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Cultural heritage encompasses various aspects of a nation's history. Cultural heritage artifacts are considered as priceless items that need special care. Since the wide adoption of new digital technologies, documenting and storing cultural heritage assets became more affordable and reliable. These records are then used in several applications. Researchers saw the opportunity to use digital heritage recordings for long-term preservation. They are considering cultural heritage artifacts as products, and the history behind them as a product lifecycle. In this paper, we present the research progress in cultural heritage digital processing and preservation, highlighting the most impactful advances. Additionally, we present the CEPROQHA project which is a new approach aiming at achieving cost-effective acquisition and digital preservation for cultural heritage artifacts in Qatar.

Introduction

Cultural heritage (CH) digitization and preservation are two complex processes that involve several underlying techniques and algorithms to make CH mockups available for current and future generations. Digital content preservation is inspired from the manufacturing industry where companies use adapted archival platforms and PLM frameworks to store critical data and knowledge about important facts at each stage of product lifecycle. This data can be very important in the future for several reasons such as avoiding previous mistakes or for iterative purposes.

In this paper, we consider cultural heritage assets as products, their history as a lifecycle, and study their lifecycle preservation from a product viewpoint. In order to express the need behind the long term-preservation of cultural heritage several concepts need to be introduced. In the following, we present three major concepts: Digital heritage where we describe the impact of digital imaging technologies on CH, Digital obsolescence where we highlight the dangers of data extinction, and finally we introduce Longterm digital preservation which is the current solution for data extinction.

Digital Heritage

All nations around the world give a high value to their culture and traditions. The longterm preservation of the national moral identity is the concern of every nation. Cultural heritage assets are priceless items with a very high historical value. Maintaining and conserving these assets is a top priority for all communities.

Since the emergence of digital technologies, museums and CH reconstruction and conservation organizations are considering adapting these technologies for cultural heritage digitization. Museums are digitizing their collections not only for cultural heritage preservation, but also for making their collections accessible for a larger audience in an attractive way, like using Virtual Reality (VR), Augmented Reality (AR), 3D TV, etc.

These technologies are integrated into web based platforms adapted to cultural content consumption.

Fig. 1. Virtual Museums Tours

This new form of exhibition opened a new era for cultural heritage. Recent studies showed that only 10% of the global cultural heritage assets are exhibited in museums [START_REF] Santos | CultLab3D -Fast and Economic, High Quality 3D Digitization Cultural Heritage Artifacts[END_REF]. The other 90% are deposited in museums archives because of their non-importance compared to other more attractive artifacts, or simply because of their heavy physical degradation. Digital solutions like virtual museums can overcome these issues using tools like 3D model digital curation. In fact, the digital copy of a CH asset can be curated making its restoration cost-effective and more reliable. It can also be linked to a digital collection and valued with semantic enrichment by linking it to other attractive artifacts or simply highlighting its history.

Digital Obsolescence

Nowadays, with the wide adoption of information technology, every organization has to adapt its resources to be part of the digital era. However, with the high evolution pace of technology, the fear from digital obsolescence became more important than the fear from physical data loss. Digital obsolescence, or data extinction, is the state where the archived data becomes no more readable or usable. This obsolescence has two major reasons: the first one is the hardware obsolescence: the media storing the data is obsolete (for example the 5.25" and 3.5" floppy disks) or physically degraded. The second reason, which is the most important, is software obsolescence. This type of obsolescence can have several reasons, mainly the loss of the required knowledge to interpret the data, like what can happen for early CAD formats like GEM or IBM CAD [START_REF] Deljanin | Digital Obsolescence[END_REF]. To overcome these issues, several researchers are focusing on how to preserve the data for long-term archival [START_REF] Barbau | A reference architecture for archival systems with application to product models[END_REF][START_REF] Barbau | OntoSTEP: Enriching product model data using ontologies[END_REF][START_REF] Barbau | Toward a Reference Architecture for Archival Systems[END_REF]. This research ranges from data formats, best practices, to standards and frameworks.

Long-term Digital Preservation

Digital preservation is a common process in the manufacturing industry [START_REF] Barbau | A reference architecture for archival systems with application to product models[END_REF][START_REF] Wilkes | Towards Support for Long-Term Digital Preservation in Product Life Cycle Management[END_REF]. Recently, digital preservation became primordial in many sectors like: the medical field, historical and cultural fields, e-commerce, e-government, etc. From another side, the increasing performance of processing systems and the dropping costs of archival media are encouraging knowledge based organizations to consider digital preservation. Digital preservation is not a generic process that can be applied directly in every context. In fact, the needs for the preservation of data for a car parts manufacturing company are different from those of a pharmaceutical company. The majority of digital preservation approaches relies on the OAIS RM (Open Archival Information System Reference Model) [START_REF] Lee | Standardization of Digital Archiving and OAIS Reference Model[END_REF]. OAIS is a conceptual reference model intended for the management, archival and long-term preservation of digital documents.

It is considered as milestone achievement in long-term digital preservation. OAIS describes the processes, the duties of each actor, and the overall architecture for a sustainable long-term digital archiving system. These characteristics guarantee and ensure the long-term availability of the archived data, and protect it from all kind of hazards (mainly digital obsolescence).

The rest of this document is organized as follows: In section two, we present a survey of cultural heritage digitization techniques, enrichment, content management and preservation. This is followed in section three by a brief description of some projects related to cultural heritage preservation. In section four, we present CEPROQHA which is a new research project aiming for cost-effective 3D acquisition and digital preservation for cultural heritage artifacts.

Related Work

Digital preservation for cultural heritage is widely studied. Several research projects are funded all over the world to establish, not only standards and good practices, but also some novel ideas in order to adapt existing approaches from other fields to the field of cultural heritage. Data about cultural heritage is stored in several file formats. Digital preservation is about the standards and best practices that guide the acquisition and the conservation steps. In this section, we discuss the impact of 3D technologies on cultural heritage, and present a survey of current innovations related to long-term digital heritage acquisition, enrichment, content management and digital preservation.

3D digital heritage acquisition and modeling

The massive advances in 3D imaging had a positive impact on digital heritage. Some researchers are comparing this impact to the one of photography in the 19 th century [START_REF] Scopigno | 3D Models for Cultural Heritage: Beyond Plain Visualization[END_REF]. 3D acquisition for cultural heritage assets is very critical, since assets are very fragile and their handling requires special care. The scanning of cultural heritage assets is very complicated compared to normal objects. In fact, CH assets often require restricted access and cannot be easily manipulated (touching, moving, rotating, etc.), which further complicates their scanning process [START_REF] Pavlidis | Methods for 3D digitization of Cultural Heritage[END_REF]. Nowadays, with the advances in imaging capture and processing technologies, high quality captures can be performed using handheld devices. Software like: SELVA3D [START_REF]Selva3D -Transform images into 3D models online[END_REF], Smoothie 3D [START_REF]Smoothie-3D[END_REF] or AutoDesk 123D [START_REF]Autodesk 123D[END_REF] can transform a 2D still image to a digital 3D model. These programs take as input different images, taken from several viewpoints, and generate a 3D model as shown in Fig. 2. For large objects, solutions involving a moving video camera, like SLAM technologies [START_REF] Brutto | Computer Vision Tools for 3D Modelling in Archaeology[END_REF] or the Google Tango project [START_REF]Google Tango[END_REF], are often considered. These technologies can be used to capture large surface areas and monuments cost-effectively using computer tablets and smartphones.

In the cultural heritage sector, 3D modelling is still based on conventional techniques. For large size sites, commercial tools like AgiSoft Photoscan [START_REF] Agisoft | Agisoft photoscan[END_REF], AutoDesk 123D [START_REF]Autodesk 123D[END_REF], Pix4D [16], Arc3D Web service [START_REF]ARC 3D Web Service[END_REF] or even Potomodeler [START_REF]PhotoModeler[END_REF] are used. These tools are cost-effective as they can use images captured by average consumer devices like smartphones or tablets cameras. However, they suffer drawbacks such as time efficiency, and the lack of instantaneous feedback because of the separation between the acquisition and the modelling steps. In fact, the user doesn't get an instantaneous feedback. So, and in case the modelling fails, the user must take additional shots and the whole modelling process needs to be repeated. Recently, some high-end techniques were proposed. For instance, the CultLab3D [START_REF] Singh | CultLab3D: Digitizing Cultural Heritage[END_REF] is a high-end 3D scanning system for cultural heritage assets digitization. However, this system is very expensive and cannot handle all types of assets (size limitation). Besides, this system is not portable as it consists of a large 3D scanner (see Fig. 3.).

Fig. 3. CultLab3D Professional Scanner

Given the limitations of the aforementioned approach, in our work, we need a new 3D scanning framework, which must be able to scan all types of assets, with no size limitation. More importantly, it must be cost-effective, portable and give instantaneous 3D models.

Many academic research has been undertaken in the field of 3D modelling of CH assets. These researches were pioneered by the Digital Michelangelo Project [START_REF] Levoy | The Digital Michelangelo Project[END_REF]. Some of these researches were also undertaken by the Visual computing lab of ISTI-CNR [START_REF] Scopigno | 3D Models for Cultural Heritage: Beyond Plain Visualization[END_REF].

Generally, researchers focus on the use of several techniques like: laser triangulation, Photogrammetry, Structured light, time of flight, Stereo vision, and others [START_REF] Sansoni | State-of-The-Art and Applications of 3D Imaging Sensors in Industry[END_REF][START_REF] Pieraccini | 3D digitizing of cultural heritage[END_REF]. For example, a new Photogrammetry and minimal image network adapted to the cultural heritage context is proposed in [START_REF] Alsadik | Automated camera network design for 3D modeling of cultural heritage objects[END_REF]. Other researchers are combining industrial techniques like Arc3D [START_REF]ARC 3D Web Service[END_REF] and MeshLab [START_REF]MeshLab[END_REF]. Unfortunately, all these systems are very complex, lack cost-effectiveness and time efficiency. In addition, the majority of these systems are limited to specific use cases, as they are not designed with a user-centric approach. 3D Holoscopic imaging is an advanced true 3D imaging system. This technology enables full 3D immersion without special headgear [START_REF] Swash | Holoscopic 3D image rendering for Autostereoscopic Multiview 3D Display[END_REF][START_REF] Aggoun | Immersive 3D Holoscopic Video System[END_REF][START_REF] Aggoun | 3D Holoscopic Imaging Technology for Real-Time Volume Processing and Display[END_REF], and offers the simplest form of recording and playing back a true 3D scene.

Data Enrichment

Data enrichment is the practice of enhancing, refining, valuing and linking the raw data. Semantic enrichment for cultural data has been an active and fruitful field of research in previous years. In 3D cultural heritage context, linking the collected data is a critical mission for many reasons. This process is tedious and requires a lot of analysis. 3D annotations are used to semantically enrich shapes, adding more knowledge to the 3D model. These annotations are associations between selected portions of the 3D shape and some data describing it.

The metadata schemes for cultural data are defined by several standards like the CIDOC-CRM or the CRMdig ontologies [START_REF]CIDOC-CRM[END_REF]. These standards aim at sharing cultural heritage information by a common and stretchable semantic scheme. Several approaches tackled the semantic enrichment challenge of 3D models like AIM@SHAPE [START_REF] Falcidieno | Special session AIM@SHAPE project presentation[END_REF], 3D-COFORM [START_REF] Pitzalis | 3D-COFORM: Making 3D documentation an everyday choice for the cultural heritage sector[END_REF], Focus K3D [START_REF] Catalano | K3D Road map for future research[END_REF], CULTURA [START_REF] Cultura | Cultivating Understanding and Research through Adaptivity[END_REF], V-MusT [START_REF]Virtual Museum Transnational Network[END_REF], and [START_REF]Collection Management Software for Museums[END_REF]. Some are using interactive annotations, some others are studying how to include more information in 3D model files (like X3D, VRML or others) [START_REF] Santos | The Potential of 3D internet in the cultural heritage domain[END_REF], while other approaches are focusing on machine learning techniques to automatically generate these annotations [START_REF] Llamas | Applying Deep Learning Techniques to Cultural Heritage Images Within the INCEPTION Project[END_REF].

Content Management

Museums around the world use special software applications to manage their CH inventory e.g. Software like MuseumSoftware [START_REF]PastPerfect: The World's Leading Museum Collection Software[END_REF], Adlib [START_REF]Adlib -Flexible Software for Archives, Museums and Libraries[END_REF] and Museumplus [START_REF]Collection Management Software for Museums[END_REF]. These tools are data management systems used for cataloguing purposes. They list some data about assets illustrated by 2D images. Some novel approaches were introduced too. 3D-COFORM, for example, used a secured repository infrastructure to store and manage 3D cultural data. We can also cite other frameworks like [START_REF] Pan | An Enhanced Distributed Repository for Working with 3D Assets in Cultural Heritage[END_REF] where the authors presented a centralized content management system (CMS) adapted to cultural heritage with advanced functionality like semantic queries and distributed storage. However, since new digital technologies emergence and the progress in 3D imaging, the application of 3D visualisation technologies has become very reliable and cost-effective, especially in the content consuming market with technologies like 3D television, Virtual Reality (VR) and Augmented Reality (AR). Nowadays, virtual museum software products like Versoteq [START_REF]Versoteq[END_REF] or 3DStellwerk [START_REF] Stellwerk | [END_REF] are used to create virtual museum tours adapted to variety of content consuming platforms (VR Headset, 3D TV, Smartphones and tablets, Etc.). 3D cultural heritage content is very attractive for consumers and considered as very lucrative. Several other software like SketchFab [START_REF]Sketchfab[END_REF], which is a web-based 3D visualisation framework, focus on the 3D presentation of cultural heritage models. The Fedora based 3D repository presented in [START_REF] Felicetti | Metadata and Tools for Integration and Preservation of Cultural Heritage 3D Information[END_REF] is a good example of a complete 3D digital heritage CMS. It has two core parts. The first part is a digital objects repository storing, aggregating, managing and extracting digital objects in a wide range of formats and data types. The second core component is a semantic resource index which establishes an indexing data structure for a complex information mapping for relations between an object and its components. This data structure is basically an ontology.

Digital Preservation

Due to the wide use of digital technologies to capture and store cultural heritage, the need to preserve this data for the future is becoming very important, especially because of the high value of the assets. Digital preservation is becoming more reliable than physical preservation, thanks to the increasing performance of processing systems and the dropping costs of archival media. Digital Obsolescence is an alarming threat to every knowledge management organisation. These organisations fear the loss and the non-usability of their critical data in the future, especially that new technologies are being widely adopted [START_REF] Doyle | Preservation metadata -a framework for 3D data based on the Semantic Web[END_REF]. Digital preservation is currently studied as a solution for digital obsolescence. The initial approach to digital preservation was the OAIS system (Open Archival Information System) in the mid 90's. This model established a platform and a definition of initial best practices and concepts of digital preservation [START_REF] Wilkes | Towards Support for Long-Term Digital Preservation in Product Life Cycle Management[END_REF][START_REF] Lee | Standardization of Digital Archiving and OAIS Reference Model[END_REF]. From this milestone, several research projects focused on digital preservation, like ERPANET which studied digital knowledge exchange, LOTAR which aimed at establishing long term preservation standards for digital data like 3D CAD models, and PDM (Product Data Management) [START_REF]LOng Term Archiving and Retrieval[END_REF]. For 3D content preservation, MIT FAÇADE [START_REF] Mackenzie | Future-Proofing Architectural Computer-Aided Design: MIT's FACADE Project[END_REF], DEDICATE [START_REF]DEDICATE Project[END_REF], and DuraArk [48] studied standards and techniques to archive and preserve 3D architectural data for long term use. The 3D data topic is very challenging when it comes to digital preservation. A 3D model by itself is not very descriptive. It needs to be enriched with semantic annotations and metadata. The first problem with this metadata is about how to define it and where to store it. In fact, if the data is separated from the 3D model file, it can be easily lost [START_REF] Felicetti | Metadata and Tools for Integration and Preservation of Cultural Heritage 3D Information[END_REF]. Besides, if the archiving operator omits some important features of the digitized asset, this error can be fatal in the future. The first requirement is very clear. The overall output must be usable for future processing (future-proof). The main problem with 3D models is the interoperability. For example, some proprietary (closed) file formats are becoming obsolete because of restrictions to their use (closed source and ad-hoc structure) [START_REF] Felicetti | Metadata and Tools for Integration and Preservation of Cultural Heritage 3D Information[END_REF]. The inability to use custom software to process this data is a major drawback. These issues led to the creation of new 3D file formats like X3D, VRML and COLLADA, which are widely used nowadays. From another side, several metadata standardisation approaches exist. The most impactful one is the CIDOC-CRM, which is an ontology describing the relationships and the concepts used in the context of cultural documentation [START_REF]CIDOC-CRM[END_REF][START_REF] Felicetti | Metadata and Tools for Integration and Preservation of Cultural Heritage 3D Information[END_REF].

Progress and efforts for Cultural Heritage preservation

In this Section, we present the overall goals and the approaches used within several research projects related to cultural heritage digital preservation. These projects are mostly EU funded.

3D-COFORM Project (2008-12-01 to 2012-11-30).

This project aim is to establish a tool for the digitisation of cultural heritage artefact to bring more realistic representations, better documentation and higher cost-effectiveness of digitisation. The 3D-COFORM project addresses all aspects of 3D-capture, 3D-processing, semantics of shape, material properties, metadata and provenance, integration with other sources (textual and other media), search, research and dissemination to the public and professional alike. 3D-COFORM also studies the business aspect for the exploitation of 3D aspects and the socio-economic impact [START_REF] Pitzalis | 3D-COFORM: Making 3D documentation an everyday choice for the cultural heritage sector[END_REF].

3D VIVANT Project (2010-03-01 to 2013-05-31).

3D VIVANT global aim is to develop a tool that captures video using a novel 3D video technology. This technology is based on 3D Holoscopic imaging. For playback, the project uses holography to provide immersive and ultra-high resolution presentation of 3D content. Various 3D Holoscopic video processing algorithms, such as 3D codecs and 3D object segmentation, as well as search and retrieval techniques are developed to optimize broadcasting and search [START_REF] Steurer | 3D holoscopic video imaging system[END_REF].

VENTURI Project (2011-10-01 to 2014-09-30). VENTURI is an ambitious initiative which aims at developing and creating a pervasive Augmented Reality (AR) paradigm for mobile devices using advanced 3D technologies and adapted content management framework, where available information will be presented in a 'user' rather than a 'device' centric way. VENTURI goal is also to maintain and optimize current and future mobile platforms adapting its content type and performance settings to each platform to ensure continuity and enrich use cases [50].

V-Must Virtual Transnational museum network (1-02-2011 to 31-01-2015).

V-MusT is an EU-FP7 funded project aiming to provide software tools and best practices to the heritage sector, to promote and develop virtual museums for preservation, education and entertainment purposes. The project investigates also the cohesion that exists in research and aims at reorienting the current research topics [START_REF]Virtual Museum Transnational Network[END_REF].

ArchéObjets 3D Project (2015-2016).

The 'ArchéObjets 3D' Project is funded by Lyon University's PALSE IPEm. This project aims to develop a new 3D scanning technology for hand-held 3D devices like smartphones and tablets. The acquired data is then processed and used in the cultural heritage preservation context. The project main interest is to explore different aspects of 3D rendering and apply them to the various cultural heritage asset types [START_REF]Arché3DObjet Project blog[END_REF].

PRESIOUS Project (2013-02-01 to 2016-01-31).

PRESIOUS project [START_REF]PRESSIOUS Project Website[END_REF] aim is to investigate and propose new solutions for the difficulty and inefficiency of the 3D digitisation process of cultural heritage assets, the quantification of stone (statues) monument degradation, and the reconstruction of objects from large numbers of constituent fragments. Using a common core of geometric processing, analysis and retrieval methods, PRESIOUS developed predictive geometric augmentation technologies targeted to the above problems [START_REF]PRESSIOUS Project Website[END_REF].

DURAARK Project (2013-02-01 to 2016-01-31).

DURAARK project aim is to develop a new digital preservation framework for architectural data (especially preserving 3D data). This new approach will enhance and redefine access mechanisms, which are generally based on metadata schemes. The new approach will not only focus on the retrieval, but also on fully exploiting the data by different semantic levels. DURAARK will also focus on the future-proof of the preserved data [48].

PREFORMA Project (2014-01-01 to 2017-12-31).

PREFORMA [START_REF]PREFORMA Project Website[END_REF] aim is to study and implement a better quality standardised file format for cultural information content preservation. It also focuses on formalizing a conformity process for the preservation input (tests and checks). PREFORMA intended to adapt known archival processes like the OAIS model, specify the critical factors and establish the quality standards that the input data must comply with in order to achieve a sustainable long term preservation. 

INCEPTION

LOng Term Archiving and Retrieval -LOTAR PROJECT.

The main aim of the LOTAR Project [START_REF]LOng Term Archiving and Retrieval[END_REF] is to design, and maintain standards for long term archiving, preservation, and retrieval of data models, especially 3D CAD models and PDM data. The project is conducted by a consortium of aviation and aerospace OEMs and suppliers. LOTAR approach follows the OAIS models and adapts it to the requirement of the aerospace industry.

CEPROQHA Project

The State of Qatar is a good example of a fast-growing country with a great and long history. Preserving nation's culture is a key challenge in Qatar National vision 2030 and the Qatar National Development Strategy (2011-2016).

Qatar is also leading a new "Smart Nation" initiative whereby the goal is to create a smart, modern, and future proof country. One of the key tasks to achieve this goal is the digital preservation of Qatar's cultural assets. CEPROQHA1 is a cooperative research project between Qatar University and Brunel University (UK), funded by the Qatar National Research Fund (QNRF) under the National Priorities Research Program(NPRP). The project goal is to study how to digitally preserve Qatar's Cultural Heritage. CEPROQHA aims also at developing a bespoke 3D Holoscopic imaging framework that will bring a novel and cost-effective approach to the acquisition, reconstruction, curation, content management, and long-term preservation of cultural heritage assets. CEPROQHA is aiming to make innovations in:

• Cost-effective acquisition and 3D modelling: The majority of 3D scanning approaches lacks efficiency (photogrammetry) or cost-effectiveness (Laser scanning). CEPROQHA will use innovative technologies like 3D Holoscopic imaging and advanced digital curation processes to achieve efficient and cost-effective 3D acquisition and modelling.

•

Interoperability and representation of 3D cultural heritage assets: The resulting 3D models must be available in a format that can be rendered for any content consuming platform such as different display types or different representation formats like virtual walk-through. Future 3D visualisation techniques are required following the fast development in the media industry. Hence, interactive visualisation of static 3D objects as well as dynamic visual experience by virtual walk-through is required.

• Enrichment, content management and long term preservation: All digitised assets must be linked, annotated and semantically enriched. The content management shall support user annotation, search and retrieval capabilities as well as tools for user-specific data processing and visualisation. Data management should preferably be performed using cloud-based services and storage capabilities. Digital preservation will be deeply studied. CEPROQHA will establish standards and best practices for digital preservation in cultural heritage environment. The overall architecture must comply with established standards to achieve sustainable long term digital preservation.

The CEPROQHA project will benefit from its partners experience in research and innovation in the 3D imaging field. In addition, the project aims at applying available technology to the context of cultural heritage with the perspective of making innovations in 3D acquisition and modelling, 3D content management and annotation and digital long-term preservation. Overall, CEPROQHA aims are:

• Develop a new evolutionary 3D Holoscopic acquisition approach.

• Develop a new enrichment, processing and reformatting plug-ins for 3D models.

• Develop a bespoke content management system for 3D cultural heritage assets.

• Develop a new and innovative preservation process adapted to cultural heritage assets

Conclusion

In this paper, we highlighted the advances and most important achievement in the cultural heritage digital preservation field. Cultural heritage artifacts can be treated as products. Their history is a lifecycle that has to be preserved. The high value of CH assets and their specificities require the development of a bespoke preservation framework. Our study covered these basic requirements, starting from 3D acquisition and enrichment, followed by CH content management, and finally, the long-term digital preservation. We also surveyed some projects related to CH acquisition, curation, management, and preservation.

At the end of this document, we presented the CEPROQHA project which our team is part of. CEPROQHA in an innovative approach toward CH digital management and preservation. The CEPROQHA team is really committed to make an innovative proof of concept for 3D digital preservation of the Qatari cultural heritage using cutting edge 3D imaging technologies.

Fig. 2 .
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Project (2015-06-01 to 2019-05-31).

  The main objective of INCEPTION[START_REF]INCEPTION Project Website[END_REF] is to develop a new 3D modelling technique adapted to cultural heritage with an inclusive approach for time-dynamic reconstruction. INCEPTION focuses on how to preserve the time line of assets. This methodology will result in accessible 3D models for every user group. INCEPTION aims also at creating an open standard Web Semantics for Building Information models (BIM) adapted to cultural heritage.
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