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Abstract:  The Faculty of Architecture at RWTH Aachen University was in need of an infrastructure for 

collection and display of files and metadata from research and study projects. Applications include the 

documentation of heritage sites in Afghanistan and Pakistan, architectural guides for Aachen or Cameroon 

as well as student design assignments. 

Therefore media.REIFF was developed, a web-based open source database. Each application will start with 

the development of its own lightweight ontology. The database stores objects, representing files or metadata. 

These are categorized in classes. Each object gets a permanent textual identifier as an alias to the internal 

object ID. Links between objects can be added with different relation types: parent/child, association, and 

others. Objects can be tagged with properties from hierarchical taxonomies, with geographical or local 

coordinates, dates and times. The database stores names and descriptions in different languages. 

Particular focus was put on reducing the complexity of the interface while maintaining the possibility to add 

complex data structures. This allows students or untrained staff to collect data without prior instruction. 

Master files will be archived unchanged, thumbnail images in different sizes help browsing through the 

collections. Metadata can be imported once or constantly synchronized from external sources. Currently, this 

includes various research databases, staff identity management as well as the study guide of the university. 

The data can be visualized in different ways: as lists, thumbnail galleries, or maps. Several export formats 

are supported. 
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Introduction 

The Department of Urban History at the Faculty of Architecture at RWTH Aachen and its research institute, 

Aachen Center for Documentation and Conservation (ACDC), led by Prof. Michael Jansen, oversee since 

1979 a vast and growing collection of photographs and maps from the archaeological excavations at 

Mohenjo Daro. This site, situated in the Indus valley in Sindh Province, Pakistan, is dating back around 5000 

years ago. In 1980, the remains of the site which where rediscovered in 1922 were given the status of 

UNESCO World Cultural Heritage. Historic photographs from 1922–1940, new “parallel” photographs from 

the early 1980s that were taken from the same spot as the old ones, and aerial shots were published as a 

CD-ROM database (JANSEN 1997). 

 

In 2002, ACDC started to work in Afghanistan on a documentation of the remains of the cultural heritage, 

that still existed in the war-damaged country. A list of relevant sites was compiled from different sources to 
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get a general overview. A major source was the Archaeological Gazetteer of Afghanistan (BALL 1982). In 

2003 and 2005, young Afghan architects and archaeologists were trained for a documentation of the current 

state of the monuments and sites in their country. An index sheet for each site with place for sketch drawings 

and a list of the taken photographs was prepared. The teams went from site to site with these papers, a 

pencil, a camera, and a GPS device. That way they were able to collect data from more than one hundred 

sites. 

 

With a lot of experience in archaeological documentation but a still developing knowledge in digital 

databases, different approaches were made to collect, sort and make the data available for further research. 

The CD-ROM Browser for Mohenjo-Daro (JANSEN 1997), running only under an old Windows version, was 

abandoned in favor of a static browser based, platform independent version. With support from the 

Department of Information Systems of RWTH Aachen University. the Microsoft Access database, which was 

developed for Afghanistan, was transformed into a web based community platform, backed by an Oracle 

database with a Java interface (KLAMMA 2005, TOUBEKIS 2008). 

 

All these systems were very domain specific and not that well extendable without expert IT knowledge, 

Therefore, in 2004 a new approach was made to develop a database suitable for all kinds of projects, with 

open source software and with low hardware requirements. This was the birth of a database with the 

structure which is now used for the media.REIFF1 database, the common media database at the Faculty of 

Architecture at RWTH Aachen University (MOSSAKOWSKI 2014). 

 

The Database itself 

Objects, Classes, Properties, Relations 

To cater for different structures of the applications, the core database structure was kept simple. The main 

concept is the object. An object is either a digital file or metadata. It can be linked to other objects. An object 

can have different properties. All objects have a unique identifier besides the internal database ID. This 

identifier is part of the Uniform Resource Locator (URL) to access the object. It should be, if possible, a 

standardized name (e. g. for countries, ISO 3166 codes can be used). 

�������

�

1 Reiff was the name of a former professor and founder of the Reiff Museum, which is the main building of the Faculty of Architecture 
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Fig. 1 – Objects, classes, properties and links to other objects 

 

Using a system like that can be relatively complicated. For every object, decisions have to be made 

regarding to what it can be linked to, which properties it might have etc. Therefore, we use classes to group 

similar objects. For each class, the possible relations to other classes as well as the possible properties can 

be defined in advance. Examples for classes are countries, monuments and photographs: 

 

– A country is a metadata object. It has its ISO 3166 code as an identifier, e. g. at for Austria. Moreover, it 

can have several names in different languages, e. g. Austria in English, Österreich in German or Republik 

Österreich as its official name in German. Finally, one is able to save a geographical coordinate of the 

country’s geographic center or a polygon describing its borders as a property. 

 

– A monument is a metadata object, too. The composition of its identifier can vary between different 

applications. For our project documenting historical monuments in the province of Sindh, Pakistan, a code 

with three latin letters and part of the UTM coordinates is used. Monuments often have different names in 

different languages and sometimes even in the same language which all can be stored as text in the 

database. The official name for the Statue of Liberty in New York is Liberty Enlightening the World, in 

German it is Freiheitsstatue. A geographical coordinate of its center or a polygon describing its 

circumference can further describe a monument. Dates of construction and possibly of destruction can be 

added. The object can have a postal address. It can be linked to the country where it is situated (Monument 

is inside of country). 

 

– A photograph is a digital image. Its identifier could be a combination of the name of the camera 

manufacturer, the model number, the serial number of the device, and the sequential filename, which is 

automatically provided by the camera. Among its properties are date and time of creation, date and time of 
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digital reproduction (if it is not a digital photograph from the beginning on), the geographical coordinates of 

the spot where the photograph was taken, the orientation etc. It may be linked to a monument, e. g. as a 

description (Photograph describes monument, monument is described by photograph). 

 

In order to avoid collisions of identifiers and to make it easier to set access rights for different users for sets 

of objects, it is possible to create metadata objects without semantics: folders. These can be organized 

hierarchically. 

 

The set of possible classes, links and properties is seen as the ontology of an application (cf. fig. 2). 

 

 
Fig. 2 – Ontology of the Afghanistan Site Register 

 

More links between objects increase the possibility to filter out distinct objects. As an example. we could 

show all monuments in the district of Mirpurkhas in Sindh Province in Pakistan. 

 

Files 

All files uploaded to the database are saved to the file system using the identifier of the corresponding object 

as filename. The original file is always preserved as is. Several surrogate files (thumbnail files of 

photographs, still images of videos) in different sizes can be created automatically. EXIF, IPTC and XMP 

metadata can be read and imported to the database. For images, several image manipulation functions are 

available: rotation, mirroring, scaling.   
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Software and Features 

It was decided to use only Open Source Software: A MySQL database, PHP as scripting language, Apache 

as a web server, OpenLayers as GIS frontend. Several tools help to identify, manipulate and read media 

files: ImageMagick, GhostScript, UFRaw, ffmpeg, ExifTool, and CutyCapt. This allows setting up the 

database everywhere without the need to think about licensing costs. This is especially important in 

developing countries. The database runs on standard hardware. 

The user management is operating with objects that belong to the classes person and group. These can be 

added manually to the database or taken from external sources like LDAP servers. Access to the objects can 

be granted or revoked on a per folder basis. All rights will be inherited through the hierarchical folder 

structure. 

The data is entered via web forms. An interface for the mass import of files exists. Content from the database 

can be exported in CSV, KML, JSON, MediaRSS, or PDF format or in ZIP archives for file download. 

Besides full text search over the data or parts of it, a dynamically created list of all words used in titles and 

descriptions of objects is provided as a means for researching data. 

 

Use Cases 

Architectural Guide for Aachen, 2011–2014 

Department of Conservation, RWTH Aachen University, Prof. Ch. Raabe / D. Lohmann 

 

Each semester, architecture students collect data about historic buildings from different epochs of the 20th 

century. This includes photographs, historic plans, self drawn plans, and data from research publications and 

city offices. All sites are displayed on a map. A printed brochure as well as a public website of the guide are 

in the works. 
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Fig. 3 – Map of Aachen with the researched buildings (Map: Copyright OpenStreetmap Contributors)  

 

Inventory of Cultural Property in the Province of S indh, Pakistan (2013-2015) 

Department of Urban History / Aachen Center for Documentation and Conservation, Prof. M. Jansen, G. 

Toubekis, K. Ley, M. Hamburg, L. Liehner; Heritage Foundation (HF) of Pakistan, Y. Lari, M. Nizam 

 

In 2010 to 2011, it was decided in Pakistan to transfer the authority over cultural heritage sites from national 

government to the provinces. ACDC together with HF try to build up a digital infrastructure for monuments 

and sites in Sindh Province. For two years, three field teams, each of two people, will travel around. Their 

task is to take photographs (with GPS coordinates), draw sketch maps and gather information about the 

current condition of each site. 
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Fig. 4 – Tomb of Jam Nizamuddin, Makli Hill Necropolis, UNESCO World Heritage Site, Oct. 2013 

 

Mohenjo Daro Sindh Volumes Publication (ongoing sin ce 1984) 

Department of Urban History / Aachen Center for Documentation and Conservation, Prof. M. Jansen, G. 

Mossakowski, L. Liehner, G. Toubekis 

 

The Sindh Volumes are a collection of historical photographs from the historic province of Sindh, Pakistan, 

dating back to 1916. Part of this collection are pictures taken during the excavations at the historical site of 

Mohenjo Daro, showing the findings, structures, and the works in progress. Originally, three copies of the 

volumes existed in Delhi, Karachi and Mohenjo Daro. Unfortunately, over the years many photographs have 

been lost. Over 8,000 photographs and plans have been reproduced by Prof. Jansen and his team between 

1979 and 1984. Later, they have been digitally scanned, and metadata was added. A dynamic PDF export in 

book form was created, always reflecting the actual state of the database. 
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Fig. 5 – Sample page from the PDF publication Mohenjo Daro Sindh Volumes (Reproductions: Copyright Michael Jansen) 
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Assignment submissions of the architecture students  in Aachen (since 2009) 

Faculty of Architecture, Commission for Teaching Quality Improvement, Reiff+, RWTH Aachen University 

 

For each design project or seminar at the Faculty of Architecture, the departments can use media.REIFF as 

a repository for the student’s submissions. A student can upload her own files. The number of files and 

filetypes can be restricted, as well as the classes of objects and the time frame in which uploading data is 

possible. The basic assignment information together with the list of participants and involved staff is 

synchronized automatically as metadata from the central university server. 

 

 
Fig. 6 – Screenshot of http://big.arch.rwth-aachen.de/showroom (Chair for Visual Form, Prof. Th. Schmitz) 

 

Masterplan for the City of Dueren (since 2014) 

City of Dueren and HJPplaner, Aachen 

 

The city of Dueren is planning to redevelop its Central Business District. The media database is used as a 

means of communication with the public. Photographs, protocols and maps are presented to the interested 

citizens. It is possible to leave comments on all objects. (https://masterplan.dueren.de/) 
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Fig. 7 – Screenshot of https://masterplan.dueren.de/ 

 

Findings and Outlook 

Building a database on an abstract structure has helped in many ways. New features, which are developed 

for one application, can easily be used for another project. This way, development costs are reduced. The 

software infrastructure for old projects does not have to be maintained separately, it is always up to date. 

 

Most of the currently more than 2,500 users did not get a special training on how to upload files and add 

metadata. This confirms the intention to make the database easy to use. As of February 2014, media.REIFF 

stores around 80,000 objects and 150,000 files (ca. 220 GB). The system is bilingual (German and English), 

therefore no special provisions were needed for using the database in Pakistan. 

 

For a small project, it is important not to reinvent the wheel. We adopted as many common technical and 

data standards as possible. This includes using ISO standards for countries and languages, URIs as citable 

identifications, and the support of open data formats like KML or JSON. 

 

The CIDOC Conceptual Reference Model was used as an orientation on how to link different objects. It is 

possible to map a model like this to the database. Most of the time, only a very small subset of the 

possibilities that CIDOC gives us is needed. 
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Fig. 8 – Comparison to CIDOC Conceptual Reference Model 

 

Even after more than 20 years that the World Wide Web was invented, the concept of hyperlinking data is 

still uncommon for many people. Therefore, a hierarchical structure of the data, which exists in parallel to the 

net structure, is a lot of help to many users. Each project needs a collection of starting points to help 

navigating through the datasets. 

 

In the following years, we will concentrate on further improvments to the interfaces. Most of the data which is 

currently stored in media.REIFF is unavailable to the general public. So after all the technical challenges, the 

next task is a social one. We need to convince the owners of the data to publish it and allow external linking 

as well. Then we can talk about Linked Open Data. 
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