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FORORD 
 
Velkommen til NOKOBIT 2013! 

NOKOBIT 2013 arrangeres av Universitetet i Stavanger. 

Dette er det 21. NOKOBIT siden starten i 1993, og det er 14. gang at NOKOBIT arrangeres sammen med 
NIK – og fra 2008 også sammen med NISK.  

I år har vi mottatt 23 bidrag, og det er 17 bidrag som skal presenteres. Alle bidrag har vært gjennom en 
grundig fagfellevurdering (blind review) av tre uavhengige reviewere. Denne proceedings publiseres både 
på papir og elektronisk som serie på Tapir Akademisk Forlag (www.tapironline.no). Hvert bidrag gir 
dermed forfatterne ett publikasjonspoeng. 

I god NOKOBIT-tradisjon vil hver presentasjon ha en diskutant som er grundig forberedt, og bidragsytere 
må også fortelle hvordan de har forholdt seg til kommentarene fra reviewerne. 

Jeg vil gjerne takke alle reviewerne for konstruktive tilbakemeldinger. Uten deres innsats hadde det ikke 
blitt noen konferanse. Jeg vil også takke styret i NOKOBIT for et utmerket samarbeid. 

Til slutt vil jeg takke den lokale arrangementskomiteen, og spesielt Hein Meling. Det har gått veldig fint å 
samarbeide over distanse. 

  

 

Vi gleder oss til en god konferanse! 

 

 
Terje Fallmyr 

Handelshøgskolen i Bodø, Universitetet i Nordland 
Redaktør og styreleder for NOKOBIT 2013 
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LONG-TERM PRESERVATION OF 3D ARCHITECTURAL 
BUILDING DATA: A LITERATURE REVIEW 

Devinder Thapa, Moutaz Haddara 
Department of Computer Science, Electrical and Space Engineering 
Luleå Tekniska Universitet, Luleå, Sweden. 
{devinder.thapa, moutaz.haddara} @ltu.se 

Abstract 
As a part of the on-going DURAARK project, this review summarizes research on long term digital preservation 
(LDP) of 3D architectural data related to architecture, engineering, and construction, within the domain of 
libraries, museums, archives, and small and medium sized enterprises (SMEs). The paradigm shift from 2D to 3D 
modelling raised new challenges for long-term preservation of the architectural data. For example, the original 3D 
models and the actual state of built architectures might lose fidelity in the long run because of environmental 
influences and systematic changes. Likewise, the access mechanisms of current preservation systems in the 
architectural domain are based on simple metadata schemas inherited from the analogue world, for example 
searching with a card index. In the absence of standard process and LDP strategies for 3D architectural data, it 
would be difficult to store and retrieve the detailed semantic information from the archival systems in the long run. 
Considering the various challenges in capturing, preserving, retrieving, and securing the 3D architectural data, this 
literature review is an endeavour to synthesize the current research findings and highlights the areas that lack 
sufficient research with regard to long term preservation of 3D architectural data. The paper employs open archival 
information systems (OAIS) models, a de facto standard for the LDP, to analyse the shortlisted publications. 
Finally, the paper presents on-going efforts and goals of DURAARK, an EU funded project.  
 
Keywords: LDP, 3D architectural data, literature review, DURAARK. 

1. INTRODUCTION  
Information preservation as such, is not a new concept; it is prevailing from the very beginning of the 
human civilization in the forms of tablets, stone carving, or writing on barks. Other durable objects such 
as papyrus were used to document information for thousands of years. These preservation techniques 
were also practiced by monks in many civilizations (Kuny, 1998). After evolution of the printing presses, 
preservation of cultural heritage or historic information became a major part of the national libraries.  The 
paradigm of preservation revolutionized when computer systems started to play pervasive roles in 
information processing and archiving. The paramount goal of digital preservation is to retain the 
information and ensure long-term access to the digitally stored information. It is therefore necessary that 
the preservation techniques would be able to understand and re-create the original form or function of the 
reference object to ensure its authenticity and accessibility. In a nutshell, sustainability and availability 
are the two main characteristics of long-term digital preservation. However, preserving digital 
information is a complex task because of technical, legal, and organizational issues, such as, 
heterogeneous file formats, incompatible systems, interoperability issues, rapid technological changes, 
lack of resources, protection of intellectual properties, storage environment, unwanted information, 
storage media, authenticity and information security (Hedstrom, 1997; Lee, Slattery, Lu, Tang, & 
McCrary, 2002). While there are many on-going efforts to tackle these problems and challenges, still 
much more remains to be done to actually implement the full-fledged long-term digital preservation 
(LDP) systems (McGovern, 2007). Thus, this literature review also sheds the light on the problems and 
challenges that are prevailing in the long-term preservation of 3D architectural data domain. The 
advances in technology also transformed the way of architectural drafting from 2D models to complex 
and intelligent object-based 3D models.. In general, there are two main types of modelling, object-based 
modelling, such as building information modelling (BIM), and non object-based modelling, like hand-
drawn, CAD (computer aided design) and linked databases. BIM is basically a digital representation of 
physical and functional specifications of a building or facility. BIM is also a parameter based modelling 
process and technique, in which it contains embedded information representing details of each object in 
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• Ingest: provides the services and functions to accept Submission Information Packages (SIPs) from 
Producers (or from internal elements under Administration control) and prepare the contents for 
storage and management within the Archive. Ingest functions include receiving SIPs, performing 
quality assurance on SIPs, generating an Archival Information Package (AIP), which complies with 
the Archive’s data formatting and documentation standards. Then the Descriptive Information from 
the AIPs is extracted for inclusion in the Archive database. Also, the SIPs coordinate updates to 
Archival Storage and Data Management. 

• Archival storage: provides the services and functions for the storage, maintenance and retrieval of 
AIPs. Archival Storage functions include receiving AIPs from Ingest and adding them to permanent 
storage, managing the storage hierarchy, refreshing the media on which Archive holdings are stored. 
In addition, the archival storage services perform routine and special error checking, provide disaster 
recovery capabilities, and provide AIPs to Access in order to fulfil orders. 

• Data Management: provides the services and functions for populating, maintaining, and accessing 
both Descriptive Information which identifies and documents Archive holdings and administrative 
data used to manage the Archive. Data Management functions include administering the Archive 
database functions (maintaining schema and view definitions, and referential integrity), performing 
database updates (loading new descriptive information or archive administrative data), performing 
queries on the data management data to generate query responses, and producing reports from these 
query responses. 

• Administration: provides the services and functions for the overall operation of the Archive system. 
Administration functions include soliciting and negotiating submission agreements with Producers, 
auditing submissions to ensure that they meet Archive standards, and maintaining configuration 
management of system hardware and software. It also provides system-engineering functions to 
monitor and improve Archive operations, maintain inventory, report, and migrate/update the contents 
of the Archive. It is also responsible for establishing and maintaining Archive standards and policies, 
providing customer support, and activating stored requests. 

• Preservation planning: provides the services and functions for monitoring the environment of the 
OAIS. It provides recommendations and preservation plans to ensure that the information stored in the 
OAIS remains accessible to, and understandable by, the Designated Community over the Long Term, 
even if the original computing environment becomes obsolete. Preservation Planning functions 
include evaluating the contents of the Archive and periodically recommending archival information 
updates, recommending the migration of current Archive holdings. In addition it is responsible for 
developing recommendations for Archive standards and policies, providing periodic risk analysis 
reports, and monitoring changes in the technology environment and in the Designated Community’s 
service requirements and Knowledge Base. Preservation Planning also designs Information Package 
templates and provides design assistance and review to specialize these templates into SIPs and AIPs 
for specific submissions. Preservation Planning also develops detailed Migration plans, software 
prototypes and test plans to enable implementation of Administration migration goals. 

• Access: provides the services and features that support Consumers in determining the existence, 
description, location and availability of information stored in the OAIS. It also allows Consumers to 
request and receive information products. Access functions include communicating with Consumers to 
receive requests, applying controls to limit access to specially protected information, coordinating the 
execution of requests to successful completion, generating responses (Dissemination Information 
Packages, query responses, reports) and delivering the responses to Consumers. 
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Figure 1. Open archival information Systems (OAIS) Model 
 

3. RESEARCH METHODOLOGY  
Literature reviews can create a firm foundation for advancing knowledge, by identifying current status, 
research gaps and where more research is needed (Webster & Watson, 2002). The articles in this review 
process were selected following the recommendations provided by Webster and Watson (2002). As 
shown in Table 1, the reviewed articles were selected using Luleå Tekniska Universitet’s (LTU) library 
databases i.e. PRIMO. The PRIMO represents dozens of scientific databases including Google scholar. 
The search, based on keywords and timeline presented in Table 1 generated a list of total 152 references 
from various disciplinary areas, such as architecture, construction, cultural heritage, etc. Thereafter, the 
authors independently read and shortlisted titles and abstracts of all the 152 literatures to identify a set of 
highly relevant literature. Although the search generated 152 articles, we found a few articles that 
discussed long-term preservation of architectural data in detail. We excluded the papers oriented towards 
geometric problems, and 3D architectures in general, and articles that were narrowly focused on technical 
problems related to 3D modelling. Thus, based on the most relevant articles, we finally selected 15 
papers, which are included in this review. 

Search library Luleå Tekniska Universitet (LTU) library science databases i.e. PRIMO 

Keywords 3D architectural data, 3D architectural model, long term digital preservation, 
LDP 

Period reviewed 2009 – 2013 

Subject areas Computer science and Information Systems, Construction and Architectural 
Engineering, and Cultural Heritage 

Total Search 152 publications 

Selected and Reviewed 15 publications 

Language English 

Inclusion/Exclusion Cross checking:  Backward & forward search 

Table 1. Literature review process 

All literature reviews are based on some kind of selection strategies, running the risk of excluding 
potentially relevant articles and reports from sources that were overlooked in this research. The inclusion 
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of more material might have provided additional views regarding contemporary research in this area. 
Despite these limitations, we believe the selected articles provide a good summary of current status in the 
LDP of 3D architectural data area. There is an open opportunity to validate and elaborate our findings by 
extending the literature list. We also present a mapping of the reviewed articles with the OAIS model 
processes in table 2. There are some articles which covered more than one process of the OAIS model 
and have been mapped to their corresponding processes.!

4. FINDINGS  
Currently, a large spectrum of heterogeneous and inconsistent metadata schemas and ontologies for the 
description of building components and products and their respective properties is loosely coupled to 
semantically rich BIM models. This is a severe threshold for uniform, controlled and consistent archival 
processes. Simply storing the data without any further consolidation would inevitably result in 
information loss, as timely changing metadata schemas and ontologies will eventually render the data 
non-understandable. This makes the controlled, uniform classification and indexing of the ingested data 
problematic. Thus, one of the existing efforts on modelling standardization is the “Statsbygg Building 
Information Modelling Manual”.  This manual suggests a manifesto for providing semantic naming 
conventions for objects residing in BIM models in Norway. This would facilitate the creation of 
consistent models and would enable data richness of stored objects. Also, this standardization would ease 
the collaborative architectural modelling among the stakeholders. In addition, the manual provides a plan 
on how the naming conventions should be translated from Norwegian language to English and vice versa. 
The challenge for long-term archiving of 3D architectural data arises from the fact that the more time 
goes by, the more the original 3D model and the actual state of built architecture will vary. This is due to 
weather and other environmental influences, as well as, systematic changes including retrofitting and 
annexes. Although the underlying 3D file might be well intact, the effects of the discrepancies between 
model and real world building are quite the same to the stakeholders as those of a partially damaged file. 
To this end, easy and low cost acquirable 3D point cloud scans of the as-is building state are compared to 
the original building plans, to eventually synchronize the digital representation with the real-world one. 
Storing point cloud representations of a building in a long-term archive along with the original building 
plans is also beneficial in terms of minimizing the risk of information loss due to digital decay. The 
representations rely on somewhat orthogonal encodings such that e.g. bitflips have practically no 
influence on the usability of point cloud data.  

To unambiguously capture semantically meaningful information of legacy and contemporary buildings 
and their components, new methods and technologies for the creation, long time persistence and 
management of ontological concepts and their facets are needed. This includes the development of a 
sustainable framework for the ontological concepts themselves, their annotative natural language 
descriptions in multiple locales including synonyms, homonyms and antonyms as well as strategies for 
their mapping to local classification systems and building regulations. Also, applications for documenting 
the changing state of a built architecture and the difference to original drafts are necessary. Efforts in 
developing strategies and methods to link as-is building representations provided as 3D point clouds to 
the according high-level BIM models are required. Thereafter, semantics and structure from the enriched 
BIM model can be transferred to the point cloud. This would enable the long-term documentation of a 
building’s changing state, as well as, semantically meaningful retrieval in the unstructured point clouds. 
Methods for (semi)automated detection of architecturally meaningful shapes and structures in 
semantically low-level representations. The developed method should be able to lift legacy 3D CAD data 
and unstructured point clouds to a higher semantic level by recognizing important entities. It will make 
the unstructured data suitable for long-term archival by rendering it searchable in a way that is 
meaningful to experts from the domain of architecture and construction. The institutional preservation use 
case partner will integrate the components described above into a system for long-term archival. This 
system can utilize IFC/IFD representations of the 3D data. They will be suitable for institutional 
collectors as well as for the long-term archival demands of private sector companies. The need for 
concept repositories, dictionaries and meta-classification schemas for the uniform description of building 
products has been emphasized in seminal literature (Eastman et al., 2011) and European Roadmaps for 
the building and construction sector (Hannus et al., 2003; Hannus, Kazi, & Zarli, 2010). Even though 
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fundamental contributions for structured vocabularies in the sector have been made in efforts such as the 
EU IST-10303 “eConstruct” project or the open ISO 12006 reference implementation “IFD-library.org”, 
there are no internationally agreed-upon reliable concept library archive with working governance 
procedures is in place to date. Even though commercial applications of building product catalogues like 
the Dutch BouwConnect platform, ETIM/2BA (for electronic components) and the STABU Lexicon 
systems gain acceptance in (local) markets. In addition, no vendor-independent solution exists yet, which 
would allow the transparent, publically agreed storage of building-related concepts, properties, 
terminology and classifications. However, such vendor-neutral information is necessary in order to 
achieve a sustainable long term archiving of architecture, engineering and construction related 
information. The large-scale vendor-independent storage of point cloud data for the purpose of measuring 
and documenting legacy building artefacts is currently not available to the building construction industry. 
Nevertheless, with the advent of affordable measuring systems, it has been recognized as a valuable 
solution to capture the as-built states of buildings. Although various commercial applications exist that 
are equipped with their own proprietary storage formats, point cloud datasets cannot currently be included 
in the different forms of representation in IFC STEP files.  

Recently, the exploitation of technologies and methods like the semantic web and data mining techniques 
increased the data richness and linkage. In addition, it aided in metadata enrichment and correlation 
through a wide range of technologies. Data enrichment and consolidation follows three aims: (a) the 
enrichment of existing entities with related publicly available knowledge; (b) disambiguation, and (c) 
identifying data correlations by aligning data entities with reference datasets. This is achieved by utilizing 
publicly available data from the Linking Open Data cloud (LOD) (Berners-Lee, 2009), which offers a 
vast amount of data of both domain-specific and domain-independent nature. For instance, (Dietze et al., 
2012) applies LOD-based enrichment and clustering techniques to integrate and extend educational 
resource metadata. While current enrichment approaches often use domain-independent reference 
datasets such as DBpedia (www.dbpedia.org/) and Freebase (www.freebase.com ), it is envisaged to 
expand this approach with additional and more domain-specific datasets, e.g. architecture-related ones. 
As mentioned above, enrichment aims at three main purposes, expansion of metadata description with 
existing knowledge, disambiguation, and metadata correlation. With respect to data correlation, well-
defined and multi-lingual datasets such as DBpedia offer potential to address multi-linguality and 
interoperability issues. For instance, referring distinct, multilingual architectural metadata descriptions 
containing terms like “Façade”, “Fasada” or “Außenwand” to joint enrichment concepts such as 
http://dbpedia.org/resource/façade and their corresponding RDF descriptions, enables alignment of 
distinct models, and hence, furthers semantic interoperability of distinct models and model archives. 
Apart from manually constructed and highly semantically enriched BIM models, 3D point clouds 
originating from laser scans of buildings have become increasingly important in architecture as a mean to 
document the changing state of a building over time as well as to plan and conduct preservation tasks. 
Additionally, point clouds can be used to visualize the differences between the original building drafts 
and the as-is state of the building. Moreover, as modern 3D scanners do not only measure the spatial 
positions of points but also the colours, point clouds enable a more precise representation of the model’s 
current appearance with respect to several factors including weathering and coating. This information is 
of high value in a heritage context as it provides information about content and atmosphere. Nevertheless, 
neither current commercial architectural archiving systems nor archival prototypes produced in academic 
research projects support this data type. Efficient documentation of the change of the building state and of 
the differences to the original BIM model requires the transfer of semantic and structural information 
from high level BIM models to low-level point cloud. A first approach towards this goal was described in 
(Wahl & Klein, 2007), where Level-of-Detail 1 and Level-of-Detail 2 building models were used to 
transfer semantic information to point cloud scans of cities in order to facilitate semantic interaction with 
the raw data. As a prerequisite, point cloud and architectural 3D models must be spatially aligned into a 
common coordinate frame, which requires a registration of the two geometric representations. The 
standard method for registration of a point set and a set geometric of primitives (including triangles) is 
given by the ICP algorithm and its numerous variants, see (Rusinkiewicz & Levoy, 2001) for an 
overview. ICP-based approaches tailored to the specific problem of comparing as-built constructions 
represented as point clouds with the 3D CAD proxy are presented in e.g. (Bosché, 2010). A drawback 
common to all current registration approaches based on ICP is that they are restricted to a static 
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representation of the 3D CAD proxy. Modern BIM models however include parametric building elements 
with a more dynamic shape that for example allow dimensional tolerances and are therefore not strictly 
static any longer. One of the paramount challenges that is required to be tackled is the registration 
algorithms, which are robust towards systematically missing data as in the case of built architecture and 
the original draft. Also these algorithms pose challenges in the ability to handle dynamic content, 
identification of inconsistencies between BIM model and point cloud, classification of inconsistency 
(noise or outliers in scan / missing geometry / transformed geometry), transfer of semantics from BIM 
model to point cloud that is robust to inconsistencies, and documentation of changing building state.  

Due to the huge legacy stock, for most existing buildings no 3D plans are neither available in the form of 
legacy 3D object, nor as high-level BIM models. To enable and facilitate state-of the- art retrofitting 
methods, more and more of these older building are digitalized using 3D acquisition devices. For further 
documentation, the resulting 3D point clouds must be archived implying several challenges, like 
compression, structuring and recognition of semantically relevant parts. One major challenge posed by 
point clouds is the sheer amounts of data. Depending of the size of the scanned objects and the ever 
increasing resolution of the acquisition devices, point clouds can easily reach sizes of several hundred 
Gigabytes or even Terabytes, rendering uncompressed storage for tasks like long-term archival 
intractable. Due to the unstructured nature of point clouds, common compression techniques based on 
entropy encoding like e.g. Huffman coding are not well suited to significantly reduce the amount of data. 

Ingest 
Eastman et al. (2009), Vrubel et al. (2009), Bosché  (2010), Antunes et al. (2011), 
Economidou et al. (2011), Eastman et al. (2011), Brunsmann et al. (2012), Dietze 
et al. (2012). 

Archival Storage Berners-Lee (2009), Doyle et al. (2009), Koller et al. (2009), Bosché et al. (2010), 
Hannus et al. (2010), Antunes et al. (2011), Brunsmann et al. (2012). 

Data Management 
Andrade et al. (2009), Berners-Lee (2009), Koller et al. (2009), Eastman et al. 
(2009), Vrubel et al. (2009), Bosché (2010), Hannus et al. (2010), Lubell  (2010), 
Antunes et al. (2011), Eastman, et al. (2011), Brunsmann et al. (2012). 

Administration 
Andrade et al. (2009), Berners-Lee (2009), Eastman et al. (2009), Koller et al. 
(2009), Vrubel et al. (2009), Lubell (2010), Antunes et al. (2011), Eastman et al. 
(2011), Economidou et al. (2011)., Brunsmann et al. (2012), Dietze et al. (2012). 

Preservation Planning 
Doyle et al. (2009), Eastman et al. (2009), Koller et al. (2009), Bosché (2010), 
Lubell (2010), Antunes et al. (2011), Eastman et al. (2011), Brunsmann et al. 
(2012). 

Access Berners-Lee (2009), Eastman et al. (2009), Koller et al. (2009), Bosché, (2010), 
Antunes et al. (2011), Eastman et al. (2011). 

Table 2. Papers’ main foci mapping with OAIS processes. 

Currently, there is no common standard for point cloud compression. While the algorithms presented in 
(Botsch, Wiratanaya, & Kobbelt, 2002; Kalaiah & Varshney, 2005; Kruger et al., 2005) are mainly 
designed to provide fast decompression for efficient rendering and mostly supporting level-of detail 
representation, the methods developed in (Huang, Wang, Yang, & Wu, 2006; Ochotta & Saupe, 2004, 
2008; Schnabel & Klein, 2006; Waschbüsch, Gross, Eberhard, Lamboray, & Würmlin, 2004) are tailored 
to achieve high compression rates. The algorithms presented in (Schnabel, Wahl, & Klein, 2007; 
Schnabel, Wessel, Wahl, & Klein, 2008) try to combine fast GPU-based decompression allowing 
efficient rendering with high compression rates up to less than 2 bits per point. So far, none of the 
methods including two existing related patents (US Patent App. 12/727,183, 2010, US Patent App. 
12/819,931, 2010) have been investigated regarding their suitability as formats for long-term storage of 
point clouds. While lossy encodings are out of question for archiving purposes, the remaining lossless 
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compressions currently lack an analysis in terms of OAIS preservation planning. In particular, potential 
risk identifiers and loss during migration. In contrast to highly structured and semantically enriched BIM 
models, point clouds are completely unstructured and contain no semantics at all. Regarding long-term 
preservation, storing point clouds results in data graveyards, even if manually enriched by some metadata. 
Due to their unstructured nature, point clouds are virtually impossible to be searched through 
meaningfully, rendering them completely unsuited for long-term archiving. Hence, there is a need of 
OAIS compliant point cloud compression algorithm providing bitrates comparable to those of non-OAIS 
compliant techniques. 

Over the last years there has been a move from bit-stream-preservation, which handles archiving merely 
on a bit stream level towards the preservation of the objects renderability. In order to guarantee the 
rendering of a format in the future, we need to know as much about the object on a file format level as 
possible. In addition, the format should fulfil certain sustainability factors such as; self-documentation. 
Information about the object's formal and technical information could be gathered within a trustworthy 
digital repository and captured in metadata. This may include factors such as file format, creating 
application or specific significant properties that would describe the characteristics, which have to be 
preserved. While the OAIS model outlines the necessary framework on a basic, non-implementation 
specific level, however, the state of the art has recently been defined by projects such as the EU-funded 
planets project and on-going initiatives like the National Digital Heritage Archive conducted by the 
National Library of New Zealand, Ex Libris and Sun Microsystems. Research has been mainly limited to 
metadata (Doyle, Viktor, & Paquet, 2008; Lubell, 2010), the overall quality of the obtained 3D models 
(Andrade, Bellon, Silva, & Vrubel, 2009; Vrubel, Bellon, & Silva, 2009), and a framework for the digital 
preservation of 3-D data (Doyle, Viktor, & Paquet, 2009). Several past and on-going efforts and projects 
in other engineering domains have focused on the long-term perseveration of CAD files and other product 
information. Providing domain-specific STEP schemas, the German Association of the Automobile 
Industry (VDA) developed a series of recommendations (VDA, 2005) for the long-term archiving of 
product data that covers the entire object’s lifecycle. The LOTAR initiative aims at formulating domain-
specific standards for the aerospace and defence industries (LOTAR, 2013). An extensive review of these 
and other on-going efforts is provided in (Brunsmann, Wilkes, Schlageter, & Hemmje, 2012). The 
SHAMAN project addresses the information lifecycle of objects within a preservation framework by 
using grid architecture. It does not single out certain information object such as 3D and thus focuses more 
on general needs of a life cycle model. Extensive information on SHAMAN is provided in (Antunes et 
al., 2011). The prior projects mentioned above mainly address two aspects of digital preservation: 
standardization and interoperability. Additionally, they are tailored to sectors that in contrast to the 
European building industry are dominated by large multi-national corporations.  FACADE (Future-
proofing Architectural Computer-Aided DEsign) was a research project at MIT that took place from 2006 
to 2009. Its goal was to “[…] research on the methods and best practices to capture, describe, manage, 
preserve, and make available digital CAD models that are created by architects during building projects 
[…]”. As several long-term preservation aspects of 3D models were already tackled by the project, we 
would briefly summarize its outcome. 

Initially, FACADE was to incorporate the BIM concept to provide a container for storing all information 
relevant to the building. However, as the project started in 2006, according to the project partners BIM 
software products were not ready yet to serve the needs of an integrated long-term storage concept. As a 
substitute, the custom-designed system “Project Information Model” was developed. It can be thought of 
as an ontology linking all information of the underlying object together and at the same time defining a 
partly automated and partly manual workflow for data ingestion. As FACADE could not rely on IFC as 
the nowadays common and widely supported exchange format for 3D buildings, several native input file 
formats had to be supported. The focus was thereby on Revit (Autodesk) and Microstation (Bentley) file 
formats. Already realizing the manifestation of IFC as the upcoming standard format, the FACADE 
participants concluded to store models (additionally to the original data) in IFC, STEP and IGES for long-
term preservation and readability. In order to be able to view the original native CAD data in future times, 
even when the original modelling software cannot be run any more due to lack of appropriate hardware or 
operating systems, emulation and virtualization were thoroughly investigated. Both methods were 
successfully implemented and were found to be technically sound. However, there were some 
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reservations regarding potential legal problems with 3D CAD licenses, which are usually not suited for 
never-ending use, as they will expire someday.  

PROBADO was a project funded by the German Research Foundation (2006-2011). Amongst others, its 
goal was to integrate 3D architectural models into the librarian process chain, starting with acquisition 
over indexing up to presentation/delivery. The main focus was on methods for content-based search and 
indexing. Similar to FACADE, PROBADO did not incorporate BIM models, which was due to their low 
proliferation level in 2006. However, PROBADO provides a quite sophisticated interface for (semi-
)automatic ingest of a large variety of 3D file formats and a rich metadata information scheme.  

MACE is a former EU-funded project (2006-2009) that aimed at connecting and improving accessibility 
of various repositories of architectural knowledge and enrich their contents with metadata. MACE has 
been built around several projects, such as DYNAMO, INCOM, WINDS, ARIADNE. The system has 
been used for educational purposes by several universities across Europe. MACE provides services for 
searching and browsing architectural contents, for instance, by conceptual connection, geography or 
language. There are no 3D models integrated. The search engine works on traditional content metadata 
and ontologies, context, competence and learning process metadata, usage-related metadata, and metadata 
acquired through social interaction. After concluding the MACE project in 2009, the MACE Association 
(MACE e.V.) continues the work of the project by fostering the access to learning material in 
architectural education. 

There is still a lack of long-term OAIS compliant preservation system that is tailored to the specific 
demands of the SME-dominated, fragmented and heterogeneous building industry. In addition, there is no 
OAIS compliant system that currently provides testing ingest storage and access with semantically 
enhanced 3D-objects, develop highly sustainable objects in regard to self-documentation and future reuse 
and searchability. Moreover, there is a need for a system or a framework that would maintain the 
ingestion of material into existing preservation systems used by several heritage institutions worldwide 
(Ex Libris Rosetta), dedicated preservation planning for 3D-objects from an industrial perspective and a 
cultural heritage institutions perspective, extension of existing and available open digital preservation 
tools/procedures. Finally, the findings suggest that little research attention has been paid to the archival 
storage, preservation planning, and access processes in LDP area. 

5. DISCUSSION  
Domain-specific software tools to support owners, designers and engineers throughout the lifecycle of a 
building have become mainstream. A rich spectrum of specialized tools are applied in building projects 
that lead to the accumulation of a large amount of multi-faceted heterogeneous information over time. 
Currently, the building and construction industry sector is in the middle of a conceptual shift from using 
traditional 2D CAD drawings to capture information towards 3D BIM, which represent a paradigm shift 
comparably huge as the one from paper-based drawings to 2D CAD some decades ago. Apart from the 
ever-increasing influence of 3D BIM on the design and construction of new buildings, a particularly large 
legacy building stock is in use (ca. 40 % pre-1960, 42 % 1960- 1990, 18% post 1990, according to 
(Economidou et al., 2011) in Europe. For most of these buildings, no 3D data is available, hindering 
retro-fitting based on modern planning techniques which undoubtedly has the biggest short-term potential 
for the urgent need of energy saving. However, with the ever-increasing availability of inexpensive and 
yet accurate 3D acquisition devices like laser range scans, more and more legacy buildings are becoming 
digitalized as 3D point clouds. Additionally, point clouds are increasingly used to document the changes 
of a building’s state of over its lifetime, and its deviation from the original 3D BIM model. Several 
pressing issues make long-term preservation of building information crucial, amongst them: 
" Long-term legal liabilities of all stakeholders (designers, engineers, product manufacturers have 

responsibilities that sometimes amount to decades); 
" The ability to retrofit legacy buildings with energy preservation measures (insulation, technical 

equipment etc.) depends on reliable information; 
" Scientific interest in cultural heritage aspects; 
" Security precautions and hazard containment: fire, climate change, crime & terror; 
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" Knowledge-reuse of design and engineering solutions to enhance efficiency, productivity and 
competitiveness. 

Taking into account these issues as well as the increasing importance of 3D data in architecture and 
construction, the demand for sustainable long-term preservation systems tailored to this domain becomes 
more and more required. The SMEs of which the European building market is largely composed (across 
the EU-27, there are currently around 3.1 million construction enterprises, 72.1% of which are SMEs, 
generating an estimated EUR 1 665 billion in 2009 (European Commission, 2009)) can hardly initiate the 
necessary research efforts on their own, yet they depend on it. However, as the meaning of 3D content in 
general has increased over recent years, several research initiatives focusing on 3D long-term 
preservation in non-SME-dominated fields like aerospace, defence, and automotive industry have been 
undertaken, see (Brunsmann et al., 2012) for an overview. Though partially adaptable, but still the 
solutions created in these projects cannot be directly applied to architectural 3D data due to several 
reasons: 

• The largely fragmented nature of the industry and the large spectrum of involved subdomains have led 
to heterogeneous and inconsistent metadata schemas and ontologies for the description of building 
elements and their properties in highly enriched BIM models. Without tackling this problem, simple 
application of existing 3D long-term preservation strategies is widely useless as it prohibits efficient 
data reuse in the future; 

• The huge stock of legacy buildings that is represented either by unstructured point clouds or by low-
level legacy 3D CAD models from the pre-BIM era requires elaborated methods of architecturally 
meaningful semantic enrichment, otherwise targeted retrieval in the long-term archive is not possible;  

• Preservation planning as described in the OAIS model must be investigated for the case of 3D point 
cloud data regarding potential risks arising from the used storage format which unavoidably must rely 
on some compression technique due the sheer amount of data. 

6. THE DURAARK PROJECT 
A common result of previous research efforts in the above-mentioned domains is to rely on open, text-
based, and vendor independent file formats as only they turn out to be future-proof for long-term 
preservation. The bottom line notion is to convert all proprietary legacy CAD files into an OAIS-ready 
STEP model. Taking this result into account, the on-going DURAARK1 project will build on the open 
IFC file format for long-term preservation, as it is the equivalent to STEP for 3D architectural data and an 
already well-established exchange format in the building industry. IFC will be used as a common 
integrator for BIM models as well as semantically enriched legacy 3D CAD data and point clouds. The 
DURAARK project aims at addressing and providing solutions to the challenges currently found in 
literature and practice. In the following section, we present some of the goals of the DURAARK project.
  
" Workflows and streamlined processes for the long term archival of the broad spectrum of architectural 

data. Workflows and tools for OAIS compliant ingest, management and delivery of the various types 
of architectural data ranging from low-level point cloud scans over legacy 3D CAD models up to 
highly enriched Building Information Modelling will be set up and developed. 

" Semantic enrichment with metadata. Vocabularies/ontologies as well as alignments with existing 
metadata schemas and conceptualizations tailored to 3D modelling and architectural models will be 
specified and developed. This includes key concepts that ensure interoperability between 3D 
modelling tools and distinct 3D model libraries and archives. Furthermore, enrichment techniques, 
enabling the enrichment of naturally poorly structured 3D model metadata with additional knowledge 
from the LOD cloud will be applied. 

" Consistent naming schemas and ontologies for architectural entities. Semantically meaningful 
information of legacy and contemporary buildings and their components will be captured by the 
development of new methods and technologies for the creation, long time persistence and 
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management of ontological concepts and their facets. Furthermore, approaches for the distributed 
collaborative authoring of the ontological content, its approval and re-visioning for long time access 
will be devised. 

" Render semantically low-level meaningful and interpretable 3D architectural data. 
" Unstructured 3D point clouds and legacy 3D CAD data with no semantics will be lifted from a pure 

geometric level to one that contains textual and structural information that is meaningful to the 
architectural domain. This facilitates the understanding and semantically meaningful retrieval of the 
content even after years. 

" Dealing with point cloud data. The extraordinary size of point cloud scans makes the interactive 
ingest, management and delivery of raw data practically impossible. This problem did not occur so far 
in traditional 3D architectural data and therefore did not need special treatment. Novel techniques for 
the interactive retrieval and delivery of fragments of interest as well as special compression techniques 
suited for the long term archival of point data will be developed. 

" Documenting the changing state of built architecture. Strategies and methods to link as-is building 
representations given as 3D point clouds to either previous point cloud representations of the building 
or the original architectural drawings will be researched and developed. This linking will provide 
means for the long-term documentation of a building's changing state.  

" Storage of highly enriched 3D architectural data in an existing OAIS compliant long-term preservation 
system. The Development of a submission application for the highly enriched data as well as the 
development of a workflow within the long term archival system Rosetta to handle the highly enriched 
data from ingest to storage and from storage to access will enable the archiving and accessibility of 
complex architectural 3D models. As Rosetta is an OAIS-compliant digital preservation system used 
by several heritage institutions worldwide, the developed tools will be usable within the digital 
preservation community. Furthermore, a preservation planning concept that collects all information 
from a technical, as well as, business perspective for the enriched architectural data will be devised 
and established. 

7. CONCLUSIONS AND FUTURE RESEARCH AVENUES  
The paradigm shift from 2D to 3D modelling raised new techno-organizational challenges for long-term 
preservation of the 3D architectural data. The dynamic lifecycle of buildings and static nature of stored 
information sometimes creates infidelity between the original and updated 3D architectural models 
through time. Similarly, the addition of metadata to make the model semantically meaningful creates the 
problem of information overload. These challenges raise the impetus to archivists and preservation 
agencies to look for standard process and long term preservation strategies for 3D architectural data, so 
that data can be stored and retrieved with detail semantic information from the archival systems in due 
course. This literature review is an effort to summarize research on long-term digital preservation of 3D 
architectural data within the domain of libraries, museums, archives, and SMEs related to architecture, 
engineering, and construction. The paper employed the OAIS model, a de facto standard for the long-term 
digital preservation, to analyze the shortlisted literatures. The selected literature has been mapped to the 
OAIS steps in order to aid researchers to identify gaps in the LDP literature. The findings identified 
prevailing challenges in capturing, preserving, retrieving and securing the 3D architectural data, and 
highlighted the areas that lack sufficient research with regard to long term preservation of 3D 
architectural data. This research also illustrated the current and former research projects in the domain of 
interest.  

The findings suggest that some OAIS process gained more attention than others. Based on the findings, 
the future research agenda is to propose system architecture for long-term preservation of 3D architectural 
data. Hence, the future work will derive insights from the on-going DuraArk project that is mainly 
focused on LDP of 3D architectural data. Taking into account the necessity for domain-specific 
implementations of long-term preservation systems emphasized in the OAIS approach, DURAARK will 
tackle the various challenges that arise from the particular type of 3D architectural data: 

" DURAARK tools will support the ingest of architectural 3D data from the vast domain specific 
spectrum of semantic detail levels, ranging from low-level point cloud scans over legacy 3D CAD 
models up to highly enriched Building Information Modelling. 
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" DURAARK will provide methods to overcome the largely fragmented nature of naming schemas for 
building element properties that currently prohibits efficient data reuse in the future and thereby 
renders long-term preservation widely useless. 

" DURAARK will provide means to efficiently document the changing state of a building over time 
by semantically linking original 3D plans and point cloud scans documenting the actual state of the 
building in the long-term archive. 

" DURAARK will ensure automated annotation of lower-level 3D data describing the huge European 
legacy building stock with basic architectural semantics to enable targeted retrieval in the long-term 
archive. 

" For long-term storage, DURAARK will rely on open file standards that are already well established 
in the building and construction industry, namely Industry Foundation Classes (IFC) and the 
International Framework for Dictionaries (IFD). Based on these files, Submission Information 
Packages (SIPs) will be generated and ingested into long-term storage systems. This will additionally 
alleviate the common problem of significantly lower lifetime expectancy of contemporary 
construction software compared to that of the buildings themselves. 

The services and tools developed within DURAARK will be in line with the “Reference model” for 
an OAIS. In order to utilize functionality which is independent from data formats or domain, the 
DURAARK framework will develop components extending the capabilities of existing long-term 
preservation systems. DURAARK is expected to contribute to the following main functional OAIS 
entities: 

Ingest: DURAARK adds a domain specific quality assurance for the various data formats used for 
architectural 3D. DuraArk plans to build on the already operational PROBADO 3D system as a first 
exemplary SIP producer. 

Archival Storage: Adequate compression techniques will be investigated regarding the suitability for 
long-term archiving and eventually adopted. 

Preservation Planning: A sample preservation planning for 3D objects will be elaborated with 
respect to the use-cases. 

Access: Depending on the designated community DURAARK will provide various components to 
handle domain specific queries/requests and provide and convert the requested AIP into a 
corresponding Dissemination Information Package (DIP). This includes formulating queries e.g. 
searching for long-term archived data representing the state of a building. Since the PROBADO 3D 
system offers a variety of sophisticated query and visualisation interfaces, it will also act as an 
exemplary end-user interface for search and discovery. 
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