The	case	studies	are	the	archaeological	sites	of	Arslantepe	and	La	Joya.	Arslantepe	is	
an	artificial	mound	located	in	the	Malatya	plain	(Eastern	Anatolia,	Turkey)	inhabited	without	interruption	
at	 least	 since	 the	 5th	 millennium	 BC	 until	 the	 Roman	 and	 Byzantine	 periods.	 From	 1961	 onwards	
investigations	have	been	carried	out	by	the	Italian	Archaeological	Expedition	of	the	“Sapienza”	University	
of	Rome,	directed	by	Prof.	Marcella	Frangipane.	Monumental	mud-brick	buildings	have	come	to	 light	
dated	back	to	the	period	known	as	that	of	early	state	organization.	This	work	presents	a	preliminary	study	
of	 the	architectural	 features	excavated	 from	the	Late-Chalcolithic	period	 (3800	–	3000	AD),	analyzing	
their	building	sequence	and	constructive	technologies.	La	Joya,	on	the	other	hand,	is	a	prehispanic	city	
of	earthen	buildings	at	 the	 confluence	of	 Jamapa	and	Cotaxtla	 rivers	 in	 the	 centre	of	Veracruz	State	
(Mexico).	Since	late	2004,	an	archaeological	project	led	by	Prof.	Annick	Daneels	(National	Autonomous	
University	of	Mexico)	has	been	investigating	the	emergence	and	the	developments	of	state-government	
systems	in	classic	Mesoamerica.	Extensive	excavations	of	the	remains	of	a	22	meters	high	pyramid	and	
two	palaces,	built	in	accordance	to	the	Mesoamerican	architectural	canons,	has	revealed	an	unexpected	
richness	in	the	building	system,	with	the	construction	sequence	covering	the	first	millennium	AD.	

When:	What	I	try	to	verify	with	this	PhD	project	is	how	structural	and	technical	problems	were	faced	in	
two	very	different	times	and	places,	Mesoamerica	and	Turkey.	To	this	end,	I	shall	follow	three	different	
methods:	a)	the	study	of	cultural	context	and	building	system	on	the	field,	looking	for	the	reasons	for	their	
transformation/continuation;	b)	the	characterization	of	the	earth	used	for	the	construction	of	buildings	
through	chemical	and	physical	analysis;	c)	3D	virtual	reconstruction	of	the	monumental	structures	as	a	
tool	for	studying	the	construction	techniques.

Samples	of	mound-fills,	mud-bricks	and	mud-plasters	obtained	from	both	sites	were	collected	and	studied	
by	means	of	thin	section	analysis,	X-ray	fluorescence	(XRF)	and	diffraction	(XRD),	compressive	strength	
tests,	FTIR	spectroscopy,	sedimentation,	scanning	electron	microscopy	(SEM)	and	dry	flow	porosimetry.	
Furthermore,	 the	original	drawings	 -	plans,	perspectives	and	profiles	 -	made	by	 the	archaeologists	 in	
both	sites	were	used	to	propose	a	hypothetical	3D	reconstruction	of	the	monumental	buildings,	based	
on	the	updated	archaeological	and	historical	information.	For	example,	through	the	analysis	of	the	slope	
of	the	few	preserved	steps	belonging	to	the	west	staircase,	it	was	possible	to	attempt	the	reconstruction	
of	twelve	tiers	of	the	La	Joya	pyramid	using	3D	AutoCad	software.	Also,	drawing	on	the	results	of	the	
surveys,	 the	digital	elevation	model	of	La	 Joya	 (DEM)	was	reconstructed	using	GIS	software	 (ArcView	
9.2),	giving	an	idea	of	how	the	monumental	complex	appeared	to	the	eyes	of	those	who	walked	into	it.

Effectiveness:	Laboratory	analysis	when	combined	with	archaeological	considerations	and	architectural	
studies	of	the	structures,	provided	useful	results	for	the	study	of	ancient	earthen	architecture.	A	fully	
intentional	 technological	 process	 in	 the	 production	 of	 the	 mud-bricks	 at	 Arslantepe	 can	 as	 yet	 not	
be	 demonstrated,	 but	 it	 is	 certain	 that	 the	 know-how	was	 understood	 and	 applied.	 Indeed,	 various	
materials	were	used	in	the	preparation	of	the	mud,	such	as	pottery	fragments	and	animal	bones,	as	well	
as	chopped	grasses,	to	reduce	the	shrinkage	of	clay	and	prevent	the	consequent	phenomena	of	cracking	
and	deterioration	of	the	mud-bricks.	At	the	same	time,	it	seems	clear	that	the	know-how	of	the	ancient	
builders	of	La	Joya	is	much	more	complex	than	could	be	imagined	before	starting	the	excavation.	In	fact,	
it	shows	very	effective	devices	such	as	an	excellent	disposition	of	the	charges	in	the	structures	and	the	
protection	against	high	weathering	typical	of	the	humid	tropics	(high	summer	rains	and	hurricane	force	
gales	 in	winter).	The	on-going	comparative	work	between	Arslantepe	and	La	Joya	is	showing	that	the	
ancient	builders	were	fully	aware	of	the	influence	of	environment	on	construction	materials,	adopting	
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http://w3.uniroma1.it/arslantepe/history_excavations.htm


SMARTDoc 2010

BOOK OF ABSTRACTS

P A G E

62

effective	solutions.	In	this	sense,	3D	reconstruction	of	the	excavated	buildings	clearly	emphasizes	some	
constructive	aspects	that	are	not	evident	from	plans	and	profiles	alone.	

References:
•	 Annick	Daneels,	“Monumental	Earthen	Architecture	at	La	Joya,	Veracruz,	Mexico”,	Crystal	River:	

Foundation	for	the	Advancement	of	Mesoamerican	Studies,	Inc.,	2008
• http://www.famsi.org/reports/07021
•	 Marcella	Frangipane,	“Developments	 in	Fourth	Millennium	Public	Architecture	 in	 the	Malatya	

Plain:	from	Simple	Tripartite	to	Complex	and	Bipartite	Pattern”	in	M.	Özdoğan,	H.	Hauptmann,	
N.	 Basgelen	 (eds),	 From	Villages	 to	Cities,	 Studies	 presented	 to	Ufuk	 Esin	 (Arkeoloji	 ve	 Sanat	
Yayınları),	Istanbul	2003

•	 Giovanna	Liberotti,	“Characterization	of	the	4th	millennium	mud-bricks	of	Arslantepe	–	Malatya	
(Turkey)”,	in	M.	Achenza,	M.	Correia,	H.	Guillaud	(eds),	Mediterra	2009,	The	First	Mediterranean	
Conference	on	Earth	Architecture, Edicom	Edizioni,	Cagliari	!3-16	March	2009,	p.	157-165
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POSTER FORUM D: INFORMATION MANAGEMENT FOR 
MAINTENANCE AND MONITORING OF HERITAGE PLACES

	This	forum	addresses	heritage	information	that	provides	regular,	cost	effective	and	relevant	information	
for	 the	 adequate	 technical	 improvement,	 proper	 management	 and	 social	 involvement	 required	 for	
all	preservation.	When	regular	maintenance	 is	conducted,	 the	overall	maintenance	costs	of	a	historic	
building	 will	 be	 lower	 over	 time.	 As	 a	 result	 of	 systematic	 collection	 of	 information	 during	 regular	
inspections	(monitoring	of	the	state	of	repair)	it	becomes	possible	to	compare	and	monitor	the	condition	
of	the	cultural	heritage	stock.	Collected	statistic	data	can	be	used	as	a	management	tool,	as	well	as	for	
research	(Precomos,	2008).		Included	in	this	forum	are	strategies	for	risk	and	disaster	planning.

“Real time” Monitoring of physical parameters of the Cultural Heritage by 

A.Fernández Navajas1, F.J.García-Diego2, P.Molina Martínez3.

1,	2	y	3:	Department	of	Applied	Physics	(U.D.	Agrónomos),	Universidad	Politécnica	de	Valencia,	Camino	de	
Vera	s/n,	46022	Valencia,	Spain.
1:	afnavajas@fis.upv.es
2:	fjgarcid@upvnet.upv.es
3:	mpilarmmartinez@gmail.com

Keywords:  real	time,	monitoring,	physicals	parameters

Abstract

Why:	 Nowadays,	 technology	 develops	 very	 quickly	 due	 to	 the	 invest	 set	 in	 determined	 areas,	 such	
construction,	 medicine	 and	 telecommunication.	 These	 technologies,	 which	 have	 been	 developed	 in	
other	fields,	should	be	employed	in	other	significant	areas,	such	as	the	art	world.	In	this	field,	technology	
begins	to	be	implanted	slowly	and,	often	times,	begins	with	complex	technologies	when	the	basic	kind	
have	yet	to	be	implanted.	

The	investigation	team,	formed	by	professors	from	the	Department	of	Applied	Physics	of	the	Universidad	
Politécnica	 de	 Valencia	 and	 the	 Instituto	 Valenciano	 de	 Conservación	 y	 Restauración	 (IVC+R),	 has	
developed	a	system	to	monitor	physical	parameters	of	artworks	and	cultural	heritage	in	real	time.

The	 actual	 data	 collected	 pertains	 to	 temperature,	 relative	 humidity	 and	 electric	 conductivity	 of	 the	
wood,	while	other	kinds	are	being	developed,	like	type	of	light,	kinetic	energy	of	the	rain,	and	so	on	and	
so	forth.

Where or Context: The	most	relevant	places	where	the	microclimate	has	been	studied	are:	the	Ariadnas	
house	in	Pompeii,	Italy,	the	frescoes	at	the	Cathedral	of	Valencia,	and	the	shipwreck	Zencity	in	Buenos	
Aires,	Argentina.	

In	 Pompeii	 the	 IVC+R	 was	 going	 to	 conserve	 the	 frescoes	 of	 the	 Adriana’s	 House.	 Previous	 to	 its	
conservation,	 a	 series	 of	 studies	were	 carried	out.	 	 Amongst	 them,	 a	microclimate	 study,	which	was	
carried	out	in	order	to	find	the	most,	appropriate	techniques	and	materials	to	be	used	in	its	conservation.	
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In	the	main	chapel	of	the	Cathedral	of	Valencia,	some	frescoes	were	found	behind	a	false	vault.	They	were	
twelve	winged	angels,	4	meters	tall.	Sensors	were	placed	inside	the	walls	to	observe	the	transpiration	
within	them.		The	system	would	be	used	to	find	possible	humidity	infiltrations	on	walls	and	ceilings	that	
could	damage	the	paintings.	

During	 a	 construction	 project	 in	 Buenos	 Aires,	 a	 land-locked,	 shipwreck	 from	 the	 18th	 Century	was	
discovered.	 	 The	 local	 authorities	decided	 to	 transport	 the	 remains	 to	a	new	 location	 to	be	 interred	
again	in	a	more	secure	location.		Sensors	were	placed	in	the	remains	to	measure	the	levels	of	electric	
conductivity	and	temperature	inside	the	wood	in	order	to	evaluate	the	humidity	levels	that	had	suffered	
immensely	during	the	excavation,	drying	almost	completely.		It	was	assumed	that	by	interring	the	wood	
of	the	shipwreck	again,	it	would	re-hydrate,	reaching	a	state	of	equilibrium.		These	changes	in	humidity	
levels	in	any	given	conservation	project	present	serious	issues	that	greatly	influence	the	amount	of	care	
and	restoration	required	to	preserve	them.	

For	each	case,	special	sensors	were	developed.	In	Pompeii,	autonomous	data-loggers	were	used.	In	the	
Cathedral	of	Valencia,	the	sensors	used	were	connected	by	cable.	They	were	introduced	through	porous,	
ceramic	cylinders	for	a	more	appropriate	installation.	In	the	shipwreck,	the	conductivity	sensor	needed	
to	sustain	interment.	This	information	is	being	analyzed	with	complex	statistics	tools.	

The	information	is	stored	in	a	USB	memory	that	stores	several	years	of	data.	It	also	has	a	wireless	phone	
that	alerts	via	SMS,	in	case	any	anomaly	occurs	in	the	temperature,	humidity	or	any	other	sensor.		

When:		The	artwork’s	conditions	can	be	modified	by	travelling	exhibitions,	conservation	interventions	or	
just	sudden	atmosphere	changes.	Therefore	is	a	must	to	control	the	microclimate	conditions	in	order	to	
assure	the	safety	of	the	pieces.		The	data	is	monitored	in	real	time.		A	microcontroller	sends	an	alert	call	
in	case	of	risk	and	when	there	is	enough	data,	the	information	can	be	analyzed	by	an	expert	and	stored	
in	an	adequate	database.	

Effectiveness: After	years	of	work,	the	sensors	that	have	been	developed	are	very	reliable.	They	adapt	
to	the	necessities	of	each	specific	piece	and	can	be	used	during	long	periods	of	time.	The	information	
recollected	is	being	used	to	replace	the	ceilings	 in	the	Adriana’s	House	and	to	predict	the	location	of	
future	humidity	damage	in	the	frescoes	of	the	Cathedral	of	Valencia.	

By	joining	these	qualities	together,	in	a	project	that	is	already	able	to	store	large	amounts	of	information	
in	an	organized	fashion	onto	a	high-speed	USB	with	a	new,	SMS	warning	system,	the	project	has	proven	
to	 be	 quite	 effective.	 By	 storing	 and	 organizing	 vast	 amounts	 of	 data	 and	 also	 alerting	 the	 owner	
immediately	in	case	any	problem	occurs,	the	programs	shows	great	improvement	over	others.

References:
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renaissance	frescoes	of	the	Cathedral	of	Valencia	(Spain)”	Journal	of	Cultural	Heritage,	Volume	
11	(2010)	Pages	339–344. 

• Dario Camuffo, Emanuela Pagan, Sirkka Rissanen , Łukasz Bratasz, Roman Kozłowski, 
Marco Camuffo, Antonio della Valle. “An advanced church heating system favourable 
to artworks: A contribution to European standardization” Journal	of	Cultural	Heritage,	
Volume	11	(2010)	Pages	205-219.



SMARTDoc 2010

POSTER PRESENTATION

P A G E

65

POSTER FORUM E: INFORMATION SYSTEMS AND 
DISSEMINATION

This	forum	addresses	the	design	and	implementation	of	systems	for	finding,	cataloguing,	storing,	and	
sharing	 information	by	making	 it	 accessible	 to	potential	users	now,	and	 in	 the	 future	 (Letellier	 et	 al,	
2008).		This	includes	education	and	training	as	well.

The Zubarah Archaeology and Heritage Park Project – State of Qatarby Moritz 
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Abstract:

Why:	The	poster	enrolls	the	complexity	of	an	multi-disciplinary	project	which	will	turn	public	attention	
and	awareness	 to	 the	rich	cultural	heritage	of	 the	State	of	Qatar.	The	Qatar	 Islamic	Archaeology	and	
Heritage	Project	(QIAH)	is	a	cooperation	between	the	Qatar	Museums	Authority	and	the	University	of	
Copenhagen.	 It	was	established	 in	2009	to	carry	out	archaeological	research	 in	the	northern	parts	of	
Qatar	especially	in	the	area	of	the	ancient	city	of	al	Zubarah	and	its	hinterland	and	to	develop	the	region	
into	 a	National	Heritage	park.	 The	QIAH	 is	 a	 large-scale,	multi-disciplinary	project	were	 archaeology,	
environmental	studies,	conservation	and	site	presentation	are	linked	to	the	heritage	management	from	
the	very	beginning.	Since	2008	the	archaeological	site	of	Zubarah	and	its	neighbouring	settlements	are	
on	the	UNESCO	tentative	list	for	world	heritage.	The	project	area	is	now	under	survey.	Also	excavations	
take	place	within	the	city	of	al	Zubarah	and	other	sites	in	the	region.	

Where or Context:	During	 the	18th	and	19th	Century	AD	 the	Arabian	Gulf	was	 the	 frame	of	 intense	
fishing	and	trade	of	pearls.	One	of	the	booming	towns	of	the	pearl	trade	was	Zubarah	located	at	the	
northern	coast	of	the	Qatar	peninsula.	The	city	had	at	least	3000	inhabitants,	covered	more	than	100	
hectares	and	was	defended	by	towers	and	walls.	Zubara	is	one	of	the	few	surviving	complete	18th	-	19th	
century	town-plans	of	its	type	in	the	region,	and	as	such	a	unique	resource	for	the	understanding	the	
life	and	culture	of	that	time.	Today	the	site	is	very	deflated	and	the	ruins	are	covered	with	sand	blown	
in	by	the	wind.	The	environmental	conditions	with	high	salt	concentration,	extreme	temperatures	and	
strong	winds	results	in	very	fragile	archaeological	remains.	Conservation	and	consolidation	work	under	
these	extreme	conditions	requires	a	permanent	monitoring	and	maintenance	process	and	long	termed	
strategies	for	protection	and	site	presentation	for	the	public	are	required.

When:	For	the	project	a	“virtual”	(semistructured	XML-)database	is	now	under	construction,	which	will	
link	and	combine	different	documentation	systems,	data	bases	and	materials	of	all	parts	of	the	project.	
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All	 information	 from	 the	 different	 disciplines	 are	 seen	 as	 a	 part	 of	 the	 cultural	 heritage	 of	 Zubarah.	
Information	will	be	presented	in	English	and	Arabic.	This	knowledge	will	be	organized	and	conducted	by	
a	heritage	management	committee.	The	management	covers	the	scientific	research,	conservation	and	
site	management.	The	management	structure	develops	through	a	dialogue	between	all	stakeholders,	
including	 the	 policy	 makers,	 and	 specialists	 from	 the	 QIAH-Project.	 The	 visions	 are	 formulated	 and	
structured	 in	a	master	plan	 for	 the	entire	archaeological	project	 respectively	 the	heritage	park.	Each	
part	of	the	project	can	use	its	own	documentation	system.	The	“virtual”	database	platform	shall	link	the	
information	coming	from	the	single	parts	of	the	project.	The	structure	of	the	database	can	be	developed	
individually	to	the	purpose	of	the	different	sections	and	their	needs.	

Effectiveness:	The	“virtual”	data	base	should	work	as	a	easy	access	information	system	for	the	public	and	
as	a	research	tool	for	the	scientific	work.	To	provide	an	easy	access	to	the	stored	data	a	3D-model	or	a	
map	will	be	used	for	the	navigation	inside	the	database	system.	Icons	will	mark	places,	points	of	interest	
or	sites	with	a	specification	of	the	linked	information,	e.g.	information	about	natural	highlights	or	specific	
architectural	features,	interesting	finds,	etc.	Clicking	on	a	site-icon	will	lead	to	a	3D-model	of	the	chosen	
site.	The	3D-models	are	based	on	new	3D-laser	scans	of	the	archaeological	remains,	showing	the	actual	
state	of	preservation.	Here	different	topics	can	be	accessed	via	icons	indicating	stored	information.	This	
data,	e.g.	for	the	architectural	remains,	will	be	organized	building	by	building,	room	by	room	and	wall	by	
wall.	The	architectural	database	will	contain	a	log	book	for	each	architectural	feature	and	will	be	used	to	
document	the	monitoring	of	the	state	of	preservation,	needed	maintenance	and	running	measurements,	
e.g.	conservation,	consolidation,	sheltering,	backfill,	etc.	The	database	will	be	maintained	by	the	QIAH-
Project.	

References:
•	 Mikkel	Bille	(ed.)	“End	of	the	Season	Report	2009,	Vol.1	Archaeological	Excavations	&	Survey	at	
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•	 Tobias	Richter	(ed.)	“End	of	the	Season	Report	2010”,	University	of	Copenhagen	/	Qatar	Museums	

Authority.
•	 Nicolò	 Marchetti	 and	 Ingolf	 Thuesen(eds.)	 ARCHAIA:	 Case	 Studies	 on	 Research	 Planning,	

Characterization,	 Conservation	 and	 Management	 of	 Archaeological	 Sites.	 2008	 Oxford.	 BAR	
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Abstract

Why:	 As	 a	 follow-up	 to	 the	 Periodic	 Report	 for	 Asia,	 the	 UNESCO	 World	 Heritage	 Centre	 and	 the	
International	Council	of	Monuments	and	Sites	(ICOMOS)	have	been	assisting	State	Parties	in	identifying	
new	and	underrepresented	 categories	 of	 properties	 to	 be	 nominated	on	 the	World	Heritage	 List.	 In	
this	context,	an	initiative	was	launched	in	2005	for	the	nomination	of	a	serial	and	transnational	World	
Heritage	property	representing	the	cultural	phenomena	of	the	Silk	Roads	over	land.	

Where or Context:	This	initiative	involves	for	the	time	being	five	State	Parties	from	Central	Asia	–	the	
Republics	of	Kazakhstan,	Kyrgyzstan,	Tajikistan,	Turkmenistan	and	Uzbekistan	–	and	the	People’s	Republic	
of	China.	 It	has	progressed	over	the	 last	few	years	on	the	basis	of	a	conceptual	paper	and	through	a	
number	of	regional	workshops	and	preparatory	work	at	national	level.	To	support	this	initiative,	the	Silk	
Road	Cultural	Heritage	Resource	Information	System	(CHRIS)	project	has	been	set	up	in	collaboration	
with	the	Belgian	Federal	Science	Policy	Office	(BESLPO),	UNESCO-WHP	and	a	Belgian	consortium	headed	
by	the	Raymond	Lemaire	International	Centre	for	Conservation	(RLICC),	K.U.Leuven.	The	project	proposal	
aims	at	providing	a	holistic	approach	for	the	recording,	documentation,	protection	and	monitoring	of	
potential	World	Heritage	Properties	in	the	Silk	Road’s	Central	Asian	countries.

When:	 A	 Cultural	Heritage	 Resource	 Information	 System	will	 be	 developed	 to	 provide	 a	 platform	 to	
record,	store	and	share	heritage	information	aimed	at	supporting	management,	monitoring,	reporting,	
dissemination	and	presentation	of	heritage	properties.	It	also	aims	at	contributing	in	the	protection	of	
the	Outstanding	Universal	Value	(OUV)	of	the	sites.	Moreover,	 it	will	help	the	State	Parties,	partners,	
stakeholders	 and	heritage	 site	managers	 involved,	 to	 share	 and	exchange	 information	 from	multiple	
sources	and	formats	using	up-to-date	international	compatible	standards.	In	doing	so,	it	will	help	develop	
following	standards	for	similar	regional	and	international	activities.	Furthermore,	the	information	system	
will	be	integrated	and	web-based,	permitting	accessibility	from	any	location	in	the	C-Asian	countries	and	
its	design	will	be	developed	using	advanced	open	source	software.

Effectiveness:		In	the	application	of	information	technology	for	Cultural	Heritage	and	Digital	Technology,	
the	Silk	Road	CHRIS	project,	which	is	still	at	its	initial	stage,	will	explore	benefits	and	constraints	of	these	
tools;	as	well	as,	to	contribute	in	bridging	the	gap	between	technology	and	heritage	decision	makers.		It	
means	to	develop	manuals	and	guidelines	to	refine	the	Operational	Guidelines	for	Serial	World	Heritage	
Sites	 (documentation,	monitoring	and	periodic	 reporting);	will	develop	 	a	 comparative	 study	of	built	
heritage	for	sites	to	be	included	on	the	tentative	list;	and	an	overall	study	of	the		geographical	terrain,	
archaeological	sites.	Finally,	the	Silk	Road	CHRIS	project	aims	at	overcoming	geographical	barriers	and	
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to	look	into	the	effectiveness	and	limits	of	the	use	of	serial	nominations	of	World	Heritage	Sites;	it	could	
be	an	example	of	cultural	co-operation	networks;	and	could	demonstrate	the	potentials	of	an	improved	
heritage	documentation	system.

Heritage information for Preservation of the Entire Spectrum of the Built 

Environment by Kamani Perera1, Dinesh Chandra2

1:	Librarian/Research	Officer,	Regional	Centre	for	Strategic	Studies

Sri	Lanka,	k_vithana@yahoo.com
2:	Section	Officer,	Ministry	of	Defence,	New	Delhi,	India,	chandradines@gmail.com

Keywords:	heritage	information,	geographical	information	system,	deterioration

Abstract

With	 the	 dawn	 of	 new	millennium,	many	 scientific	 developments	 are	made	 in	 the	 field	 of	 heritage	
information	 preservation.	 Heritage	 information	 is	 being	 housed	 as	 a	 repository	 in	 special	 libraries,	
archives,	museums	 and	 cultural	 heritage	 institutions.	 In	 the	 past	 ten	 years,	 the	web	 has	 broadened	
geographic	 access	 of	 the	museums/archives	 to	 include	 remote	 as	well	 as	 local	 users,	 and	 electronic	
resources	have	made	it	possible	to	transmit	materials	around	the	world.	The	era	of	digital	museums	has	
arrived.	In	this	digital	era	people	visits	museums	physically	or	virtually	for	various	reasons.	They	expect	
that	they	can	access	images	through	on-line	visit	which	cannot	be	accessed	physically	within	the	museum	
walls.	Some	museum	web	sites	provide	descriptive	information	about	objects	and	many	museum	web	
sites	contain	only	marketing	information.	Good	museum	web	site	should	be	a	one	that	produced	general	
interest	 information	with	 full-access	 to	 entire	 collection.	 To	 fulfill	 this	 task,	 preservation	 of	 heritage	
information	has	become	mandatory.

Why?: Heritage	 information	 are	 unique,	 fragile,	 oversize,	 need	 of	 special	 care	 and	 irreplaceable.	
Therefore,	it	is	prudent	to	digitize	heritage	information	using	new	technologies	and	preserve	for	present	
and	future	use.	Digital	preservation	helps	to	browse	much	faster	at	any	where	any	time	any	user	rather	
than	physically	handling	slowly	and	carefully	to	avoid	deterioration.	When	focus	on	digital	preservation	
of	heritage	information,	it	is	mainly	considered	texts	and	images.	Heritage	information	is	more	at	risk	as	
a	result	of	the	secondary	effects	of	a	disaster.	Therefore,	it	is	very	urgent	to	take	quick	action	to	preserve	
entire	spectrum	of	the	built	environment.	

When?: Heritage	 information	 should	 be	 preserved	 before	 its	 deterioration	or	 else	 post-preservation	
methods	should	be	adopted	to	preserve	the	information	for	present	and	future	use.	Due	to	air	pollution,	
explosives,	 fire,	 earthquakes,	 tsunami,	war	 etc	 a	 considerable	 amount	 of	 historic	 information	 in	 the	
world	are	 in	danger.	Therefore,	 it	 is	 important	 to	 take	preservation	steps	 to	protect	cultural	heritage	
information.	

How?: New	 technologies	 facilitate	 the	 inventory,	 evaluation	 and	 preservation	of	 cultural	 heritage.	 A	
Geographical	Information	System	(GIS)	which	is	an	organized	collection	of	computer	hardware,	software,	
geographic	data	and	personnel	helps	to	capture,	store,	update,	manipulate,	analyze	and	display	all	forms	
of	geographically	referenced	information	(Duran,	Garagon	Dogru	&	Toz,	2003).	GIS	technology	supports	
effective	recording	and	information	management	of	cultural	heritage.

mailto:k_vithana@yahoo.com
mailto:k_vithana@yahoo.com
mailto:chandradines@gmail.com


SMARTDoc 2010

POSTER PRESENTATION

P A G E

69

•	 Developing	 a	 detailed	 database	 which	 can	 be	 accessed	 freely	 to	 make	 awareness	 of	 the	
importance	of	preservation	of	heritage	information.

•	 Provide	information	on	conservation,	preservation	methods	as	well	as	preventive	conservation	
methods.

•	 Develop	websites	on	cultural	heritage	to	attract	more	audience,	tourist	for	sustainable	tourism	
and	public	awareness	of	value	of	preventive	conservation	of	the	cultural	heritage	information.

Cultural	 heritage	 information	 is	 being	 preserved	 physically	 and	 digitally	 in	 special	 libraries,	 archives,	
museums	and	cultural	heritage	institutions.	Digitally	preserved	data	are	widely	distributed	through	Internet	
and	World	Wide	Web	(WWW).	Heritage	websites	offer	interactive	online	learning	and	flexible	exploring	
to	the	cultural	heritage.	The	role	of	museums/archives	have	changed	and	expanded	their	services	beyond	
the	 traditional	boundaries	 in	 the	post-industrial	 society.	 In	 the	past,	museums	have	defended	 for	 the	
entertainment	of	visitors	and	now	they	have	become	establishment	for	learning	and	enjoyment.		Users	do	
not	have	time	to	concern	with	the	museum	hours	of	operation,	and	they	do	not	have	to	physically	go	to	
the	museums/archives	to	access	resources.	Museum/archive	professionals	are	always	at	the	forefront	of	
the	latest	technologies	in	order	to	find	new	ways	to	optimize	the	management	of	museums	and	heritage	
resources,	and	to	provide	improved	services	within	the	entire	spectrum	of	built	environment.
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Abstract

Why:	Recently,	various	approaches	of	heritage	recording	appear	on	the	scene.	Moreover,	the	amount	of	
accessible	heritage	records	is	increasing	from	day	to	day.	However,	it	is	hard	to	say	that	such	heritage	records	
are	being	used	at	fullest	value,	and	some	fields	have	experienced	the	situation	of	“glut	of	information.”	
Consequently,	it	is	necessary	to	develop	methods	easy	enough	to	browse	and	search	heritage	records.	In	
order	to	solve	such	problems,	we	suggest	KACHINA	CUBE	(KC)	system,	a	web-based	application	that	can	
pack	various	pieces	of	heritage	information	into	a	“cube”.		This	presentation	elucidates	how	KC	can	be	
used	for	heritage	recording	and	information	management.

Where or Context:	 The	most	 important	 thing	 in	 this	 research	 is	 to	 develop	 a	 information	 system	 to	
integrate	a	 large	quantity	of	 fragmentary	heritage	records	and	to	construct	a	method	for	visualizing	a	
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“scheme	of	 things”.	 For	 this	purpose,	we	need	 to	place	all	 fragmentary	 records	 in	 the	 same	context.	
Moreover,	we	have	to	come	up	with	a	way	to	put	various	information	in	a	cube.	

When:	We	decided	to	design	KC	in	three	dimensions,	two	dimensions	for	geographical	information	and	
another	one	for	temporal	information.	In	this	virtual	3D	space(CUBE	model),	users	can	post	formal	and	
informal	story	fragments	and	can	rotate	the	cube		Among	them,	we	call	formal	ones	history	fragments,	
and	informal	fragments	story	ones.	KC	also	supports	researchers	to	make	linkages	among	fragments	in	
periodical	or	 logical	order.	We	call	a	set	of	cultural	 fragments	storyline.	Moreover,	we	are	developing	
Cubic	 Search	 Architecture	 ”CSA”	 for	 the	most	 appropriate	word.	 A	 fragment	 highlighted	means	 that	
it	 includes	 the	 searched	word.	Moreover,	 if	 there	 are	more	 than	one	appropriate	 fragment,	 a	 line	 is	
described	among	those	fragments.	his	function	helps	to	find	a	hidden	context	or	story	among	fragmented	
information.	When	you	search	some	words	as	logical	conjunction,	multiple	lines	are	described	as	well	
as	color-coded	based	on	the	number	of	matched	words.	In	order	to	this	architecture,	the	degree	of	tie	
among	fragments	can	be	visible.

Effectiveness:	KC	has	been	used	by	some	researchers	in	plural	fields.	Their	purpose	is	to	store	and	share	
heritage	records,	and	to	construct	regional	digital	archives	by	using	KC.	This	helps	to	analyze	regional	
culture	on	the	 local	history	research	context.	For	example,	a	historian	 is	constructing	a	digital	archive	
of	Matsuyama	city	in	Japan	during	the	Russo-Japanese	War	(1904-1905).	In	this	case,	There	are	a	large	
amount	of	heritage	records.	Therefore,	If	people	try	to	read	such	as	records	with	generalized	method,	
they	have	to	take	an	immense	amount	of	time	and	effort.	But,	by	using	KC,	such	records	were	organized	
into	a	cube,	and	can	be	browsed	easily.

The	system	operations	demonstrated	that	“cognitive	loads”	are	cut	down	considerably	when	we	used	KC	
to	browse	a	vast	amount	of	information,	compared	to	the	other	existing	information	viewers.	Moreover,	
using	CSA,	a	search	engine	of	KC,	makes	it	possible	to	detect	linkages	among	fragmental	records	as	well	as	
to	find	out	information	specified	by	the	user.	In	the	future,	we	plan	not	only	to	improve	KC’s	applicability	
but	also	to	make	its	program	open	so	that	anyone	can	improve	it	freely.
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Abstract

The	development	of	 sustainable	management	 and	 conservation	 strategies	 for	 heritage	 constructions	
is	recognized	to	be	highly	dependent	on	the	availability	of	adequate	documentation	and	recordings	of	
relevant	 data,	 namely	 about	 the	 structural	 conditions	 and	 the	materials	 of	 the	 construction.	On	 the	
other	hand,	available	digital	 technologies	have	been	changing	the	recording	practice	by	offering	new	
tools	to	collect,	analyze	and	disseminate	information	about	heritage	constructions.	Therefore,	one	can	
expect	 the	amount	and	the	type	of	recorded	 information	to	have	the	tendency	to	 increase.	This	 fact	
leads	to	the	need	for	adequate	systems	enabling	an	efficient	management	of	such	information.	In	this	
context,	the	development	of	recording	tools	based	on	geographical	information	systems	(GIS)	has	been	
taking	a	leading	role	given	their	advantages,	especially	in	areas	where	spatial	and/or	geographical	data	
analysis	plays	a	fundamental	role.	In	the	field	of	construction-related	data	recording	and	management,	
the	usefulness	of	GIS-based	tools	is	related	to	their	versatility	to	enable	the	manipulation,	the	analysis,	
the	recording	and	the	mapping	of	large	amounts	of	data.	

In	this	context,	a	GIS-based	tool	for	the	recording	and	management	of	construction	data	from	heritage	
buildings	 is	 proposed.	 This	 tool,	 called	 SIMDE	 (System	 of	 Inventory	 for	 Materials	 and	 Damages	 in	
Buildings),	is	a	new	developed	application	that	runs	over	the	ArcGIS	software.	SIMDE	been	developed	
to	enable	the	recording	of	detailed	information	about	the	materials	and	existing	damages	of	heritage	
constructions,	 having	 in	mind	both	practice-oriented	and	 strategic	objectives	 for	 the	preservation	of	
such	constructions.	After	performing	an	on-site	survey	of	the	data	with	SIMDE,	using	a	tablet	PC,	SIMDE	
enables	the	automatic	definition	of	customized	damage	and	material	maps	that	use	specifically	defined	
symbols	for	the	mapping	representations.	Besides	the	technical	merits	of	such	graphic	representations,	
these	maps	 also	work	 as	 efficient	 visual	 aids	 for	 decision	makers.	 Therefore,	 SIMDE	was	 developed	
in	order	 to	 enable	 the	production	of	 easy	 to	 read	materials	 and	damage	maps	 in	 a	more	automatic	
way.	By	doing	 so,	 it	 is	expected	 that	 the	 information	processing	time	after	 the	on-site	 recording	and	
survey	operations	is	considerably	reduced.	In	addition,	SIMDE	also	features	the	possibility	of	managing	
recordings	and	surveys	carried	out	over	different	instants	in	time	for	the	same	construction.	This	feature	
enables	the	monitoring	of	the	construction	conditions	by	a	direct	overlapping	of	different	layers	which	
represent	 the	 different	 surveys.	 Furthermore,	 since	 these	maps	work	well	 as	 visual	 aids,	 the	 output	
section	of	SIMDE	was	developed	in	order	to	allow	for	any	kind	of	user-defined	map	to	be	obtained	on-
the-fly.	

Although	it	is	possible	to	identify	several	advantages	about	the	use	of	a	tool	such	as	SIMDE,	attention	
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is	brought	to	three	particular	aspects.	First,	a	near	100%	reduction	of	the	information	processing	time	
after	the	on-site	survey	can	be	expected	since	the	production	of	output	maps	is	automatically	carried	out	
by	SIMDE.	Second,	the	availability	of	such	detailed	information	about	the	constructions	in	an	attractive	
graphical	format,	including	its	evolution	over	time,	allows	decisions	about	the	need	to	rehabilitate	and/
or	strengthen	the	construction	to	be	made	more	easily	by	decision	makers.	Third,	such	information	can	
also	be	seen	to	be	of	extreme	value	in	emergency	situations	where	information	about	the	initial	state	of	
a	given	heritage	construction	is	necessary	for	surveys	and	condition	assessments	after	an	accident	(e.g.	
a	fire	or	an	earthquake).	Furthermore,	in	such	cases,	SIMDE	can	be	used	to	record	the	updated	state	of	
the	construction	to	be	used	for	posterior	safety	analyses.	SIMDE	is	currently	in	a	testing	phase	and	some	
real	case	scenarios	have	been	tested	so	far	to	compare	traditional	surveys	to	digitally-assisted	ones	using	
SIMDE.

Finally,	 it	 is	noted	that	SIMDE	is	part	of	a	 larger	safety	assessment	digital	 framework	currently	under	
development	that	also	includes	an	inventory	module	for	heritage	building	contents	and	art	collections,	
SIPaMo	 (System	of	 Inventory	 for	Moveable	Heritage	 in	Heritage	 Buildings),	 and	 a	 third	module	 that	
makes	a	crossover	of	the	information	from	SIMDE	and	SIPaMo	to	produce	vulnerability	and	risk	indexes	
of	heritage	constructions,	SIRU	(System	of	Inventory	for	Urban	Risk	Levels).	

HABS/HAER/HALS Digital Collection at the Library of Congress by Anne 

Mason

Collections	Manager,	HABS/HAER/HALS,	National	Park	Service,	Washington,	DC,	anne_mason@nps.gov

Keywords:	digitization

Abstract

Why:	Technology	has	created	whole	new	audiences	for	the	Historic	American	Buildings	Survey	(HABS)/
Historic	American	Engineering	Record	(HAER)/Historic	American	Landscapes	Survey	(HALS)	collection	at	
the	Library	of	Congress.	As	technology	has	changed,	HABS/HAER/HALS	has	incorporated	new	methods	
&	technologies	 into	the	survey	process.	However,	throughout	the	all	 the	changes	accepted	by	HABS/
HAER/HALS,	the	core	materials	of	drawings,	large-format	film,	and	printed	historical	reports	on	paper	
have	not	changed.	Almost	all	drawings	are	now	created	using	CAD,	but	they’re	still	printed	on	mylar	or	
vellum.	Field	measurements	are	often	 taken	with	 the	aid	of	 laser	 scanners.	These	 technologies	have	
greatly	altered	the	contents	of	field	notes	from	paper	notebooks	to	optical	disks.	Unfortunately,	there	
are	currently	no	long-term	storage	plans	in	place	for	digital	field	notes,	putting	these	materials	at	risk.	
Born-digital	equivalents	to	large-format	film	are	being	examined,	along	with	all	the	challenges	to	long-
term	preservation	they	present.	

Where or Context:	 HABS/HAER/HALS	 collection	 of	 architectural,	 engineering	 and	 landscape	
documentation	 consists	of	 standardized	measured	and	 interpretive	drawings,	 large-format	black	and	
white	photographs	and	color	transparencies,	written	historical	and	descriptive	data,	and	original	field	
notes.	The	collection	captures	the	American	experience	through	over	40,000	recorded	historic	structures	
and	sites,	from	American	Indian	cliff	dwellings	at	Mesa	Verde	to	space-age	technology	at	Cape	Canaveral.

When:	Uniformity	of	materials	and	sizes	of	the	records	made	it	easier	to	scan	and	present	on-line,	and	
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that	was	one	of	the	reasons	it	was	the	first	collection	in	the	Library	to	be	digitized	starting	in	1997.	The	
digitization	of	the	collection	has	not	negated	the	need	for	physical	archival	master	copies.	The	scanned	
images	are	treated	as	“service	copies,”	as	the	binders	in	the	Prints	&	Photographs	Reading	Room	have	
been	for	the	last	75	years.	Digitization	has	allowed	researchers	to	download	high	quality	images	at	the	
touch	of	a	button,	thus,	serving	master	copies	of	materials	to	the	public	is	rarely	necessary,	allowing	for	
greater	preservation.	In	recent	years,	HABS/HAER/HALS	has	increased	the	metadata	it	collects	about	each	
survey,	which	enhances	the	searchability	of	the	on-line	catalog,	adding	metadata	such	as	architectural	
style,	usage,	architects,	builders,	etc.	This	data	allows	researchers	to	examine	structures	by	type,	style,	
etc.,	illuminating	broad	patterns	of	American	history.	GIS	data	is	also	collected,	and	systems	to	present	
this	data	to	the	public	are	being	explored.

Effectiveness:	Over	the	course	of	a	year,	over	420,000	users	access	the	digitized	materials	on-line,	viewing	
6,160,000	webpages.	Most	researchers	now	access	the	collection	on-line	via	the	Prints	and	Photographs	
On-line	 Catalog	 (http://www.loc.gov/pictures/hh).	 Technology	 has	 allowed	 greater	 public	 access	 to	
the	collection,	 created	new	ways	of	documenting	historic	 sites,	as	well	as	 created	new	challenges	 to	
preservation.

Communicating the cultural heritage using photogrammetry: Documentation 

and information management of Villa Reale in Monza survey by Branka 

Cuca1, Raffaella Brumana 1, Mario Santana Quintero2
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Keywords:	 Architectural	 or	 built	 heritage,	 Information	 systems	 Conservation,	 Restoration,	 preventive	
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Abstract

Why:	 The	 task	 of	 describing	 something	 that	 already	 exists	 was	 always	 considered	 to	 be	 a	 major	
challenge	because	of	the	important	role	of	documentation	and	archiving	of	any	historic,	archaeological	
or	 architectural	 entity.	 Their	 continuous	metamorphose,	 a	 material	 or	 a	 spatial	 change,	 requires	 to	
keep	into	account	the	fourth	dimension	of	time.	The	up-to-date	surveying	techniques	and	continuous	
methodology	development	enable	us	to	almost	fully	describe	any	study	case	considered,	through	the	
creation	of	highly	faithful	models	of	reality.	

The	aim	of	the	research	was	to	make	an	overview	of	the	possibilities,	limits	and	further	perspective	of	
photogrammetric	disciplines	in	communicating	cultural	heritage	concentrated	on	the	representation	and	
information	communication,	often	seen	as	the	end	product	and	not	as	a	mean	for	further	dialogue	and	
interpretation.	The	objective	was	therefore	to	produce	a	valid	support	to	planners	involved	in	restoration	
and	 the	 programming	 of	 future	 destination	 of	 the	 complex.	 The	 approach	 of	 using	 different	 survey	
techniques	has	produced	a	large	amount	of	data	in	different	formats	that	needed	to	undergo	phases	of	
processing	and	organization	in	order	to	obtain	sets	of	products	useful	for	the	professional	restaurateurs.
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Where or Context:	The	study	case	is	a	large	complex	of	Villa	Reale	in	Monza,	Italy.	Unlike	the	famous	park	
that	hosts	Formula	1	Gran	Prix	circuit,		the	Villa	suffers	from	a	lack	of	popularity	by	the	general	public	
-		this	fact	is	actually	an	obstacle	in	achieving	the	sustainability	of	an	important	economic	intervention	
such	as	restoration,	enhancement,	preservation	and	future	use,	a	policy	today	strongly	supported	by	the	
Lombardy	region,	a	partial	owner	of	the	complex.	The	memory	of	Villa	Reale	as	a	residence	is	in	fact	lost	
–	it	was	in	particular	place	for	summer	leisure	(1777-1814),	strongly	desired	and	beloved	by	Archduke	
Ferdinand	of	Habsburg	Lorraine,	the	favorite	son	of	Maria	Theresa	of	Austria,	who	in	1771	was	appointed	
governor	of	Milan.	It	was	also	a	year	in	which	he	married	Maria	Beatrice	D’Este	and	a	historical	moment	
of	great	development	for	the	entire	 ‘Lombardo	Veneto’	on	the	spur	of	the	reforms	of	Maria	Theresa	
of	Austria.	The	project	of	the	Villa	as	we	see	 it	today	was	done	in	1777	by	Italian	architect	Giuseppe	
Piermarini	 (1734-1808),	 at	 first	 a	 countryside	 villa	 of	 the	Austrian	 royal	 family.	During	 the	 period	 of	
French	predominance	the	complex	was	expanded	and	the	park	was	created.	In	1859	the	Villa	becomes	
the	property	of	Savoy	family	and	 it	mainly	serves	as	a	hunting	residence,	the	 interior	rooms	and	the	
apartments	were	also	used	and	their	interior	enriched.	In	the	1934	Vittorio	Emanuele	III	has	donated	the	
complex	to	the	city	of	Monza.	Today	the	Villa	is	jointly	administered	by	communes	Monza	and	Milano.	
The	project	of	 the	overall	 survey	of	 the	complex	has	begun	 in	2003	within	 the	“International	Design	
Competition	for	the	Refurbishment	and	Enhancement	of	the	Villa	Reale	in	Monza	and	its	Gardens”	called	
by	the	Lombardy	Regional	Government	and	the	Monza	Municipality,	pro-quota	owners	of	the	Villa	Reale	
in	Monza	complex	that	covers	a	surface	of	about	36,000	square	meters,	thus	being	the	largest	fenced	
park	in	Europe.

When:	Close-range	photogrammetry	and	laser	scanning	survey	technologies	were	performed	to	deliver	
high	precision	detailed	models,	used	for	the	heritage	digitalization	and	virtualization.	All	architectonical	
elements	 are	 represented	 by	 geometric	 drawings,	 rectified	 images	 and	 orthophotos	 (up	 to	 a	 2mm	
ground	pixel	resolution).		Orthophoto	construction	was	in	some	cases	aided	by	surface	models	obtained	
from	laser	scanner	data,	confronting	difficulties	in	the	area	of	Object	Recognition	and	Reconstruction	
(ORR),	typical	of	complex	surfaces	common	for	heritage	scenarios.	Until	this	year	(2010),	topographic,	
photogrammetric	and	laser	scanner	is	done	for	a	total	of	71	rooms	of	the	Central	building	block	(I	and	
II	Nobile	 floors)	 and	 The	North	Wing	 (I	Nobile	 floor).	 The	deliverables	 of	 the	 survey	 for	 every	 room	
were:	 connection	 to	 the	 local	 topographic	 network;	 single	 photogrammetric	 rectified	 images	 (for	 all	
facades	 and	 interior	 walls)	 and	 orthophotos	 (of	 domes	 and	 vaults	 of	 the	 rooms	 atrium,	 dance	 hall	
etc.);	 photogrammetric	 products	 using	 the	 layout	 of	 geometrical	 drawings	 (box-system);	 point	 cloud	
three-dimensional	 model;	 a	 solid	 CAD	 model;	 solid	 CAD	 model,	 texturized	 using	 geo-referenced	
photogrammetric	images.	As	far	as	representation	is	regarded,	it	was	decided	to	follow	the	methodology	
(a	box-system	representation)	of	the	Restoration	school	of	Politecnico	di	Milano	(scientific	responsible	
Prof.	Della	Torre),	used	for	geometrical	survey,	material	mapping	and	condition	analysis,	done	for	about	
355	rooms	of	the	Villa	Reale.

Main	objectives	of	the	study	were	on	one	side	to	improve	remote	access	to	3D	data	that	in	the	future	
could	support	advanced	programs	of	preventive	conservation	and	guarantee	a	sustainable	intervention	
and	maintenance;	on	the	other	hand,	most	suitable	dissemination	methods	were	explored	to	facilitate	
knowledge	diffusion	to	public	users	through	a	web	vehicle.	A	management	model	that	fully	follows	the	
monuments’	life-cycle	was	conceived	as	a	methodological	and	operative	work	environment	capable	to	
continuously	 inherit	the	 information	even	after	the	planning	phase.	The	model	proposed	is	based	on	
a	concept	that	sees	every	element	as	a	face	of	a	cube	–	every	room	was	“broken	down”	into	six	single	
elements	 (walls,	pavements	and	vaults).	Every	 face	appears	as	a	 reality	on	 its	own	but	 it	 is	also	 in	a	
spatial	 relationship	with	others,	with	no	restrictions	on	number	of	 faces	or	 their	 shape.	Being	 in	 the	
same	reference	system,	conservation	data	can	easily	be	linked,	“over	imposed”	to	survey	material	and	
examined	in	a	geo-referenced	environment	for	history	of	damage	and	other	studies.
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Effectiveness:	A	Virtual	Museum	prototype	developed	using	 the	vast	collection	of	 survey	data	brings	
closer	the	monument	to	general	public,	but	also	offers	a	remote	data	consultation	tool	to	professional	
users.	A	particular	attention	was	given	to	a	visualization	tool,	based	on	a	concept	analogue	to	geo-portals.	
The	 technical	 architecture	 of	 the	web	 service	 offered,	 compliant	with	most	 recent	 Open	 Geospatial	
Consortium	 standards,	 includes	 metadata,	 spatial	 data	 sets,	 and	 network	 services	 within	 a	 layered	
architecture:	User	interface	layer	(applications	and	Geoportals),	Service	layer	and	Data	Sources	layer.	A	
catalogue	service	is	still	not	available	but	its	development	is	foreseen,	as	it	is	an	essential	element	for	any	
dynamic	database	interaction.	The	connection	between	the	catalogue	and	the	graphics	will	be	assured	
with	respect	to	discovery	(Get	Discovery	Service	Metadata	and	Discover	Metadata)	and	view	operations	
(Get	View	Service	Metadata	and	Get	Map),	 required	by	Geo-portals	 for	 spatial	 information.	The	first	
prototype	version	did	not	contain	any	spatial	reference	but	recent	implementation	permitted	to	consult	
all	survey	material	in	geo-referenced	environments:	the	user	is	enabled	to	track	down	the	coordinates	
of	any	point	within	 the	 single	element	and	hence	make	measurements	of	distances	or	areas.	Object	
coordinates	are	in	a	spatial	relationship	and	coherence,	connecting	all	the	elements	into	a	same	spatial	
reference	system	–	a	“box-system”.	Together	with	visualization	tool,	metadata	developed	for	all	elements	
are	the	central	instrument	that	will	allow	the	interconnection	between	the	spatial	geometrical	data	and	
the	conservation	data.

3D	model	representation	of	cultural	heritage	is	in	general	often	limited	to	simplifying	objects	into	planes	or	
elements	with	no	full	respect	of	their	inter-relationship.	Future	work	could	meet	the	needs	of	an	intelligent	
model	with	a	dynamic	(geo)database	with	a	flexible	reference	system,	able	to	correlate	properties	and	
coordinates	of	all	elements,	establishing	an	intelligent	dialogue.	A	permanent	and	consistent	bilateral	
information	flux	using	web-service	could	be	essential	for	interdisciplinary	collaboration	in	remote,	but	
also	for	public	awareness	rising,	guidelines	definition	and	policy	making.

References:	

•	 Cuca	B.	(2010)	“Communicating	the	cultural	heritage	using	photogrammetry.	‘Box	-	systems’	for	
spatial	data	within	virtualized	environments	as	a	methodology	for	preventive	conservation	and	
maintenance.”,	PhD	Thesis,	Politecnico	di	Milano.	 (Supervisor	Prof.	Brumana	R.,	 co-supervisor	
Prof.	Santana	M.).

•	 Brumana	R.,	Cuca	B.,	Fassi	F.,	Oreni	D.	 (2008)	“Remote	virtual	access	 to	3D	photogrammetry:	
e-VMV	virtual	musem	of	Villa	Reale	in	Monza”,	Proceedings	of	the	14th	International	Conference	
on	Virtual	Systems	and	Multimedia,	“VSMM2008	–	Digital	Heritage”	 ,	Limassol,	Cyprus,	20-25	
October	2008,	pp.	278	–	285.
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Abstract

Why:	An	adequate	presentation	of	cultural	heritage	 is	despite	the	technical	developments	of	the	 last	
years	a	challenge.	Outside	of	a	museum	the	presentation	 is	still	a	problem.	To	present	 the	history	of	
railways	infrastructure,	tunnels	and	viaducts	to	a	widespread	public	–	experts	and	laymen	–	workflows,	
presentation	tools	and	standards	have	to	be	developed.	The	base	for	this	presentation	should	be	a	three	
dimensional	model	and	the	results	of	a	broad	archive	research.

Where or Context:	The	Semmering	Railways	connecting	Gloggnitz	over	the	Semmering	Mountain	with	
Mürzzuschlag	 (as	part	 of	 the	Austrian	 Southern	Railway	 from	Vienna	 to	Graz	 and	 Italy)	was	 the	first	
mountain	railway	built	with	a	standard	gauge	track	from	1848	to	1854.	Altogether	14	tunnels	and	16	
viaducts	�	 several	 two	storied	�	help	 to	cross	 the	valleys	and	mountains.	The	owner	of	 this	UNESCO	
World	Heritage	the	ÖBB-Instrastruktur	AG	(Austrian	Federal	Railways)	is	 looking	for	a	easy-to-use	tool	
for	the	presentation	of	the	documentation	of	the	railways	infrastructure.	The	Adlitzgraben	viaduct	lies	
in	the	last	turn	before	the	Semmering	Mountain	and	was	chosen	for	this	pilot	project	due	to	 its	easy	
accessibility.	The	terrestrial	laser	scanning	data	and	the	results	from	an	intense	archives	research	were	
used	as	basis	for	backward	editing	and	the	formulation	of	the	resulting	3D	building	phase	models.	As	
presentation	platform	Google	Earth	with	all	 its	 limitations	(especially	 limited	file	size)	and	advantages	
(implementation	of	different	types	of	documents	�	texts,	images,	online	databases	)	was	chosen.

When:	 The	 promptly	 public	 access	 to	 the	 4	 dimensional	 database	 of	 the	 Semmering	 Railways	 via	
Google	Earth	would	allow	to	take	a	big	advantage	of	the	large	railway	community.	A	special	access	to	
the	database	allows	uploading	of	 information	(texts,	photos,	 images,…).	Hence	the	database	contains	
data	 from	scientific	archives	as	well	 as	 from	private	persons	which	 could	be	 reviewed,	 classified	and	
implemented	and	complete	the	available	information.

Effectiveness:	The	results	of	this	pilot	project	demonstrates	that	the	integration	of	real	data	in	a	worldwide	
ease	to	access	tool	like	Google	Earth	is	possible.	The	implemented	user	interface	allows	the	presentation	
of	three	and	four	dimensional	models	and	a	comfortable	navigation	through	space	and	time.	Further	
projects	on	the	Semmering	Railways	ask	also	for	a	further	development	of	the	processing	work	flow	and	
the	presentation	tool.	A	level-of-detail	concept	for	huge	data,	a	layer	control	and	the	implementation	of	
external	and	internal	databases	should	be	developed.	But	already	the	restriction	to	modeled	objects	no	
longer	exists.	Now	Google	Earth	can	also	be	used	under	certain	conditions	with	real	data.	It	offers	the	
building	surveyor	an	effective	possibility	to	present	his	results.
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Abstract 

Why	 :	 	 ‘Digital heritage’	refers	to	those	unique	resources	of	human	knowledge	and	expressions,	that	
are	created	digitally	or	converted	into	digital	by	making	use	of	existing	analogue	resources	[1].	However,	
digital	heritage	projects	are	exclusively	focused	either	on	‘process’	(authentication	of	data,	site	survey	
to	epigraphy)	or	on	‘product’	(representing	closer	to	reality	and	presentation	of	technical	artistry);	but	
rarely	consider	‘end-user’	(user’s	perception	of	the	content)	as	a	significant	constraint	[2].	This	is	why	
mostly	digital	heritage	contents	are	developed	with	an	‘ocular-centric’	tendency,	an	approach	to	visually	
describe	the	physical	appearance	of	heritage	in	its	digital	form.	Moreover	the	field	of	digital	heritage	still	
lacks	adequate	literature	focusing	explicitly	on	the	theory	and	methodology	of	heritage	interpretation	
[3,4].	These	limitations	are	actually	leading	the	present	trend	towards	descriptive	interpretation;	as	a	
consequence	 users	 fail	 to	 grasp	 the	 inherent	 significance	 of	 heritage,	 such	 as	 place-specific	 physical	
artefacts	 or	 architectural	 monument	 and	 their	 relationship	 with	 much	 broader	 non-visible	 cultural	
processes	that	they	are	part	of.	

Where or Context:	Interpretation	of	heritage	i.e.	understanding	the	intrinsic	values	architectural	heritage	
is	directly	related	to	individual’s	spatial	literacy	[5],	subjectiveness	and	cultural	positioning;	and	may	not	
be	the	same	for	everyone	and	may	cause	‘heritage	dissonance’	[6]	.	However,	study	of	present	literature	
on	digital	or	virtual	heritage	and	online	examples	shows	that	in	most	cases	‘interpretation’	is	considered	
as	a	linear	process	-	‘a	single	and	universal	viewpoint	about	the	past’	[7];	while	users	are	often	considered	
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as	‘universal’	with	same	cultural	background.	This	study	further	shows	that,	virtual	or	digital	contents	
are	often	developed	by	professionals	and	may	contain	subjective	reflection	or	issues	regarding	‘image	
of	practise’	[8].	Surprisingly	immediate	login	or	getting	inside	the	interface/environment	fails	to	attain	
associated	 conditioning	 and	 contextualizing	 of	 travel	 experience.	 Eventually	 there	 is	 no	 role	 for	 end-
users	or	participants	to	contribute	in	the	interpretation	process,	which	also	results	sterile	and	eventless	
experience.	

When:	Built	contexts	are	collective	memory	devices	and	manifestations	of	collective	cognitive	background	
[5].	Henceforth,	this	research	argues	that	for	better	understanding	and	experience	from	digital	heritage	
a	comprehensive	interpretation	method	is	required	which	should	address	end-users	with	multi-cultural	
backgrounds,	overcome	the	 linearity	 in	narrative	 level	and	minimize	dissonance	 in	subjective	content	
perception.	Furthermore	it	should	promote	social	activity	to	evoke	awareness	in	heritage	conservation.	
Instead	of	pre-determined	instructional	sequences	or	descriptive	interpretation,	this	research	highlights	
the	need	of	 ‘dialogic	 interaction’;	 the	 interaction	setting	that	 is	participatory	and	contributive;	where	
visitors	or	end-users	and	experts	can	interact	mutually	and	communicate	with	each	other.	

Effectiveness:	Being	a	part	of	an	ongoing	 research;	 this	paper	hypothesizes	 that	 ‘dialogic	 interaction’	
through	 active	 participation	 helps	 to	 develop	multiplicity	 in	 digital	 heritage	 content;	 hence	 enhance	
interpretation	and	enable	end-users	 to	attain	 the	desired	perceptual	 sense	of	place	and	culture.	The	
main	scope	of	this	research	therefore	remains	twofold.	First	by	developing	a	methodological	framework,	
which	 is	 likely	 to	 benefit	 interpretation	 of	 digital	 heritage	 by	 involving	 participants	 in	 a	 process	 that	
enables	them	to	engage	in	a	dialogic-interaction	and	collectively	generate	contextual	perception	(from	
cultural	disposition	of	common	spatial	experience)	of	the	past.	Second,	to	conduct	an	explorative	study	to	
evaluate	‘interpretation’;	perceived	by	end-users	and	measure	the	effectiveness	of	the	aforementioned	
model.	Thus,	a	successful	completion	of	this	study	will	contribute	in	both	theory	and	practice	in	digital	
heritage	consumption	and	dissemination.
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Abstract

Why:	Providing	digitized	historical	items	through	the	web	is	getting	common.	While	the	files	size	of	the	
original	digitized	data	are	huge,	and	inappropriate	for	the	web,	we	need	to	find	different	strategies	for	
open	such	contents	on	 the	web.	Our	 institution	has	a	 large	number	of	digitized	historical	 items,	and	
tries	to	open	them	through	the	web,	and	encountered	this	problem.		We	challenged	the	problem,	and	
discussed	 it,	and	developed	two	 image	viewers	to	meet	 it.	We	would	 like	to	share	our	approach	and	
introduces	the	image	viewers.

Where or Context:	 Browsing	 digitized	 historical	 items	 needs	 to	 be	 flexible.	 Browsing	 high-resolution	
images	is	needed	when	people	like	to	see	the	detail	of	the	items.		Many	browsers	do	not	have	native	
support	to	load	such	images,	so	the	system	has	to	implement	ZUI	(Zoomable	User	Interface)	to	do	this.	
In	other	case,	some	digitized	data	do	not	have	high-resolution,	and	browser	can	load	the	file	at	once,	but	
they do not have concept of top or bottom, and people appreciate the items from many different angles. 
For example, in some old maps, names of places are labeled from many directions. This was related to the 
fact that people those days put rather a large map on the table or the floor to read it.	

Effectiveness:	 The	 image	 viewers	 can	 provide	 flexible	 browsing	 for	 digitized	 heritage	 items	 through	
the	web.	We	had	an	exhibition	of	decorations	of	Japanese	old	festivals,	Gion	Matsuri,	with	our	image	
browsers.	While	people	 is	not	allowed	to	 touch	or	 look	close	to	 the	original	 items,	one	of	 the	 image	
viewers	provide	the	way	to	see	the	detail	of	the	decorations	with	touch	screen.  The other viewer is not 
used in actual data, but currently working on shifting some images which needs to have rotation functions.

Future:	We	have	developed	two	image	viewers,	and	each	uses	different	technology,	but	HTML5	and	CSS3	
provide	the	possibility	of	integration	of	ZUI	and	rotation	features.	We	are	looking	for	more	practices	of	
our	tools	and	develop	such	new	tools.
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Abstract

Innovative	 geospatial	 and	 virtual	 technologies	 in	 heritage	 and	 virtual	 heritage	 reconstruction	 often	
focuses	 on	 collecting	 increasingly	 more	 accurate	 measurements	 of	 architectural	 and	 monumental	
aspects	of	a	 culture	 resulting	 in	 large	amounts	of	data.	However,	 current	projections	 indicate	 that	 in	
the	near	future	digital	data	creation	will	far	exceed	the	capacity	to	store	that	data.	In	addition,	virtual	
reconstruction	is	not	value	free,	i.e.	cultural	preservation	and	management	practices	have	been	criticized	
and	 questioned	 from	 diverging	 cultural	 perspectives.In	 our	 work	 we	move	 away	 from	 these	 typical	
uses	of	geospatial	and	virtual	technology	to	highlight	associated	aspects	of	digital	heritage	and	digital	
heritage	potential	that	are	often	ignored—two	main	aspects	will	be	discussed	within	the	confines	of	this	
poster:	1)	address	maintenance	and	use	issues,	i.e.,	how	can	currently	available	data	and	material	best	
integrated	to	enhance	novel	reconstructions,	and	second,	address	multicultural	critique,	 i.e.	how	well	
are	theoretical	considerations	integrated	into	technological	development	to	enable	the	representation	of	
diverging	spatio-temporal	experiences.		We	seek	to	act	as	intermediaries	between	several	interest	groups	
or	 stakeholders:	between	digital	heritage	 specialists	 that	provide	primarily	 technical	expertise,	public	
repositories	of	cultural	material,	educational	institutions,	and	communities.	While	our	work	covers	many	
dimensions,	for	this	poster	we	focus	explicitly	on	the	need	for	digital	sustainable	environments,	toward	
finding	a	balance	between	the	need	for	technological	innovation,	management,	and	community	needs.	
We	believe	that	education	plays	a	pivotal	role	as	a	collaborative	effort	between	different	stakeholders	to	
attain	sustainable	digital	environments.	

Why: needs and issues addressed

•	 The	 availability	 of	 data	 within	 the	 context	 of	 digital	 sustainable	 environments—are	 digital	
heritage	data	truly	available,	and	useable?	And	to	whom?	Can	data	easily	be	 integrated	 into	
larger	projects?

•	 	Need	for	collaboration	with	all	stakeholders	–	broad-based	educational	efforts	should	both	be	
focused	on	collaboration	and	address	the	needs	for	sustainable	digital	environments									

•	 Multisensoral	aspects	of	spatial	experience—–	Does	the	prime	focus	on	visual	reconstruction	
result	in	a	‘detached’	perspective	at	the	expense	of	other	equally	important	human	perceptional	
aspects.	Is	a	specific	perceptual	preference	culturally	specific?

Where or context: Site or Application Background

•	 We	explore	material	context	available	through	cultural	heritage	repositories;	we	examine	what	
digital	heritage	data	are	currently	available	and	how	to	make	use	of	these	data?	The	example	we	
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use	focus	on	available	data	for	the	Chaco	Culture	National	Historical	Park.
•	 We	 explore	 the	 transient	 and	 multisensoral	 aspects	 of	 spatial	 experience	 -	 what	 are	 the	

aspects	we	should	focus	on	in	the	future	to	represent	spatial	experience	in	multidimensional,	
multicultural	sensitive	ways?

When: Method or tools used to address the why and when
• Practical:	inventory	of	repositories	–	digital	technologies,	needs	of	communities
• Theoretical:	study	the	effect	of	sound	and	smell	in	spatial	experience—multimodality;	the	need	

for	ambiences	for	better	cross-cultural	understanding
• Technological:	 examination	 of	 current	 geospatial	 technologies	 to	 explore	 whether	 they	 are	

suitable	to	integrate	different	(cultural	and	multisensoral)	perspectives	

Effectiveness: results and assessment of the approach and lessons learned
•	 The	 results	 suggest	 several	 ways	 for	 cross-institutional	 and	 cross-cultural	 collaboration	 and	

understanding	through	digital	heritage	and	geospatial	and	virtual	technologies
•	 We	 identify	a	need	 for	more	pilot	 studies	 that	 investigate	 the	 integration	of	 the	 theoretical,	

technological,	and	practical	in	digital	heritage
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Abstract

Cultural	Diversity	and	Material	Imagination	in	Saskatchwan’s	Architecture	(CDMISA)	is	the	first	iteration	
of	a	comprehensive	project	being	developed	at	the	Carleton	Immersive	Media	Studio	(CIMS).		Working	
with	the	Azrieli	School	of	Architecture	and	Urbanism	and	the	Department	of	Canadian	Studies	at	Carleton	
University,	CIMS	has	brought	together	academics,	government	departments,	not-for-profit	agencies,	and	
conservation	professionals	to	collaborate	on	the	development	of	a	digital	knowledge-base	for	materials	
and	methods	of	construction	specific	to	heritage	architecture	in	Canada.

Why:		Nowhere	is	Canada’s	diverse	cultural	heritage	more	present	than	in	the	methods	of	construction	
carried	to	this	country	 in	the	hands	and	hearts	of	 immigrants.	 	Sadly,	with	the	de-population	of	rural	
areas,	 the	 increasing	disregard	 for	specialized	and	skilled	tradespersons,	complex	building	codes,	and	
gentrification,	this	 invaluable	cultural	resource	is	threatened.	 	For	current	and	future	generations,	the	
documentation,	 conservation,	 and	 dissemination	 of	 these	 traditional	 methods	 of	 construction	 are	
essential	for	a	sustained,	inclusive	cultural	memory.		More	practically,	and	equally	pressing,	a	working	
knowledge	of	these	technologies	is	essential	for	the	ongoing	conservation	of	our	built	heritage.

We	 begin	with	 the	 hypothesis	 that	 early	 immigrants	 to	 Canada	 are	more	 inclined	 to	 use	 traditional	
materials	and	methods	of	construction	when	fabricating	their	places	of	worship	than	when	constructing	
secular	buildings.	We	argue	that	these	religious	buildings	are	a	conscious	expression	of	ethno-cultural	
identity,	not	only	in	their	form,	but	equally	in	the	materials	and	methods	of	construction.		As	such,	these	
often	modest	structures	present	a	unique	opportunity	to	study	the	use	and	translation	of	ethno-cultural	
building	technologies	in	a	trans-national	context.
			
Where or Context:	 	 The	 parameters	 for	 our	 search	 were	 set	 to	 identify	 diverse	 ethno-cultural	
architectures	built	for	religious	practice	within	a	confined	geographical	area.		Following	a	review	of	over	
800	recognized	historical	sites,	we	identified	five	buildings	in	the	province	of	Saskatchewan	that	were	
built	within	 the	designated	time	 frame	 (1850-1925),	 represented	diverse	ethno-cultural	 communities	
(Scottish,	Lithuanian,	Icelandic,	Swedish	and	Ukrainian),	and	shared	a	similar	geography.		The	buildings	
were	 selected	using	 the	Canadian	Register	of	Historic	 Places,	 an	online	 resource	developed	by	Parks	
Canada	(http://www.historicplaces.ca/).	 	All	properties	listed	on	this	site	are	recognized	as	historically	
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significant	by	local,	regional,	or	national	authorities.

The	five	buildings	used	in	our	study	include:	Orkney	Presbyterian	Church	(1893);	Beth	Israel	Synagogue	
(1906);	 Thingvalla	 Lutheran	 Church	 (1910);	Mission	 Covenant	 Church	 (1916);	 The	Ukrainian	 Catholic	
Church	of	St.	Michael	the	Archangel	(1910).		The	poster	presents	an	overview	of	the	of	the	documentation	
process	for	all	five	buildings	and	a	detailed	example	in	the	case	of	St.	Michael’s	in	order	to	illustrate	the	
next	phase	of	our	research.	
	
When:		Our	field	research	took	place	over	ten	days	in	August	of	2008	and	seven	days	in	July	2009.		All	
buildings	were	documented	using	conventional	hand	measure,	a	Leica	Disto	A6,	and	three	of	the	buildings	
were	further	surveyed	under	the	direction	of	Christian	Ouimet	(Public	Works	and	Government	Services	
Canada,	Heritage	Conservation	Directorate)	using	a	Leica	Total	Station.	 	 Information	on	materials	and	
methods	of	construction	was	gathered	through	non-invasive	onsite	inspection,	interviews,	and	archival	
research.		This	information	was	then	used	to	generate	highly	detailed,	3-dimensional	computer	models	
that	document	the	materials	and	methods	of	construction,	as	well	as	phases	of	construction	and	re-
construction.

Effectiveness:	All	of	the	buildings	included	in	this	study	are	consistent	with	our	hypothesis	and	confirm	
that	 early	 immigrants	 to	 Saskatchewan	 were	 inclined	 to	 use	 traditional	 materials	 and	 methods	 of	
construction	 in	 fabricating	 their	 places	 of	worship.	 	What	we	did	 not	 anticipate	was	 the	 subtlety	 of	
this	inclination	and	the	degree	of	hybridity	used	in	adapting	the	Canadian	vernacular.		Our	research	in	
Saskatchewan	has	shown	us	that	a	digital	archive	of	materials	and	methods	of	construction	cannot	be	
complete	without	contextualizing	the	act	of	construction.		The	questions	of	“why”	must	be	addressed	
along	 with	 the	 questions	 of	 “how”.	 	 This	 is	 particularly	 relevant	 for	 architectural	 heritage	 and	 for	
distinguishing	building	 information	management	from	material	 imagination.	 	We	are	fortunate	at	the	
Carleton	Immersive	Media	Studio	to	have	the	computing	resources	and	expertise	necessary	for	storing	
and	distributing	very	large	data	sets.		That	said,	we	are	faced	with	the	challenge	of	developing	ontologies	
and	establishing	parameters	for	this	knowledge	portal.		Our	poster	presents	the	results	of	our	research	
to	date,	methods	of	construction,	as	well	as	phases	of	construction	and	re-construction.

Effectiveness:	All	of	the	buildings	included	in	this	study	are	consistent	with	our	hypothesis	and	confirm	
that	 early	 immigrants	 to	 Saskatchewan	 were	 inclined	 to	 use	 traditional	 materials	 and	 methods	 of	
construction	 in	 fabricating	 their	 places	 of	worship.	 	What	we	did	 not	 anticipate	was	 the	 subtlety	 of	
this	inclination	and	the	degree	of	hybridity	used	in	adapting	the	Canadian	vernacular.		Our	research	in	
Saskatchewan	has	shown	us	that	a	digital	archive	of	materials	and	methods	of	construction	cannot	be	
complete	without	contextualizing	the	act	of	construction.		The	questions	of	“why”	must	be	addressed	
along	 with	 the	 questions	 of	 “how”.	 	 This	 is	 particularly	 relevant	 for	 architectural	 heritage	 and	 for	
distinguishing	building	 information	management	from	material	 imagination.	 	We	are	fortunate	at	the	
Carleton	Immersive	Media	Studio	to	have	the	computing	resources	and	expertise	necessary	for	storing	
and	distributing	very	large	data	sets.		That	said,	we	are	faced	with	the	challenge	of	developing	ontologies	
and	establishing	parameters	for	this	knowledge	portal.		Our	poster	presents	the	results	of	our	research	
to	date.
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Abstract

Considerable	costs	are	 involved	 in	 recording	historic	places,	whether	by	hand-rendered	 ink-on-Mylar	
drawing	 for	 the	Historic	American	Building	 Survey	 (HABS)	 collection	 at	 the	 Library	 of	 Congress,	 or	 a	
digital	three-dimensional	model	for	interpretation	or	management	of	a	historic	site.		These	costs	must	
be	balanced	against	the	value	gained	from	the	act	of	recording	historic	places	and	the	interpretive	and	
preservative	gains	from	such	products.		The	methods	used	in	recording	sites	for	posterity	are	thus	central	
to	this	balancing	act,	especially	as	technological	advances	provide	an	ever-growing	array	of	possibilities.		
Among	 these	 newer	 technologies	 is	 serious	 games;	 game	 software	 designed	 for	 a	 primary	 purpose	
other	than	entertainment.		This	poster	examines	the	composition	of	serious	games	and	identifies	ways	
in	which	they	have	been,	and	might	be,	used	 in	historic	site	recording	and	preservation.	 	The	poster	
compares	and	evaluates	these	digital	technologies	with	those	embodied	in	75	years	of	HABS	recordings	
and	proposes	that	serious	game	approaches	do	not	necessarily	conflict	with	the	values	and	practices	of	
heritage	recording,	and	indeed,	could	substantially	enhance	such	traditions.

Heritage	documentation	and	recording	practices,	from	the	work	of	Viollet-le-Duc	to	HABS/HAER/HALS,	
demonstrate	a	growing	emphasis	on	scientific	values	such	as	accuracy,	precision,	and	verifiability.		While	
Viollet-le-Duc	and	his	predecessors	often	focused	on	ideal	versions	of	great	structures,	Peterson	sought	
to	survey	a	“complete	record	of	the	builder’s	art”	using	standardized	methodologies	for	preservation	
through	 the	accurate	 recording	and	documentation	of	 the	 site	and	 recording	process,	 and	providing	
access,	 verifiability	 and	 sustainability	 through	 a	 permanent	 collection	 at	 the	 Library	 of	 Congress.	 	 In	
current	practice,	the	Library	of	Congress	collection	reveals	significant	departures	from	these	ideals.		The	
HABS	collection	is	far	from	a	“complete	record	of	the	builder’s	art.”	For	despite	many	vernacular	structures	
in	the	collection,	the	collection	tends	to	focus	on	high-style	architecture	and	buildings	associated	with	
recognized	greatness.		For	numerous	reasons,	the	work	of	the	past	four	decades,	while	diversified	by	the	
addition	of	HAER	and	HALS,	continues	to	emphasize	great	buildings.		Accessibility,	though	enhanced	by	
ongoing	digitization	efforts,	remains	hampered	by	reliance	on	a	database	designed	decades	ago.		

The	body	of	work	in	virtual	heritage	over	the	past	decade	reveals	a	similar	propensity	for	grandeur	and	
an	overemphasis	on	photorealism	and	verisimilitude	at	the	expense	of	context,	functionality,	and	full	
disclosure	of	uncertainty	and	conjecture.		Virtual	heritage	has	severe	shortcomings	in	accessibility,	for	
most	models	are	only	available	for	viewing	as	still	images	or	flyover	animations	whose	trajectory	is	fixed	
by	their	builders.		While	improvements	are	being	made,	most	virtual	structures	are	isolated	from	their	
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landscape	context,	devoid	of	humanity,	and	unavailable	for	deep	scrutiny.

Serious	gaming	environments,	while	not	a	panacea,	do	offer	the	opportunity	to	place	historic	buildings	
in	the	context	of	their	cultural	and	physical	landscapes.		This	is	especially	so	if	coupled	to	Geographic	
Information	Systems.		Together,	they	offer	the	potential,	yet	to	be	fully	tested,	to	connect	the	public	with	
historic	places	and	to	link	them	with	contextual	information	about	structures,	objects,	and	the	people	
of	the	past.		Sounds,	smells,	and	other	intangible	phenomena,	experienced	in	first	person	and	in	real-
time	can	immerse	and	engage	users,	enhancing	their	sense	of	past	places.	Gaming	environments	can	be	
accessed	by	a	wide	segment	of	the	population	and	can	be	built	using	the	precise	methodology	of	HABS	
and	their	vast	archive	of	existing	drawings,	photographs	and	texts.		While	data	preservation	is	a	common	
concern,	computer	games	published	25	years	ago	can	be	explored	today	using	free	emulators.		If	the	goal	
is	to	follow	the	vision	of	Letellier	(2007)	and	transform	heritage	recording	into	an	ongoing,	iterative,	and	
reflexive	process	aimed	at	long-term	usefulness	to	society	and	the	local	community,	then	serious	gaming	
may	be	a	valuable	addition	to	the	heritage	recording	toolbox.	

Reference:

Robin	 Letellier.	 Recording, Documentation, and Information Management for the Conservation of 
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