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Abstract 

We present a concept of the information system for intensive work with metadata in heterogeneous data store to modify dynamically 
both the data and the metadata models by user. This concept is illustrated by example of such information system for the project 
where the digital registrar is developing for the culture heritage of Old Russian paintings, namely Dionisius frescoes in the 
Cathedral of the Nativity of the Virgin at the Ferapontov Monastery painted in 1502. 
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1. Introduction 

In various applications, key problem is the choice of information system to provide effective work with data. Now 
there are many IT solutions with wide spectrum of services to meet different types of application requests such as cost 
of the system and its technical support, flexibility, scalability, openness, DBMS choice etc. One of the most popular 
information system of this type is the CRM (Customer Relationship Management) ones [1] targeted on automation of 
working processes in companies and organizations. However, for small companies and organizations CRMs are too 
expensive. In these cases, work with data is reduced to data storage in file system on local discs, or in public cloud 
resources [2] such as GoogleDrive and OneDrive. 

It is worth to note that decisive factors, such as data types, are fixed in existing information systems. It brings to 
the problems in case when data heterogeneity is changed during the life of the application project. Now dynamic 
modification of data models and types of connections between them becomes to be more and more important, as well 
developing functionality of the system and developing methods of data elaboration and analysis. Furthermore, the 
time dimension becomes to be important too, when data, coming in time, should be jointed in tracks according hand-
picked data attribute. An illustrative example can be medical registers where data of medical investigations and 
analysis should be collected in the time tracks for each patient. 

Note that for such data attributes as heterogeneity, links to other data (e.g. time tracks), data models binding to the 
elaboration and analysis methods, history of the data birth and changing, special terminological concept metadata 
(data about data) has been developed much last 10-15 years. One can mention ontologies [3] as one of the most 
productive developments in this direction. However, work with metadata has static character in existing IT solutions, 
without possibility of dynamical modification or formation of new data models. In following we will use the term 
data for input data and for derived data of the same type, and will use the term metadata for derived data describing 
data structure, details of the data provenance (history), links with other data or with metadata etc. 

Thus, it is an open problem now to develop the toolkit to equip users with ability to organize the dynamical 
modification of data and metadata models in transparent and easy way. 

Formulations above have a conception character but we will not develop here the corresponding theoretical 
constructions in deep. Instead we present key points of the realization of this conception for specific class of 
applications, where  

ü data are stored in file system while metadata can be placed in relational database to ensure high performance 
for search and filtering; 

ü users work with metadata during the preparation of data processing jobs while the actual data are used when 
the job is performed. 

As a pilot application, we consider in this paper the information system under developing for Dionisius frescoes 
painted in 1502 on the walls in the Cathedral of the Nativity of the Virgin at the Ferapontov Monastery [4]. The 
Dionisius frescoes have been included in the UNESCO World Heritage list in 2000.  In 80’s years of last century there 
a unique project was undertaken on conservation and preservation of the Dionisius frescoes [5,6]. Then, in 00’s years, 
special heating and climate control system was established in the Cathedral of the Nativity of the Virgin. As a result, 
the physical conditions of the frescoes are good and stable for now. It gives additional argument for creation 
specialized information system described above for this culture heritage. Important point is that such a system could 
(or even, should) be extended with data provided by future investigations of the physical condition of the frescoes. 
The information (data+metadata) stored and created in the system under elaboration will allow to snapshot current 
condition of the frescoes at high resolution and accuracy requested by specialists in the field of heritage conservation 
[7]. For these purposes the main source of the data is macro and micro photography in different spectral bands – UV 
(ultraviolet), visible and IR (infrared) lights. In following, we will use a term digital registrar for the above concept in 
application to the Ancient Culture Heritage, and a name SuBMiT (Service Based Metadata management sysTem) for 
the software implementation of this concept. 

The paper is organized as follows. In Section 2 we give basic information about the object of culture heritage, wall 
paintings (frescoes) by Dionisius in the Cathedral of the Nativity of the Virgin at the Ferapontov Monastery, for which 
the digital registrar is under creating. In Section 3 an architecture is discussed for the SuBMiT toolkit designed taking 
into account specifics of the application chosen. In Section 4 the pilot programming implementation is discussing in 
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major details. In Conclusion, we formulate key accents of the SuBMiT toolkit proposal in relation to the digital 
registrar conception. 

2. Digital registrar of Dionisius frescous 

According our conception the digital registrar for the complex of compositions of Dionisius frescoes will include 
digital photos in different spectral bands and in various scales, from close-up shots and orthorectified photo images 
[8] of each composition, up to macro scale 1:1 for photography images. In total, there are about 300 compositions [9] 
on Dionisous frescoes, each of few square meters. Typical size of RAW photo image is about 20 Mbyte. Size of the 
sensor matrix for camera Canon 650D is 14.9х22.3mm. So, the image made in scale 1:1 covers area on the painting 
of approximately same size. The resolution provided by this scale is few microns what corresponds to the request of 
experts in the heritage conservation field. It means that 1 m2 of paintings asks to get three thousand photo images if 
they are made with 40% of overlapping, what is necessary to allow assembling these photos in one image for a 
composition with requested resolution. In result, total volume of the 1:1 photos is about 60 Gbyte for 1 m2. If one 
makes photos in various spectra, say in 10 bands from UV to IR, then volume of the image data will be about 0.5 
Tbyte. For whole wall paintings in the Cathedral of the Nativity of the Virgin (~650 m2) one gets volume about 300 
Tbyte. For the digital registrar it is necessary to have images in other scales too, e.g. in scales 6x9 cm and 20x30 cm 
to provide navigation over the compositions without loss of accuracy with the help of pyramid technology [10]. One 
can conclude, therefore, that SubMiT has to be scaled up to Pbytes. 

It is worth to note that input RAW images will not be changed or modified when stored in the digital registrar. 
In data processing pipeline the users can create new images (derived images) from raw photographs stored. An 
example of such derived image is so called orthorectified image for a single composition in Dionisius frescoes [8]. 
Note that the ortho rectification will provide a (geometrical) coordinate system for positioning images of different 
scales within the composition and can be used for navigation over the frescoes. The derived images also may be saved 
in the file system and they cannot be changed or modified after the saving. 

As we pointed out above, the end users, e.g. specialists in heritage conservation, later will edit and change metadata 
rather than data (images). The images will be used only by services when jobs or workflows are running. Links to 
these files (raw and derived images) are elements of their metadata. 

3. SuBMiT architecture 

The toolkit should allow easy installation by users as well easy tuning on concrete application. Services should 
provide the following functions (this list has initial character and will be completed later): 

• design of new data and metadata models with function of their dynamical modification; 
• registration of input data with extraction of initial metadata; 
• multi-criteria search on metadata attributes; 
• easy integration of external applications and services by users; 
• ingesting, restructuring and data processing jobs and workflows; 
• data share and access permissions to the toolkit resources; 
• collaborative work for multiple users. 

An architecture proposed for the SuBMiT toolkit is shown in Fig. 1.  
Short (initial) list of details of this architecture includes the following. Key component is metadata register, main 

elements of this register are data and metadata models [11]. Interface to these models should have standardized format 
and will be provided by services. Services will be, at least, of three groups – system, application and user’s. One of 
the basic functions for system services will be extracting initial set of metadata from input data as well creation of 
further metadata during the user work. System services should provide also the job loading on computing resources, 
processing inquires to the storage (file) system etc. One of the main function of user’s services should be creation and 
modification of data and metadata models. 
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