A Knowledge repository Construction Model for Digital Museum Applications
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Abstract. From a long-term perspective, a digital knowledge repository was the major core technology for a museum to develop a digital museum’s application and service.  In this article, the process and method for conceptual modeling were based on the storage, construction, management, access and presentation needs of a museum’s digital knowledge repository, an overall correlation framework for all kinds of archival knowledge, and a multi-tier knowledge structure, including the knowledge objects, knowledge subjects, knowledge unites, knowledge groups, and knowledge networks, which constituted a digital knowledge repository.  The establishment and practice of the information technology platform frame for the entire digital knowledge repository  were completed to confirm the feasibility of automatic digital knowledge production and its distribution process.  This article was an example of reference for a museum when an overall resolution was planned for enabling a big digital knowledge repository to be digitalized, knowledgeable, and with the application of network.

1 Introduction

In a new era, the trend in museums has been to develop “digital museums”.  The major concept and vision involved[1] were to enable a museum to be a major knowledge provider and generator in the international culture village and on the information highway by combining digital contents, integrated advanced information technologies, applications and services of network, and operating management and promotion.

The value of archives in a digital museum was that it was able to extend and support the construction of a traditional museum’s multifunctional digital knowledge in the fields of exhibitions, science educations, and academic researches.  Under this cognizance, extending the digital archives to be service, application, and knowledge oriented was necessary.[2][3]  By doing this, the constructed digital archives could be combined with the research of a museum’s collections and the function of exhibition education to accumulate the museum’s knowledge and deliver an unlimited space for creativity and imagination.  The museum further became a treasure of knowledge that was inexhaustible in supply and enriched the public’s life without time and space limitation.  Furthermore, the construction of the knowledge-oriented digital archives included functions of the digital knowledge representation and modeling [4], knowledge storage and management, knowledge organization and classification, knowledge discovery, datamining, and knowledge access and distribution.  The core of the aforementioned functions was the digital knowledge repository.  These functions helped to establish long-term knowledge contents with massive correlations and varieties, as well as an extended mechanism for self-validating, self-instantiating and learning.

2 Conceptual Modeling of the Digital Museum

The construction of a museum’s digital knowledge should be oriented toward the needs of services and applications for users so that not only construction, output, promotion and distribution of digital contents but the frame and application of information technology could satisfy the needs of a museum’s consumers.  The frame model and operating management model for a long-term development [5] [6] [7]  were established as shown in Figure I.
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Figure I.  Conceptual Modeling of the Entire Digital Museum

2.1 Services and Applications
The scope of an ordinary digital museum’s service and application included the education of academic researches, livelihood, economy, and leisure entertainment.  These uses could be placed into the following categories: (1) digital repository and library, (2) digital and virtual exhibition, (3) distance learning and education, (4) multimedia resources repository, (5) life encyclopedias knowledge repository, and (6) digital cinema and theater.

2.2 Content Construction 

The guiding principal for constructing the digital contents was set according to the needs of the users.  The knowledge content granularity, whose contents varied from simple to complex, was established from basic multimedia objects through different kinds of constructional methods, such as a manual combination or systematically automatic excavator.  An editorial interface could also be provided for users to utilize, combine, and increase original materials and contents in value.  Then, more knowledge and contents would be produced and extended.

Concerning with the various needs from different users, contents should cover a wide range from a popular edition to professional edition.  By providing versions in different grades, users could choose the content appropriate for their own professional background.  Moreover, in consideration of users’ computer abilities and environments for accessing and browsing the content, contents should be constructed to comply with the needs for different kinds of transfer qualities.

2.3 Frame and Application of Information technology

From a practical aspect of information technology construction, the entire process of constructing a digital museum could be considered as a mechanism of knowledge generator and knowledge management.  The process for enabling the archival resources to be digitalized and with the application of network was like an on-line factory, which automatically produced knowledge.  It meant all of the digital knowledge contents on the network, including edit, management, access and distribution were completed through the Collaborative Automatic Production Workflow done by material professionals and information technicians.  The entire information technology framework constituted by digital knowledge was formed with three tiers of frames as shown in Figure II.  One of the three tiers was the multimedia knowledge repository, which stored and managed multimedia objects.  Another was the knowledge creation and management that was responsible for grab and index, storage and management, edit, search and access, and management of authority limits.  The other layer was the knowledge access and distribution, including the classification guide, intelligent query, personalized service, and adaptive high-speed transport.  Concerning the functions, they should include (1) the construction and management of a digital archival knowledge, (2) an editorial interface for inputting and organizing the content of the distributed digital knowledge, (3) guide and query functions that were suitable for different types of users, (4) personalized services and a management interface, (5) an entrance’s framework for the entire web and establishment of a promotion mechanism.
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Figure II.  Information Technology Frame for Constructing Knowledge Repository

2.4 Operating Management and Promotion

Before the implementation of the digital museum program, satisfying modern knowledge consumers’ needs was a top priority while setting an overall constructional direction and goal, as well as conducting the re-engineering for the museum’s entire operation.  Moreover, all elements should be dedicated to the goal of constructing the digital museum, including the working methods and outputs of the museum’s staffs, organizational and operational workflows, integration of resources, an establishment of a new culture, and an operating management mode.  By combining and readjusting these elements with the construction and promotion of knowledge, the creation, distribution and promotion of knowledge were enabled to be part of the whole museum’s operation.  The educational function of traditional exhibitions was also extended and promoted to reach a state that the substantial exhibition and virtual exhibition added radiance to each other so that a museum’s operating idea and multiple functions could be presented.  From a practical perspective, a business model for an enterprise’s operating management should be knowledge promotion oriented and established from the following aspects, including needs of product market, value-added production, fixed prices, protection of intelligent property, and promotion strategies.

3 Conceptual Modeling of Digital Knowledge Repository

The core of the whole information technology frame for the digital museum was the construction, management, access, and representation of a digital knowledge repository.  The construction process could be divided into two stages, Conceptual Modeling and Implementation.[8][9]  Conceptual Modeling was designed to set a goal and to construct entire resources for the digital museum by using a thorough syntax, a semantic tool, and models that concretely expressed and described the digital knowledge, such as Resource Description Framework (RDF)[10] and Extended Entity Relationship (EER).  Resources, properties and statements were the three basic objects in the RDF Model.  These three objects were usually applied to the resource exchanges on the Internet and used to express the knowledge in a digital museum and e-commerce setting.  The EER Model was provided with the descriptive functions of IS-A, PART-OF, Entity, Relationship, and Attributes, and the features of object-oriented model, including Encapsulation, Inheritance, Reuse, and Method.  These tools helped to concretely express the relationship and the attributive description between groups of digital knowledge resources in a digital museum.  After combining these model tools with Extended Markup Language (XML) possessed with characters of standardization and portability, it could further enlarge the range of sharing the digital knowledge in a museum and increase establishments of joint inter-museum catalogues.  In addition, the Implementation led the result of the Conceptual Modeling into the frame and system of information technology in a computerized operation environment.

3.1 Conceptual Modeling of the Entire Knowledge Correlation Frame

Through the process of providing users with different types of applications and services, the entire digitalized knowledge correlation modeling in a digital museum  was designed to establish an inseparable correlative tier frame among the things related to archival resources, including people, events, time, places, things, different kinds of knowledge, media resources, researchers’ professional interpretations, and users’ needs.  In a certain field of the frame, an individual group in the upper tier reflected a common attribute belonged to the individual group in the lower tier, which not only inherited the attribute from the individual group in the upper tier but also possessed its own attribute.  By linking different fields, users could obtain integrated information related to collections, researches, exhibits, and educations according to the users’ needs from a single entrance as shown in Figure III.
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Figure III.  Frame of Entire Digitalized Knowledge Tiers

By taking the biological system as an example, organisms on Earth include animals and plants.  Among animals, there are invertebrate animals and vertebrate animals.  The latter category, vertebrate animals, contains a tier frame consisting of mammals, birds, fishes, reptiles, and amphibians.  After finishing this kind of top-down design, relative resources in different fields could be linked to construct an entire knowledge structure with correlations by utilizing the bottom-up and parallel implementations as shown in Figure IV.
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Figure IV.  Conceptual Modeling of the Knowledge Correlation Frame in the Biological System

3.2 Conceptual Modeling of Multimedia Knowledge Repository

A multimedia knowledge repository chiefly provided researchers in a museum with a core platform to long-lastingly accumulate, edit, and produce various kinds of digital knowledge.  Objects such as digital images, sounds, films, literatures, pictures, and 3D models were the most basic units for constructing a multimedia knowledge repository whose contents were formed by different sizes of knowledge granularities from small to big.

Researchers systematically organized and classified contents into different knowledge units according to needs and knowledge cultivation of users and knowledge subjects.  By representing the knowledge in a structural and systematic way, users were able to find and learn about their subject with relative ease.  Archival objects or categories were the targets of knowledge units.  They provided every archival item with subjects for integrating different angles of academic research, exhibition education, and leisure entertainment so that a folder could be established.  Every subject contained one or more multimedia documents with combinatorial structures, which integrated multimedia objects relative to archives.  Figure V showed the framework of every knowledge unit that was constructed by subordinate tiers of a multimedia folder, multimedia documents, and multimedia objects.

For displaying a particular subject or related knowledge categories, connections between related knowledge units were formed by statically manual edits and dynamically systematic excavations to lead to an unlimited extension of knowledge groups and networks.
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Figure V.  Frames of Knowledge Units in Tiers and Chains

4 Practical Construction Example:

The example of the digital knowledge repository of a digital museum in National Museum of Natural Science was explained as below.

The information technology platform for the entire digital knowledge repository was constructed to support archival knowledge repositories, archival specimen repositories, quintessential archives exhibition, and multimedia resource repository.  The content included multi-tiers frames of archival knowledge units, archival specimens, and multimedia resources.

4.1 Systematic Frame

1. As regards data management, the structural analysis and storage of back-end contents adopted a way of separately storing the structured data and non-structured data but maintaining its correlation.  The Index Library Database and Digital Object Database, respectively, played roles of structured data and non-structured data.  The database correlation model and the logical concept of a tree structure were adopted as the ways to connect data and information in series.

2. In order to transmit data over the Internet to remote users without location limitation, the system frame in the middle tier was the primary function in this frame.  After storing the data, related functions of query, index, and data exhibits should be provided.  Thus, application software in the middle tier was responsible for integrating and transmitting data.  Through a single and identical query interface, the necessary data obtained from the back-end database would be sent to the front-end browse interface after disposition.
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Figure VI.  Interactive Relationships between Each Application Tier

3. Since web data was acquired through the pull method, the front-end index browse and systematic verification provided a template layout according to the multimedia objects, which belonged to each subject of archival knowledge units, for professionals to arrange and represent the contents.  The system would then automatically describe the content in the knowledge repository by XML method and present it by the corresponding XSL method.

4.2 Constructional Procedures of Archival Knowledge

Professionals gradually constructed and maintained contents of archival knowledge units in tiers by using the management system of the DAKR.  After completing the edit and the inlay operation of classified browse frame for every archival knowledge unit, the system automatically produced an entire web structure and contents for representing the archival knowledge unit.  The procedure was showed as Figure VII.
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Figure VII  Constructional Procedures of Archival Knowledge Repository

(1) Data Maintenance of Multimedia Entity Tier:

Functions were provided as shown in Figure VIII, including input of multimedia data and metadata needed by archival knowledge units, automatic production of video files with multiple resolutions, query, revision, and deletion.
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Figure VIII  Data Maintenance of Multimedia Entity Tier

(2) Data Maintenance of Archival Specimens

Functions provided as mentioned in Figure IX were the input of archival specimen metadata, link process of specimen video files in the entity tier, query, revision, and deletion.
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Figure IX  Data Maintenance of Archival Specimens

(3) Constructional Operation of Archival Knowledge Units

The functions provided by constructional operation of archival knowledge units were to link the required contents of archival knowledge units together, establish an editorial operation for representing contents in fixed templates, and automatically produce contents of a web as referred to Figure X.
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Figure X  Constructional Operation of Archival Knowledge Units

(4) Maintenance of Classified Browse Framework

Maintenance of Classified Browse Framework as shown in Figure XI provided professionals with the functions of linking the edited archival knowledge units to each frame of the classified archives exhibition tier, and adding, revising, and deleting the content.  In addition, the automatic display web would show the latest content if any data was changed.  This was a function of immediately and dynamically updating data.
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Figure XI  Maintenance of Classified Browse Framework

(5) Edit of Quintessential Archives Exhibition

This function provided editors with an interface to select the quintessence of archives from different fields for archival knowledge units, archival specimens, and multimedia files, and then automatically displayed them as referred to Figure XII.
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Figure XII Edit of Quintessential Archives Exhibition
(6) Automatic Transformation of the Entire Web

This function would automatically transform multimedia entity database, specimen database, archival knowledge units database, and contents of classified archives browse framework to be a web representation framework in tiers composed by XML and XSL as referred to Figure XIII.
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Figure XIII  Web Display Framework of Archival Knowledge Units

5 Future Development

This system was developed based on the core of the management system of digital archives.  It currently has completed a mechanism of automatic web production and a classified browse framework for professionals in the collection team to construct and display digital contents of multimedia resource repository, archival specimen repository, and digital knowledge repository.  The next step should be to develop digital knowledge contents conformable to multiple services and needs, establish a structure for linking and indexing knowledge in different archival fields, develop an ability to excavate and construct knowledge automatically, provide personalized query and service, set an integrated web entrance, and support trades in commercial operation modes and the mechanism of the management platform.  In addition, a long-term developmental mode for constructing a big digital knowledge repository by a digital museum should be established to satisfy the needs belonging to different user groups in various fields and further promote the function and value of the museum’s existence.
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