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Leonid Kuybyshev
Head of «EVA Moscow» Organizing Committee
leonid12007@gmail.com
Nadezhda Brakker
Head of «EVA Moscow» Programme Committee
nbrakker@gmail.com

«EVA» Conferences (www.evarussia.ru) were held
in Moscow since 1998 upon the agreement with the European Commission and at the support of the Ministry of
Culture of the Russian Federation. Up to 2010 the initiator and the main organiser of the annual «EVA Moscow»
Conferences was the Centre on the Problems of Informatisation in the sphere of Culture (PIC Centre).
The objectives of the Conferences were:
• establishing connections and cooperation between Russia, post-Soviet States and the European
Union;
• broadening of international cooperation in the
area of culture, ICT, science and education;
• integration of Russia into the European and the
world cultural environment;
• presentation of programmes and projects in ICT
for cultural, scientific and historic heritage.
In 1998 – 2004, «EVA Moscow» was held at the State
Tretyakov Gallery. The Conferences were hosted by the
Margarita Rudomino All-Russia State Library for Foreign
Literature in 2005 - 2009 and by the Russian State Library
in 2011 - 2013.
«EVA Moscow» was one of few conferences, integrating experts working in quite different branches of
culture and technology. Every year the interest to the conference enlarged the number of participants: representatives of federal and regional governmental organisations,
specialists of museums, libraries, archives, scientific and
research institutions, universities, cultural high schools, step by step expanding borders of professional cooperation and geography of participants.

Moscow «EVA» Conferences through these years became one of the most attended and influential events in
the area of culture and technologies in Russia. The total
number of participants of «EVA Moscow» from 1998 to
2009 was about 7000 people. Representatives of all regions of Russia, official representatives of the European
Commission, foreign delegates from the European Union
and the Commonwealth of Independent States participa
ted in the work of the Conferences and affiliated exhibitions. About 1500 papers were presented at plenary mee
tings, sections, workshops and published in Russian and
English. In 1998 – 2009, the Conference was accompanied by the exhibition «Multimedia in culture, art and
education» and other events.
Since 2000, «EVA Moscow» was held in close coo
peration with the Russian Committee of the UNESCO
«Information for All» Programme and under the aegis of
the UNESCO Office in Moscow.
Taking into account the importance, the relevance and
the demand of «EVA» Conferences by the professional
community, considering the necessity of keeping the tradition of its annual meetings we support the organisation
«EVA 2015 Saint Petersburg» (evaspb.ifmo.ru) and hope
it will be held at a high professional level.

7

EVA 2015 SAINT-PETERSBURG, RUSSIA

8

INTERNATIONAL TECHNOLOGY CLUSTER “ART & SCIENCE &TECHNOLOGY”
Nikolay Borisov
St.Petersburg National Research University
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(ITMO University)
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Philip Kazin
St.Petersburg National Research University
of Information Technologies, Mechanics and Optics
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This paper presents the project for development
of the International Technology Cluster “Infocom
munication and Optical Technologies in Culture and
Art” (Cluster “Art&Science&Technology). This pro
ject is initiated by ITMO University and aimed at the
advancement of interdisciplinary research and devel
opment in the field of introduction of achievements
of science and technology into creative and cultural
activities.

1. Introduction
The international technology cluster “Infocommunication and Optical Technologies in Culture and Art”
(hereinafter referred to as Art&Science&Technology
Cluster, AST Cluster) is being created in the framework of implementation of the Program for Competitive Growth of ITMO University for 2013-2020. The
Art&Science&Technology Cluster is one of the key
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Fig. 1. AST Cluster methodology diagram.

system-wide projects to ensure development of the
university and improve its competitiveness through
effective application of core competencies of the University, i.e. information and photonic technologies, in
the sphere of culture and art.
The main target priorities of the Art&Science&
Technology Cluster are the preservation of the worldwide
cultural heritage and provision of free access for the population to works of art and objects of cultural interest in
digital and mixed formats.
Development of the cluster should provide organizational, technological, and infrastructural opportunities for implementation of the approach “culture as a
driver of social and economic development”. The cluster implies, in the first instance, integration of the main
scientific and technological disciplines (good prac
tices) of ITMO University in the fields of optics, photonics, multimedia, and usability with the world leading
Art&Scienсe&Technology centers for achievement of
synergetic effect in matters of preservation and provision
of access to world cultural heritage facilities.
The methodological framework of the AST Cluster is
the actual historical and philosophic pattern of interaction
of science, arts, and technologies shown in Fig.1.
The vertex “Science” of the triangle in the metho
dology diagram denotes scientific activities focused on
the study of objective natural phenomena, development
of theoretical framework, and applied research. The main
distinctive features are the fairness of information and
the application of mathematical formalism and physical
and chemical methods. Infrastructure of this part of cluster in the form of scholarship and education schools and
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scientific research laboratories may be formed gradually,
and the results of activity thereof shall be presented in the
form of scientific publications, international workshops
and conferences.
The vertex “Arts” represents the creative sphere of
arts, subjective in itself. The creation and preservation of
works of art and objects of cultural interest, innovations
in methods of representation thereof, and dissemination of
humanistic values are the main objectives in this sphere
which are realized by permanent or mobile creative teams
and personified in personal touch of masters of the arts,
cultural workers, and their disciples. Projects in this
sphere, including time efficient ones, may result in public
awareness and improvement of social and humanitarian
significance.
The vertex “Technology” is the key converging
point of the cluster and embraces not only engineering
solutions and infocommunication infrastructure, but
also the technology brokerage, intellectual property
protection, content distribution technologies, and competencies related to commercialization of scientific and
creative projects. Self-funding groups able to combine
scientific knowledge with social needs should emerge
within this part of the cluster. Their activity should
result in projects strongly sought for by the society and
financed by end users.
Therefore the following three directions for the deve
lopment are distinguished:
• Science&Art: development and application of
scientific and engineering techniques and tools for
the study of cultural and historical heritage facilities, preservation and documenting thereof;

• Art&Technology: promotion of innovation projects for practical application of science-intensive
technology solutions in museum and theatrical, library and archival activities, for creation of pieces
of art and visual installations;
• Science&Technology: creation and development
of an infocommunication and project management
infrastructure aimed at association of field-specific
scientific knowledge and technology innovations
with art community requirements.
The center of the AST Cluster methodology triangle
is occupied by the education sphere responsible for
staffing support of all the aforementioned directions for
development. All projects proposed for implementation
within the framework of the cluster shall contain an
educational component for acquisition and consolidation
of actual competencies in the field of engineering and
infocommunication technologies applicable in culture
and art.
Priority scientific and technology projects in the
framework of the three directions for the development
will be based on the key competencies of ITMO University: optical (photonic, laser, spectral) technologies
and infocommunication (network, hardware/software,
cognitive, multimedia) technologies. It is proposed
to classify key projects according to the following
directions:
• optical methods and tools of research, restoration, conservation, and documentation of works of
art;
• art projects based on science-intensive lighting,
visual, and hardware/software solutions;
• multimedia methods and tools for 3D/4D representation of objects and events of culture and art;
• cross-disciplinary educational and communication projects;
• systems of personalization and integration of information channels.
Successful development of the cluster in the aforementioned directions is associated with support of interdisciplinary scientific research in the field of preservation
of pieces of culture and computerization of the field, advanced training of employees of cultural institutions in
the sphere of application of innovative and science-intensive technologies, and assistance to cultural institutions
in solving science-intensive and technically demanding
problems aimed at modernization thereof.
In the field of international cooperation it is necessary to provide coordination and informational support of
interaction between higher education and cultural institutions in Russia and foreign countries, analyze and circulate best practices of solution of science-intensive and
high-technology problems in the sphere of art and culture,
and involve young students in addressing technical science tasks for the benefit of the cultural sector through the
use of international exchange schemes.

2. Cluster Objectives, Tasks, and Directions for the Development
Objectives of the cluster:
Ensure protection and access to the world cultural
heritage (with priority given to Russian works of art)
through the use of brand new technological innovations.
Enlarge opportunities for realization of personal potential in creative and sociocultural activities by using
present-day science-intensive technologies.
Tasks to be solved in the framework of the cluster are
focused on the following project activities:
Development of new directions of application of information and optical technologies in culture and art on the
basis of Russia-wide and international partnership.
Creation of a technology framework to ensure protection and accessibility of the world cultural heritage.
Training of highly qualified personnel in the sphere of
development, implementation, and commercialization of
technologies used in culture and art.
Creation of strong instruments for implementation and
commercialization of new information and photonic technologies used in culture and art.
Promotion of social interest in world cultural heritage
sites, promotion of achievements in science and technology, applied in culture and art.
Involvement of young people in technological and creative activities.
Provision of organizational, technological, and infrastructural conditions to strengthen the role of culture as a
driver of social and economic development.
Principles of creation and functioning of the cluster
are described as follows:
Multidisciplinarity: ensures integration and optimum
utilization of background and practical knowledge from
various fields of science in order to solve practical problems related to development and implementation of new
technologies in demand on the contemporary market of
creative industries. Multidisciplinarity involves combining
of efforts of specialists in infocommunication and optical
technologies with knowledge and experience of experts in
business analysis and promotion of science-intensive technologies to art and culture markets (economists, marketing
experts, managers, and cultural specialists).
Synergy: cluster members gain an advantage by
means of integrated promotion of products and services,
high level of cluster members’ competency, focused
support of the cluster by investors, government authorities, consumers, and the balanced composition of
cluster members.
Openness: cluster members do not depend on the
cluster financially or structurally. They join the cluster
voluntarily and by their own initiative.
Orientation towards mass adoption of technologies
under development in culture and art: infocommunication and optical technologies being developed and implemented in the framework of the cluster should be focused
on solutions which may be transferred to culture and arts
institutions for wide use in their daily practice.
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Fig. 2. AST Cluster management structure.

3. Cluster Model and Development
Priorities
The proposed model of Art&Science&Technology
Cluster has 4 main levels (Fig.2).
“Cluster Core”: technological core and organiza
tional core. The technological core comprises research
teams of ITMO University and research and education center which have unique research competencies in
Art&Science&Technology making it possible to implement integrated projects in cooperation with other members of the cluster, as well as associations and companies
representing the sector of creative market.
The organizational core is the project office of the
cluster which performs functions of strategic and ope
rating management. The project office is represented by
ITMO University managers.
The “Base Level” is represented by key partners and
consumers from among universities, cultural institutions,
business organizations, and government authorities. This
level is responsible for meeting the basic needs of the
cluster from the point of view of efficient operation and
sustainable growth thereof.
The “Service Level” is represented by companies and
organizations involved in the process of promotion and
maintenance of the cluster. Such companies are marketing
and promotion companies, organizers of exhibition and
congress activities, travel agencies, patent companies and
law firms, technology brokers, fundraisers, project management companies, etc.
“External infrastructure”. The cluster uses developed infrastructure: production, transport, logistic infrastructure, that of cultural sphere institutions (museum,
theaters, exhibition centers, etc.) and so forth.
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The key technology directions developed within the
cluster are divided into three base groups.
Laser and optical technologies:
• Laser technologies for restoration and
diagnostics;
• Spectroscopic technologies;
• Ultra-realistic
full
color
holography
technologies;
• Digital holography technologies;
• Lighting design technologies;
Multimedia technologies:
• 3D/4D modeling technologies;
• Multimedia 360 technologies;
• Internet theater technologies;
• Motion capture technologies;
• Virtual and augmented reality technologies;
Infocommunication technologies:
• Mobile access technologies;
• Big data transmission and processing;
• Recommender systems;
• Digitization of collections, and ontology based
knowledge bases;
• Personalization of information channels;
• Cognitive technologies, neuro-interfaces;
• Intellectual property protection.
Scientific potential of the cluster is determined by
competencies of organizations, departments, creative
teams, acquired in the process of implementation of specific projects for the development of information and optical technologies in culture and art.
Activity of the cluster in the field of education is focused on improvement of personnel training quality
(mainstream and extended education) in ITMO University through enhancement of motivation among students,

Master’s degree students, post-graduates, and representatives of professional community in the study and practical
application of background and practical knowledge in the
field of infocommunication and optical technologies. Application of new technologies in culture and art creates a
wide area for students’ personal creative activity.
The development of the innovative entrepreneurship
block of the Cluster activity is realized through the approach “ITMO University as a Venture Capitalist” which
implies management of intellectual assets, developments
and projects of ITMO University from the point of view
of their commercial potential and prospects of the market,
with due regard to the necessity of solving problems related to preservation of cultural heritage and provision of
wide access thereto through the Cluster competencies.
The main objective of the development of the innovative entrepreneurship component of the Cluster activity is
to ensure implementation of intellectual activity results
(hereinafter –IAR) generated by the project teams in the
actual economy via mechanisms of technology transfer
system and commercialization of the results of research
and development.
As of today, the main reason for the low level of implementation is the fact that it is extremely difficult to finance (no trust and no vision) and practically impossible
to implement technologies not connected with each other
to arrange an integral chain. Another reason is the low
level of partnership with holders of complementary technologies and developments of different degree of completion (ranging from scientific ideas to off-the-shelf technologies) both in Russia and abroad (where a substantial part
of required competencies is available). Such problems
(challenges) are universal for all countries where creative
industries are being developed.
The task on commercialization of Cluster developments will be solved content-wise through bringing of
IAR and projects towards the phase of prototypes ready
for further venture investment in the course whereof
ITMO University, in the form of establishment of business entities as a founder in compliance with Art.103
of the Federal Law No.273-FZ “On Education in the
Russian Federation”, is registered as a member of all
companies established in partnership with external investors, becoming the holder of an interest corresponding
to its contribution. Other forms of commercialization
of Cluster RIA (intellectual property) such as granting
the rights to use RIA to third parties (in the form of
license agreements) will be considered separately in
each particular case.
Decision on the form of participation of ITMO University in the project (including the decision on financing of the project from the University funds or affiliated
funds) will be taken by way of project review by the Strategic Board for Innovative Activity of ITMO University
(hereinafter “the Board”), with representatives of sectors
concerned and technology brokers of ITMO University involved in the work of the Board for the purpose of
search, assessment, and selection of technologies for the
Cluster. When taking a decision at the initial phase of the

Cluster development (within the University), the potential
of a technology/development will be identified either by
the availability of an industrial partner which is a potential or real consumer of such technology, or by the results
of market research.
Though the aggregate potential for commercialization of the existing developments of ITMO University
is not sufficiently large at the moment, the international
format of the Cluster and the competencies available will
make it possible to use the potential of foreign developments getting into joint use and joint commercialization.
Thus ITMO University will be able to play the most advantageous integrating role in the process of development of both research and innovative entrepreneurship
components of the Cluster; and the Cluster itself, when
established in the international format, should become the
largest European supplier of breakthrough technology solutions and appropriate specialists for culture and art.
The Cluster activity in all directions shall necessarily have an image component focused on promotion of
ITMO University as a center of development and adoption of infocommunication and optical technologies in
culture and art.
To ensure long-term sustainable growth of the cluster
it is necessary to involve young people both in creation
of new technologies and in implementation of creative
projects and use thereof. Solution of this problem implies
a variety of forms of involvement of young people in the
work of the cluster.

4. Socioeconomic Effects of the Cluster
Creation
The AST Cluster is to be created in order to ensure development of technology and methodology framework for
preservation of cultural heritage of Russia, provide free
access to cultural facilities in digital and mixed formats
for the population of Russian regions, and create technological conditions for implementation of the approach
“culture as a driver of social and economic development”.
Finding solutions to the tasks at hand will provide an
opportunity to substantially change the cultural life of
Russian regions, eliminate their isolation from cultural
centers, create conditions for cultural diversity of leisure,
provide them with technologies for realization of their
creative projects and ensure wide access to the results
thereof. This, it its turn, may make the living environment in those regions more comfortable and will promote
inflow of young people, which will become the basis for
implementation of regional development programs.
Adoption of new technologies of creation and access
to multimedia content will make it possible to enlarge the
scope of those interested in familiarization with cultural
heritage and latest achievements of modern culture and
art through virtual museums, internet translations of theatrical performances, virtual attendance at culturally and
socially important events. This will promote improvement
of the standard of culture among the population, deve
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lopment of tolerance to cultural heritage of other peoples
and countries, improvement of quality of educational and
moral-building activities among young people.
Presentation of regional cultural heritage by using the
capabilities of infocommunication and optical technologies will promote interest in culture of the regions, which
undoubtedly will be conductive to the advancement of regional tourism in Russia.
The development of services realized on the basis of
adoption of technologies developed within the cluster, the
generation of diverse directions of distribution and commercialization of digital content will actually contribute
to establishment of small innovative enterprises and development of small business in the regions. This, in its
turn, will result in creation of new workplaces, economic
development of the regions, and improvement of their investment prospects.
The coordinating role in realization of the aforementioned instruments of sociocultural development of both
St. Petersburg and other regions of Russia is taken by
ITMO University as the originator and active member of
the Cluster.
The work has been performed with the state financial
support of the leading universities of the Russian Federation (subsidy 074-U01).
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ART AND SCIENCE NEW DIGITAL RENAISSANCE
Vito Cappellini
Media Integration and Communication Centre (MICC),
Department of Information Engineering (DINFO)
University of Florence
vito.cappellini@unifi.it

From the past Renaissance of Leonardo da Vinci,
where Art and Science were strictly connected, a new
Digital Renaissance is emerging due to the growing interactions and cooperation between Culture and Digital
Technology. High resolution acquisitions, digital archives,
Virtual Galleries, Digital Museums, Web systems, digital
mobile terminals are opening a new world-wide Scenario,
in which Digital Culture plays a very important role and
gives significant Opportunities - due to its intrinsic value - for promotion and establishment of new Activities.
New global “e.Culture Perspectives” can be foreseen, in
which local Culture Patrimonies are integrated at worldlevel through fast communication networks, making more
and more true the dream: “to access in real time in any
place all the world Culture Content”. In the “Global Village”, e.Culture can be recognized an important solution
to preserve the World Culture Patrimony and to offer new
working perspectives.
Advanced very high quality acquisitions on Uffizi
Gallery are presented. 3D digital acquisitions are also
shown, with examples related to national Museum of
Bargello in Florence. Copyright protection techniques are
presented for 2D and 3D digital data, based on new digital marking methods and related software tools, for “content validation” and “anti-counterfeiting”.

Intelligent Digital Platform are shown, which permit
to collect data in various forms, also through new sensors
and terminals offering to Citizens and Tourists efficient
access to Culture and other Resources through mobile
phones, I-pads and other digital devices.
New European Plans are described, with particular
reference to HORIZON 2020, where significant importance and funding are reserved to “e. Culture” area. It
is outlined how in these Plans special importance is reserved to the opening of new Industrial Activities, such
as “Creative Enterprises” with the goal to promote and
realize “new job opportunities”, in particular for young
Generations.
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In this work we describe unique opportunities
given by the Multimedia 360° technology, which is
formed now as a base for creation of objects and col
lections of digital cultural heritage. The technology of
Multimedia 360° unites two technologies: Video 360°
and systems of a binaural sound. We described exam
ples of Multimedia 360° technology using for record
ing of musical concerts, theatrical performances, mu
seum and city excursions and other cultural actions.
We described the technological base of Multimedia
360° technology.
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Introduction
The advancements in computer games industry and
virtual representation technologies (3D modeling and
panoramic photography) have been going hand-in-hand
with the introduction of new gadgets for individual and
collective immersion into the virtual reality. Due to the
participation effect, such gadgets take the user inside
the virtual world: a computer game, a virtual museum,
a virtual tour etc.
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Fig. 1. Oculus Rift DK2 virtual reality headset and a user, 2014.

In 2013, the first new-generation virtual reality
headset was prototyped, Oculus Rift (Fig. 1) designed
by Oculus; it had collected over $ 90 million from the
crowdfunding platforms in USA, as well as from various
investors. Oculus Rift headset boasts a special feature,
lens-type generation of image: rather than look at the
stereo image directly, the headset user does it through
special aspherical lenses. The lenses help to widen
the angle, almost to the point of the biological human
sight (110° versus 45-50° that regular glasses provide);
the headset thus ensures in-depth immersion into the
virtual reality. This feature determined its future: it is
one of the most successful projects in the industry;
experimental Oculus Rift applications are being created
all over the world, while in 2014 one of the industry’s
record deals took place: Facebook purchased Oculus
for 2 billion dollars.
Towards the end of 2014, a whole range of various virtual reality headsets came to the market, they
were designed along the same lines as Oculus, yet the
idea was to use them with a smart phone. Industry giants, such as Samsung (Samsung Gear VR [2]), Google
(Google Cardboard [3]), HTC (HTC Vive [4]), joined
the race; a number of headset-production startups was
announced: Homido (France) [5], Fibrum (Russia) [6],
ColorCross (China) [7] etc. (Fig. 2).
The main difference between Oculus Rift and these
gadgets was that the latter used the screen of a smart
phone inserted into the headset. Neither a computer, nor
the wires for connecting Oculus Rift to the gadget were
required, while the price of the headset dropped to $ 30.
At this point in time (May 2015) virtual reality headsets are supported by a large number of computer games

(Half-Life 2, Team Fortress 2, Mirror’s Edge, War Thunder, EVE Valkyrie (ex. EVR) by CCP, DCS: World, Ilushin 2 Sturmovik: Forgotten Battles, Euro Truck Simulator 2, Minecraft, Live For Speed) as well as several
game engines (CryEngine, Unreal Engine (versions 3 and
4), Unity, Unigine, Source, CopperCube) [8]. Virtual reality can be viewed without the headset, by turning the
smart phone around, yet this diminishes the participation
effect considerably.
A new type of entertainment, Virtual Reality Attraction, has been created, and its popularity is growing fast:
for a nominal fee, a client can get inside a 3D world. One
of those attractions has been created at the Centre of Design and Multimedia, Saint-Petersburg National Research
University of Information Technologies (ITMO); it is invariably popular with the visitors (Fig. 3).
Virtual reality headsets can be used for educational
and research purposes, in order to represent cultural
objects (architectural sites or museum exhibits) with
the new degree of elaboration and with added options
for the viewer.

Using the 360° Video Technology for Art
and Culture
Once the virtual reality headsets came to the market,
shooting panoramic photos and videos became especially topical, same as the use of the Video 360 technology
in various spheres, from museums and interactive video
tours to recording of music and drama. A concert recorded
in this format leaves an unforgettable impression: once
the user puts on the virtual reality headset, he joins the
musicians and actors on the stage.
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Fig. 2. Virtual reality headsets.

Fig. 3. St. Petersburg Governor G. S. Poltavchenko being introduced to the Virtual Reality Attraction (St.
Petersburg, Russia, fall of 2014).

Center for Design and Multimedia of ITMO University [9] was one of the first Russian companies
that have started experimental design of Video 360
technology for the virtual reality gadgets. One of the
first experiments was the recording of Choice, a drama
staged by AXE Theater (St. Petersburg, Russia, summer
2014); the recording was adapted for playing through
Rift DK1 (Fig. 4).
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The special feature of this experimental recording was
that a regular 3D camera was used; when viewing the recording through the virtual reality headset, the user could
see the stereo effect (a separate image was created for
each eye), yet no head-related positioning was done.
A major breakthrough in the development of the Video 360 technology was the recording of Paul McCartney’s concert done by Jaunt in August 2014 (Fig. 5) [10].
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Fig. 4. Choice seen in the stereogram mode
(AXE Theater, St. Petersburg, Russia, summer 2014).

Proceeding with experimental recordings of various
stage shows with the option of viewing them through the
virtual reality headsets, the team of the Center for Design
and Multimedia of ITMO University has designed special
equipment for recording of 360° video for various scenarios: static scenes (the camera remains fixed), dynamic
scenes (the camera travels along a chartered route, remotely controlled), various types of mountings (a boat, a
quadrocopter, a headset etc.).
The equipment is used for recording concerts, musical
shows, cultural and social functions (Rosoboronexport,
Mariinsky and Alexandrinsky Theaters, Kunstkamera
(Peter the Great’s Museum of Anthropology and Ethnography), Picnic Band, Jazz Philharmonic Orchestra, singer
Pavel Kashin etc.). Figs. 6 and 7 show the footage of a
concert by Picnic, a renowned Russian musical band (stereogram for Oculus Rift DK2).
Devices for Filming 360° Video
Creating content in 360° video format is currently not
a trivial issue, even though special equipment (360° video cameras) and software for subsequent processing are
readily available.
The spread of the technology is impaired by a number of challenges: the impressive volume of the data to be
processed, partially manual processing, expensive equipment and, primarily, the lack of convenient playback devices. Indeed, prior to the introduction of the virtual reality headsets, the only gadget for viewing the 360° video
was a special player where, using the mouse, the user
could rotate the video “around himself.”
Virtual reality headsets brought a major change: now
the viewer is “inside” the video, experiencing almost full
immersion into the virtual space. There’s an abundance of
creative groups that propose their own technical solutions
for making the 360° recordings, using a vast variety of approaches (Figs. 8 and 9).
The most unusual solutions are the ones that allow
to shoot 360° video in 3D format (a separate video sphere
is created for each eye, then they are aligned by a special
playback device).

3D 360° video creates a more convincing illusion of
space than the regular “mono” version, yet it requires
vaster resources, both for data processing and for meeting various technical challenges. Thus, there’s a separate
issue of the upper cameras and their positioning (to ensure
that each time the viewer looks up he sees the right image) (Fig. 9).
The team of the Center for Design and Multimedia
of ITMO University came up with its own solution for
shooting 360° video in mono format; the solution showed
its worth at the recording of various events (Fig. 10).
Thus, the camera was used to record a tour of Kunstkamera (Peter the Great’s Museum of Anthropology and Ethnography) (Fig. 11).
Binaural Sound
A separate challenge that has to be met while creating
virtual reality content, be it 3D modeling or Video 360°,
is the recording and the playback of the ambisonic sound,
since, in the virtual reality, the user has to hear the change
of the sound with each change of his head position!
Computer game engines solve this problem with the
help of special software for positioning the sound sources
within the virtual space. Yet with the emergence of the
360° Video format and of the option to record live music in this format, there came a necessity of precision recording that would render the sound exactly the way it is
heard from a specific spot.
For that purpose the researchers use the so-called binaural sound [12]; special microphones that imitate the
shape of the human external ear are used for its recording
(Fig. 12).
One of the most successful recordings that uses the
binaural sound technology is a concert by Beck (Fig.
13-14).
360° Video Hosting
Since this technology is spreading fast, there’s a topical issue of hosting the files in Video 360° format. An
important requirement for this hosting is to go beyond
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Fig. 5. Paul McCartney Concert in 3D 360° format video (Live and Let Die, live at Candlestick Park, San
Francisco, USA, Aug. 14, 2014).

Fig. 6. Picnic Band, stage view
(Outlander Concert Program, St. Petersburg, Russia, April 25, 2015).

the video playback with the option of rotating the image
with the mouse; it should offer the option of adapting
the image for virtual reality headsets, both stationary
(Oculus Rift) and mobile. Currently only a handful of
services provide full-fledged support of Video360°:
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Kolor (France) [14] (purchased by GoPro (USA) at the
time this was written [15]); in 2015 Youtube introduced
limited support of Video GoPro [15] (there’s the option
of rotating with the mouse, but no adaptation for the
virtual reality headsets).
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Fig. 7. Picnic Band, stage + audience
(Outlander Concert Program, St. Petersburg, Russia, April 25, 2015).

Fig. 8. Various camera layouts for 360° photo and video shooting.

Virtual Reality Technology and Preservation of Cultural Heritage
The term virtual reality technologies can be used in a
broad sense, meaning the computer technologies in general. In this case, digital cultural heritage encompasses the
entire range of digital reconstructions and internet resour
ces: two- and three-dimensional reconstructions of historic
sites and events; multimedia information systems that describe historic objects and phenomena; education-oriented
research and museum portals, display of digital cultural
heritage objects through virtual reality gadgets etc.
In a more narrow sense, the terms virtual reality and
digital cultural heritage imply virtual immersion into a
particular environment, which actually represents the second stage of the process.
The onrush of the virtual and augmented reality
technologies triggered the design of applications that

combine various multimedia technologies, as well as
two-dimensional and three-dimensional graphics and
video images. For instance, now it’s possible to design
interactive applications based on the Video 360 format
footage, and take tours of real-life cultural heritage sites
with the option of using an in-built audio guide; they
also allow to see virtual reconstructions of a historic
site at a certain time period.
Ancient Fortresses of Russia’s Northwest Multimedia Information System
Ancient Fortresses of Russia’s Northsest multimedia information system is a research and educational resource created by the team of the Center for Design and
Multimedia of ITMO University; the project was backed
up by the grant of Russian Humanitarian Research Fund
(2012—2014).
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Fig. 9. Various camera layouts for 360° photo and video shooting, including stereo layout for 3D 360
video (for 360 Heros cameras) [11].

Fig. 10. Mono camera for shooting video.

The system of ancient fortresses in the Russian northwest, built between the 13th and 15th centuries, formed
a robust defense shield. It protected Old Russia’s borders
from foreign invaders (belligerent Swedish feudal lords
and knights of the Livonian Order), provided access to
the Baltic Sea, and ensured Russian sovereignty over the
country’s remote Finnish-speaking areas [17].
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The main concept of the resource is the comprehensive
representation of structured information on the fortresses of
the Russian Northwest; this information would be worthwhile both for the experts and for anyone taking interest in
these architectural sites. One of the key components of the
multimedia system is a virtual 3D reconstruction with the
option of taking a virtual tour of the fortress grounds.
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Fig. 11. Kunstkamera (Peter the Great’s Museum of Anthropology and Ethnography), tour for Oculus
Rift DK 2 (St. Petersburg, Russia, April 2015).

Fig. 12. Devices for binaural sound recording from 3Dio [13].

The virtual reconstruction of the fortress was done to
reflect a certain period, determined by the amount of data
available (technical documents, photo records, illustrations etc.).
Autodesk graphic environments were used for making
the virtual models of the fortresses; then the objects were
exported into Unity3d graphic system.

Fig. 14 shows the virtual reconstruction of Korela Fortress in late 17th – early 18th cent. The application was
released in two versions.
The first version is the compiled file of the fortress
grounds, available at nwfortress.ifmo.ru. Once the respective page is downloaded, the user can “take a walk”
through the grounds, view the reconstructed objects (can-
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Fig. 13. Beck, Hello Again (Sound and Vision, 2013).

Рис. 14. Beck, Hello Again (Sound and Vision, 2013).

ons, a cart etc.), and, with the help of the HOT POINTS
system, obtain specific data on each structure located inside the fortress (Fig. 15).
The second version of the virtual tour was specifically
designed for the use together with the Oculus Rift virtual
reality headset (Fig. 16). Oculus Rift headset has a special feature that creates the effect of deep immersion into
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the virtual world and of the three-dimensional perception
of the virtual space; the idea is that two different images
are projected on the left and the right eye, emulating the
real-life human vision.
In the Unity3d environment, Camera instrument is
responsible for the display of the virtual world. Oculus Rift has only one physical screen, yet the gadget
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Fig. 15. 3D virtual reconstruction of Korela Fortress.

Fig. 16. Korela Fortress, a virtual tour using Oculus Rift virtual reality headset.

is configured in such a way that each eye only sees a
half of the screen. Thus two slightly different images,
with the appropriate distortion to imitate the 3D effect,
have to be projected on it. In the Unity3d environment
two cameras are to be used for the purpose, to visualize
and project two images (Fig. 17).
Oculus VR offers the designers various instruments
for the headset integration into various software languages, as well as into the two most widespread systems
for creating 3D interactive applications: Unity3d, UDK
and Unreal Engine.
Unity3d kit includes special scripts that distort the
image to adjust it for viewing through the virtual reality
headsets. The team of the Center for Design and Multimedia of ITMO University used the scripts for designing the
virtual tour of Korela Fortress in the Oculus Rift virtual
reality headset.

Prospects of Use Multimedia 360° Technology in Culture and Art
Multimedia 360° technology which unites two described technologies above: Video 360° and a binaural
sound, opens new opportunities for representation of objects and events of art and culture in systems of personal
virtual reality. The objects of digital cultural heritage created by means of Multimedia 360° technology possess
unique emotional and esthetic qualities.
Multimedia 360° technology can be used effectively
for filming:
• musical representations;
• theatrical performances;
• museum excursions;
• excursions on architecture monuments;
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Fig. 17. A virtual character with two cameras at Unity3d environment.

• walks on the cities, the rivers and canals;
• festivals and cultural events;
• performances in projects of the modern art.
Virtual excursions can be made interactive, providing to the viewer detailed survey of separate monuments
of culture in the course of excursion, and also viewing of
reconstruction of these monuments during various historical periods. It is provided with connection of Multimedia
360° technology with technologies of augmented reality.
Broadcast of theatrical representations with use of
technology of Multimedia 360 can be integrated with the
technologies of interactive Internet theater created earlier
by authors of this work (Fig. 18-19) [18 - 20].
Use of video cameras of Video 360 placed on quadcopter allows to carry out filming of architectural objects
in new unusual foreshortenings (Fig.20).
Broadcast of theatrical representations with use of
technology of Multimedia 360 can be integrated with the
technologies of interactive Internet theater created earlier
by authors of this work [18 - 20].
The technology of Multimedia 360° creates new opportunities for implementation of the projects of the modern art, including virtual movement of the viewer in performance space.
All aforesaid allows to draw a conclusion, that the
technology of Multimedia 360 provides new opportunities
for creation of objects of culture and art.
This work was partially financially supported by Government of the Russian Federation, Grant 074-U01.
This work was partially financially supported by
Saint-Petersburg State University development program.
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Fig. 18. Video filming of theatrical representation by the camera of Video 360° placed on a scene.

Fig. 19. Placement of video cameras of Video 360° in a hall, providing virtual presence of the viewer on
theatrical representation.
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Fig. 20. Placement of video cameras of Video 360° on quadrocopter.
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The development of information and communica
tion technology during the past 30 years is character
ised through the continued technical evolution. These
technical developments raise the possibility of new ap
plications and application areas. It is important for the
acceptance of new technologies, that new applications
create additional value, use the advantages of basic
technologies and are adapted to the needs of the user.
This article describes several technical aspects of
mobile devices, sensor networks, web technologies,
multimedia applications, context sensitive services in
information systems for museums developed at the au
thor’s university. It examines key features of the tech
nologies and the systems, shows multiple methods of
using information systems, sensor networks and multi
media as well as future research potentials.

I. Introduction
The development of multimedia technology, mobile
devices and sensor technology during the past 20 years
has continually affected the creation of new applications
based on emergent technologies. Whilst newly developed
device types with different technical specifications have
surrounded us in our everyday life and private environment, new base technologies have also been established
step-by-step.
By combining the advantages of established technologies with these new approaches, and furthermore adapting
those criteria to the different user needs and application
scenarios, we are able to extend existing applications with
new components and services and conceal the ICT.
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Fig. 1. Shape of the Speaking Cube.

Fig. 2. Embedded ICT of the Cube.

Fig. 3. Speaking Cube and Magic Mirror.

Fig. 4. Components of the “Living Book” (left) “Living Book” and desk in action (right).

II. Speaking Cube” and “Magic Mirror”
for the Pergamon Museum Berlin
The main idea of the “Speaking Cube” is to conceal all
information and communication technology such as embedded computer system, storage, speaker, battery, lighting system, sensors, WiFi and RFID and offer multimedia
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services. A multimedia service of such a “Speaking Cube”
is for example a storyteller service. If you take the cube
and shake it than the cube starts to tell a story.
If a user wants to have more information from the
cube they have to go to the “Magic Mirror” and place the
cube in front of the mirror. The Mirror reads the unique
RFID and displays more information such as images, text,
animations, movies or augmented reality applications.
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III. “Living Book” for Museums and
Exhibitions
A further example of an application with concealed information and communication technology is the “Living
Book”. A traditional printed exhibition catalogue has only
text, illustrations and photos. We designed a special desk
with hidden computer, projector, speakers, RFID readers,
WiFi network and spotlight. In addition, we equipped a
traditional printed exhibition catalogue with a RFID tag
on each individual page of the book. This allows the hidden computer system to recognise which page of the book
is open. With this information the computer system presents multimedia information with the aid of the speaker
and projector. The connected spotlight can point to the
original object. The museum can also recommend additional artefacts in the collection and the location where
the visitor can find these artefacts.

IV. Acknowledgment
This paper described the work undertaken in the context of the projects MINEVA and BeWiTEC hosted by
the research group “Information and Communication Applications” INKA of the University of Applied Sciences
Berlin, and gratefully funded by the European Regional
Development Fund (ERDF).

V. References
[1] OpenBeaon Active RFID Project, http://www.
openbeacon.org, 2011.
[2] INKA Research group “Information and Communication Systems”, HTW Berlin, http://inka.htwberlin.de.
[3] Catuto c, Van den Broweck W, Barrat A, Colizza
V, Pinton J-F, et al. 2010 Dynamics of Person-to-Person Interactions from Distributed RFID Sensor Networks. PloS ONE 5(7): e11596.doi:10.1371/journal.
pone.0011596
[4] POSEIDON – position and context based information systems for museums demonstrating the potentials of
RFID, http://www.poseidon-projekt.de

33

EVA 2015 SAINT-PETERSBURG, RUSSIA

THz-ARTE PROJECT
Kaori Fukunaga
National Institute of Information and Communications Technology
Koganei, Tokyo 1848795, Japan,
kaori@nict.go.jp
M. Picollo
Istitute di Fisica Applicata “Nello Carrara”, Consiglio Nazionale delle Ricerche
Sesto Fiorentino 50019, Firenze, Italy
m.picollo@ifac.cnr.it
A. Doria, E. Giovenale, Gian Piero Gallerano
Agenzia Nazionale per le Nuove Tecnologie, l’Energia e lo Sviluppo Economico Sostenibile
Frascati 00044, Roma, Italy
gianpiero.gallerano@enea.it

In the past years the use of terahertz (THz) imag
ing devices in the cultural heritage field has been in
creasing as they can give useful information in the
artwork conservation plannings and be used in digital
museum contents.

Introduction
Electromagnetic waves have been used in various nondestructive examinations. Optical frequency, from infrared to X-ray, has been used to investigate artefacts since
the mid 20th century. In microwave region, on the other
hand, remote sensing techniques, such as ground penetration radar and synthetic aperture radar in microwave have
been used in heritage science to discover or to investigate
archaeological ruins. In the frequency range from 100
GHz to 1 THz, known as unexplored range, the narrow
pulse-echo imaging in time domain, has been an emerging technique applied to heritage science since 2006, and
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experimental results obtained with models as well as museum objects proved that the narrow pulse (ps order) has
an advantage in nondestructive internal observation of
artworks. It propagates in the opaque object and reflects
at the internal interface. The spatial resolution is around
0.3 mm, which is practically high enough to observe artefactsnon-destructively. In most cases, the reflection power
integration of each pulse is used to obtain area image at
the depth of interest. The technique is particularly useful
for the observation of the layered structures of non-metallic objects, such as tempera panel paintings as well as
Japanese panel screens [1,2].

THz Imaging Of Panel Paintings
The THz imaging system used in this work is a THz
pulse-echo system (Picometrix T-Ray 4000) in reflection
mode. The THz pulse acts as a probe, penetrating from
the surface into the mortar layers. The delay indicates the
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Fig. 1.THz imaging of a part of “Trittico di San Giovenale (Masaccio, 1422)” in THz frequency range,
(a) observation area, (b) nondestructive cross section image along the dotted line in (a), (c) area image at
the depth of canvas.

Fig. 2. THz imaging of a part of Pompeian fresco model. (a) Photograph at the edge. (b) nondestructive
cross section and an example of output waveform.

Fig. 3. Observation of Japanese mural painting by THz time-domain imaging, (a) visible image, (b) THz
area image: highest reflection in this area is set to white 100%, (c) map of previous treatments, (d) cross
section along the dotted line in (b).

distance from the surface, which enables a depth profile
to be obtained. Figure 1 shows a cross section and internal area image observation of a wood panel painting by
Masaccio (Trittico di San Giovennale, 1422). Figure 1(b)
shows the cross section along the dotted line in Figure
1(a). The internal layer structure is clearly seen. The extracted image of the canvas layer in the rea indicated as
a square in Figure 1(a) is shown in Figure 1(c). The narrow pulse-echo imaging has successfully given useful information for conservators which cannot be obtained by
other existing methods.

THz Imaging of Wall Paintings
Since the wave length of THz pulse is approximately 300 mm, particles of which size is close to the wave
length cause the Mie-scattering. Thus, propagation of
THz wave is disturbed by those particles, for example,
sand in mortar layer of fresco wall painting.
Figure 2 shows a cross section observation of a
Pompeian style fresco model painting, prepared by a
fresco artist based on the traditional method [3]. The
mortar with coarse sand is painted on the brick support
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(mortar 1, ariccio), followed by mortar with fine sand
(mortar 2, intonaco), then another mortar layer with fine
marble powder (mortar 3) is made. Red background
colour could be considered as the final preparation,
because its surface is polished before painting with
pigments. As shown in Figure 2, THz pulse can only
pass through the painting layer and the top mortar layer
made with marble fine filler. THz pulse is absorbed in
the second mortar layer made with sand filler due to
internal scattering.
In the case of Japanese wall painting, on the other
hand, the preparation layer is extremely thin, and almost no filler is observed. The filler used in mortar
layer in historic Asian wall painting is straw or paper
fibres. They might have been decomposed due to the
environmental condition, including microorganism activities. Figure3 shows examples of THz imaging results
obtained with the west wall of Takamatsuzukatumuls
(ca. 700 CE) which was partially treated with acrylic
resin. Figure3 (b) shows the THz reflection image of the
area shown Figure3(a). Dark spots appeared in the THz
image agrees with the consolidated area by acrylic resin
shown in Figure 3(c). The cross section image along
the dotted line in Figure3(c) revealed the existence of
separation between the preparation layer and the base
stone. These results suggests that THz imaging is only
useful for thin preparation layer without coarse filler.
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Fig. 4.Millimeterwave Imaging system operating at 97 GHz,
developed by ENEA Frascati.

THz-Arte Project
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The authors are most grateful to the Italian Ministry
of Foreign Affairs and International Cooperation (MinisterodegliAffariEsteri e dellaCooperazioneInternazionale
- MAECI) for supporting the THz-ARTE Project (call
“Grande Rilevanza - GIAPPONE - Technologies applied
to Cultural Heritage 2013-2015”) in collaboration with
Japan.
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Musical Chair explores the visualisation of per
cussive sounds, and rhythmic and temporal interplay
through an interactive, multimodal installation. Buil
ding on the software developed through an earlier
project, the Colour of Music, the visualisations will ex
plore graphical representations of percussive timbre
and rhythm. As part of the Colour of Music project,
we have been working on the concept of sound-colour
mappings as a means of exploring visual hearing; pri
marily this has been through the application of reac
tive graphics that are generated from documented
synesthetic phenomena (Ng, Armitage and McLean,
2014). The concept has been prototyped and success
fully premiered in a concert at the Sage Gateshead, in
collaboration with the Royal Northern Sinfonia at the
World Colour Science Convention (Ng, Armitage and
McLean, 2013).
To expand upon this work, we have adapted existing
visualisations and mappings, transforming them into an
interactive installation. The installation features three sensor seats, integrated with a cajon percussion instrument
that can be played either as an ensemble or solo. Multiple
sound sources, in this instance cajons, have been used in
order to allow group playing with multi-user visualisations and a machine ‘playing companion’.
Each Musical Chair Cajon is augmented with a contact microphone and electronic sensors. The microphone
is connected to a Raspberry Pi, which is used for hit detection and spectral analysis (see Figure 1). The sensors
consist of four strain gauges connected to an MBED microcontroller (http://mbed.org/). These are enclosed under the top surface and are used to determine the seated

balance of the player. The audio data and position information are then packaged and transmitted over a local
network via OSC to a central PC for visual mapping and
rendering.
Visualisations explore the timbre of percussive
sounds, making use of multiple sources, with multiple cajon instruments. The challenge is to visualise communal
music making in such a way that individuals can identify
their own sounds, and how they fit together into a whole
improvised performance.
Through the sound-coloursynaesthetic mapping, visitors/users are able to see the musical sounds that they are
creating in real-time. Participants are able to sit and play
the instrument, improvising rhythmical patterns and musical sounds, which affect and interact with the visualisation.
At a recent public installation at the Centre for Life,
Newcastle, UK, the system was configured to play a set
of rhythmical patterns for the user to play along. In this
case, we are interested in finding out different interaction
time, in an improvisation situation, with different tempi
and musical contexts, focusing on gradual and sudden
increase (and decrease) in tempo and different rhythmical patterns complexities. The Maker Faire UK is a public
event with large participation (over 10000 registered visitors over two days). The system was very well received at
the event. Visitors of all ages, backgrounds and musical
abilities, queued to play with the installation.
The system logged all hits detected, and use the timestamped data to relates to the stimuli (as played by the
system), to analyse and understand how the player interacted with the rhythmical patterns at different tempo and
in different contexts.
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Fig. 1. Musical Chair setup.

Fig. 2. Musical Chair at the Maker Faire UK 2015.

The presentation discusses the concept and design of
the Musical Chair system, alongside an overview of the
software developed for its installation at the Centre for
Life, Newcastle, UK, visualisation mapping strategies.
It concludes with an analysis of the data captured at the
event, and observations that are important to a range of
musical contexts including composition, improvisation
and ensemble playing.
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IT’S THOSE EINSTEIN PICTURES AGAIN!
THE USERS OF ETH-BIBLIOTHEK’S IMAGE ARCHIVE:
AN IMAGE-SCIENCE STUDY

Nicole Graf
Image Archive
ETH-Bibliothek
ETH Zurich, Switzerland
nicole.graf@library.ethz.ch

With roughly 2 million images and the Bildarchiv
Online image database boasting around 300,000 ima
ges online, ETH-Bibliothek’s Image Archive is one of
the largest and most present image archives in Switzer
land. However, very little is known about the behavior
of the Image Archive’s users. This paper discusses the
following issues: has its usage changed in the wake of
the increasing digitization of the images? Which hold
ings are used the most? Is there development potential
for individual holdings? Who are the people that use
the Image Archive and are there differences between
these user groups? Which individual images are in de
mand how often? Which factors influence the use of
images? How would a possible change in the licensing
model in favor of open data influence usage? In order
to answer these questions, the entire usage of the Im
age Archive from 2001 onwards was analyzed. This in
volved evaluating all roughly 3,000 usage agreements
with a total of 14,506 ordered images quantitatively.

Introduction
ETH-Bibliothek’s Image Archive was launched as an
organizational unit in 2001. With roughly 2 million physical images dating from 1860 onwards and the online image database BildarchivOnline, which contains around
300,000 images on the internet, it is one of the largest and
most present image archives in Switzerland. It has been
digitizing selected image holdings since 2001 and pre-

senting high-resolution images in its own online database
BildarchivOnline since 2006. Low-resolution images have
been available for free download under the Creative Commons License BY–NC–ND in Google Image Search since
the beginning 2009 and on BildarchivOnline since early
2014. The annual output of new images online has risen
sharply in recent years, amounting to around 40,000 ima
ges in 2013.
One issue in image science is the extent to which the
switch from analogue to digital images has changed the
use of images. So far, there have been very few studies
on the behavior of the users of scientific image archives.
This paper discusses six questions on usage based on the
user figures since ETH-Bibliothek’s Image Archive was
launched.

Method and Overview of the Holdings
Two data samples were available to analyze the
usage: in Sample 1, all the usage agreements for highresolution images since the creation of the Image Archive
were evaluated, where the purpose of use and all the
individual images are documented with call numbers.
These 3,000 usage agreements with a total of 14,506
images ordered from 2001 to 2014 were transferred to
an Excel list. Moreover, the images have been available
for free download in web quality directly via the image
database since the beginning of 2014. This new form of
usage forms the basis for Data Sample 2. 27,952 low-
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resolution images were downloaded between January
and the end of September 2014. The downloads were
analyzed according to image call numbers. Furthermore,
the access figures for the image database BildarchivOnline were included in the analysis.
For the interpretation of the results, the holdings were
divided into seven sub-holdings: View Collection; Portrait
Collection, specializing in ETH-Zurich professors; Photographs in personal papers, specializing in ETH-Zurich
professors, people close to ETH Zurich and associations;
the photographic agency Comet Photo AG; the Adolf Feller Postcard Collection; the Swissair Photo Archive; and
Aerial Photographs from Comet Photo AG and Swissair.

Results
Six questions on usage are discussed here based on
the analyses.
Question 1: Has the usage of the Image Archive
changed through the increasing digitization of the ima
ges? The number of orders first began to increase significantly in 2009. This can be attributed to the larger number
of images that have been uploaded onto the internet every
year since then, but also the greater visibility and findability of the images. Moreover, the images can be found
in web resolution under the Creative Common License
BY–NC–ND via the Google Image Search since February
2009 and via the integrated search on the library homepage since June 2010. The publication on Google also resulted in a highly significant increase in hits on the image
database BildarchivOnline. On the whole, the Image Archive has become more visible through the mounting digitization of its holdings and publication via various platforms. The usage between 2008 and 2013 increased by a
considerable 560 %.
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Question 2: Which holdings are used the most?
Figure 1 displays the usage according to holdings
from 2010 to 2014 with a total of 9,584 images sold. A
total of 14,506 images were sold throughout the entire
period examined. Although the demand for the Personal
Papers holdings specific to ETH Zurich was very high on
the whole, 32% can be traced back to one single scientific user in 2010, for instance. The same year, with 10%
of the overall demand, the new Feller postcard holdings
were popular. Whilst the Feller holdings were present in
the media, they were also in demand considerably more
frequently (2010 and 2011). The first Swissair images
were also published in 2010. Moreover, the second vo
lume of the Image Archive’s book series Image Worlds
[1] was also devoted to these holdings in 2012. The usage
increased considerably during the publication year before
levelling off again. The aerial photographs, however, have
been a huge hit. The first aerial images from the Swissair
holdings have been published since 2012. The usage fi
gures rose from 24% in 2012 to 40% in 2014. The fourth
volume of Image Worlds [2] was published on these hol
dings at the end of August 2014.
Question 3: Is there any development potential for
individual holdings? Three different datasets were compared to answer this question: the 2014 downloads and
sales on the one hand and the sales throughout the entire
period on the other. The aerial photographs harbour the
most development potential: they were downloaded
in web resolution and ordered in high resolution the
most frequently in 2014. They have already climbed
into second place behind personal papers in Sample
1’s overall use. In the case of downloads, the Feller
and Swissair holdings were in high demand. It is a different story for the portraits and Comet press images,
however: the sales in the same period reveal precisely
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the opposite behavior for these holdings. Portraits and
Comet press images were mostly used for publications
in a printable resolution. There is great potential in the
ETH-Zurich-specific holdings, which, besides the personal papers, also include the portraits and views, but
also in the Comet press images, which are especially
ordered frequently by commercial users.
Question 4: Who are the people that use the Image Archive and are there differences between these customer
groups? The users of ETH-Bibliothek’s Image Archive are
divided into three user groups: scientists and private and
commercial users. The most important customers are the
scientists (76%). Whenever possible, private users (13%)
are referred to the lowest-resolution images on Google
or, since 2014, downloads to reduce fee-based usage. The
most popular holdings according to user groups paint a
differentiated picture of user behavior (see Fig. 2).
The three user groups order different holdings. Scientists use personal papers, views and aerial photographs;
private users, on the other hand, tend towards aerial photographs, Comet press images and personal papers; and
commercial users are especially interested in Comet press
images, personal papers and portraits. While portraits also
play a role in scientific publications, their private use is
negligible. Overall, personal papers are ordered the most
frequently, followed by aerial photographs and views.
Question 5: Which individual images are in demand
how often? Sample 1 was analyzed according to ima
ges that had been sold multiple times. The best-selling
image was the group portrait Three Members of the
Olympia Academy featuring Albert Einstein (record
name Hs_1457-71). The image was sold thirty-one times
throughout the entire period examined. The five bestselling images were also Einstein portraits. It should be
mentioned that Albert Einstein is ETH Zurich’s most fa-

mous graduate. Against the backdrop of the results in
Questions 3 and 4, it is also interesting that seventeen of
the thirty-two best-selling images were portraits, the majority of which were individual portraits and fewer group
portraits. Users therefore specifically search for people related to ETH Zurich in the Image Archive. Furthermore, it
is clearly evident from the individual purchases throughout the entire period that so-called icons and famous images were particularly popular: Max Frisch and Friedrich
Dürrenmatt in the Kronenhalle in Zurich was ordered
fourteen times (Com_L12-0059-8018), the Eiffel Tower
sketch by ETH-Zurich graduate Maurice Köchlin seventeen times (Hs_1092), and the Greenland expeditions of
ETH-Zurich Professor Alfred de Quervain fifteen times
(Dia_297-0071) and eleven times (Dia_297-0073) respectively. Most users ordered familiar items, while very few
set off in search of special or even unknown image material. This rubric also includes images that have already
been published, such as pictures published in various
publications to commemorate ETH-Zurich anniversaries
or the cover picture of the Image Worlds volume on the
Swissair holdings, which was sold ten times (LBS_SR0309918-11). The analysis of Sample 2 according to indivi
dual, low-resolution images that were downloaded several
times, however, reveals a completely different behavior
pattern. Individual icons such as Einstein portraits or the
Greenland picture (Dia_297-0071) were also frequently
downloaded. Almost half of the multiple downloads, however, were aerial photographs. ETH-Zurich-specific ima
ges, such as the view of the main ETH-Zurich building,
were also popular. Downloads are reserved for private and
scientific use (see also the results in Fig. 2).
Question 6: Which factors influence the use of ima
ges? Two key factors can be identified: on the one hand,
the publication of the images via different publication
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platforms. The images can be used via the Image Archive’s own image database BildarchivOnline since 2006,
and have been displayed in Google Image Search since
2009 and in the integrated library catalogue on ETHBibliothek’s homepage since mid-2010. The underlying
strategy for the multiple publication of the images is to go
wherever the user is, which especially applies to Google.
Another effective instrument to increase usage figures are
marketing measures, such as targeted press releases or
other reports on individual image holdings or the publication series Image Worlds. The more users are reached, the
more usage is generated in the short term. A report on the
aerial photographs on the evening news programme Die
Tagesschau on Swiss television in February 2013 resulted
in the highest user numbers.

Conclusions and Outlook
The usage has increased significantly through the onset of digitization, diverse marketing measures such as
press releases or targeted book publications, and the publication of digital images on various additional online
platforms such as Google Image Search or the library
catalogue. The strategy of digitizing selected and partial
holdings is being pursued further. Aerial photographs,
personal papers, views and portraits meet the users’ needs.
Famous and published images and icons are purchased as
high-resolution files the most. As for downloadable images in web quality, the aerial photographs are in demand
the most frequently.
The images are offered to users as independent source
and research material. In the age of big data and digital
humanities, the mass of 300,000 online images is waiting to be searched through, analyzed and visualized. An
Image Archive’s task here is primarily to digitize and index the data and make it available. The previous use of
licensed images, however, reveals that users only utilize
very few, mostly famous images for illustrative purposes
in scientific or commercial publications or, at most, aerial
photographs for evidence purposes.
It will be interesting to observe whether the introduction of open data in ETH-Bibliothek’s Image Archive
scheduled for 2015 will raise image-science research
questions where (large) image corpora are used as base
and source material for scientific issues. So far, this kind
of usage has taken place with the Image Archive’s images
in rarer cases or, in most usage cases, the holdings of the
Image Archive have been included as individual pictures
as supplementary material.
In order to assess the users’ needs and the online user
behavior even more effectively, the search terms employed by the users would need to be analyzed based on
log files in BildarchivOnline in future.
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The term aura as an immaterial quality of works
of art, and the concept of its fading due to increased
availability in its Age of Mechanical Reproduction
were coined by Walter Benjamin in his seminal essay
from 1936. The reflections of Benjamin on the impact
of technological advances on the cultural significance
and reception of works of art by the general public
seem to provide a valuable template for the discus
sion of comparable changes today. The present paper
aims at a first evaluation of this terminology and its
applicability as a tool for estimation and discussion
of the effects of the mass digitisation of historical
documents.

Introduction
As defined by the Oxford Dictionary, auracan,
amongst other meanings, be understood as“a supposed
subtle emanation from and enveloping living persons and
things, viewed by mystics as consisting of the essence of
the individual, serving as the medium for the operation of
mesmeric and similar influences.”[1] One of these mystics, one might say, was the German Philosopher Walter
Benjamin. His Artwork-Essay, first published in 1936 under the French title L’œuvre d’art à l’époque de sa reproduction mécanisée[2], uses this concept as a medium to
reflect on perceived changes in the reception of works of
art in the age of their, as he calls it, “mechanical reproduction” [3:218]. The theories and concepts in the ArtworkEssay derive mainly from Benjamin’s interests in art criticism, his works on the emerging mass media as well as
technological developments of new media in his timein

general. For an overview of his works in this area cf. the
anthology The Work of Art in the Age of Its Technological Reproducibility, and Other Writings on Media, edited
by Jennings, Doherty and Levin[4].
This paper intends to apply the concept of aura and its
changes by means of technological and cultural transformations both to the present and to an area not taken into
account in Benjamin’s work, namely the field of historical documents. These, while at times overlapping with
the area of pure works of art in regards to their public reception and use, differ in some notable aspects from the
latter. This text will take a brief look at these differences
and some of the changes in the reception of this kind of
sources is currently undergoing. It will try to apply the
concepts introduced by Benjamin to these processes to
test whether or not they can be beneficial to discussion
and analysis of these changes.

Aura Defined by Walter Benjamin
For Walter Benjamin, the aura of a work of art summarises the human experience of an objects unique existence, authenticity and its embedment in traditions of reception and media consumption. He compares it with the
aura of natural objects, for instance the feeling of awaked
by “a mountain range on the horizon or a branch which
casts its shadow over you”[3:222]. He defines this effect “as the unique phenomenon of a distance, however
close it may be”[3:222]. In works of art, this feeling, for
instance when viewing an ancient cathedral, is mainly
caused by two factors that distinguish the original from
reproductions: its „uniqueness and permanence” [3:223].
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Fig. 1. Comparison of cult and exhibition value. Composite by the author, Sistine Chapel image by
Antoine Taveneaux 2008; Wikimedia commons.

The advent of massive technical reproduction, which
Benjamin traces through the inventions of casting, woodcutting, printing and lithography up to the developments
in his own day (photography and film) cause a fundamental change, a “tremendous shattering of tradition”[3:221],
in the fact that through reproduction an object can suddenly leave its unique physical existence behind and approach a viewer in a non-localized context. While this is
true for both natural and artificial objects, only works of
art possess “authenticity”[3:221], a quality that directly
derives from their unique uniqueness in time and space.
It is this authenticity that is at the core of our experience
of the aura of works of art, and it is at the same time the
quality that is most affected by reproduction.
Authenticity
The authenticity of an object is based on the following: only the original is witness of the sum of its own material history. Benjamin illustrates this with the example
of chemical analysis to prove that an object is really the
original it is thought to be and not merely a reproduction.
At the same time, the concept of anything being the original of something in the art-historical sense (as opposed to
the view that everything in existence is unique in one way
or another) is something that developed only after new
technologies of reproduction were created throughout the
early modern period. For instance, when viewing several
prints of an early woodcut it suddenly is not immediately
clear anymore which one is the original or even if there is
such a thing as the original of a woodcut or lithography. It
is due to this development that Benjamin notes that “at the
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time of its origin a medieval picture of the Madonna could
not yet be said to be ‘authentic.’ It became ‘authentic’
only during the succeeding centuries and perhaps most
strikingly so during the last one”[3:243]. Authenticity, and
in extension the aura of an object, is subject to changes in
our cultural tradition.
Diminishing aura
All means to reproduce an object, be it photography,
audio recording or, nowadays, 3d-printing, are means to
free the reproduced object from the confines of its material existence and move it in a new context. A reproduction not only enables an audience to consume the thus decorporatized workin another physical location, it can also
present facets of the original that can only be experienced
in the reproduction. Technologies like multispectral ima
ging or slow motion videos enable viewers to discern parts
of an object that would not be detectable for unamplified
human senses. While this increases what Benjamin calls a
work of arts “fitness for exhibition” [3:225], it at the same
time decreasesits authenticity, cultic value and,effectively,
its aura. After all, “the authenticity of a thing is the essence
of all that is transmissible from its beginning, ranging
from its substantive duration to its testimony to the history
which it has experienced”[3:221]. Neither can be experienced first-hand in a mere reproduction.
Cultural interaction
Mass reproduction “substitutes a plurality of copies
for a unique existence” [3:221]. This is not a coincidence
caused by the fact that it is now possible to easily repro-
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Fig. 2. Various historical documents. Images by the author / ICARUS.

duce objects by technical means on a grand scale. Benjamin suggests that there is a deep interconnection between
the development of massed reproduction and the emergence of mass media and a modern consumer society.
On the one hand, the masses influence art by their desire
to consume it as convenient as possible. “Every day the
urge grows stronger to get hold of an object at very close
range by way of its likeness, its reproduction”[3:223]. On
the other hand, the permanent accessibility of the reproductions as well as the means to create them influence
both the way new art is created, Benjamin mentions the
discussions around the topic whether or not photography
can be considered an art form [3:226-227], as well as
the way the public becomes part of the reproduction itself, be it as creators or as much more active recipients
of reproductions.“The adjustment of reality to the masses and of the masses to reality is a process of unlimited
scope, as much for thinking as for perception.”[3:223]

Aura and Historical Documents
“Works of art are received and valued on different
planes. Two polar types stand out: with one, the accent is
on the cult value; with the other, on the exhibition value
of the work”[3:225].This delicate balance between the
cult value, the traditional function of artwork stemming
from its root in cult and ritual, on one hand and its exhibition value, which is increased through reproduction, on
the other hand stands at the core of what Benjamin perceives as an ongoing loss of aura. Can the same be said
of historical documents? On a first glance, there are many
resemblances between the two groups. Similar to works

of art, documents like medieval charters or register books
are distinctly unique in their physical existence. Their
very purpose is to be authentic. They also share some of
arts origins in ritual. In that regard, they seem to possess
the same kind of aura as works of art. Yet, when viewed
in more detail, the dissimilarities start to get much more
noticeable.
Differences
The biggest difference concerns the documents’
uniqueness and permanence, for Benjamin the foundation
for his understanding of aura. Yes, most objects that are
regarded as historical documents, for example medieval
charters, register books, letters or governmental files, of
course share the authenticity of artwork. But unlike the
latter, this uniqueness is due to its function and not its
form. In this regard the uniqueness of documents can be
compared to the functionality of other tools that humans
have devised. A hammer, for instance, is not flat at one
end because an artist chose to build it that way; it is so to
enable a user to hit a nail more easily. In practice, most
historical documents are very hard to tell apart for nonexperts because while they are of course unique regarding their individual features, their external form is mostly
very standardized and variance is limited.
This in itself does not create an aura like the one Walter Benjamin is thinking of when he compares the aura of
artwork to the one of majestic mountain ranges. The aura
that important historical documents undoubtedly possess
doesn’t stem from them being merely the witness of their
own history; it comes from them being an external wit-
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cording to what Benjamin suggests, would be expected to
further diminish the aura of the objects reproduced. Contrary, in historical documents, this too seems to add to the
effect of the initially created and increased aura.

Conclusion
As the preceding paragraphs showed, the processes
that Walter Benjamin identified when thinking about the
creation of an objects aura can, even after nearly hundred
years since its inception, be beneficially used to discuss
historical objects and their digitisation but they need further adaption to the different cultural context of our time
and of the different needs of the science of historical
material.
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ness of the history in whose course they were created. For
this reason historical documents are designed from the
start to be reproducible, just like Walter Benjamin feels
that photography and film are [3:219-20]. They were indeed frequently reproduced in various forms either for
safekeeping or to be more easily accessible.

The Age of Digital Reproduction
As already mentioned, the main function of a historical document is that it is witness to the events that have
led to its creation. For a document to be able to fulfil this
purpose, it does not have to continue existing perpetually
in its original form. While an original document will of
course keep being useful to prove the authenticity of its
content, there have always been ways to create authentic
reproductions that serve the same purpose (cf. for instance
the article on copies in the Lexikon des Mittelalters [5]).
This fact does not diminish the aura of this kind of objects, it can be argued that reproductions are even necessary to initially create and enhance this aura. Due to the
unique nature of historical documents and them mostly
being kept away from the public, they can only acquire
an aura by being reproduced and thus being exposed to
the public. In that regards, one might suggest that digital
reproduction is actually beneficial to historical documents
as it exposes the documents to more people; it enhances
the exhibition value of the documents. At the same time,
digital reproductions allow even more facets of the originals to be represented in the reproduced form which, ac-
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In the project “Sites of Jewish Life in Berlin
1933–1945: Between Persecution and Self-assertion”
a smartphone app and an associated web portal were
created. Herewith tourists and other people, who are
interested in this educational offer, are enabled to
learn in a serious way more about the life of Jews in
the German capital during the Nazi era. The smart
phone app provides individually retrievable locationbased information and may open up new groups of
visitors – particularly the younger generation.

Introduction
Numerous tourists come to Berlin to experience a
modern, lively city and to visit its famous museums and
other sites of historic interest. Due to the increasing popularity of smartphones today, many of these visitors use
interactive guide applications directly on their mobile
devices. By using the app “Sites of Jewish Life in Berlin 1933-1945: Between Persecution and Self-Assertion”
tourists and other users of this educational offer are enabled to learn in a serious way more about the life of Jews
in the German capital during the Nazi era.
In this project historiographical and technical aspects
have been examined: hereby the question was how text
material could be shaped didactically for use in new media, especially a smartphone app running on different
platforms. Further objects of investigation were the georeferencing of the sites in historical map material, the
overlay of old and today’s maps for presenting and finding the sites, the presentation of historical footage and the
resulting problems such as a high demand of storage. Furthermore the use of augmented reality technologies to re-

visualize destroyed or transformed buildings was investigated. Finally financial and juridical aspects in gaining
copyrights to present archival material had to be observed.
One of the many challenges in this project was to provide a comprehensive guide, in which all the detailed information had been well linked with each other. Thus heterogeneous groups of potential users were enabled to find
a wide range of specific information, corresponding with
their particular wishes and interests. The multitude of potential ways to navigate through the diversified information (see Fig. 1) causes the users (hopefully) to utilise the
smartphone app and the corresponding web site frequently and with a continuing interest.

Technical Realization
About 90 locations, many of them situated in the centre of Berlin, have been chosen. For each site extensive
information such as texts, images and/or audio or video
material is presented. The suggested combinations of several of these “site stories” are leading to the offer of detailed itineraries. Numerous biographies as well as a variety of events summarised in a timeline are also provided.
Some of the implemented biographies are especially enriched with source materials concerning the aspects of the
forced migration of these persons during the Nazi era. All
this was done in an interdisciplinary collaboration of computer scientists and historians.
Shaping the complex source material for the practical
use by different user groups in an appropriate technical
and didactic way was one of the key issues. Starting from
the historical research in archives, museums, libraries and
digital resources the quantitative dimension of the project
can be described as follows:
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Fig. 1. Overview of the links between the different views of the Smartphone App (selection).

The portraits of the 90 locations in Berlin are shown
from a historical perspective, which includes also aspects
of the remembrance history. Furthermore approximately
35 persons are presented in biographical sketches. These
texts are accompanied by around 340 images and 40
audio and movie clips integrated into the informational
network structure. Furthermore, a detailed timeline (with
170 events) and a glossary are integrated. In order to
give the users geographic guidance a historical map of
Berlin created by the British War Office of 1944/45 is
used in combination with the contemporary Berlin map
from Google Maps.

The Smartphone App
The mobile application that has been developed in
this project is implemented for the target platforms
Android and iOS as a native app. On the one hand
this is done to provide the familiar look-and-feel of
the respective platform that is utilized and because of
performance reasons. On the other hand a native application, as opposed to a web app, facilitates the access to
hardware such as the different sensors or camera [4].
The use of camera data, for example, is a prerequisite
for the realization of an app extension that implements
some “augmented reality” features.
All data that is used by the smart phone application is
stored offline, i.e. all texts, images, films and audios are
stored on the mobile device so that an access to the internet for reloading missing information while using the
app en route is not necessary. Only the contemporary map
(Google Maps) is loaded directly from the Internet. However, the use of the internet-based Google Maps is not re-
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quired for the operation of the app. The benefit of offline
data is that no additional costs arise for users without an
unlimited data plan (e.g. foreign visitors). Thus, the app,
which is approximately 230 MB in size, should be downloaded prior to use in a wireless LAN.
The user interface of the app is structured thematically
and functionally into four tabs: In the initial view the historical map with markers for each of the points of interest
is displayed (Fig. 2, the leftmost screenshot). On this map
the respective location of the user, if it has been already
determined, is also shown. With one tap on a button the
view can be changed to the contemporary map.
• The second tab shows list of all sites, which is
searchable and sortable by district, name and
the actual distance from the user (Fig. 2, second
screenshot from left).
• Tapping on the third tab leads to the list of tours,
which provides a thematic, biographical or geographical selection of sites of Jewish life in Berlin
(Fig. 2, third screenshot from left).
• The fourth tab shows list of additional information: the list of all person portraits, the timeline and
the glossary (called “Facts”) (Fig. 2, the rightmost
screenshot).
In Figure 3 some views with text content are displayed. The leftmost screenshot shows a site portrait with
a descriptive text and additional information (district, former and current address, actual distance to the user). At
the bottom of this view a gallery preview is located. By
clicking on a preview image, the corresponding photo is
displayed in full size (bottom right). Additional icons are
shown in the gallery if there is associated audio or video
material for the respective site. By tapping such an icon
a player for the associated film or audio take is launched.
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Fig. 2. The four main tabs of the Android version of the smartphone app.

The second screenshot from left in Figure 3 presents
a site portrait within a tour view, with buttons to switch
from tour site to tour site. Performing a navigation task
is one of the more frequently used tasks on a smartphone. For this purpose an icon to start a navigation app
and a second icon to launch a map view that displays
the location of the respective site reside in the header of
the view. On Android devices the “intent system” asks
the user which external navigation app should be applied (if more than one app of this type is installed), on
iOS devices Google Maps is used. The people portraits
include as well a preview gallery for the existing images
and the audio and video data. (Fig. 3, third screenshot
from left). The rightmost screenshot in Figure 3 shows
a single event of the timeline.

The Web Portal and its Backend
The web portal provides nearly the same functions
with a similar topical structure as the smartphone app,
except the location-based services. It contains extended
texts on particular subjects as well as pictures (for example scans of source documents) that would be too large for
a presentation in a smartphone application. The portal is
implemented with the latest web technologies (HTML5
and CSS3), which support the implementation of the accessibility standards [5].
The backend for the data management includes a webbased editor for inputting and changing text contents as
well as for assigning multimedia data to database records.
The free web application framework Ruby on Rails that
is particularly suitable for agile software development
(according to the “Agile Manifesto”) was chosen to implement the backend [2]. Besides feeding the web portal

this application generates the language-specific XML files
from the stored text data for the two target platforms of
the smartphone app. Furthermore, the Rails application
performs an automatic processing of image data.
During the implementation of the app and the associated web portal great importance was attached to a modular
structure, easy maintainability and reusability. Therefore
the data for app and web portal can easily be changed at
a central location. Likewise extensions of the app or the
adaption of new content are easily to implement and simple to perform.

The View of the Historian
Facing such a project in public history and education
we are asked about its theoretical impacts: How can we
reread so-called classical authors in the sphere of theories concerning processes of historical remembrance and
commemoration?
We learned from Walther Benjamin about “Auratic
Authenticity” in the Era of Technical Reproduction in
his essay “The Work of Art in the Age of Mechanical Reproduction” [1] Do we have to be afraid that an art work
might loose its single “auratic moments” if potentially being reproduced in the framework of digital medias? On the
one hand, by the use of copies, source-based “informative
function” of an app is pointing onto the loss of auratic moments. On the other hand the “topographical reference
function” might point into another direction, as the app
leads to historical, so-called “authentic” sites. Here, at the
so-called “authentic” places, they might even be destroyed
or transformed since the Nazi era, the app enables to discover (new) sites of memory (Pierre Nora). The creation
of tours might enlarge our “mental maps” of spaces, which
are newly created by the inventors of the apps conception.
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Fig. 3. Different views of the smartphone app containing detailed textual content and some multimedia
data.

In the age, when we are facing the death of the last
shoa-survivors it´ll be an unique chance to take their testimonies, being recorded or filmed, to the above named
sites: memory of testimonies in situ; forever.
This app focusses on Jewish History too. What does it
mean to implement an app into the Education Process of
Jewish History? Dan Diner emphasized in a lot of publications on the Transnational character of European Jewishness in Modern times. [3] Migration processes, they
might have been voluntarily or forced, economical, social,
cultural or intellectual networks are showing this in a retrospective view. Keeping this in mind, an app on Jewish
History is a wonderful media mirroring the Transnational
aspects in one media of public history. Transnational aspects can be brought together in one presentation.

Conclusion
To provide information on Jewish life in Berlin during the Nazi period, a modular, extensible and easily upgradable mobile visitors guide was created. By using this
smartphone app individually retrievable, location-based
information in different languages (up to now in German and in English) is provided in order to open up new
groups of visitors, especially from the younger generation. To date, the app has been downloaded several thousand times from Google Play and the Apple App Store.
Suggestions by feedback as well as positive and negative
reviews will be incorporated into future versions.
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“KAISA” is the technology of creation and presen
tation of Integrated Encyclopaedic Internet Resources
on the Basis of Archival and Museum Collections. The
information system, which gives opportunity to solve
the traditional tasks of recording and describing of
the archival items, museum exhibits and local history
materials for cultural institutions, in the integrated
database of institutions, is introduced in archives, mu
seums or libraries. In this way the work of specialists
of cultural institutions is highly computerised. In addi
tion the informational resources of archives, museums
and libraries are made and are presented simultane
ously on the Internet. The “KAISA” technology is also
intended for making regional and theme-based digital
encyclopaedias, which pool information resources of
culture institutions using united system of directories.
This technology gives possibilities to make information
projects of high quality.

1. About the “KAISA” technology
The “KAISA” technology, which we want to talk
about, is a cross media platform, that supports the development of several information systems. Each information
system provides information support for different types of
cultural institutions: archives, museums, local history departments of the libraries and other institutions. Normally
each institution chooses to implement one “KAISA” information system, which suits their special needs, while

the “KAISA” technology allows different types of cultural institutions to coordinate their work with each other,
using an integrated database and to develop joint projects.
The “KAISA” technology begins at the information
support of archives, museums and local history departments of libraries. The “KAISA” information system is
introduced to institutions, and it solves the cultural institutions’ traditional tasks of recording and describing the archival items, museum exhibits and local history materials
in the integrated database of the institution. It fits into the
daily work of specialists of cultural institutions.
Descriptions are made using the reference apparatus of
cultural institution, which in a generalised sense is a system of basic directories:
• topical,
• subject,
• systematic,
• name, and
• geographical directories.
Preparation of all publications, both virtual and in
print, is made in the information system “KAISA” environment using the integrated database and a special apparatus of theme-based groupings, which allows to group,
arrange and annotate descriptions and images of artefacts
prepared for publication.
The “KAISA” system was created using state-of-theart technology platforms and popular computer tools:
• The access module to the database was made using the up-to-date Oracle Database.
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Fig. 1. Russian State Archive of Literature and Arts (RGALI, Moscow) website.

• Technology XML was used for communication
with external modules.
• The level of business logic was made using
J2EE.
• Apache Tomcat was used as the servlet container.
• Scaling is provided by ORACLE: an increase in
user number does not cause the linear growth of
demands to computer resources.
• The “KAISA” information system ensures the
synchronous presentation of the united database of
the cultural institutions on the Internet.
“KAISA” technology has been introduced to 30 archives in Russia and Ukraine, to 5 major libraries and 19
centres for the protection of historical and cultural monuments. Using this technology, 13 regional and thematic
digital encyclopaedias were made.

2. Examples of Best Practices
We will now briefly introduce some examples of the
application of this technology.
Since 2004 the “KAISA” technology is used by the
Russian State Archive of Literature and Arts (RGALI,
Moscow). A guide for archive funds and headings of 93%
of items is presented in the database and on the website
[rgali1] in two languages: Russian and English. An example of the theme-based publication, prepared using
the integrated archive database, can be seen in the digital reference book “The First World War in documents
of persons involved in the arts”: http://www.rgali.ru/
pervaja_mirovaja_voina#
Materials of personal funds of RGALI are used by the
digital encyclopaedia “Art and Architecture of the Russian émigré community” [artrz1]. Not only the funds,
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but also full-text collections of material of Russian artists
and architects of the Russian émigré community from the
RGALI database are available to visitors of the digital encyclopaedia: http://artrz.ru/orgs/1804867959/index.html
The information structure of material in digital encyclopaedias created in the “KAISA” environment is based
on the same principles as the archival and local history
resources: an integrated database and a similar system of
indexes. This not only facilitates the use of archive, museum and library databases to create digital encyclopaedias,
but also allows the integration of various informational resources on the basis of common positions of indexes.
The creation of a theme-based encyclopaedia reference book in the encyclopaedia information environment
becomes a exchange between interacting information resources. The encyclopaedia acquires new text and graphic
materials, and the theme-based information reference
book uses and enriches the verified system of digital encyclopaedia directories.
3
Our main last projects
Projects for digital heritage based on KAISA
technology:
• KAISA – Encyclopedia:14 regional and thematic
digital Encyclopedias
• KAISA – Local History: introduced to 6 regions
of Russia
• KAISA – Archive: 31 archives, 14 digital catalogues in Internet
• KAISA – Heritage: introduced to 19 regions of
Russia.
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Fig. 2. Nikolai Gumilyov in the digital local history reference book “Tsarskoye Selo and the town of
Pushkin”.

The Virtual Museum of the Gulag http://gulagmuseum.org

The town of Tomsk, Tomsk region and Tomsk province celebrated their anniversaries by issuing of digital
encyclopaedic reference book “Tomsk, Tomsk region and
Tomsk province in historical time” in the format of CD.

Digatal library using encyclopedic format: «Lenigrad Region. Periodical publications and local history
papers». Database is created by the librarians from the
main regional library and the libraries of districts: http://
lopress.47lib.ru/

The unified electronic catalogue of all archieves of
Pskov Region: http://document.archive.pskov.ru/
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The electronic catalogue of the State archieve of
Krasnoyarsk region: http://krasn.altsoft.spb.ru:9090/
archkrasnoyarsk

The digital reference book “The First World War in
documents of persons involved in the arts”: http://www.
rgali.ru/pervaja_mirovaja_voina#! - the theme-based publication prepared using the integrated archive database of
the Russian State Archive of Literature and Arts (RGALI,
Moscow)

The electronic catalogue of the State archieve of Perm
region: http://catalog.archive.perm.ru/

The digital reference book “The documents of Aleksey Konstantinovich Tolstoy in RGALI”: http://www.rgali.ru/a_k_tolstoy#! - the theme-based publication prepared
using the integrated archive database of the Russian State
Archive of Literature and Arts (RGALI, Moscow)

The digital archieve of Research and Information Centre “Memorial” (St Petersburg) http://arch.memorial-nic.
org/

The Heritage of Chukot Autonomous region on the
digital map: http://okn87.ru/
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4. A Brief Conclusion
“KAISA” technology is intended for the creation of
informational resources of archives, museums and libraries as well as regional and theme-based digital encyclopaedias. The “KAISA” technology uses a directory
system to unite these resources and create a high quality
information product.
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Our projects − from www.folk.ru (1998) to www.
pragmema.ru (2012), and to www.daytodaydata.ru
(in progress in 2015) together with other forms of our
activities − are focused on providing the Internet com
munity with the “thick description” of Russian “com
munities of practice” as well as on our audience fa
miliarizing with contemporary research methodology
and analysis of communicative strategies, symbolic
practices and folklore forms, existing in contemporary
Russia. Comprehension of these processes is of utmost
importance for Russian and international community
for understanding Russian contemporary cultural and
social life. This article explains the complete process of
creating resources, describes their ideology, provides
some Web analytics and looks into new strategies for
further resource development.

Introduction
First of all we would like to have a closer look at the
ideology and methodology of the projects.
The in-depth study of communication strategies and
cultural stereotypes employed by any community is an
interdisciplinary task by its very nature, involving the expertise of anthropologists, sociologists, linguists, etc. The
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methodology for such studies should take into account
multidimensional characteristics and variables, such as
age, gender and societal status. It should also imply a
“Foucauldian” understanding of the past socio-cultural
context specific to the community in question. In Russia, however, such an approach may still be regarded
as rather problematic. On the one hand, Russia has a
system of long-established academic institutions of exceptionally high research standards together with newly
opening facilities providing excellent opportunities for
fieldwork. Thus, the scholars of folklore, dialectology,
ethnography and linguistics can accumulate absolutely
unique field material, forming cross-regional “thick
description” of various communities. On the other hand,
due to historical circumstances and the very status of
the humanities in Russia in general, Russian audience
encounters a dramatic gap in methodology and theory,
together with lack of adequate description of Russian
modern life. Over the last 2 decades some efforts were
made to get a satisfactory account of Russian daily life,
especially in its urban folklore forms and during the
Soviet period (I.Razumova, K.Bogdanov, S. Nekludov,
I.Veselova, I.Utekhin, T.Schepanskaja, E.Belousova,
E.Sandomirskaja, E.Dushechkina, A.Belousov and other).
However there had been a tendency to study Russian
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Fig. 1. Primary Signs Gallery. Russian Clay Toys.

provincial and village life in isolation from the general
context of everyday existence, strictly as a part of cultural heritage or from the point of view of various art
forms (songs, dances et cetera). As a result we have
not fully realized the significance of village and urban
routine forms of behavior as an integral part of the
social strategies of modern life in general.
Our projects − from www.folk.ru (1998) to www.pragmema.ru (2012), and to www.daytodaydata.ru (in progress
in 2015) together with other forms of our activities − are
focused on providing the Internet community with the
“thick description” of Russian “communities of practice”
as well as on familiarizing our audience with contemporary research methodology and analysis of communicative
strategies, symbolic practices and folklore forms, existing in contemporary Russia. Development of discursive
norms and folklore cannot be studied apart from social reality and social practices. The relations between them are
reciprocal: although social practices may be rooted in culturally available discourses, a new social reality may also
change norms and discursive strategies.
Our work focuses upon social mechanisms that exist
in any society and are acquired during an individual’s lifetime as patterns of social behavior. Our field observations
(30 years of folklore expeditions to the Russian North)
and recording of all aspects of community life have revealed a multitude of such patterns. Individuals follow
them semiconsciously in order to establish social relationships and maintain social networks, or, in other words,
to function in these particular communities successfully.
Comprehension of these processes is crucial for Russian
and international community.

Content, Structure, Functionality
In developing Internet projects we pursued three targets: research, education and general enlightenment.
The project www.folk.ru (Russian Folklore in
Contemporary Records, 1998) has been implemented
on the basis of folklore archive of St. Petersburg State
University.
Two large-scale regional collections have been formed
(for Archangelsk and Vologda Regions), within which the
material was categorized by rural districts and genres, the
latter being on the lower hierarchical sublevel. At present the folklore archive has more than 50000 depository
items. Texts are accompanied with a set of images: portraits of performers, archive documents, folklore manuscripts, ethnographic artefacts, reporting shots. The total
volume of photo collection comes up to more than 5000
documents. Information resource www.folk.ru has been
created in order to provide access to authentic materials
on Russian folklore and folk culture as well as to analytical and theoretical studies of folklore and cultural anthropology, which can be utilized in research and educational
activities by wide range of users.
The main content by volume is represented by two
types of materials: almanac of scholarly texts and media
archive of selected digitized and reconstructed expedition materials. Media archive includes audio and video
records from Archangelsk, Vologda and Kirov collections, grouped by 10 key genre and topical subdivisions: “Peasant Magic”, “Calendar Rituals”, “Family
Rituals” (“Childhood”, “Wedding”, “Funeral”), “Fairy
Tales”, “Non-Fairytale Prose”, “Ballads and Romances”,
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“Prophetic Dreams, Signs, Fortune-Telling”, “Rhythmic, Dance and Khorovod Songs”, “Chastushka” and
“Games”.
In 2008 the portal was transferred to a new technological platform and significantly upgraded from the point of
view of its structure, content and functionality. According
to Web analytics, the new sections dedicated to specific
topics and filled with authentic materials have become
most popular. They are the following: “Fairy-Tales in
New Age Records”, “Open Museum of Biographies” and
“Semiotics of Russian House”. An interactive map provides visualization of expeditions’ geography and makes
an extra tool for media archive usage.
The same creative team working under the auspices
of another organization – non-governmental non-profit organization “The Propp Center: Humanitarian Researches
in Traditional Culture” – developed another resource de
dicated to studies and description of artistic, symbolic and
everyday practices of Russia in its past and present: www.
pragmema.ru (Pragmema, 2012), which had assumed
as its name the term, introduced by Merab Mamardashvili. This project has been focused on complicated links
between socially and culturally determined structures of
perception and mind on the one hand and ever-changing
individual, cultural and historic experience on the other.
This site has two sections. The first one got the name
of “Primary Signs” and presents artefacts selected in line
with our research themes: clay toys, village as memory,
signs and symbols, sanctuaries and pagan temples, situations and gestures, spontaneous rituals, etc. The second
section, named “Pragmemas”, contains analytical descriptions of several artefacts in research papers, public lectures, seminars and presentations.
From Primary Signs section:
When we launched the project we have already realized communication opportunities, provided by social
networks, so we decided not to allow comments on materials on site or deploy a forum. In general, such functional elements can be easily realized on the platform of
any modern CMS, but require constant moderating. Work
with groups in social networks also takes some efforts but
frequent network users who practically live in them are
inclined to share information, contributing to site promotion and building of partnerships.
The latest project developed in the last two years
is an electronic archive “Russian Day-to-Day Life”
www.daytodaydata.ru (2015). The underlying metho
dology of this database can be summed up as follows:
our day-to-day life is defined by habits, imprinted into
our bodies, by emotions we are accustomed to feel,
as well as by routine actions perform by us without
thinking. Histories of older generations are also built
into the body partially through visual, audial and tactual experience, partially through explanations, and in
the shape of practical knowledge and habits determine
ways and patterns of the day-to-day life. Frequently
we, being the carriers of such habits, do not identify
them as such. This electronic archive was created to fill
in this gap by showing Russian everyday life via oral
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biographical narratives, life stories, people’s diaries and
photos, house interiors, spontaneous signing, amateur
arts and children’s drawings.

Web-analytics and Resource Development Strategy
On every stage of information resource deployment,
starting from its design engineering, we have to keep
in mind general usability and user-friendliness of the
interfaces. This need is reflected in many aspects, such
as design solutions, navigation, layout, framing, which
taken together influence efficiency in the long run.
Further resource development in the form of content
increase by volume, growth of structure and navigation
complexity, introduction of new multimedia elements,
always requires from us some correction of previously
adopted solutions. While at the earlier stages it is quite
normal to base such solution on general principles of
usability, experience and common sense, a site achieving high traffic and visitation level must be assessed
from the point of view of statistics. The majority of
non-commercial projects cannot afford laboratory experiments, so they collect their analysis-essential data
via free Web services. We used Google Analytics and
Yandex Metrika.
The main sources of incoming traffic to the sites of
our thematic scope are data search and retrieval systems.
Ranking of search results by such systems depends on
many parameters, but we are able to improve it by various means, among which care and attention to our texts
are the key ones. The importance of accurate wording of
titles and hyperlinks is a common knowledge, while such
nuances as the volume of original texts, presence of popular tags, keywords and word combinations in them should
also be taken into account. Naturally you cannot change a
word for the sake of SEO in “serious” research article or
transcription of calendar ritual, published on the site, but
in texts, dedicated to current events, the effective use of
keywords is proper and relevant.
Statistics analysis has proved that visitation level
of www.folk.ru (data recorded since 2011) is quite
satisfactory: about 300 visits per day with the tendency
to slow increase and few unexplained “outbursts” (for
example, on August 22, 2012 Google registered 3203
visits). Traffic to www.pragmema.ru (based on statistics
kept since 2014) is much lower. Probably one of the
reasons is the fact that www.folk.ru contains a lot of
unconventionally presented materials (not only research
articles but transcriptions of video and audio fragments from media archive, biographic materials etc.),
however the best part of materials at www.pragmema.
ru, despite their obvious and indisputable value, are
oriented to purely visual perception (photos, pictures)
or visual and aural perception (video films of lectures,
seminars, interviews). In the nearest future we are planning to publish summaries to these materials to add the
textual features.
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Windows

Google
Android

iOS

MacOS

Other

8,08%

2.3%

2.34%

12,27%

4.91%

2.33%

Mobile
www.folk.ru

73.98%

13.3%
21.38%

www.pragmema.ru

68.71%

11.78%
24.05%

Table 1. Choice of operating systems by site visitors statistics.

Analysis of popular search phrases provides extra information from SEO “point of view”. For example, the
most popular combinations for www.folk.ru, in addition
to routine ones (such as “folklore”, “calendar and ritual folklore”, “modern folklore”, etc.), could be found in
other categories:
• titles of Russian fairy tales (“Old Witch Baba
Yaga”, “Bear – Lime tree Leg”, etc.).
• names of peasant rituals (“making the head
shape right”, “ritual folklore, Maslenitsa”, etc.).
• names of persons (Propp).
Search pertinence of users who favored these categories, judging by average time, spent on the site, has been
quite high.
Statistics explains sudden increase of the number of
visits after a new section “Fairy Tales in the New Century
Records” was deployed. Nowadays we are considering
publication of new biographic materials.
Popular search phrases for www.pragmema.ru fall into
the following two categories:
• Russian folk toys (“Sudzha toys”, “Kozhlya
toys”, “clay toys in Russia”, etc.).
• celebration of the 1st of May (“Speech for May
Day March”, “Stories about May Day for preschool children”, “Telling young children about
the 1st of May” etc.).
It must be noted that search pertinence is high only for
the first of these categories.
In addition to search phrases, we used some other
analytical tools, which proved to be quite helpful by directly pointing to the ways of interface efficiency increasing. They are flow maps, maps of links and maps of click
patterns. In 2012 analysis of these reports for www.folk.
ru enabled us to identify several interface drawbacks and
offer effective remedies. It looks like such drawbacks are
typical for many resources, so principles of problem-solving we used may be quite informative.
Problem: the flow map has shown no flow routs,
which we considered as logical and desirable for disclosure of presented content, although the corresponding

links have been present in the menu. Solution: duplication
of menu links on some site pages, at least, with eye-catching pictures or icons attributed to them.
Problem: map of links demonstrated that several links
in the menu were not popular at all: nobody clicked on
them within the menu structure, although the content itself was quite popular, as many users accessed it through
direct link, created by search engine. Reason: the name of
link is not attractive. In our case the link “Fairy Tales in
New Age Records” turned out to be 15 times less popular
than “From Media Archive” link, which lead to the same
tales, supported by audio or video records. Solution: using
a new name, if possible. In any case the most interesting
links should be highlighted in the general menu by color,
background or icons. Probably is will be a good idea to
duplicate these lines on the home page with picturesque
visual features attached to them.
Problem: map of clicks indicated attempts to activate
small pictures of purely decorative nature. Solution: if
you decide to keep these miniatures on site, and there is
no way to go from them via a link, they should be opened
by a click into beautiful full-scale photos.
Summing things up, we would like to note that all of
the above-mentioned have a common root cause – the
site’s navigation system. Classic key questions of navigation sound rather pathetic and should be taken into
account seriously: Where am I? Where can I go? How
can I get there? Solutions for the above-mentioned problems should provide and effective answer to the second
one of these questions. Further analysis in Yandex Metrica has demonstrated that minor interface changes made
to accommodate the solutions proved to be justified and
efficient.
Web analytics services also gave us valueless information about features of the software and hardware features
visitors used, which operations systems and browsers
they employed, what screen resolution they preferred, did
they use plugins, etc. In cases when such features demonstrate too vast spread of variables some drastic measures have to be taken to provide cross-platform solutions.
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A serious problem for engineers is the growth of mobile
devices use, on the one hand, and archaic browsers, still
installed on the machines of a part of our audience, on
the other hand. Revolution in the use of mobile devices
with full access to the Internet happened in Russian in
2012 and since then the number of mobile device uses has
been increasing dramatically every year. For software engineers and designers it means supporting new platforms,
new browsers and a wider range of screen resolutions (the
latter being a key reason for redesign of many resource
a few years ago). The switch of the vast part of the audience to mobile devices also made us stop using Flash
technology and look for alternative solutions. It should
be also noted that Mobile First principle stated by Steven
Champeon already in 2003 should have been implemented earlier in fact, at least for engineering of new resources
and re-design of the existing ones.
The most meaningful parameter for us was the choice
of operating systems by site visitors. Statistic offered
the following breakdown for our resources is presented
in Table 1.
The variation between sites was not dramatic and
could be better explained by difference in date collection
periods, than by specific features of their audience. The
big share of mobile platforms should be taken into account. It means that a significant part of the audience has
displays with relatively low screen resolution and modern
browsers, and their number is constantly increasing. However you can trust that the high-aspect ratio displays are
still in the majority.
Thus, in addition to introducing new content to the
sites the key points of our development strategy with respect to our Internet projects should be focused on text
optimization and partial redesign on the basis of the socalled responsive layout, which enable comfortable viewing on the wide range of devices.
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The article is dedicated to the experience of pro
jects execution: 3d scanning museum exhibits of the
Institute of Archeology and Ethnography of the Sibe
rian Branch of the Russian Academy of Sciences, cre
ating interactive museum stands, implementation of
3d models in online educational courses of Novosibirsk
State University, a 3d-online gallery development.
Based on the experience of our team, article de
scribes various methods of 3d scanning and their prac
tical applications in the process of creating 3d models
of museum objects and interiors, methods and prac
tice for post-processing and texturing models, as well
as preparation of 3d models for various applications.

Introduction
One of the trends in modern society is the creation of
three-dimensional models of real objects. Such models
have a wide field of application – from reverse enginee
ring and medicine to cinematography and video games.
The most effective method of creating 3d models of
real objects is a 3d scanning – a procedure that allows to
make digital model automatically by using specialized
hardware and software system.
Scanning and processing time, as well as the accuracy of the resulting model, depends on the design
of the scanner equipment, camera quality (resolution
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Fig. 1. 3d scanning process.

matrix, optics quality), the efficiency of the software
and algorithms, operator skill, computer performance.
In general, methods of 3d scanning allow us to create
models of real objects with high accuracy in the short
time periods, so this promising technology is more and
more applied widely in museums. There are some cases
of using of 3d models in modern museums:
Research objectives: studying and reconstruction of
extinct creatures based on scanning skeletons [1], research
models of fragile objects [2], the exchange of 3d models
exhibits among researchers.
Representative purpose: extension of museum interior
with interactive elements or fragments of augmented reality [3], exhibiting 3d-printed models, publication models
in open online libraries. [4]
Educational purpose: educational online resources,
MOOC’s [5] non-fiction video films, 3d-printed copies of
exhibits as a guide.

Methods of 3D Scanning
Today, we have several methods of 3D scanning, that
allow you to perform the digitization of different types
of heritage. Each method has its advantages to work with
certain types of objects. Next, we consider each of the
methods in details.
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example. Such scanners are installed at a particular point
on the ground, after which the scanner of the surrounding
surface projects a laser beam which is recorded by the
camera. The resulting point cloud is transformed into 3d
model that is cross-linked with others determines the coordinates of installing scanners in the field.
Scan arms and measuring laser
Such scanners are typically used in industry for qua
lity control and inspection. They have improved accuracy
and don’t capture the texture. Software for such scanners
is generally aimed at identifying defects and integration
with CAD systems.

Structure-light
Universal scanners, broad application and relatively
low cost because structurally composed of projector and
camera recording the change in the projected grid, usually
without texture.

Photogrammetry
Low cost method - for 3d models requires a series of
still images that are stitched together using specialized
software. The accuracy of the resulting model is quite
low, it does not require texturing. [8]

Outdoor laser scanner

Video-capture scanner

Typically used in geodesy, but there are several interesting projects related to scanning of the caves. So the
models of the Caves of Nottingham (United Kingdom)
[6] and the Denisova Cave (Russian) [7] were created for

Advanced technology, which allows an object and texture capture. Running video shooting object, frame-based
model is constructed with the texture. It is the quickest
way for a quality 3d scanning.
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Fig. 2. Texturing of Kondonskaya Nefertity.

Shooting
Shoot the item is a process of getting several 3d images, that are merging in 3d model using a software algorithm. Survey carried out from different sides of the
object, to make good shots scanner revolves around the
object, or rotate the object itself. For effective 3d shooting facility must perform a number of conditions related
to the design of different 3d scanners. For example when
using photogrammetry we have to create multiple images
from different angles. For structured scanners and laser
there are illumination problems. Also there are difficulties
with scanning bright and shiny or dark surfaces of objects.
It’s hard to shoot cavity, holes and blind zones of objects
that often have to besimulated.

Merging
After shooting the object obtained 3d images combined into the final 3d model using special software algorithms that are usually implemented in software applications for 3d scanning. This can be automated bonding
along the rotation axis scanning with turn table, merging
by the markers or in three or more points on the surface.

Post-Processing and Texturing
Scanning is a process that requires special training and
skills, but whatever the professional skills of 3d scanner
operator - any model requires post processing, and sometimes additional texturing. Typically, after a shooting specialist has set 3d images that are merged into complete

model, such models contain various artifacts that are removed during post-processing scanning software or special 3d editors like Pixologic Zbrush, Meshmixer, Geomagic Studio.
Another task is to make 3d scanning quality texturing models, if the texture obtained by scanner is of inadequate quality or missing. For quality photographic skills
is needed texture and image processing, as well as an arranged scene to shoot the object with uniform illumination. As the scene we have used light cube photo box with
multiple projectors, and for shooting we have used professional camera with a macro lens, set at the special macro
rails for precise positioning. To obtain high-quality texture made of a series of images, these images are reduced
into one image using Helicon Focus application or Zerene
Stacker and, if necessary, retouched in Adobe Photoshop.

Applications of 3D Models
3D models of legacy are widely used in
various embodiments: interactive displays, augment
reality, virtual reality, web gallery. Museums are increasingly turning to new technological solutions that will
demonstrate their exhibits at a new level. It uses elements
of augmented reality, interactive displays and videos in
which a key role played by 3d content. [3]
3d models as part of the training manual can be used
for educational purposes, such as in the NSU e-courses
for students-archaeologists that use 3d models of museum
exhibits as interactive aids. It is also possible to use 3d
printed copies of archaeological finds in the practice sessions [4]. A special place occupies the 3d reconstruction
in archaeological studies. There is a number of works de-
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Fig. 3. 3d model of petroglyph after cavity post-processing.

voted to the 3d scan of archaeological items, such as 3d
scan of Drone skeleton [1]. Scanning residue ware for
subsequent shape recovery ceramics. 3D reconstruction of
the tombs and graves [9].
Our team works in the field of 3d scanning artifacts,
neolith tools and petroglyphs. Methods of three-dimensional visualization and computer post-processing helps
researchers to study the archaeological items.

3D Online Gallery
Today there are several online 3d galleries with similar functionality and structure, such as: Google art works
[10], Smithsonian museum [11]. Similar online 3d gallery
was developed by a team of Novosibirsk State University [12]. The structure of the online gallery can be divi
ded into two parts: a catalog of exhibits and a module 3d
models view. Designed in the classic client-server architecture exhibits catalog provides an easy and convenient
access to pages with 3d models and their description. The
administrator adds the model, then the model is automatically processed on the server side: it is aligned with the
axis, then optimized and compressed. Then Administrator adds the description of the model and make 3d scene
set up. Displaying 3d models is offered by module implemented using webGL - modern technology that allows
to draw 3d scene in browser. 3d gallery display module
render models based on the settings of the scene: lighting,
the distance to the object, the angle of view, etc. It also
includes additional tools: measuring tape, tooltips to display detailed information and other tools. To provide large
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amounts of data via http we have to use the methods of
data compression, so for the 3d models we use utf8 compression, and for textures we use webp image format. At
NSU online 3d gallery have realized conversion to pdf
format, to be able to download and then view the model and its description of the local exchange, or through
email. 3d online gallery allows to provide unlimited free
access to the museum exhibits from every corner of the
world over the Internet access.
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Fig. 4. NSU e-course with interactive 3d model.
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This article reflects on digital storytelling and its
potential as a useful tool for presenting cultural heri
tage. For this purpose, the unique properties and in
teractive capabilities of digital narratives, as well as
various forms of digital storytelling applied to the cul
tural heritage mediation, have been considered. The
article also deals with our experience in design and de
velopment of interactive multimedia heritage projects
at the Television Directing Department (within CIN
TIS, Interactive Art Workshop) of Saint Petersburg
State Institute of Film and Television.

Introduction
Over the past few decades we have been witnessing
rapid development of interactive digital media which expands our concept of the ways of telling fictional and nonfictional stories. The unique qualities of digital medium
endow narrative with interactivity, non-linear structure
and multimedia form, and transform passive audience into
active users, who do not only perceive and interpret the
media text, but also physically interact with the content.
Interactive narrative is the basis for many forms of
digital media: computer games and virtual 3D environments, multimedia and web applications, mobile and locative media, interactive museum and art installations, etc.
Today new forms of digital narrative media products
and applications are regularly used in the field of recreation and entertainment, education and science, marketing
and advertizing, healthcare and tourism. No wonder that,
over recent years, many private and social institutions
(museums, cultural heritage funds, etc.) have been turning
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more and more attention to digital storytelling which allows making the huge amount of digital cultural content
accessible to a wide audience.
In context of the growing development of digital cultural heritage content it is important to understand how
the unique qualities of digital storytelling help in making
this content more understandable and attractive for public.

Special Features of Digital Narrative
Interactive digital technologies have opened new
ways and practices in telling stories. In case of traditional
media audience’s experience should simply involve the
perception and interpretation of the storyteller’s message.
In the new method of storytelling user does not only create the meaning of the work by perceiving what author
shows on the screen, but also participates in the development of the narrative, determines the storytelling process.
By means of navigation the user can choose from different variants and alternatives, thus contributing to the nonlinear development of the story. The non-linearity of the
digital narrative allows the user to map his or her own
route through the interactive multimedia space and, as a
rule, to pass through such space at a comfortable speed,
exploring the details. The non-linear structure provides
the author with an opportunity to significantly extend
multimedia content of the interactive project without fear
of overloading the user with information. It is especially
useful for a huge amount of intangible cultural heritage.
As a rule, interactive digital narratives combine
various forms of information representation (video,
animation, 2D/3D graphics, sound, text, etc.). In addi-
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tion to that, each medium valuable to the project can
exist as a discreet object which possesses interactivity.
Depending on the topic and objectives of the project,
director decides which elements of the multimedia
content will construct the meaning and will become the
principal “carrier” of the narration, which elements will
serve to intensify artistic imagery, which are important
for emotional impact, and which of the media data will
become sources of additional information.
Fragmented, non-linear narration of many projects
reflects our way of telling stories. Visual patterns, fragments of video, text and animation, combined together,
create a collage of meaning and experience. In the
projects containing a fairly extensive database (for
example, intangible cultural heritage objects) narratives are created from small narrative units, arranged
for non-linear access. At this micro-level, familiar
temporal structures and storylines can help guiding the
user through the story. At the macro-level, temporal
structure is often implemented by means of such graphic
tools as, for example, timeline and time-marks. Such
navigation methods are commonly used within spatial
narratives and database narratives.
Immersiveness of the digital medium helps to reach a
high level of user’s involvement in the interactive project.
The most vivid experience of immersion can be obtained
in the projects that use virtual and augmented reality technologies, as well as various technical tools that enhance
sensory experience.
Over the past few years, due to the development
of new community networks providing users with opportunities to create their own content, there has been a
rapid development of the digital storytelling based on
the user-generated content. Within such participatory
model, the user is no longer a consumer, but a broadcaster, or producer of the content, in the medium, in which
the authorship is no longer personal, but collective and
collaborative.

The Diversity of Storytelling Forms
There are various strategies of combining interacti
vity and narrative, various levels of audience’s participation in telling the story, various means of interaction, and
various platforms. All of this creates a diversity of forms
of interactive digital narrative: from hypertext model with
author-predefined flexibility to real-time generated narrative with the use of intellectual systems. According to
Hartmut Koenitz, the purpose of developing of expressive
narrative forms in digital formats, that turn the recipient
of older forms into a participant, is to promote “a different
and potentially better understanding of our complex world
and a new way to share our experiences with others” [1].
Hypertext narratives with predetermined variations,
most commonly associated with the Internet, offer great
possibilities for integrating large amount of digital cultural heritage into a narrative. Marie-Laure Ryan considers that interactivity operates here on the level of narrative
discourse, as opposed to the level of story [2].

Narrative games are another important form of digital
storytelling, applied to cultural heritage mediation. They
include computer-based games where narrative is an integral part of the overall experience.
Mobile/locative narrative is one of the digital narrative
forms, which broadens the horizons when it comes to introducing the audience to historical and cultural heritage.
It is based on the usage of mobile digital devices (tablets,
smartphones), their components (camera, GPS, gyroscope, compass, accelerometer) and on the operability of
mobile applications.
Using of interactive digital narrative is becoming very
popular in virtual cultural heritage applications that immerse participants into navigable 3D story space, allowing them to configure their own narrative paths.
Not less popular is digital storytelling type, based on a
participatory model. Within this model, the user has certain tools necessary for creating its heritage content and
introducing it to the narration. Such projects enrich the
audience experience by offering them new action and participation capacities.
Alongside with the abovementioned digital storytelling type which uses interactive capabilities of the
digital medium, a paradigm of transmedia storytelling
is actively developing, which represents a technique of
transferring to the mass audience feelings, notions and
topics by means of a consistent and coordinated use of
several media platforms [3]. This form of storytelling has
been created to personally involve members of the media
audience to the story environment; it intensifies every
individual’s personal participation in the development
of the narrative. Transmedia is based on a prospective
media business model which implies a transition from
the traditional linear story (for example, a story told
by means of film language) to a more complex, and
multi-dimensional story world. Within the framework
of this new model, the audience can participate with the
characters on the websites, experience the story world
through gameplay, follow the characters in Twitter, as
well as participate in other various forms of storytelling
including alternative reality games.

Interactive Multimedia Heritage Projects
of the CINTIS
This article introduces two original works of the CINTIS that use features of interactive documentary arts and
fiction narrative for presenting intangible cultural heritage
(oral traditions, folk music, social practices, rituals, еtc).
Interactive multimedia project “Heart of Stone” by
student Artas Kanzychakov is an attempt to translate a
Khakass heroic folk-epic “Tas Churek” into the language
of digital storytelling. The project consists of two parts.
Interactive artistic space of a fairy-tale is implemented
by means of combining various types of digital multimedia: images, audio, and video (graphics, animation, text,
recorded audio narration, sound effects and music). The
structure of this part reminds of a rich e-book application. Digital story helps users to learn about and explore
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culture heritage components in carefully designed order,
encouraging them to explore more objects. Simple game
elements are integrated in the narration to ensure better
understanding of the given cultural heritage artifacts.
The second part of the project is presented in the genre
of interactive documentary which immerses the user in
the culture and traditions of the Khakas people. It contains
archive photos, phono- and video records of the oral epic,
records of the stories told by bearers of traditions. The
documentary context created in the project plays an important role in the interpreting of cultural heritage content.
Interactive documentary project “Home is the Corner of Thai Life” by post-graduate student Buntasanakul
Santi is a non-fiction narrative about the history, culture
and household of Thai people, told through the example of one dynasty of four generations of folk musicians
and music teachers living in Bangkok in three traditional
houses. Each house contains old portraits of predecessors, family portraits, musical instruments and other objects that reflect the time, culture and household of a Thai
family. The user can walk through the rooms of each of
the houses accompanied by the stories of those who live
there. By interacting with the objects, the user can learn
about their past, view the pictures; listen to the sound of
antique musical instruments.
Non-linear structure of narration allows the use of
various multimedia components (video, photo, text,
sound, animation, graphic design) and multimedia compositions (interactive timeline and immersive 360°
photo-collages). Navigation system and graphical user
interface help the user to build his or her own narrative
path, as well as to combine various video-stories of
the dynasty members into common topics: “Teacher”,
“Love”, “Music”, and “Family”.
The project includes large volume of documentary
material, archived records of musicians’ performances,
photos and other evidence from the past. It does not only
encourage and assure individual research, but, more importantly, provides an audiovisual experience, which is
fully enriched due to these valuable multimedia materials.
“Home is the Corner of Thai Life” demonstrates how
to author digital storytelling experiences that help the user
acquire intellectual knowledge and emotional experience
while interacting with a rich database of intangible cultural heritage.
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Fig.1. Example of description a culture heritage object RANI-KI-VAV (India)
by project Cy-Ark-500.

The large-scale project of by Russian Department
of Culture and IT company MEDIA-TREST (ma
naged by the Department Historical Informational
Science of Lomonosov Moscow State University) de
voted to digitization of museum collections through
technology laser scanning (Artec Eva) and photogram
metry (Agisoft Photoscan) is discussed.
Expedition Project of the Ministry of Culture in
volves working in 33 museums in Russia, located from
Arkhangelsk to Astrakhan. The report will be dis
cussed about the features of the organization of wor
king process of laser scanning and photogrammetry
museum exhibits, equipment, stages of work, and the
very concept of a virtual museum.

Introduction
The brief report on large-scale project of by Russian
Department of Culture and IT company MEDIA-TREST
(managed by the Department Historical Informational
Science of Lomonosov Moscow State University) is devoted to digitization of museum collections through technology laser scanning (Artec Eva) and photogrammetry
(Agisoft Photoscan).

***

The developers also relied on the experience of world
famous projects of digitalisation museum artefacts.
Among the best examples of 3D digital archives of museum collections are: CyArk-500 project [1], Virtual Hampson Museum [2], Digital Sculpture Project of UCLA University (USA), digital archive of the Museum of Natural
History (United States, Idaho).
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Project CyArk-500 involves the creation of virtual
models of cultural heritage sites within 5 years and publishing of all 3D documentation. The company uses in its
work laser scanners of its own production on the basis of
its own technologies.
Another 3D digital archive is the Virtual Hampson
Museum, developed by the Center of advanced space technologies of the University of Arkansas. The museum presents 3D models of artifacts, mostly obtained during the
excavation of an archaeological settlement Naudin by Dr.
James Hampson. Currently it is the world’s largest fullfeatured 3D Museum of archaeological artifacts, which
houses 442 different exhibits. Any visitor can consider in
details the artifact from every angle and every detail and
conduct any necessary research measurement. You can also
download a model on your personal computer in .pdf or
.obj formats and analyse 3D model in Adobe Reader (take
measurements, create cross section, mark some comments
to one of the part of 3D model) considering the deficiencies
such as low poly 3D model and low texture resolution.
In March 2013 the company MEDIA-TREST cooperated with The Ministry of Culture has announced a competition of research works on the subject of software and
technical tools implementation of 3D digitization of museum exhibits. Department of Historical Information Science Faculty of History (Moscow State University of M.V.
Lomonosov) represented among authors by D.I. Zherebyateva offered a program of 3D digitalization museum artifacts and software based on technology of laser scanning
(Artec EVA) and photogrammetry (Agisoft Photoscan)
and software for render, demonstration 3D model in Web,
PC and mobile device (Autodesk 3Ds Max, Adobe Acrobat, Object2VR, web service sketchfab, p3d.in and so on).
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Fig.2. Digital archive of the Museum of Natural History (United States, Idaho).

As a result of the competition the program has been
recognized as the best among the documents submitted
and in the course of the working process in May 2013 a
team under the direction of photographer R.V. Galaneva
and staff and faculty of Moscow State University was
formed, also including the students of the Department
of Historical Informatics (Ph.D., assistant. D.I. Zherebyatiev, leading programmer Institute Belozersky S.V.
Kokoleva, MA of the Department of Historical Informatics M.U. Demidov), Institute of Geodesy and aerial
photography (MIIGAiK) teacher D.O. Driga and MA V.I.
Morozova and D.V. Pashkovsky whose responsibilities
included direct digitization of the collections of museum
collections. It is worth noting that part of the project
was a collective publication of the final result on the
portal of a separate company, which the authors have
provided the necessary files for publication.
Expedition Project of the Ministry of Culture involves
working in 33 museums in Russia, located from Arkhangelsk to Astrakhan. The report will discuss t the features
of the organization of working process of laser scanning
and photogrammetric in museum exhibits, equipment,
stages of work, and the very concept of a virtual museum.
The aim of this project was to create virtual models of
2000 exhibits of museums.
For the digitization of museum collections has been
selected three groups of equipment. First of all – photogrammetry and VR equipment:
• Camera Canon EOS 5d + Tripod
• Complete lighting equipment
• Photobox 90h90h90sm
• Turntable
• notebook

• IN Agisoft Photoscan 1.0.4.
• Second group includes laser skaner equipment:
• Scanner Artec Eva
• Notebook
• Software Artec Studio 9.0.
Third – software for Post-Processing 3D model, rendering and so on:
• Adobe Photoshop CS6
• Autodesk Mudbox
• Adobe Acrobat X
• Autodesk 3Ds Max
• Object 2VR
During the work the authors have encountered a number of difficulties:
• not all of the museum artifacts can be subjected
to laser scanning;
• laser scanning technology (Artek EVA) does not
reproduce the texture of certain materials (gold,
glass, porcelain, pearl) good;
• photogrammetry technology could not cope with
a complex shape geometry of the individual museum artifacts unlike laser scanner (Artek EVA);
• laser scanners does not capture subtle geometry
objects (for example the monk fan);
• during the process of digitalasin museum artefacts appear uncaptured areas (dead zone) which
are very difficult to be captured by camera or laser
skaner;
• The laser scanner software Artec Studio 9.0.
does not allow to build UV mapping of 3D model
correctly that have complicated greatly the postprocessing phase.
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Fig.3.

Fig.5-6.

Fig.4.

Fig.7.

Fig.3. Example of description a museum artifact.
Fig.4. Digital 3D model in PDF.

Fig.5-6. Example 3D digitized exhibits of the
Museum of Religion (Saint-Petersburg).
Fig.7. Example 3D digitized exhibits of the
museum of the East (Moscow).

Fig.8. Stages of the project Portal of Culture for the 3D digitization
of museum collections.

It is worth noting that during the project implementation the concept of the portal with 3D exhibits have been
changing repeatedly depending on the technical complexity of another copmany which is directly responsible for the publication of material on the site. Fistly our
team provided 3D model in OBJ format with texture to
the company that planned to create web player for site
and mobile device supporting 3D model. Web service of
publishing 3D model by technology skethfab, p3d.in and
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anothers were big 3D data are not supported for archiving,
also PDF format were rejected as formats for PC/MAC
users. As a result, the proposed formats of the publication
of 3D models have been rejected by the company MEDIA-TREST and as the core technology has been selected
technology of virtual panorama – VR (Object2VR) which
is planned to use only for 3D models demonstration without tools for analysis.
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Fig.9. Examples Object2VR script for Autodesk 3Ds Max
writed by programmer Klaas Nienhuis.

Fig.10. Example UV mapping texture created in chaotically
algorithm.
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The authors have been working over the years on
the creation of virtual reconstructions of historical,
archaeological, and cultural monuments represented
in Internet as video clips. This brings up a question
of a possibility and practicability of representation of
reconstructions by using today’s technologies. We are
investigating the possibility to create virtual historical
monuments and artefacts in the form of:
• interactive integrated 3D reconstructions
(“smart games”),
• representation of interactive reconstructions
by using modern gadgets (VR helmets, etc.). On
the other hand, it becomes necessary to develop
new tools for creation of virtual reconstructions.

3D Graphics and Animation and Digital
Cultural Heritage
Employees of the Department of Information Systems in Arts and Humanities of the Faculty of Arts of
St.Petersburg State University have been developing a
discipline for more than 15 years which is associated
with creation of computer reconstructions of historical,
archaeological, and cultural monuments. A number of
projects on subjects related to 3D historical reconstructions have been implemented in the meantime [1-12]. The
use of computer models in the process of generation of
historical reconstructions makes it possible to achieve a
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Fig. 1. E. Logdacheva, S. Shvemberger. Double crypt of 1873. Computer 3D reconstruction.

new level of information transfer and hence a new level
of perception; the development of state-of-the art technologies in the field of 3D simulation and visualization increasingly provides new opportunities.
Modern 3D reconstructions developed by using 3D
graphic editors (Autodesk 3Ds Max and Autodesk Maya
above all) have become a popular representation of archaeological, historical, and cultural monuments. Their
scope of application has become extremely wide: from
professional information systems to commercial documentary films. Apart from the necessary historical accuracy, requirements for artistic credibility are quite often
imposed on such reconstructions. This is important, for
example, when a reconstruction is used for educational
purposes, in the sphere of museum education, in documentary cinematography, in the process of development
of computer games (including educational ones).
The creation of virtual historical reconstructions
makes it possible to restore lost historical, archaeological, and cultural monuments by using 3D graphics
technologies, relying on data obtained in the course
of archaeological studies or on archive materials, or
partially lost elements of a monument without destroying the original thing itself (remember the hot disputes
which used to arise about monuments subjected to real
but not virtual restoration). These technologies also
provide an opportunity to create alternate models for
comparative study.
Reconstruction becomes especially close to reality
when animation tools are used. Even the simplest cine
matographic techniques, “zoom in” and “fly around” by
the camera, or a change in lighting allow achievement
of a more complete perception of the object being
simulated [13].
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One should note that 3D graphics and animation technology can be used for creation of a multimedia representation not only of tangible monuments, but also of intangible cultural objects such as writing systems, myths,
legendry, etc.
It is important to emphasize that 3D graphics used for
the development of popular educational multimedia materials provides an opportunity to substantially increase the
audience and makes their language more up-to-date and
natural for the viewer.
3D reconstructions of historical and cultural monuments appeared quite long ago and have become a “compulsory program” for educational films and sites. A lot
of archaeological expeditions publish their reports using
3D fixation and reconstructions. Specialized applications
have been developed. 3D scan technologies are widely
used. Therefore it would be natural to think about the
ways of their further development coming from the introduction of new technological opportunities on the one
hand, and evolution of tools already available, on the other [14-18]. We will give some examples of the use of 3D
graphics and animation technologies to illustrate various
approaches to application of the latter.

Interactivity and Virtual Reality
Application of virtual reality technologies gives the
user an opportunity to download 3D graphics (e.g. historical reconstructions) into an on-line environment in the
limits of which the viewer can freely move in a sort of
virtual space towards certain scenery (reconstruction) elements of interest or away from them. Virtual lights sources make it possible to simulate physical properties of real
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Fig. 2. E. Logdacheva, S. Shvemberger. Crypt of 1872 (Stasovsky) Computer 3D reconstruction.

Fig. 3. E. Logdacheva, S. Shvemberger. Crypty of 1872 (Stasovsky) Computer 3D reconstruction.

ones (e.g. fluctuations of flame from a torch brought into
a burial chamber), with emerging shadows adding nature
to the image. Virtual video cameras allow an image to
achieve proportions similar to those the human eye perceives at various distances. Addition of modules which
ensure simulation of physical laws allows the inertial nature of the viewer’s motion to be taken into account, thus
making his or her movements more natural. An example

of the use of such an approach is the reconstructions of
decorated sepulchral vaults of Bosporus Kimmerius. Reconstructions of two vaults were first represented in a
traditional video clip form and then introduced into an interactive environment so that the viewer was able to look
at the tomb by eyes of a person who had actually stepped
across its threshold in ancient times or has been the first to
discover it (Fig. 1, 2, 3).
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Fig. 4. E. Logdacheva, S. Shvemberger. Roman catapult. Computer 3D reconstruction.

Fig. 5. E. Logdacheva, S. Shvemberger. Roman manual ballistra. Computer 3D reconstruction.

“Smart Games”
State-of-the-art virtual reality systems not only make
it possible for the user to go visually deep into the
space of the scenery, but also ensure the behavior of
virtual space objects in line with physical laws: a stone
thrown in a virtual world will move in the same manner
as it would in the real world; if an obstacle is given

82

resilient properties, the stone will bounce. Nevertheless,
it is nothing else but the first step. In the real world,
a specific situation is realized which is determined by
an aggregate of existing conditions, while in a virtual
world it is possible to create conditions different from
the existing ones and thereby be able to make a virtual
experiment. In addition, modern virtual reality systems
can offer the user an opportunity to make calculations
other than those of physical laws (Fig. 4, 5).
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Fig. 6. A. Baturina, E. Logdacheva, S. Shvemberger. Multimedia Cyrillic alphabet. Д – Dinosaur.
3D animation.

Fig. 7. A. Baturina, E. Logdacheva, S. Shvemberger. Multimedia Cyrillic alphabet. Л – Swans.
3D animation.

We are currently working on the project of development of an integrated interactive model which will enable to illustrate the capabilities of classical military arts,
including strategies of defense and siege of fortresses of
the age of the Roman Empire. Our objective is to develop, test, and apply software which will make it possible
to represent online and analyze capabilities of fortification systems as well as siege machines and catapults of
the Roman age. Such an approach will enable the viewer

to see the art of war of the ancient world in a new light,
evaluate the efficiency of various fortifications and siege
guns, and analyze the causes of successes and failures of
various military campaigns of the Roman age. An informational and analytical interactive model of a fortification
system will let the user represent various information in
an interactive graphic form and combine it in a single set,
e.g. information on fortification systems of ancient times,
information on siege guns, catapults, and weapons of a re-
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Fig. 8. A. Baturina, E. Logdacheva, S. Shvemberger. Multimedia Cyrillic alphabet. М – Bear cub.
3D animation.

Fig. 9. A. Baturina, E. Logdacheva, S. Shvemberger. Multimedia Cyrillic alphabet. О – Monkey.
3D animation.

spective historical period, information on tactical maneuvers applied in Roman times for siege of fortresses. The
visual basis of the interactive analytical model of ancient
fortifications will be computer 3D reconstructions of the
same, and also of catapults and other siege guns. We hope
that the studies which can be performed by using a model
based on software to be developed within the scope of this
project will permit us to essentially enrich our understanding of the ancient military arts.
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Use of 3D Animation Technologies for
Representation of Intangible Cultural
Objects
3D graphics and animation technologies can successfully be applied for representation of intangible cultural
objects, particularly those meant for a wide range of nonspecialists. Examples of such projects are as follows:
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Fig. 10. M. Kolpakova, E. Korotkova, D. Pristavko, V. Suleimanova. «Hermites. St.Petersburg fairy
tale». 3D animation.

Fig. 11. M. Kolpakova, E. Korotkova, D. Pristavko, V. Suleimanova. «Hermites. St.Petersburg fairy
tale». 3D animation.

• “Eric”. An animation film and a quest game created
for the virtual storefront of Staraya Ladoga Museum Reserve. The story is based on Norse mythology.
• Multimedia Cyrillic alphabet. A series of 33 animated videos (equal to the number of letters in the Russian
alphabet). (The project is based on the graduation thesis
of Alyona Baturina, a student of the “Applied Information
Science in Arts and Humanities” program of the Faculty
of Arts of St.Petersburg State University) (Fig. 6,7,8,9).

• “Hermites. St.Petersburg fairy tale”. An animation film based on motifs of Petersburg folklore: the
graduation thesis of Maria Kolpakova, Evgeniya Korotkova, Darya Pristavko, and Vasilya Suleimanova, a
group of students of the “Applied Information Science in
Arts and Humanities” program of the Faculty of Arts of
St.Petersburg State University (after the same name book
by A.Bobrinskiy with artworks by O.Popugayeva and
D.Nepomnyatschiy) (Fig. 10,11).
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Fig. 12. J. Korneva. «Keys of Kangxi». 3D animation.

Fig. 13. J. Korneva. «Keys of Kangxi». 3D animation.

• “Keys of Kangxi”: the graduation project of Juliya
Korneva, a student of the “Applied Information Science
in Arts and Humanities” program of the Faculty of Arts
of St.Petersburg State University, which is dedicated
to the origin and development of Chinese hieroglyphic
script (Fig. 12,13).
The development of similar projects is now connected
with the availability of powerful computers and the evolution of software and technologies of remote access to
computational clusters.
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Augmented Reality and the Use of Virtual Reality Technology
The use of augmented reality technology, i.e. incorporation of computer-generated objects and/or blocks of
certain information into a real-world environment (and
vice versa, incorporation of a real-world object into a virtual environment) in combination with new gadgets such
as a virtual reality helmet opens amazing opportunity for
creation of multimedia materials associated with digi-
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Fig. 14. E. Logdacheva, S. Shvemberger. Images of Petrikirkhe. 3D videomapping.

tal cultural heritage. Thanks to these methods it becomes
possible to give more complete information on how the
objects being reconstructed were interacting or could interact with the environment. A contemporary town may
be supplemented by lost architectural monuments of the
past, or by future projects which are often discussed so ardently. We will be able to see a modern city as that which
it would have been if the development of the urban development concept had taken a different tack and if projects
(sometimes very unorthodox ones) not implemented for
various reasons had taken their places on the map of the
city. Architectural monuments can be shown at different
construction phases, it is possible to show the bygone city
infrastructure, and many other things.

3D Videomapping
A modern trend in the art of multimedia, one of the
currently popular techniques of video material presentation (Fig. 14, 15).

Development of new tools for creation
of virtual reconstructions
Apart from the necessary historical accuracy, requirements for artistic credibility are quite often imposed on
such reconstructions. This is important, for example,
when a reconstruction is used for educational purposes,
in the sphere of museum education, documentary cinematography, in the process of development of computer
games (including educational ones). On the other hand,
humanities (including history, archaeology, etc.) have
no chance to involve substantial resources in creation of
computer graphics (large teams of specialists in simula-

tion etc., powerful computer equipment for visualization,
financial resources). This problem can partly be solved
by developing new tools for such popular applications as
Autodesk Maya or Blender which could help facilitate the
project work.
This work was partially financially supported by Government of the Russian Federation, Grant 074-U01.
This work was partially financially supported by
Saint-Petersburg State University development program.
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Fig. 1. The view off Strastnaya square, 1855.

The consideration of historiographic analysis and
methodological aspects of virtual reconstruction of
historic buildings in the center of Moscow in 1830s
as an example of the Strastnaya Square, emerged in
the XVII century around the Strastnoy monastery, is
described. The evolution analysis of the spatial infra
structure of historical urban areas of the Strastnaya
Square is based on 3D modeling techniques in this pro
ject, allowing to implement an interactive mode of op
eration with the 3D model, to carry out its verification.
The research was supported by grant from the Rus
sian Science Foundation (RNF) №14-18-03473.

Introduction
The study of the history of Moscow, the restoration of
its historic appearance of streets and squares is the actual
task of preserving the historical and cultural heritage of
the capital, the research development of Moscow Studies.
An important role in this task belongs to the restoration of
the historic appearance of the Strastnaya Square - one of
the most important places in Moscow in the second half
of the XVII century. The occurrence of Strastnoy Monastery was an important stage in the history of urban development in the center of Moscow. In 30-80-ies of XX century the Pushkin’s Square has acquired modern size and
shape. Until that time, most of its current territory was
occupied by the Strastnoy Monastery. It was built at the
Tver gate of the White City on Tverskaya Street by tsar
decree in 1649 on the foundation of the Passion (“Maiden”) Monastery, at the meeting point of Strastnaya Icon of
Mother of God by the inhabitants of Moscow. Later on,
by the name of the monastery the surrounding area began

to be named. Five-domed cathedral of the monastery became the ninth cathedral in Moscow. At the turn of XVII
- XVIII centuries the monastery included the building of
the cathedral, the church bell tower, 54 wooden monk
cells, a well and the first burials of depositors, eminent
parishioners involved in the life of the monastery, abbesses and nuns. Construction of the stone bell tower of
the church Alexei man of God was started in 1697. Bell
Tower was blessed only in 1707.
In 1773 a fire burst out in Moscow and Tverskaya
Street was burnt. In 1775 Catherine II approved a new
plan of Moscow, according to which was “supposed to be
the city in accordance with the ancient base: the Kremlin
and the China and the White; build stone houses, and to
the knowledge of the borders and to decorating the city
with planted trees ... “. Fire did not touch Strastnoy Mo
nastery, but in 1778 the monastery was burned and in
1779 at the behest of Catherine II was resumed.
In 1812 the monastery was plundered by the French
troops of Napoleon: the lower church turned to the store,
guards settled in the cells, and some of the cells and buildings were burned. After the fire of 1812 the monastery
was rebuilt. In 1850, the student of D. Gilardi, Russian
architect M.D. Bykovskii built the Gate bell tower with
a tent and a clock - then it was a novelty (Fig. 1, left).
Church in it was consecrated in the name of St. Alexey
Man of God by name-day of the founder of the Strastnoy
Monastery, Tsar Alexei Mikhailovich, and the icons of the
new church were written by famous artist V.V. Pukirev.
In 1894, parish school building was founded by architect Zhigardovich and later, in 1898-1899 refectory buil
ding with one dome Church of St. Anthony and Theodosius Pecherskikh was built at the southern wall, overlooking
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Fig. 2. The Strastnoy monastery site plan in 1831.

the Strastnoy Boulevard. Later, in 1912, monastery hotel
was built by L.V. Stezhenskiy in the north-east side of the
monastery (in 1961 the movie theater “Russia” was attached to it, now it is “Pushkinskiy”).
An interesting fact is that most of the the abbess,
who lived at the monastery, came from the nobility [1].
After the 1917 Revolution, the Strastnoy Monastery
slowly fell into decay: in early 1919 the monastery
cells were occupied by the military commissariat, in
1924 – by students of the Communist University of
the Workers of the East, 4 years later – by the Central
Archives. Finally, the monastery was abolished in 1928.
Since the beginning of 1929, it was transformed into
a central anti-religious museum of Atheists of Soviet
Union. In 1937, during the renovation of Gorky Street
and Pushkin’s Square the Strastnoy monastery buildings
were demolished. From the whole complex of historical
buildings of Strastnoy Square XIX - early XX centuries
only two buildings reached our days: a hospice and the
Church of Nativity of the Virgin in Putinki. Currently, on
the site of the entrance to the bell tower of the Strastnoy
monastery there is a monument to A.S. Pushkin.

***

In the framework of a research project on creation of
virtual reconstruction of the Strastnoy Monastery and the
Strastnaya Square we consider the evolution of the spatial
structure of this historic complex for nearly three centuries. In this article, the focus is on time sample in 1830s
[2]. The history of the Strastnoy monastery is reflected
in the whole complex of various characters and types of
sources. These include architects projects, plans and designs of the main buildings of the complex, the documents
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related to the restructuring, reconstruction, restoration and
other changes in the external appearance of the buildings
of the monastery, as well as photographs.
The main documents on the history of the Strastnoy
monastery are located in the following funds: the fund
of Strastnoy Monastery (TSGIAM. F. 1185), the fund of
the Moscow Theological Consistory (TSGIAM. F. 203),
funds of the Office of the Holy Governing Synod and the
Procurator of the Synod, the Synod of economic management, building plans collection, photographs and manuscripts of the Synod, fund of the Department of artificial Affairs of Main Department of Railways and Public
Buildings (RSHA. F. 218, 235, 796, 797, 799), as well as
funds that are stored in RGADA: Monastic order, the Collegium of savings, the Office of the Synod of economic
governance, the Moscow office of the Synod (F. 237,
280, 390, 1183). In addition to these fundamental archival funds there is a number of separate documents concerning Moscow Strastnoy Monastery located elsewhere
- the fund of the Moscow Archaeological Society and Tikhomirov’s fund (TSGIAM. F. 2134), illustrative RGADA
Fund (Strastnoy Monastery album, ed. Mts. 2908), the
fund of V.M. Undolskiy (Department of Manuscripts of
the Russian State Library). In the funds of patriarchal orders - royal, governmental, discharge, judicial there are
documents that indirectly affect the story of the Strastnoy monastery (RGADA). Single Documents about using
the monastery complex after 1917 are kept in the Central
State Restoration Workshops (TSMAM), the newspaper
“Atheist” (SARF. F. 5407), the Moscow City Council
(TSGAMO. F. 66). There is also a number of published
sources: basically it is artworks that are presented in albums and diaries of Abbess Eugenia.

Section 3. Virtual 3D-Reconstructions

Fig. 3. Reconstruction of the construction plan of the Strastnaya Square in 1830
(by O.G. Kim).

Appeal to the full range of available sources, including archival materials, published sources, as well as
archaeological excavations of the Pushkin’s Square in
July-August 2013, makes possible to restore the location
of the buildings by comparing obtained information from
descriptive sources with graphic sources; find support
for the hypothesis or reveal the “inconsistencies” of
information from different sources.
Often also for historically accurate reconstruction
of one or another structure it is necessary to track the
entire process of changing the monastic building, to
analyze the reasons that influenced the necessity for
continuing construction works. In most cases, the lack
of information about a particular building at a certain
time slice condition of the monastery, the information is
taken from later sources that mention of this structure,
and then using the method of “temporary deduction”
are being identified all the changes that happened to the
object under study, then the retrospection of the object
is performed on the reconstructed time.
A major role in the process of building a virtual reconstruction of historic buildings of the Strastnaya Square in
1830 have been played by graphic and visual sources, including drawings, plans, maps, engravings, lithographs.
For each building, located on the territory of the Strastnoy
monastery and the surrounding area an array of sources has been assembled based on which 3D models were
built. The main objects of reconstruction - the monastery
church and gate’s bell tower - recreated mainly on the basis of identified drawings, plans and maps. The most detailed construction of the temple has been described and
transferred to the drawings in the 1920s (it is essential that
the cathedral church of Mother of God has not undergone
any significant rearrangements within two centuries).

When recreating the appearance of the temple, narrative
archival documents were considered as well. Spatial arrangement of each reconstruction object was determined
by relating it to the site plan of the Strastnoy monastery
in 1757, 1773 and 1831 years. (Fig. 2), as well as with
the consolidated topographical maps that were created on
the basis of archival documents by project participants.
The most informative sources to create a model of the bell
tower, built in the late XVII century and existed until the
1850s were archive drawings on the cusp of XVII-XVIII centuries, as well as the above-mentioned plans of the
monastery. In an area surrounded to the Strastnoy Monastery, in the 1830s there were more than 20 possessions
which models are linked in the reconstruction to the General Plan of the Strastnaya Square in 1831, created by the
project participants on the basis of archival topographical
plans. To form the base of sources for each building they
were marked with addresses. It is essential that a set of
sources for each building includes drawings of facades
that allow recreating a virtual model with documentary
precision.
Narrative sources contain information about the
building renovation that took place during the reconstruction of the Square or due to emergency situations
for example - after the fire of 1773. Such documents
include size information of buildings, their heights,
materials of construction, facades’ color, architectural
elements. Clerical documentation describing various
aspects of buildings’ construction, - the applications for
their construction, renovation of dilapidated buildings,
estimates and accounts for the construction of new
buildings, including account books of the Strastnoy
Monastery - can adequately restore the appearance of
buildings in the target time period.
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Fig. 4. Reconstruction of the topographical plan of the Strastnaya Square
with elevation marks from the sea level.

Let us turn to a more detailed characteristic of the information potential identified in the archives of narrative
sources for the history of the studied monastery complex
and the surrounding historic urban area.
Technical documentation allows building an authentic
virtual reconstruction not in all cases. In these cases, the
descriptive archival materials can provide substantial assistance. The study revealed a lot of such situations. Here
are some examples that illustrate the value of descriptive
sources, compensating the missing information and technical documentation.
1. The task of constructing a virtual reconstruction of the period of end XVII - the first third of the
XVIII century provided weaker technical documentation,
than the analogous problem for the later periods. Thus,
the image of the Church of the Mother of God in the
graphic and pictorial sources displayed incompletely,
but an important tool for the reconstruction was the
information contained in the message to the Senate of
the Moscow office on July 16, 1739. The paper noted
that the architect Michurin was sent to the monastery
by Colleagues of savings, “who <...> gave an inventory
which shows that current stone railing at the cathedral
church on one side length fifteen sazhens (trans. note:
1 sazhen = 2,13 meters) and a width of two sazhens
fallen, and on the churches and the stone abbot’s and
Treasury cells’ wooden roofs all decayed “(RGADA.
F.248. Op.14. D.794. L.286-287). From this “report”
we were able to gather valuable information about the
details of appearance of the church and monastery cells.
2. In the same 1739 in another letter to the Senate of
the Moscow office it is noted that after the fire of 1737
“to prevent more destruction in that monastery church
buildings and to prevent the loss of the budget, the Colle-
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gium of savings has repaired most necessary decrepitude
<...> namely over the cathedral church and over a refectory and over the church of Alexei man of God roof has
to be covered with two planks; in the cathedral church of
twenty-three mica window-sills and the damaged roof and
iron plates over the altar and the heads have to be repaired
“(RGADA. F.248. Op.14. D.794. L.288-289ob.). As you
can see, this document also contains a number of useful
features for building a virtual reconstruction of the Strastnoy monastery.
3. In the same 1739 in the “Inventory of dilapidation of Strastnoy nunnery”, composed by the Collegium
of savings by advisor Ovtsyn, we read: in the cathedral
church “on the right-hand corner of a roof covered with
iron, cornice has fallen off. <...> and three refectory’s
porch of white stone should be fixed by the same stone
(RGADA. F.390. Op.1 / 3. D.3406. nx 10).
4. The document “Corrective actions assessment of
abbot’s cell in the Strastnoy Nunnery” (23 January 1750)
contains information about the status of the two abbess’
cells: “in the same cells of nine windows iron gates
should be re-done, those windows are one arshin (trans.
note: 1 arshin = 71,12 sm,) and thirty vershkov (trans.
note: 1 vershok = 4,44 sm) long, and one arshin and
three and a half vershka width; and another two doors
and four windows’ iron gates should be re-done in the
hall; those windows are one arshin and nine vershkov
long and one arshin and one and a half vershok width;
doors are two arshins and three-quarters length and one
arshin and six vershkov width “(RGADA. F.390. Op.1
/ 3. D.13804. L.9-9ob.).
5. Also of interest is the document “About the inventory yard structure of deceased priest of Strastnoy nunnery”
(August 1766). In this inventory “of their own yard and
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the beginning of arch - 14 arshins. Altar with three small
roundings; the height of the altar - 9¼ arshins., width
10½ arshins., length (depth) - 16 arshins. “(CSA Moscow.
F.454. Op.3. D.61, L.117-125).
Such examples describing an informative narrative potential of archival sources, we found a lot.

***

Fig. 5. Fragments of engraving of Strastnaya
Square in 1855.

mansion’s buildings,” of the priest Mikhail Dmitriev the
chamber is mentioned, and “there are five windows with
new frames of six glasses,” as well as other upper room
“beams covered with planks with eight windows without window-sill” (CSA Moscow. F.203. Op.247. 73 The.
L.55-55ob.).
6. From the “Book of restorations costs of Strastnoy
nunnery” for the 1779-1780 years it was possible to reveal
the information about the monastery fence and a number
of buildings of the monastery: “peasant Ivan Kuzmin was
granted with 1,229 rubles by Kostroma County Office
Collegium of savings of the village Levasheva for building by him the stone wall around the monastery, monastic cells, Storozhevsky housing with kitchen and cellar (2
May 1779); “granted (for him) <...> for a stone horsy barn
and for the old fence repair - 71 rubles. 40 kopecks. “(22
May 1780) (RGADA. F.280. Op.15. D.232. 1779. L. 4, 9).
7. Valuable information for building a virtual reconstruction of the temple of the monastery is contained in
document of 1887 “The metric for correct information
about the ancient Orthodox churches of God, buildings
and works of art.” Archpriest of Strastnoy Monastery Neil
Mikhailov-Vorontsov, the draftsman of this document, to
the question of the metric “If the church is old, then are
there any later building’s additions, and if so, what and
when done?” gives the answer: “There are no any later
buildings at the church.” In his response, data concerning
the size of the lower and upper church of the monastery
are also presented: “The lower church with three aisles;
the total size in length - 9 sazhens (trans note: 1 sazhen
= 2, 13 m) and 2 arsh., width - 9 sazhens., height to the
top of the arch 6¼ arsh. The upper church in two levels
of windows, length - 14 arsh. 10 versh., width - 15 arsh.
2 versh., height 20 arsh. till the arch to the castle, before

Building a virtual reconstruction was started by crea
ting a construction plan of the Strastnaya Square in 1830
in the Corel Draw program. The main sources of the reconstruction were Moscow’s plans: 1788 [3], 1838 [4],
1846 [5] and 1852 [6] years, as well as plan of the mo
nastery grounds from 1831. Based on available plans, we
have made the borders of the virtual reconstruction, a list
of buildings of the Strastnaya Square, and have identified
the individual layers of green zones: boulevards, parks
and gardens. Not only the building of the Strastnoy mo
nastery got into the reconstruction borders, but construction of the first line of the streets surrounding the monastery from all sides. For the convenience of the further
work, buildings were numbered. Later, speaking about
buildings, the authors will indicate its serial number on
the reconstructed plan in 1830 (Fig. 3) and the actual address until the destruction. The next step was the virtual
reconstruction of the territory’s landscape of the Strastnaya Square. Landscape data are saved in a few plans:
topographical plans in 1926, 1939, 1946, 1996, and partially in plan of the monastery in 1831. Among them, the
most detailed is the plan of 1939, which has been placed
as a basis. The first step was to combine all the plans together and bringing them to a single scale. Next lines of
landscape from various periods were projected in different colors. Giving preference to the landscape line in early
time in 1926, all four plans lines were combined into one.
Plan of the monastery in 1831 kept the contour of elevation hill on which the monks’ cells around the cathedral
were situated (see Fig. 2.). In such a way, considering the
plan of 1831, an amendments of contours of hill were applied to the created topographic map.
The next stage of work on the reconstruction of buildings of the Strastnaya Square made a number of adjustments in the form of relief. Most drawings of buildings of
the Strastnaya Square recorded relief’s fluctuations, which
can be seen on the height of the foundation of individual buildings (see. Figure 4). In the process of 3D models
constructing, the relief was created for each building according to drawing. Once 3D models of buildings of the
Strastnaya Square were placed according to plan of 1831
on the landscape, some angle inconsistencies of total relief and relief of individual buildings created according to
drawing were identified. Thus, in the process of 3D mo
delling of buildings and their placement on the area, it became clear how far the previously created topographical
plan need to be adjusted. As a result, the adjusted territory
relief of the Strastnaya Square of 1830 was received.
Creating a 3D model allows to check a number
of hypotheses about the appearance of the building and its
evolution at the stage of modeling, as well as to evaluate
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Fig. 6 . Fragment of aerial photography of the territory of Strastnoy monastery, 1927.

the reliability and accuracy of graphic historical sources.
In some cases, programs in stage of synthesis of graphic
sources reveal discrepancies in them: the size’s difference
of individual buildings, perspective distortion of objects,
their location, inaccurate image of individual buildings.
Let’s discuss some examples that characterize the source
materials from the point of view of the problem of deve
loping a virtual reconstruction of the monastery complex
and the Strastnaya Square.
One of the valuable sources, reflecting the appearance of the Strasnaya Square of XIX century, is an engraving of 1855, created by the artist immediately after
the restructuring of the monastery bell tower (Fig. 1, 5).
During the construction of virtual reconstructions of the
Strastnaya Square in 1830s the engraving was analyzed in
computer programs to assess the accuracy of the image of
buildings, their size, perspective, facades color. However,
not all buildings of the Strastnaya Square depict in this
engraving. The correct choice of the colors of the appearance of the facades of remaining buildings in the first half
of the XIX century is facilitated by the fact that there are
numerous colored engravings depicting various corners of
Moscow in this period, including the Strastnaya Square.
The most interesting to us is illustrated French edition of
Moscow’s engravings of 1819 - 1830 years Auguste-JeanBaptiste-Antoine Kadolya «Moscou reconstruitevue par
un officier peintre (1819-1830)» [7].
During a detailed analysis of the mentioned engraving
it was revealed that light and shade of the buildings,
people and other objects that have been captured by the
artist in the square, have different angles of reflection.
The analysis of the location of the monastery grounds in
the urban space and facilities located on the Strastnaya
Square, in 3D modeling software ArchiCAD, SketchUp,
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Unity3D showed that the shadow could not fall from the
bell tower on Tverskaya Street the way it was shown on
the engraving, because based on the spatial arrangement
of the Strastnoy monastery, the sun should shine on the
opposite side. In such a way, a direct sunlight is falling
on the front of the bell tower during the sunny day, illuminating its facade from Tverskaya Street. This fact
is confirmed by existing photos of XIX - XX century,
filmed at different times of the day, as well as aerial
photography in 1927 (Fig. 6) and Google satellite plan.
Thus the assessment of the reliability of source materials of engraving was obtained.
The second engraving’s inaccuracy relates to individual buildings display. The building, which now will be
discussed, listed as №21 on the plan of Tverskaya Street.
Archive search revealed a large part of the drawing documentation of the Strastnaya Square, however, apart from
engraving on the building only two archival documents
were identified: a plan of the site ownership of merchant
P.S. Mushnikov of 1835 and the drawing of the facade of
1835. It should be noted that the drawing of the facade
recorded only one side of the building. Unfortunately, in
terms of ownership information about the other sides of
the building facade is not recorded and there is no information concerning the number of windows. The search of
this building on the engraving of 1855 and its comparison
with the data and drawing plans allowed the identification
of the alleged side facade of the building in the engraving.
When identifying the neighboring three-story building
№ 22-2, according to the plan adjoining to the building
number 21, was revealed that the two buildings are displayed as one two-story building with a mezzanine on this
engraving by the artist. Considering these engraving inaccuracies, it becomes clear that the author of engraving of
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Fig. 7. Example of 3D models of Strastnaya Square buildings and electronic documentation management
system in Graphicsoft ArchiCAD.

the Strastnaya Square painted from nature only part of it,
perhaps only the outlines of buildings. Much attention was
paid by him for drawing the main city-forming objects of
the Strastnaya Square.
More detailed drawing of staffage and small architectural forms were performed, most likely, in the workshop,
including the shadows of the buildings on the drawing.
This fact does not diminish the importance of engraving
as a historical source; however, its usage requires a special
image analysis in each particular case.

***

Let us turn to the description of the process of building
a virtual reconstruction of the Strastnaya Square in 1830
in 3D modeling software. The authors will not go into the
technical details of the description of the process deliberately; this will be discussed in the next article. This section will describe the experience of reconstruction only
for some buildings of the Strastnaya Square, where, when
recreating in the virtual environment, source materials
and methodological problems of analysis and synthesis of
sources were emerged.
ArchiCAD, Autodesk 3Ds max, SketchUp and Unity3D were chosen as the main programs of reconstruction
3D editors. Each of the programs was used at a certain
stage of work [8].
In some cases, the choice of the reconstruction program was directly depending on the degree of safety
of the source base. In average case in the presence of
drawings of the object, giving perspectives from all
sides, and engraving, the restoration of appearance of
the building could be made in any program. Mainly
the construction of most of 3D models we performed
in Graphicsoft ArhiKad program which allows to carry

out the construction documents of the object parallel to
the process of reconstruction, with information on each
element of the building, including data on the material,
structure, strength, size, price, and also the original
model containing the archive of the documentation on
which reconstruction itself was performed (Figure . 7).
Such management system of electronic documentation
is called Building Information Modeling (BIM).
Note that in some buildings only their plans have
survived, images of late XIX - early XX centuries and
engravings of the same time. One of these buildings
is the temple of Dmitry Solunsky on the Strastnaya
Square (№23). Unfortunately, the existing engravings
of XVIII - XIX centuries give a fairly dim view of
architectural forms of the temple, distorting the size of
its individual elements, and as a consequence, can not
act as a primary source on which the building geometry
can be build. In this case, the most detailed source
could be the pictures of the building that truly represent
its appearance, although they belong to a later time.
Based on the data of engravings and text references to
the reconstruction of the building, the deduction from
pictures of the building components and parts was made
which of them were added later.
The program SketchAp is on the first place
in the selection of the optimal software. So due to the
presence of photogrammetric analysis tool prospects
of photos and buildings parameters MatchPhoto, determining the level of the horizon and specifying certain
parameters of prospects in the iconographic sources,
we can calculate the shooting angle of the building by
photographer, and then the size of all the buildings.
The number of loaded photo images in the presence of
different shooting angles and “reference point” directly
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Fig. 8. The reconstruction process of the temple image of Dmitry Solunsky on photographs of the 1930s.
in SketchUp

affects the accuracy of the result. By “reference point”
we mean objects or their individual elements that appear
in several pictures. Reconstruction of the prospects for
all graphics and determination of the “reference point”
allows us to specify the scale of the reconstruction.
The starting point of the scale of the photograph of
the 1930s was the image of a woman with a range-pole
depictured in multiple frames. Putting the correct scale
“reference point” in the program for all images, we got
the opportunity to measure distances between objects
by software tool “Rule”.
After this stage of work the reconstruction could be
performed in any suitable computer program, based on
data analysis of the size of photo images in the program
SketchUp, or we could continue to work in the program
and start to trace the photographic image with vector
lines. There are only a few software products with a similar option of projecting images in a particular term with
the possibility of building geometry, for example, Autodesk 3Ds Max 2014 and Photomodeler Scanner. The
process of reconstruction of the temple of Dmitry Solunsky illustrated in Fig. 7,8,9.
During the reconstruction of building appearance,
territory relief was restored by photos. The level of the
relief fluctuations from the facade of the temple from
Tverskaya Street to the corner of the building from
the front facade of the Tverskoy Boulevard was 1.2
meters. Similarly, in the process of virtual reconstruction dimensioning of relief oscillations was performed
for other buildings of the Strastnaya Square, for which
there were no drawings. This list of buildings includes
the Strastnoy monastery church, floor plans of 1928,
engravings of XVII-XIX centuries and photographs of
XIX - XX centuries are kept only.

98

Fig. 9. A temple overlay created from photographs
on engraving from the year of 1855.

Using the technology of analysis of photo images
MatchPhoto in SketchUp made possible to calculate
the parameters and proportions of the building and the
individual elements of the décor based on drawings’ data
and survived photos. Reconstruction of the temple itself
was directly implemented in the program ArchiCAD
and then was presented in the program Unity3D (see.
Figure 11) where the construction of the final scenes
of the virtual reconstruction of the Strastnaya Square
of 1830 was made directly.
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Fig. 10. The alignment of points of photographing for temple of Dmitry Solunsky in a space

Fig. 11. The view of the Strastnoy monastery’s area from the house of M.I. Rimsky-Korsakov in the
Lumion program

Taking into account that the majority of buildings’
drawings of the Strastnaya Square have survived we will
not dwell on the description of the methodology of virtual
reconstruction of such buildings, since most of the stages
in 3D editors are quite similar. Note that in some buildings, such as the manor of M.I. Rimsky-Korsakov (“Famusov’s House”) sufficiently large number of descriptive
documentation was remained, plans, drawings and prints
from various periods of the XIX century. In some cases,

construction drawings belong to the second half of the
XIX century and represent a building belonging to another
architectural style.
In the reviewing period the Moscow mansions’ facades of the Strastnaya Square were performed in the Empire style, as it evidenced by a large number of survived
engraving of the first half of the XIX century. Survived
drawings of the facade of the manor of M.I. RimskyKorsakov in 1844 indicates that the owners of the build-
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Fig. 12. View of the manor of M.I. Rimsky-Korsakov (“Famusov’s House”)
from Tverskoy Boulevard in the program Unity3D

ing have followed the currently dominant architectural
trends, preferring to rebuild the building based on the
spirit of the times: house abounded with plenty of stucco
moldings and bay windows with iron casting, a fashion
which have come to Russia from abroad by the end of the
first half of the XIX century. Not all owners could afford
the restructuring of the facade of the building. However,
M.I. Rimskaya-Korsakova had no shortage of her funds
and arranged a meeting place of the Moscow elite in her
manor (the house was visited by A.S. Pushkin, A.S. Griboyedov and others.), balls, masquerades, dinner parties,
poetry readings and other similar events. In the middle of
the XIX century after death of M.I. Rimskaya-Korsakova,
her family sold the building to the Stroganov’s School and
then its facade was rebuilt again. The house is imprinted
in numerous drawings and photographs XIX-XX centuries in this form. Appealing to the sources of a later time
when recreating appearance of the building at 1830 requires retrospective reconstruction of the considered historical source. In our case it was the fixation drawing of
the facade in 1844. As a result, we obtained the following
appearance of the building (see. Fig. 12).
One of the key facilities located on the territory of the
monastery is the Strastnoy monastery’s bell tower. Spea
king about it, it is worth noting that for the old building
of the bell tower, which existed until 1850, not so much
graphic and pictorial sources survived. The most detailed
of these are the drawing of the bell tower [9], found in the
archive RGIA, and engraving of front facades of the monastery after the fire of 1773 [10]. On the basis of available sources and existing analogue - the bell tower of the
Vysokopetrovsky monastery - virtual reconstruction of
the bell tower of the Strastnoy monastery was made in the
program SketchUp.
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Note that the result of the project will be the development of a virtual reconstruction of the Strastniy
monastery and historical territory of the Strastnaya
Square adjacent to it, based on the technology of 3D
computer modeling (in our case we can speak about
4D modeling, given that it is planned to build a virtual reconstruction of three time slic es: XVII - XVIII
centuries, 1830 and the beginning of XX centuries).
The choice of these time slices is determined by their
importance to the history of the Strastnoy monastery
and sources supply. Developed series of virtual reconstructions for some time slices at the end of the project
will be presented on the website of the historical faculty
of Moscow State University of M.V. Lomonosov in
the public domain (http://hist.msu.ru/Strastnoy); the
extended version with full information support will
be given to the Museum of History of Moscow. At the
moment, there are no historically accurate reconstructions of the Strastnoy monastery and the surrounding
Square in the period under review - the end XVII early XX centuries. Note that at the Museum of History
of Moscow on the creation of quality material layout
Holy Square at 1890 work was done, however, it has
a static character and focused on the excursion and
cognitive goals.
Virtual reconstruction of a historical city building creates opportunities for the development of a new
trend of historical urbanism, urban history. Within this
framework, it is possible to reconstruct the evolution
of urban space, the architectural environment in which
townspeople’ life have been flowing in a certain era.
In the presence of representative sources the creation
of such reconstructions can be performed at a high
scientific level today.
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Fig. 13-15. Verification systems of virtual reconstruction (map, Web-PDF Portfolio with archive
documentation, gif map, PDF and Sketchfab model, and render
from Artlantis 5 and VRAY3)

Methods and technologies of 3D modeling and photogrammetry algorithms provide adequate tools for building
of virtual reconstructions of lost objects of historical and
cultural heritage. The use of these computer tools allows
historians to get its spatial reconstruction on several time
slices using a set of sources that characterize the reconstructed object in its evolution (Figure 13-15). The advantages of 3D models building are the ability to view an interactive reconstruction online and its verification. Under
the term of verification we mean the possibility of a user’s
interaction with the presented sources on the website (text
documents, drawings, plans, oil paintings, etc.) and virtual
3D model created on their basis with a detailed description
of its construction techniques applied to each building in
order to analyze the restored model, to search for it possible inaccuracies, unconfirmed hypotheses.
The experience of such interactive mode of communication with 3D model of the Strastnoy monastery and
its surrounding historic urban areas in 1830s, can be purchased by contacting the information resource of our project on the website of the Historical Faculty of Moscow
State University of M.V. Lomonosov: http: //www.hist.
msu.ru/Strastnoy
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The main aspects of the development of 3D vir
tual reconstruction of the peninsula Abrau landscape
in ancient times according to archaeological data are
described. The available data allows to create a virtu
al model of a multi-level landscape of a region of the
northern Black Sea on the basis of modern technolo
gies used in archaeological research, such as photo
grammetric technology, virtual panoramas, 3D model
ling, 3D engine, etc.

Introduction
The accumulated amount of data allows to create a
multilevel virtual model of an anthropogenic landscape
in one of the regions of northern Black Sea Coast. (The
Hellenism era (IV-II century BC), the early Roman time (I
century BC – I century AD) and modern times (the XVIIXVIII centuries) are included.) The project is supported
by Russian Foundation of Humanitarian Research, № 1301-12017 (2013 - 2015).

An experience of implementation of virtual reconstruction projects of historical objects abroad is considerable: Khufu pyramid of the XXVI century BC [1], Persepolis VI century BC [2], Rome IV century AD [3], Troy
I-IX layers [4], Petra II century BC [5], Jerusalem I century AD [6], Constantinople 1200 [7], etc. Much less of experience in this field have Russian researchers, especially
in virtual interactive online reconstruction connected with
archaeology. Among them there is a reconstruction of the
Stasovsky crypt of 1872 [8], a reconstruction of the Tambov wooden fortress of XVII century [9], etc. There are
much more virtual reconstructions presented by means of
video or static images. The first publications on this subject are dated 1997 [10].
The difference between a system of representation of
work results on the basis of interactive technologies and
in a video or separate images form is not only in a method of introduction of the information, but in a presence
of research tools. It is much more difficult to subject a
shown video clip or a static picture (screenshot) to
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Fig.1. The main objects of the research in the vicinities of the settlement Raevskoe

the scientific analysis and criticism (for example, to
make measurement of a part of the building, or it’s cut).
Very often having documents on the studied object helps
us to answer some questions while watching a video. But
sometimes there is a paradox when a video exists by itself
and isn’t connected with a base of virtual reconstruction.
The virtual reconstruction created on a base of interactive
online technologies, allowed to significantly strengthen
a scientific component of virtual reconstruction, bringing tools of the analysis of three-dimensional models. As
a result it has become possible to organize the work differently with a source base of virtual reconstruction: the
user, looking through a virtual reconstruction, can choose
a separate artefact which he is interested in and get access
to the source base of the whole object or it’s separate elements. A possibility of checking the results of virtual reconstruction in such interactive systems is provided not
only because of the new organization of structuring the
information, but also because of the opportunity of using
tools of the analysis of each 3D model. As a result the user
can pass from studying the whole virtual reconstruction to
studying of a separate archaeological artefact. Step by step
he can measure its separate fragments, make a cut of its
separate parts, etc. This system of presenting the information allows to make a degree of authenticity of a model
higher and to reveal separate disagreements, mistakes of
authors of the reconstruction.
The last years of development of such tools of the
analysis of virtual reconstruction abroad allow us to talk
about the standard of objects’ representation of a cultural
heritage on the basis of interactive systems forming. We
can consider such a development as an information system of scientific verification of virtual reconstruction.
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The authors of the article offer their concept of creation of such system on the example of virtual 4D reconstruction of an anthropogenic landscape of Abrau peninsula in ancient times. The reconstruction is realized by
modern means of three-dimensional modelling technologies, programs of creation of interactive applications (“3D
engines “) and photogrammetric programs. A creation of
virtual 4D interactive reconstruction in the environment of
Unity3D and some other related environments and a development of an information system of scientific verification of virtual reconstruction will become its main result.

The Reconstruction
Considerations on archaeological research
These data on an ancient period are the most considerable and diverse. Now we carry out the reconstruction of
an anthropogenic landscape of the early Roman era. Apparently, since a Hellenism era, this territory was a possession of Bosporus governors. On a boundary of eras an
extensive network of posts – tower-shaped constructions
appeared for the protection and management of the state,
where small divisions of regular army of the Bosporus
state were deployed (Maslennikov, 1998. P. 103-112).
One of the main objects of the reconstruction is the
history of the ancient settlement Raevskoe, which is located in the vicinities of Novorossiysk. The geographical position, the constructions and complexes found here testify
to its value as an administrative centre which controlled
the mainland of the peninsula (Figure 1).
The area of the territory of the ancient settlement
(within a swell-like embankment) is 8,71 hectares. It was
surrounded by defensive walls which included nine tow-
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Fig. 2. An example of a tower of the ancient settlement Raevskoe, created by means of photogrammetric
technology. The top view made by Adobe Reader program

ers. The towers were distributed along the walls unevenly
and mainly concentrated along the southern wall of the
ancient settlement and the southern pieces of the western
and eastern walls – on the sites which were the least protected by a relief. At least, three towers (east, southeast
and southwest) had square stone socles.
A northern part, about 185 m long, is an abrupt slope,
about 35º, to the river Maskaga, 32-35 m high. On this
slope, around a cape crest, an ascent to the settlement is
found, now not used, about 2-3 m wide, ended with an entrance. The top site of the entrance comes to the basis of a
fortress’s wall, and goes further along its bottom from east
to west about 40 m long.
On a citadel located in a northeast corner of the settlement a basis of two defensive walls was found, by width
about 1,8 m, that form a right angle. It allowed to determine its sizes and to imagine what was located in a protected territory: a building, 12×22 m size (the area – 252
sq.m) and a small yard to the south of it. The total area
of the citadel was 650 sq.m. A location of an entrance to
the citadel has not been found yet. At the east side an entrance (a gate?) was found. According to the level of a
stone blockage from the outer side of a wall, the surface
was in ancient time cut off.
In the expedition of the Institute of Archaeology of
Russian Academy of Science to Novorossiysk in 2013
among traditional instruments of fixation of excavation
also one of the perspective technologies of fixation of the
information – so-called photogrammetric technology –
was tried by a group of authors. Its results have become
a basis of creation of three-dimensional models for virtual
reconstruction. In a basis of this method there are algorithms of the automated creation of three-dimensional

models on a basis of photos made along the perimeter of
the whole object. A detailed survey by Canon 60D ca
mera with lenses of 10 mm and 25 mm of some towers of
the ancient settlement Raevskoe along the perimeter in a
certain time interval at the time of uniform lighting (before sunrise) became the first stage of the work. Then in
Agisoft Photoskan Pro program a processing of photos on
follow steps was made:
a) The photos should be connected to each other.
The contours of some corners and subjects on the photos
which the program has to distinguish automatically on the
next photos are designated by markers;
b) Creating the clouds of points. After connecting the
photos the program created a cloud of points with construction geometry;
c) Creating of the construction geometry. A similar
cloud of points turns out in the process of laser scanning;
d) Creating of texture on the basis of photos.
A process of creation of high-polygonal model on
the basis of photogrammetric technologies of a tower
took from 4 to 6 hours on the laptop and was made
within an expedition on a place of excavation (ACER
Aspire 5742).
A three-dimensional model, created by means of photogrammetric technology, will fulfill two tasks. One of
them is the basis for creation of the three-dimensional
model, the second is the source, attached to documentation for the further analysis and work with it. Photogrammetric models allow to reflect the geometry of models in a
most exact way. Their distinctive feature is an opportunity
to reflect difficult geometrical forms of object which is not
easy to draw manually, using programs of the automated
design CAD (computer-aided design).
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Fig. 3. The result of imposing of measurements on the excavation plan in the Adobe Photoshop CS3
program. A fragment showing the difference between two plans of an excavation is marked.

Fig.4. The result of a created base on the basis
of excavation drawings and photogrammetric
technologies.

Reconstruction and 3D modeling
Let us start with a second task. A creation of threedimensional model by means of photogrammetric technologies can’t be, in our opinion, a goal of a research
itself, because in this case a good photo can replace a
model. We think that a creation of working tools with
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a model can be a direct task at this stage of work. For
this purpose a created 3D model was exported from the
Agisoft Photoskan Pro program to the .U3D format.
Then the model was imported to the Adobe Acrobat X
program with set up “a view from 3 sides + ISO type”.
In some cases, in order to improve a created model
more detailed and to correct a texture directly on a 3D
model, the Adobe Photoshop CS6 program was used.
For this purpose exporting from the Agisoft Photoskan
Pro program was made in the .obj format, opened in
Adobe Photoshop CS6 and after that was exported in
.U3D. Then it was imported to Adobe Acrobat X.
Starting from 9.0. version of the program a tool of the
analysis of sizes and making a cut of a model is built-in
the program (Figure 2). Each element of a model besides
its size may contain a signature with the text description.
If necessary the program allows lighting changing, turning a model into the black-and-white drawing, etc. In our
case for the correct illumination of a model we used the
control of illumination Cube Light. The Adobe Acrobat X
program has different possibilities of representation of a
model and its analysis; we won’t pay much attention on
their description. After a necessary marking in the Adobe
Acrobat X program a model is saved in .pdf format and
is attached to archaeological documentation together with
built-in tools of the analysis.
Let us go to the description of the first task – the
creation of three-dimensional model on a basis of a photogrammetric model. For the solution of this task the
authors made a combination of measurements and excavation plans in the Adobe Photoshop program. As a result
a received plan was saved in the .jpg format and was imported to the 3D ArhiCAD program.
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Fig.5. Virtual reconstruction of settlement Raevskoe in Lumion

Then in ArhiCAD program a photogrammetric mdel,
drawings of an excavation and cuts were imported. In
some cases, by comparison of several drawings of excavations and the three-dimensional photogrammetric
models a number of disagreements was found (Figure 3.
(left)). Then, on the basis of contours of drawings, photogrammetric models and data of topographical survey of
the ancient settlement a construction of walls (Figure 4
(right)) was made.
At the same time with a process of reconstruction of
the ancient settlement in the Unity3D program on the basis of topographical district plan a creation of model of a
relief was made. Originally in the Adobe Photoshop CS6
program was made a combination of the topographical
plan of the territory with magnetic survey data. On its
basis two plans (texture), with a format of 8096 to 8096
pixels, were created. By means of tools of landscape’s
generation in the Unity3D program according to a topographical survey a model of the relief was created with
high accuracy.
Reconstruction of a soil cover became the next stage
of work. Geological researches of Abrau peninsula during
some years of laboratory research allowed revealing of a
number of plants, typical for this district on the different
periods of time. We won’t pay much attention on studying of all fine points of the reconstruction of a vegetation
cover and list species of plants and trees growing at the
certain time period. A special publication will be devoted
to these questions.
Considering that a part of plants primordially existed
on the peninsula and remained up to now, within an expedition some species of plants and trees were selected and
were included into the library of a vegetation cover of vir-

tual reconstruction. If a part of trees has already existed in
standard libraries of the Unity3D program and was partially downloaded from the other digital libraries of ve
getation from the Internet, it was necessary to photograph
the other part of specific plants typical for this district. A
survey was made on a white background or a sky background, then the photo was processed in the Adobe Photoshop CS6 program and saved in the .psd format with a
transparent background and the alpha channel. Photos
of a vegetation cover of relief (see fig. 6 at the left) were
made the same way. The model of relief with a vegetation cover has become a result of virtual reconstruction.
Then from the ArhiCAD program an exporting of models
to .3ds format was made together with a materials (textures). The next stage of work was importing of models
to the Unity3D program where the final version of virtual
reconstruction was created. As a result the constructions
were projected on a relief.
One of the work stages, not less important, than a
stage of creation of the photogrammetric models, was a
creation of virtual panoramas. By means of the Canon
60D camera and a 8 mm “fish eye” lens we made a survey
on 360 degrees in the most important points of an excavation. Then the shots were loaded into the PTGui 9.1 program and collected in a whole panoramic picture. Then
they were stuck together in a separate panorama by means
of the Kolor Panotour Pro 1.8 program. In the same program the authors created a virtual trip on an archaeological excavation. At this stage the created virtual panoramas
served the following tasks: fixing the information, convenient demonstration by means of virtual trip and becoming a basis for environment in Unity3D. If in the first
two cases the created virtual panoramas were a part of in-
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Fig. 6. Virtual reconstruction of settlement Raevskoe and towers in Lumion.

formation cover of virtual reconstruction, in the last case
a virtual reconstruction has become a basis for creation
the environment (the horizon, the sky) for virtual reconstruction in Unity3D. Then, in the Adobe Photoshop CS6
program in the created picture the horizon was removed,
mountains and the sky are only left; modern buildings are
covered with a stamp. Then the created united panoramic
picture was open in Pano2VR, projected on a cube and
loaded into Unity3D library. By means of this technology
the authors managed to recreate an authentic environment
in virtual reconstruction.
If in our case the photogrammetric technologies were
used to digitization of results of excavation, than for the
analysis and creation of digital models of some found artefacts interactive flash technologies on the basis of the
Object2VR program were used. Each found artefact was
photographed in details by a camera on a white monotonous background. For this purpose the authors designed a
special survey station on a basis of a turning base tray and
a sheet of Whatman paper on its perimeter.
Thanks to a mobile tray on hinges the motionless camera could photograph a turning subject from all directions.
The created photos were integrated into the Object2VR
program in which the interactive flash models were created. A number of archaeological finds, and also a part of
exhibits of the local museum were digitized in this way.
Verification system of virtual reconstruction
The created final version of virtual reconstruction of
the Raevskoe ancient settlement was saved by the Unity3D program (Figure 5-6) in a web format on the basis
of html page (Figure 7). Thanks to this technology the authors have an opportunity to show the created virtual re-
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construction directly on a web site online and to build in
necessary modules of the analysis of the source information on a page. To work with documentation the authors
published all available drawings, plans, reconstruction of
towers of the ancient settlement Raevskoe, including materials of photogrammetry of towers in the PDF format.
By means of built-in tools the user can pass from viewing of three-dimensional model to the excavation drawing or photo, put them together and compare one with
another. The most important tool of the system is a mo
dule of work with photogrammetric model on the basis of
the Adobe Acrobat X Pro technologies. We have already
written about the opportunities of the analysis of photogrammetric model in the Adobe Acrobat X Pro and Adobe
Reader program, so we won’t repeat ourselves. The stan
dard list of modules of the information system includes
such components, as virtual panoramas and interactive
flash models.
The created virtual reconstruction within the project
on reconstruction of Abrau peninsula is planned to publish on the website ABRAU ANTIQUA in the Internet
(http://abrau-antiqua.ru), making it available to the whole
scientific community and a wide range of people who are
interested in ancient history. The project is supported by
Russian Foundation of Humanitarian Research, № 13-0112017 (2013 - 2015).

Section 3. Virtual 3D-Reconstructions

Fig. 7. Illustration of the information system of scientific verification of virtual reconstruction on the
example of a signal-guard tower in the Dubki settlement based on Unity3D.
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Monuments of cultural heritage are ruining. One
way to save them in our mind is creating of their digi
tal copy
In 20th-30th of the 20 century were ruined a lot of
monuments inn Russia, among them Chudovmonas
teriy. The surviving historical sourcesallow us to re
construct them with modern computer software as it
really was. In this paper, the steps for the production
of complete 3D digital reconstruction in the exterior
and a few the interior of Chudov Monastery are pre
sented and described.

Introduction
Last years 3D technology becomes a part of our life. It
is not only a sphere of entertainment, but also afield fora
lot of historical reconstructions.For a long time 3D reconstructions wereraisedas specialway, but now they become
a part of vast scientific researches.
Many monuments have been destroyed in the past.
Some ofthem had suffered from human activities; others
were destroyed by the impact of an aggressive environment.. 3D technology enables us to maintain or virtually
restore what has been lost. Certainly, it will not be like the
original object, but very close to it
The general idea of this project is to developverifiable architecture-exact historical 3D model of theChudov
monastery, which was destroyed in 1929.
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It was a famous center of political and religious
influence. It was built by Russian metropolitan Alexy
after his returning to Moscow from Horde. This monasterylocated on theterritory of the formerKhan’s court.
The firststone buildingwas constructed in 1365,and itwas
dedicatedtoMichael archangel. In 1431the vaults ofthe
templecollapsedand only60 years laterthey wererecovered
in 1483. The third rebuilding of the cathedral started
with Ivan III in 1501. The last major reconstructionof
the cathedraltook place in 1779under themetropolitan
Platon.
The image of monastery was virtually reconstructed in
this project at the moment of the end of 20th of 20th century before the destruction in December. This is the first
attempt of a scientific reconstruction of the monastery.
We used many historical sources such as blueprints of
FedorRikhter,some photosfrom the collections of archives
Moscow Kremlin museums, GA RF.
At first,author conducted a systematization and collection of all available sources from the GA RF and GMMK
which were neither published before nor incur multicenter
study.[1]
In this project weused Rhinoceros 3D™ software for
monastery modeling.
The next step was visualization and texturing which
was made in Autodesk 3Ds Max™ with Vray™.From the
historical sources, we know that monastery buildings at
1929were painted with red colorwash.
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Fig. 1. Vizualisation of the Chudov monastery (XXth century) (fragment).

Fig. 2. Vizualisation of the porch of the Chudov monastery (XXth century) (fragment).

At the beginning, we decided to create this project as
scientific reconstruction but also this model can be used
for educational purpose at schools and museum exhibitions. This is a convenient way to tellup-dated generation of youth the history of their country and culture. Also
such reconstruction can help us to save crumbling monu-

ments in virtual sphere.All results will be presentedon the
website of the Moscow Kremlin museums.
Nowadays, this project is very relevant according
to Russian President Vladimir Putin`s proposal of reconstructing theChudov monastery. We can see now the
growing interest to our cultural heritage.
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Digitalizing and Modeling
The project of geometrically documenting of the
Chudov Monastery started in 2013 and lasted for about
two years.
We started with reconstruction of Michael Archangel
cathedral for the period of 1920th.
First step of reconstruction is digitalizing of blueprints
in Autodesk AutoCAD™. Previously some of them were
scaled and cropped in Photoshop. All blueprints were with
defects: faded colors, paper cast and so on.
Second step is modeling in Rhinoceros. Firstly we created main form of all buildings. Secondly,we modeled inner walls for creating interior of this monastery. There are
some problems with interpretation of historical sources.
Some of them contains various readings andwe prefer
photo if there are some sources. Most of problems deals
with decor elements. [2]

Vizualisation
All surfaces were exported from Rhinoceros to 3D
Studio Max for the photorealistic rendering to be carried out. In this program we created all material (texture
maps based on real images)accordingto historical sour
ces or survived analogs and visualized model via Vray
plugin(Fig.2-3)[3]
Using this 3D technology we don`t seek to replace of
the real historical objects with this model. No, even the
most rigorous scientific reconstruction, can not act as the
equivalent of a genuine monument. The purpose of the
renovations - is to recreate (stored in electronic form) that
has been lost. The digital model has one indisputable advantage - it does not get old, does not break and can be
kept forever.
Project results will be present as a part of virtual museum of lost Moscow.
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The watermarking of 3D objects, usually referred
to as 3D watermarking, is a new frontier of digital wa
termarking concerning the embedding of information
into 3D objects in an imperceptible way. The interest
on 3D watermarking technology is constantly growing
in these last years due to the large diffusion reached by
3D models.
Geometric data are widely used in a large number
of contexts, from virtual prototyping and simulation,
to the realization of virtual museums and archeologi
cal sites reproduction, in scientific visualization, in
entertainment industries for movies and video-games,
in Internet to build virtual-world and for e-commerce
applications, and so on.

Introduction
Digital watermarking is a technical ﬁeld that provides copyright owners with the means to protect their
intellectual property rights. It is a central component of
multimedia content protection architectures that complements traditional cryptography. While cryptography aims
at preventing an unauthorized user from accessing a content, watermarking addresses the issues that arise once
an authorized user has been granted access, e.g., after the
decryption, or if the encryption is broken. In general, watermarking consists in modifying multimedia content in
a robust and imperceptible way in order to hide a secret
message. The embedded message, referred to as the watermark payload, can indeed serve as a forensic piece of
evidence for ‘traitor tracing’ tasks. Alternatively, it may
constitute a proof of ownership in case of litigations. In
the former case, authorized users are only given access

to a custom copy of valuable 3D assets. Each user would
possess an imperceptibly different and unique version of
the 3D models; users and copies of the original 3D assets
thus being one-to-one mapped. If an illegal dissemination
of the asset occurs, copyright owners can ﬁnd the leak,
as his or her identity is embedded in the pirated publiclyavailable content. In contrast, in proof of ownership usecases, the watermark payload corresponds to the identity
of the copyright owner. He or she can then successfully
prove that a content is his or her own. Digital watermarking has many other uses for security purposes, e.g., for
content tampering detection, and it also has applications
outside this scope, for instance in broadcast monitoring.
Because of this plurality of applications, digital watermarking systems are usually adapted to meet the speciﬁc
requirements of their intended use-cases.
3D models are valuable assets widely used in the entertainment industry and likely to face piracy issues. This
paper summarizes the ongoing research on the protection
of static meshes through robust watermarking. Watermarking enables copyright holders to perform traitor-tra
cing tasks by inserting a secret payload within a copyrighted content. Following some preliminary background
information and a review of the state-of-the-art in 3D watermarking, a robust watermarking framework that relies
on a multiresolution approach.

3D Watermarking Technology
In digital watermarking, a digital code, or watermark,
is embedded into a digital media, so that a given piece of
information is indissolubly tied to it. This information can
be used to prove ownership, identify a misappropriating
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Fig. 1. Examples of 3D watermarking attacks.

person, trace the model dissemination through the network, and so on. The main goal of 3D watermarking is
the production of a stego-model, i.e. a 3D model containing some hidden data, mainly in order to protect the intellectual property rights.
A watermarking algorithm is called blind, if it does
not require the original data to recover the embedded information (on the contrary, the algorithm is called nonblind); readable, if the algorithm is capable to read the
watermark without knowing it in advance, detectable if it
is able to establish if a certain watermark is present or not
in the watermarked data.
Watermarking technology can be used to embed public or private information. A private watermark may contain information to prove ownership of the digital media
in dispute. Public watermark usually replaces header or
other user-defined information. This last type of watermark requires high capacity, i.e. the watermarking system
has to be capable to embed a lot of bits in the digital data.
On the contrary, the first type of watermark has strong
robustness requirements but less constrains about capacity; in fact malicious users, the attackers, could want to
do a misappropriate use of the digital media eliminating
the watermark by modifying it or a part of it. So, a private watermark has to resist to these modifications, that
are called attacks.
An easy way to develop a 3D watermarking technique
is to extend an image watermarking algorithm to 3D,
since image watermarking is an already mature research
field. However, the nature of the data itself make complicated this extension. In fact, an image is a bi-dimensional,
regularly sampled collection of values, while a mesh is a
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collection of 3D space points (not regularly sampled) with
intrinsic curvatures and a particular topology. So there is
more than one degree of freedom of difference between
mesh and images: it is not a simple 2D to 3D extension!

Three-dimensional
Representations

Models

and

One of the characteristic of 3D models that 3D watermarking technology has to take in account is the fact that
a model can be represented in different way. For example,
by a collection of parametric curves (e.g. NURBS), by a
set of implicit surfaces, or by polygonal meshes. In the
following we assume triangular mesh representation, i.e.
a mesh composed only by triangles. This is a common assumption because meshes can be seen as the lowest common denominator of other representations because it is
very simple to convert other representation to mesh.

Embedding Features
The features used to embed the information depend
on the media to watermark. For example, in image watermarking the information can be hidden by changing the
value of a subset of image pixels, or of the coefficients
of some mathematical transformation (e.g. the Fourier
Transform). A mesh can provide more features to mani
pulate such as vertex positions, connections between vertices (topology) and other surface properties like texture
or vertex colours. This characteristic apparently allows a
lot of possibilities for watermark embedding, but we have
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Fig. 2. A multiresolution framework for 3D watermarking algorithms.

to take into account that most of the model information is
encoded by vertices. For this reason we are interested in
the features related to the geometry of the model, i.e. geometric and topological features. The main geometric feature of a mesh are its vertices. One possible way to embed
the watermark is to modify the position or the normals of
vertices. Both this entities are altered by perturbing the
coordinates of the mesh vertices. Topological features are
related to the connectivity of the mesh vertices. Usually, a
set of connected vertices is selected by using some proper
geometric feature. Then, the connections of this set are altered to encode one or more bits. In the following, when
we are talking about generic 3D watermarking algorithms,
we assume that these algorithms embed the information in
the model by perturbing mesh vertices.

Attacks on a 3D model
One of the main problems in 3D watermarking is that
a lot of complex attacks can be carried out on a mesh. Additionally, due to the more complex nature of the data itself, an attack carried out on 3D data is more complicated
to prevent than one on image or video data. In fact, as
previously noticed, a mesh is not a collection of regularly
sampled values, such as audio, images or video, but a collection of unorganized points in 3D space with intrinsic
curvatures and a particular topology defined by the connections between vertices. It is difficult to imagine all
possible attacks on a polygonal mesh, some of these are:
•
Translation/Rotation/Uniform Scaling. These geometric transformations are very used in computer graphics to position a 3D model inside a scene.

•
Noise. For noise attack we intend the random
perturbation of mesh vertices.
•
Re-triangulation. This attack concerns the changes between the connections of the mesh vertices.
•
Mesh smoothing. A smoothing of the surface
represented by a polygonal mesh can be obtained by mesh
filtering. One of the most popular mesh filter is Taubin filter[4] that acts as a low-pass filter on the mesh attenuating the roughness of the surface that it represented.
•
Polygonal simplification. This operation is often
used to transmit a low-level version of the model or to optimize a model eliminating most of the non-salient faces.
•
Cropping. An attacker can discard the part of the
model that he does not need. For example the hand of a
statue.
•
Remeshing. This operation can be described as a
geometric resampling of the shape of the mesh followed
by a re-definition of the connections between vertices.

Perceptual aspects
An important issue related to 3D watermarking concerns the perception of the watermark by the user. This
crucial point has been deeply studied in image watermarking where a lot of work to make the watermark invisible
to human eye has been done [1,2]. For many reasons this
aspect radically changes when we treat 3D watermarking.
For example, in interactive applications, the user can see
the 3D model from every point of view he likes, so, if the
user has an original version of the model a visual comparison with the watermarked one will point out the geometric deformation introduced by the watermarking algo-
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Fig. 3. Watermark visual effects.

rithm. On the contrary, if the user does not know anything
of the original model, even high deformations could not
be noticeable. For example, consider an human head. If
the watermarking algorithm strongly deforms facial features, for an observer it is impossible to say if the head he
is seeing is watermarked or not.
Nevertheless, in some applications (e.g. Cultural
Heritage preservation) the watermarked model and the
original one must be very close each other from a geometrical point of view, despite the perceptibility of the
watermark. One way to give an objective measure of the
degradation introduced on the model by a watermarking
algorithm it is to use some metric (e.g. Hausdorff distance[3]) to quantify the geometric difference between
the surface of the original model and the watermarked
one. In this work we use a method to measure the difference between a model and its watermarked version
from a subjective point of view, in order to evaluate
the perceptibility of the watermark. To achieve this
goal we have realized a software to test if a user is
able to distinguish between two version of the same
model; the original and the watermarked one. During
our studies to develop 3D watermarking algorithm we
have investigated a multiresolution-based approach in
order to improve both robustness of the watermarking
algorithm and visual quality of the watermarked model.
The framework of our algorithm is sketched in Figure
2. Our approach provides a class of 3D watermarking
algorithms, in fact the information in the coarse version
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can be embedded by different watermarking algorithms.
Additionally, several kind of mesh multiresolution analysis tools[5, 6] can be used.
The solution we have investigated consist on applying the watermarking algorithm on a multiresolution
version of the input model and re-obtain the watermarked
model at the original resolution by re-adding the wavelet coefficients extracted during the multiresolution
analysis process.

The proposed system
The 3D watermarking system presented implements
an algorithm that embeds a numeric code into a semiregular mesh with subdivision connectivity using a multiresolution framework. An important feature of the algorithm is the detector blindness. To obtain this result, and
yet preserve robustness against geometrical transformations, it is necessary that the watermark embedding and
detection phases work on a normalized model, i.e. on a
model re-oriented and scaled as the original one. This normalization allows to ignore translation, rotation and uniform scaling modifications. Mesh normalization works in
two stages. In the first one, model orientation is normalized by means of Principal Component Analysis (PCA).
Then the model is fitted to a bounding box consisting of a
cube of dimensions 1.0x1.0x1.0 centred in the barycentre
of the model. Fitting is obtained by applying a translation
and a uniform scaling. It goes without saying that model
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Fig. 4. Robustness against Additive Noise, Smoothing and Combined attacks.
(A) Original bunny model. (B) The model attacked with the maximum amount of noise for which the
watermark is detected. (C) The model after 15 applications of smoothing filter. (D) Robustness against
combined attacks; the model has been smoothed by Taubin filter, attacked with noise and then rotated by
22° around x axis and 11° around y axis. In all cases the detector is able to recover the watermark.

normalization at the detector must be accomplished without the use of the original model, not to compromise the
blindness of the overall watermarking system.

Embedding rule
The watermarking embedding algorithm works according to three parameters:
• a secret key K;
• the resolution level l that hosts the watermark,
and
• a coefficient γ determining the strength of the
watermark.
In particular by means of a wavelet analysis we obtain
a coarse version of the input model with a set of wavelet coefficients representing the level details of the model.
Depending on the word we want to encode, a numeric key
is generated and by means of a map the code has embedded, by adding a value to all vertices of the coarse model.
Subsequently detail coefficients have added to the coarse
watermarked model to obtain the high resolution watermarked model.

Watermark Detection
The detection procedure works as follows: the user
specifies the numeric key K and the level of resolution l
where he wants to verify the presence of K and the detector provides a positive or negative answer. To do so the

watermarking map WMAP is generated by starting from
k, then the correlation between the watermarking signal
and the wavelet coefficients is calculated as follows:

ρ=

1
∑ wi , γ f i
n wi ∈Wl

If ρ is greater than a certain threshold Tρ the watermark is present, otherwise the model is declared nonmarked. The value of Tρ is obtained by means of statistical considerations. It is important to observer that
correlation-based detection, is proven to be optimal by
Neyman Pearson theory [7] for supposed Gaussian and
linearly independent features.

Experimental Results
In this section we report a selection of the results that
we obtained while testing the validity of our watermarking algorithm. Specifically two aspects were considered:
watermark invisibility and robustness. In order to achieve
high visual quality of the watermarked model we have
carefully considered the problem of watermark perceptibility. Since it is very difficult to evaluate in a objective
way the perceptibility of the geometric distortions introduced by the watermarking process, we evaluated such
distortions by visual inspection; an human user compares
the original and the watermarked model using a software
expressly designed for this purpose and find the maximum watermark strength (γ) that results in a non-visible
watermark.
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We used this analysis to determine a value of γ that
ensured invisibility in all the tested models. All the experimental results we provide in this section guarantee the
imperceptibility of the watermark, i.e. a high visual quality of the watermarked model.
One of the main problems of 3D watermarking is the
wide variety of different attacks possible on a polygonal mesh. This is one of the main reasons why many 3D
watermarking algorithms use the original model in the
extraction phase. Since our technique is specific for semiregular meshes with subdivision connectivity, we do not
take into account those attacks that alter the properties
of the mesh such as re-triangulation, simplifications or
re-meshing. Instead we tested the robustness of the algorithm against geometric transformations such as translation, rotation, uniform scaling, additive noise, filtering,
cropping and a combination of the above.

Conclusions
In this paper we presented a blind watermarking algorithm for 3D models. In order to cast the watermarking
problem in a multiresolution framework, the algorithm
is expressly designed to work with semi-regular meshes,
thus making 3D wavelet analysis feasible. A particular
mapping strategy is proposed to take into account the
non-regular sampling of he 3D mesh. Correlation-based
and geometric normalization allow the blind detection
of the watermark and a good robustness against several
attacks.
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The work was performed as part of the initiative
creative work, comprising one of the solutions the
problems of preserving Russian cultural heritage.
The question of preserving the cultural heritage of
Russia is very important and relevant. Modern information technologies nowadays make it possible to reconstruct both partially or fully lost historically important
cultural objects, one of which is an architectural complex
“Feodorovsky town” in Tsarskoye Selo.
Feodorovsky town (also called “Russian town”) –
historical architectural ensemble, built on the orders of
Emperor Nicholas II in 1913-1918 years according to
the drawings of architect S.S. Krichinsky in the town
of Pushkin. The complex is a miniature fortress with
numerous buildings, each of which has its own unique
features inherent in the architecture of medieval centers of Russia [1].

The work is aimed at creation of the basis for research
and restoration of the architectural complex of Feodorovsky town in Tsarskoye Selo. To achieve this aim a number
of problems have to be solved:
• research of existing materials in a Refectory and
its restoration work;
• in case of incomplete information – its completion in accordance with the stylistic direction of the
Refectory;
• creation of a virtual interior of Refectory of
Feodorovsky town with modern 3d-modeling
technology.
Refectory was built in the style of Moscow architecture of the XVII century [2]. Nowadays the interior of the
main hall of Refectory completely lost. Pic. 1 shows a
view of the main hall of Refectory in 2008.
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Fig. 1. The main hall of Refectory, 2008.

Fig. 2. The interior of the main hall of Refectory, 1917.

For virtual reconstruction were used: the only remai
ning source of primordial view of interior – black-andwhite photograph of 1917 year, shown in pic. 2, as well
as dimensioned drawings of Refectory made by architects in our time, and sketches of murals made by modern
iconographers.
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Color correction was performed based on surviving
murals in the Refectory.
Taking into account all the pros and cons of existing
technologies of virtual spaces creating, it was decided to
use for the virtual reconstruction of the interior of Refectory technology of 3d-modeling.
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Fig. 3. 3d-model of the interior of the main hall Refectory.

As tools for development the following programs
were used: Autodesk AutoCAD – for working with drawings of Refectory; Autodesk 3ds Max – for creating of
3d-model of the interior; Adobe Photoshop – for creation and processing of textures for interior; Unity 5 – for
creating an interactive application for viewing the virtual
reconstruction.
Creating a virtual reconstruction was divided into
five stages:
1. Creating the 3d-model of ceiling of the main
hall Refectory;
2. Creating 3d-model of the interior of the main
hall Refectory;
3. Creating reamers and textures murals for ceiling
and walls of the main hall;
4. application of texture and completion of the
interior of Refectory;
5. Creating interactive application for viewing
virtual reconstruction.
Final interior 3d-model contains 346 065 polygons,
one of the viewing angle of 3d-model is shown in pic. 3.
As a result of work was created a virtual reconstruction of the interior of the main hall of Refectory of Feodorovsky town and an interactive application for viewing
the virtual reconstruction. The work is planned to be used
for attracting public attention to the rehabilitation and reconstruction of buildings Refectory Feodorovsky town in
Tsarskoye Selo.
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Intensive development of the Web has significant
influence on social communication processes. New
trends of information distribution demand new ap
proach as being involved in on-line communication.
Social institutions, including museums and exhibition
centers, aim to develop their presence on the Web,
searching for ways to engage bigger number of visitors
by offering them new experience.
A phenomenon of virtual museum is studied in the
paper as an online representation of a tangible mu
seum’ collections and as an information resource that
has no physical analogue. The aim is to analyze the po
tential and relative advantages and disadvantages of
virtual museums.
The main subject of the research is effectiveness of
online tools for representation of large architectural
and urban objects, unimplemented projects and lost
monuments.
Virtual exhibition is often based on the products
of virtual reconstruction. It is very important to for
mulate strict methods of this approach, to develop a
methodology and establish a practice of visual distinc
tion between true (and/or relatively true) parts of a
virtual model and its authorial parts.

122

Introduction
Intensive development of information technologies has
influence on all aspects of human being life, including art
and culture. From a perspective of museology computerization and informatization of society have led to development of new methods of working with collections and exhibits as well as communication with museum audience.
On-line presence of museums obviously becomes a
requirement for effective communications [Nol07a]. Museums are interested in publishing their collections online
not only for the purpose of preserving the cultural heritage, but also to make the information content accessible
for potential visitors.

Virtual Museum Definition
According to ICOM definition, “museum is a nonprofit, permanent institution in the service of society and
its development, open to the public, which acquires, conserves, researches, communicates and exhibits the tangible
and intangible heritage of humanity and its environment
for the purposes of education, study and enjoyment” [1].
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Fig. 1. Example of a reconstructed object.Peter’s Gates n 1720th in St.-Petersburg.The basis – panoramic
view, made by Zubov A.F. in 1725.

Today museum is a social and cultural center for edutainment, pedagogic etc. purposes.
Definition and above-mentioned functions of physical
museums are partly applicable to on-line museums.
The virtual presence of museums may involve a variety of forms, differing in their technology immersion but
similar in their appeal to potential visitors [2]. In general
there are three main types of online museums:
1. Physical museum representation (digital museum) –
the internet-based version of a collection that exists in the
real world.
2. Virtual museum (online museum, electronic museum, web museum) – museum that can present either digital copies of works or works that have no tangible analog.
3. Virtual museum that shows works that exist only in
the virtual space.
The first type of on-line representation supports and
accompanies collections of physical museums, implements representative, advertising and promotional functions. These web resources are actually data bases, where
digital copies of exhibits, photo-, audio-, video materials
and other corresponding multimedia products are stored
and displayed.
There is no standard definition prevailing for the term
‘virtual museum’ [3]. However, it is evident that virtual
museum greatly differs from digital library, catalogue or
data base. Following the research in this field, “only those
websites, which are implemented in compliance with
principles of museum exhibition design, can be called virtual museums. It means that virtual museum as a physical
one should have scientific concept, architectural and art

concept and exhibition scenery [4]. Virtual museum shall
be based on well-developed scientific concept and design
solution.
Main criteria of virtual museums are as follows:
1. Representativeness and content completeness precluding distortion of facts, which causes misconception of
history or a particular epoch;
2. Multiplicity and multi-layer structure of presented information to make it apprehensible for different
audience;
3. Clear and user-friendly interface, strict structure, efficient navigation and quick search.
These criteria are applicable for real museums as well,
where user-friendly interface would mean professional
guides and availability of audio-guides. [5].

Opportunities and Advantages of Virtual
Environment
Virtual museum with thought-out conception has certain features, which make it different from representative
web site of a real museum. These features bring new opportunities for exhibits’ displaying and for communication
with museum audience. Virtual technologies enable qualitative development of museums as educational and social
centers. Audience of virtual museums gets access to collections on-line, however, it does not decrease visitation of
real museums - quite the contrary – it helps to attract new
audience, especially young people: schoolchildren and
students [6].
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Fig. 2. Interactive map of St.-Petersburg in 1720th. Virtual museum of the Neva river delta.

Fig. 3. Interactive map of St.-Petersburg in 2010th. Virtual museum of the Neva river delta.

Comparing to real museum, a virtual one has several
significant advantages, especially when we deal with large
objects (for example, urban or architectural), that cannot
be displayed in museum rooms at all, or it would be very
complicated to place them indoors. It is also a challenge
to exhibit decrepit objects, which require certain temperature and humidity conditions.
Virtual museums can provide access to exhibition
from any space to all end-user groups including people
with special needs (visual, acoustic, speech and other disabilities). In virtual environment exhibit can be observed
from all angles, so user can obtain information that often
cannot be shown in the physical museum [3].
Virtual museums do not face a common problem of
traditional museums - preservation of exhibits (reducing
of natural dilapidation, protection from consequences
of force majeure circumstances including natural disasters and disorders). Space of virtual museum is not
limited by physical structures, thus, it is possible to
show exhibits, which are too big for museum halls,
or great number of items from museum depositories.
Costs of making on-line collection or exhibition do
not include expensive transportation and overheads.
Virtual exposition can include exhibits from private
collections and museums located in different parts of
the world [7].
It is a common situation when pieces of art and culture
are partially or completely lost or significantly modified.
In this case virtual reconstruction is an efficient tool. Results of reconstruction can be used as a basis for a new
virtual museum.
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Virtual Reconstructions
The term virtual reconstruction implies that the representation takes place in a three dimensional space, which
is usually called virtual environment and the final product
is usually called a 3D virtual model [Geo14a]. Virtual reconstruction is a technology for making models of different complexity. These can be small exhibits, pieces of arts
and crafts, monuments, historical plans and maps, buildings and large architectural ensembles, city areas and suburban landscapes, etc. Virtual environment has no physical limits unlike museum halls, where space is limited by
walls, floor and ceiling. There is no need to spend much
time and money on building or reconstruction of architectural objects as well as modifying them for museums.
3D virtual reconstructions significantly support studies for the eventual real reconstruction of the monument
in the future. A virtual reconstruction would also enable
the examination of various alternative solutions and help
making decisions for the suitable restoration or reconstruction methods [8].
Using this technology we handle digital copy of an object. It means that when we work with a piece of art or
craft, or architectural object in virtual space, we do not
bring any harm to its original prototype. Virtual reconstruction makes it possible to check different solutions for
physical reconstruction or restoration beforehand and find
out the optimal one.
3D modeling has been originally used for buildings’
designing. Up to the present moment it is especially efficient for handling architectural objects and their frag-
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Fig. 4.Example of an interactive panorama.Palace embankment n 1720th in St.-Petersburg.

Fig. 5. Palace embankment n 1720th in St.-Petersburg. Using different hue and references.

ments. The result is a 3D model, which can be presented
as a picture or number of pictures, video, a part of virtual
excursion or interactive tour.
Products of virtual reconstruction are used in educational programs and educative virtual tours. This technology is applied effectively for making visualizations of
cultural heritage objects as well as historical events and
historically remarkable places. Types of virtual presentation of art and cultural objects are:
• 2d and 3d graphics;
• Interactive plans and maps;
• Interactive panoramas;
• Virtual excursions;
• Virtual game-tours.
It is very important to understand that 3d modeling
program is just a tool for virtual reconstruction. As in
any other field of design, there must be stringent methods
of approach. Principles of virtual reconstruction are still
not strictly regulated, but researchers used to sharing one
point of view that a model should be based on historical
illustrations, authentic materials, documental evidences,
archives and archeological researches. Such approach
ensures maximum conformity of a virtual model with its
historical prototype.
First stage of reconstruction normally includes detailed analysis of an object, investigation into historical
background and documents, stored in museums, libraries
and archives [9].
Using of virtual reconstruction tools makes it possible
to recreate not just a single monument, but its natural and
historical environment. By building complete and comprehensive picture it is easier to understand initial idea of
author, artist or architect of a given monument.

A map as an element of interface makes user’s interaction with website much easier and more efficient,
especially if the content includes large architectural and
urban objects. Good examples are city maps, plans of
landscapes, where historical events have taken place,
with some interactive elements plotted on them. These
maps can illustrate current situation or any of past
historical periods.
Interactive panorama is one more presentation method
of virtual reconstruction. Panorama can be based on 3d
model or can be compiled from separate illustrative materials. Interactive panoramas of high quality are developed
to the extent of an excursion with a variety of routes and
exhibits, which full descriptions are available for user just
by clicking the mouse.

Issues and Challenges in Virtual Reconstruction of Architectural Monuments
Despite broad experience in applying virtual technologies, methods of reconstruction are still not sufficiently
developed from a perspective of standardization and
scientific approach [7]. The main problem is that all elements of reconstructed space are usually done in the same
manner: with same detail design and of same hues. There
is no difference between authentic and supplemented
parts, which are added by author from analogues to complete the picture.
Difficulties in virtual reconstruction arise from quality
of documents, which are used as a basis for modeling, and
interpretation of these documents [7]. The main principle
of reconstruction is maximum conformance of a model
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Fig. 6. Le Blond’s master plan for St. Petersburg.Unimplemented project. 1716-1717. Using different hue
and references.

with text description, illustrations and other information
regarding original object. Available information from archive sources is often controversial and almost always incomplete. Researchers and designers have thus to make a
decision whether to leave the model uncompleted as well
or to finish the job using not only relatively accurate data
from archives, but also analogues. Virtual reconstruction
based on analogues allows several virtual models of one
object, and all these versions are adequate, if they conform with any of available analogues. However, these
models are not true copies of an object. For the purpose of
supporting scientific approach, it is important to develop
a method and establish a practice of visual distinction between true and/or relatively true parts of a model and authorial parts.
Solutions to the mentioned problems are:
1. Distinction between visualization of authentic and
fabricated parts of a virtual model:
• By different design technics;
• By different level of detail;
• By different hue;
2. Using a system of references to archival materials.
3. Using a video showing step-by-step sequence of developing the model.

Conclusion
Nowadays virtual museums have become very popular due to many reasons and their number is on the rapid
increase. Virtual museum can act as a complementary and
auxiliary service for physical museum, or it might show
reconstructions of lost monuments or show works that exist only in the virtual space.
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Distinctive feature of virtual museum is that it provides unimpeded access to digital exhibitions for all
groups of end-users including people with special needs.
Virtual museums give almost unlimited room for
large architectural exhibits, which cannot be placed
indoors. Virtual museums do not face a problem of exhibits’ preservation like protection from consequences of
force majeure circumstances including natural disasters
and civil disorders.
Virtual reconstruction is an effective tool for representing modified or lost objects in their original view, but
methods and rules of implementation are still scientifically unstructured and not standardized. It is still unclear
what is in priority for end users: photorealism of a model,
its authenticity and accuracy or just general visual impression. But nevertheless 3d reconstructions and interactive
tools are very popular among visitors and can perform
traditional museum functions online such as: acquisition,
preservation, research, communication and education.
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The paper presents a multimedia application for
museums that links exhibits to data of openly accessi
ble internet source. The application is technically real
ized as a “content cube” that operates very intuitively
as a one-in-all display. The history of electrification in
the Märkisches Museum Berlin serves as an exempla
ry narration.

Exhibition
Just about 100 years ago, in 1908, here in Saint Petersburg the “International Exhibition of Apparatuses for
Lighting and Warming” took place. Professor Georg von
Doepp, at that time director of St. Petersburg State Technological Institute, reported about this event in the German-language magazine “Dingler’s Polytechnical Journal”. In Prof. Doepp’s comprehensive publication one can
read―not very surprisingly―a lot about petroleum, spirit,
fuel and gas, about burners, wicks and taps, about pipes
and reservoirs.

During this exhibition the influence of the atmosphere
on different types of lanterns was tested in an outdoor laboratory on the “Field of Mars”, just about 1km distance
from here, on the other side of the Newa. The experiments
included
1. the burning time of the lantern
2. the amount of combustible material
3. the time needed for lighting the lanterns
4. the moment for cleaning the lanterns
5. the regularity of burning, the influence of the wind
an other atmospherical phenomenon [1].
If one looks an these experiments from our today’s
point of view there is a remarkable gap or ellipsis in Prof.
Doepp’s article. He makes only very little mention of
an invention that was already about 30 years old at that
time―with reference to Edison’s famous patent from
1880: the “electric lamp” [2], see fig. 1. This leads us to
the central question of our talk: How can we describe
the cultural acceptance of electricity in its early years.
Following up on this question we will present a new ap-
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Fig. 1. Thomas Alva Edison: Electric Lamp, 1880.

Hoffmanns concept of an atmospherical museum
with natural lighting is to be seen in the context of a
large and fierce debate between followers of the ancient
gaslight and the proponents of the new electric lightbulb. On the one hand the lightbulb was made an iconic
figure of the second industrial revolution by the AEG
(Allgemeine Elektricitäts-Gesellschaft). On the other
hand and 20 years later the director of the Märkisches
Museum Walter Stengel still had to advertise his decision for electrifying the museum with a major public
campaign “Berlin in the Light”.
This controversial and in some cases extremely emotional discussion on the advent of electricity provides the
starting point of our project: The museum and its architecture can only be understood within the context of these
public debates. However, these discussions on electrifying the museum have been made invisible by the technological progress. Visiting today’s Märkisches Museum
with its current technical equipment no-one would think
of a former time in which the exhibits were drowned in
shadow. Therefore our project aims at making this context
come alive again.

Data

proach to mediate such an historical knowledge in a museum which was developed in a cooperative project of the
University of Applied Science and the Humboldt-University in Berlin.

Museum
In the same year, on the 10th of June 1908, the
German capital Berlin celebrated the opening of Märkisches Museum. In the morning edition of the “Berliner
Börsen-Zeitung”, a newspaper primarily for stock exchange and trade, the museum’s architect Dr. Ludwig
Hoffmann was praised for his “outer and inner, by its
simplicity extraordinarily effective ornamentation”. The
evening edition of the “Berliner Tageblatt”, a local daily
newspaper, reported on the unpretentious celebration,
avoiding any exterior pomp. This should characterize
the construction of the building, too.
However, both newspapers keep it a secret, that Ludwig Hoffmann refused to include artificial lighting to his
newly constructed building. His design concept was based
on the idea that all exhibits should appear in their appropriate proportion, color, material, and light. He called his
concept the “atmospherical museum” [3, 4].
As a consequence of this concept the opening
hours of the museum had to be guided by the altitude
of the sun. Opening times were on Sundays between 11
and half past 1 and on Mondays to Thursdays between
11 and half past 2. Daylight would prevent longer opening times and forced the museum to shut the doors as
soon as dawn was approaching.
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Many aspects and components of this debate on
electrification are recorded in the already mentioned
“Polytechnical Journal”, see fig. 2, which was founded
by the German chemist and manufacturer Johann Gottfried Dingler in 1820. This journal’s purpose was to
assemble a personal but also representative selection
of articles on technics in its broadest sense. Originally
most of these articles had been published in magazines
all over Europe, and, though most of them originated
from the UK, there were papers from France, Italy,
and Russia too.
The “Polytechnical Journal” was published over a period of more than one hundred years (until 1931). Thus,
the journal became an extremely important source for the
nineteenth-century’s history of knowledge. It is an archive
for both texts and images on industrialization, the progress of transport and communication, and the development of various technologies.
Articles published in Dingler’s journal give us a detailed insight into the emergence of culture in a technical
context. The process of industrialization, new technical
achievements, and totally unforeseen ways of communicating, storing, and operating with data profoundly affected everyday life. Exactly in this interplay of technical
evolution and knowledge production the journal gains its
epistemic significance. The “Polytechnical Journal” is significant not only for people engaged in the history of science but for anyone interested in the cultural heritage of
Europe.
The journal covers 375 volumes, about 205.000 pages, more than 280 mio. characters plus all in all nearly
100.000 figures and 3.600 graphical plates. In a project
at Humboldt-University―funded by the German Research Foundation (DFG)―following the digitization of
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Fig. 2. Dinglers Polytechnical Journal <http://dingler.culture.hu-berlin.de/article/pj275/ar275100>
[Screenshot].

the journal’s images, the OCRed text was encoded with
high granularity according to the Text Encoding Initiative
Guidelines TEI-P5.
However, at the end of our digitization project the
question came up in which way a new access to the objects described in the “Polytechnical Journal” could be
realized. These objects are, for instance, located in museums. Hence a follow-up project was initiated between
Humboldt-University, Märkisches Museum, and University of Applied Science in Berlin. The aim of this cooperation is to link events which are registered in contemporary sources like “Dingler’s Polytechnical Journal” to the
museum and specific exhibits. Via these links the visitors
can explore, for instance, the history of electrification in
its direct effect to every day life.

Token
The linking between objects and data is realized by
terminal devices―we call them “content cubes”, see fig.
3―, developed by the research group “information and
communication applications” at University of Applied
Sciences Berlin headed by Prof. Jürgen Sieck. By using these cubes as tokens for specific exhibits or themes,
different multimedia-contents can be triggered in an extremely intuitive way. The contents were developed under
my direction at Humboldt-University.
Although we use these cubes with different technical
features the main purpose is always identical: one cube
tells the story of one exhibit. The technical solution we
are going to demonstrate in this talk is based on an allin-one computer with integrated webcam (iMac). The
content to be displayed by the computer is identified by
pattern recognition of a marker on the cube. The special

attraction of this setup is the mirror situation: The visitor
looks at himself, holding the cube in his hands, while the
contents are an additional layer of the scene.

Narration
Now, let’s come back to the history of electrification
as an example of our cube’s usage. Assumed we are a vi
sitor of the Märkisches Museum standing in front of the
oil painting “Berlin Nollendorfplatz” by Lesser Ury. Via
handling the cube a whole range of images, audio files,
videos or animations of the painting’s historical context
can be presented. One can, for example, focus on the bidding war to the best lighting around 1900. One side of the
cube tells the story that the incandescent lamp with gas is
not only the cheapest, but as well the most beautiful, just
as daylight. At the same time the visitors learn from another side of the cube, that the German incandescent lamp
with petroleum is the brightest and cheapest light, but as
well the electrical light is remarkably cheaper than petroleum, and furthermore convenient, harmless and fireproof.
Experiencing this rather contradictory narration the
visitor suddenly understands that Hoffmanns idea of
a daylight museum is just one position in the midst of a
rather complex and not yet decided technological deve
lopment. The cube serves as a node for the conflicting and
interacting aspects of this narration.
To conclude this talk: The debate on electrification
around 1900 in Berlin can be reconstructed, understood
and can be made intuitively accessible via the sources of
the digitized “Polytechnical Journal”. Once this know
ledge is linked by a multimedia-token to the objects in
a museum the actions of the token become stories of the
objects. The key feature of the cube is its intuitive opera-
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Fig. 3. “Content Cube” (construction model), the projects
terminal device.

tion. With this token as an interface between data and objects we have realized an approach to what can be called a
“blended museum” [5].
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We present an approach to publishing and visu
alizing open linked data in the cultural heritage
domain. We demonstrate our approach for building
a system both for data publishing and consumption
and show how user benefits can be achieved with
semantic technologies. Blazegraph (by metaphacs) is
a web platform that for representing the data. The
CIDOC-CRM ontology is used for domain knowledge
representation. We are using the data of the web
portal of the Russian Museum as a main source of
trusted data and enriching it with external sources.
Main goal is to show the benefits of the selected
methods.

Introduction
The transfer of cultural heritage from generation to
generation is the key aspect of cultural identity preservation. It plays major role in maintaining function of
the culture in the era of globalization, when traditional
mechanisms of preservation and transferring of cultural
heritage are subject to change, challenging by the rapid
development of information technologies. Digital revolution forced content and application developers to use new
communication languages and explore different mediums
for transferring information to the end-users. In the mo
dern world information technologies undoubtedly are the
most important medium for the culture translation. These
are the main motivation for our project we name the Russian Heritage Cloud. One of the main long-term goal is
to motivate museums in Russia to publish and open their
data in the semantic form.
The most effective and illustrative way to test the
technology is to create a system, therefore we decided
to develop a system targeted to the museum as an
institution, whose primary goal is preservation of the
cultural heritage and its transfer to the people. We began to cooperate with two museums in St. Petersburg:
The Russian Museum and Peter the Great Museum
of Anthropology and Ethnography (Kunstkamera) of
the Russian Academy of Sciences. The former has the
biggest collection of Russian art in the Russia, the latter — biggest collection of ethnographic artifacts. The
primary goal of our research was stated as “To test
and showcase the applicability and benefits of usage
of semantic data to tackle the challenges of cultural
heritage transfer in the digital era”. The system is meant
to deliver benefits to two different target groups: the
museum experts working in the museum and regular
museum visitors. These two groups greatly differ in
their needs, but the system should cover the interests
of both of them.
This paper describes the usage of Erlangen CRM/
OWL implementation of CIDOC-CRM ontology for the
semantic representation of rmgallery.ru website, which
contains selected artworks chosen for the official mobile
application. The work has been done as part of the pilot
project with The Russian Museum.
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Semantic Representation of the Data in the ConText of Cultural Heritage
There is no doubt that there are a lot of benefits in the
usage of digital technologies for saving the cultural heritage for future generations. But when we are talking about
not only to just saving the data, but maintain the heritage
in the form that could be easily interpreted by researchers and regular people, selecting appropriate data structure
becomes the very important.
There are very powerful methods to digitalize the information about some artificial objects nowadays. The
most popular way for now to save obtained data is to do
it in the relational databases. The simplest way to describe
the structure of the relational database is to imagine it as
tables with rows with columns. This structure is enough in
some cases.
A lot of data sources should be reviewed and analyzed when we are talking about saving the cultural
heritage data. It`s very important to represent all of
the possible points of view. The knowledge should be
objective, full and complete as much as possible. The
data sources instantly changing and developing by
different groups of people. There is no global unified
source of cultural heritage data and it is not expected
in the future due to the nature of generating the new
data. It’s easier to save some data in one form and
other – in another, and there’s no way to predict the
monolith structure that could fit describing instantly
changing world. According to researches and practical
experience the relational database structure could be
not enough in implementing such tasks as representing
all the cultural heritage data in the form, available for
universal access and integration.
The concepts of the semantic representation of the
data were created for implementing described tasks. The
RDF model, SPARQL language of queries and other
standards of Semantic Web fits the necessary requirements for implementing described tasks. The simplest
way to describe the structure of the semantic representation is to imagine it as network of predefined concepts and
relations between them to describe everything. Figure 1,
2 and 3 represent an abstract example of the generic RDF
descriptions. Figure 4 represent the power of SPARQL
language of requests.
Such approach have the next benefits :
• Datawarehousing
At some point the system needs to answer a question that takes into account information outside the central database. For a user of a classical relational database
you can’t do federalized queries, so loading the extra data
(expanding the schema) is the only option. A SPARQL
1.1. user with the SERVICE keyword can have part of
your query answered by a remote system. At some point
the expanding the relational schema option becomes too
expensive compared to the value given by the answered
query. And the amount of work required before you can
even do a query becomes prohibitive. SPARQL allows
cheaper experimentation.
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Fig. 1. RDF triple.

In the life-science field hundreds of organizations have
created data-warehouses combining public and private information. For example a lab would want to query over
Wikipedia, WikiArt, Google Services, National Services
plus their internal data. They would hire a bunch of programmers (from students to professionals) and they would
start integration, write parsers, make relational schema,
tune database. And after about a year they would have a
working system.
And then the file formats would change, which is
meaning a parser change, which is meaning a schema
change, which is meaning queries need to be fixed. And
they do this the first year. But soon these updates stop
happening and the bitrot sets in. Requests for new datasources start to get denied and the system never lives up
to its promises.
In the rdf/sparql world this there is no need for parser to change (triples is triples), no schema so no need for
changing tables. Just your queries need updating. (1/3 of
the work) And the same is true for the start up costs. Well
Wikipedia data is available as RDF download and public
sparql endpoint in DBPedia project. Same for some other
services, such as the British Museum.
And as we are working in the real world: at some
point someone is going to come to your desk with an excel file and they want to combine the data in the excel
file with your relational database. Thats possible thanks
to ODBC and some work with sql. But you will never be
able to combine it with public resources.
• Data in local text documents
We saw a lot of the work dedicated to cultural heritage
in simple document formats. The SPARQL/RDF excel
story is easier today. In excel save as tab/cvs. It is possible
to use biotable or equivalent and change excel to RDF.
Load into an in memory sparql database and query away
combining any SPARQL endpoint available via HTTP.
The same is true for data analysts using R or another statistical language.
• No data left behind
SQL with its long history has locked up a lot of information. Best explained with an example. Assume you
have an legacy Oracle forms 6 application running in a

Fig. 2. Generic RDF Description.

corner in your enterprise. Accounting wants to merge
some of that data with your current CRM (SAP/Sybase)
installation. How do you do this using only relational
technology? With SPARQL you can put a relational to
RDF mapper on both the old oracle 6 database and the latest sybase release. Then you can use the SERVICE keyword to collate information from both sources with minimal pain and effort. Only relational does not offer this
option, only the addition of SPARQL to SQL translation
gives this capability. SPARQL is more consistent than
SQL.
SPARQL over all datasources is extremely standardized. Not at all like SQL. SQL has to many dialect changes from one implementation to the other for random users
to explore schema’s. A semi trained SPARQL user can use
any SPARQL endpoint no matter what the implementation is or what the schema looks like.
• Lower cost
So in the end SPARQL based information systems
have lower maintenance costs in fields where information
changes rapidly. Have lower building cost for integrative
data (RDF as source compared to XML as source, relative same experienced developers). Allow for experiments
with public or super private information in the enterprise.
(i.e. combine modern researchers database and cultural
heritage works database to find works of some generation
and compare it to the other, etc)
• Better performance and caching
SPARQL over http offers more benefits: very cheap
caching. Most sysadmins have installed a http cache at
one point in their career. A database cache layer such as
included with hibernate is much more specialty software
with associated complexity and prices.
• Logic reasoners
For many queries a user needs to combine a information in a database and feed it into a program and then
get more information out of a second database. Given a
SPARQL query and some information in RDF and a RDF
description of the input and output of a program can combine all this and answer questions for which you do not
have that data. This is possible because SPARQL/RDF
technology has first order logic reasoners using OWL.
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Fig. 3. RDF graph example.

Fig. 4. SPARQL endpoint.

Metaphacts Knowledge Graph Platform
Our system is built on the metaphacts Knowledge
Graph Platform backed by Systap’s Blazegraph triple
store. The system architecture diagram is presented on the
Figure 5 “System Architecture”. The similar system is implemented for the British Museum.
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There are three main layers of the system: data sources, backed and frontend. We used three main sources of
information: the Russian Musem Virtual gallery , The
British Museum data and the DBPedia project resources. There are number of ontologies that could be used to
manage cultural heritage information, including Dublin Core (DC) Metadata Elements [1] and DC Terms
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Fig. 5. System Architecture.

[2], Simple Knowledge Organization System (SKOS)
[3], Functional Requirements for Bibliographic Record
(FRBR) [4], Europeana Data Model (EDM) [5], CIDOCCRM [6] and others. We will not describe them in detail
as it had been done in a number of resources, for example
[5] or [6], the CIDOC-CRM is popular and fits our needs.

Preparing the Source Data
Russsian Museum Virtual Gallery website contains the
following structured data:
• Artwork
• Type (drawing, painting, etc.)
•
Title
•
Dimensions
•
Material
•
Text annotation
• Author
•
Name
•
Text annotation
Interlinking process contains two stages:
• First stage (semi-automated)
•
Query the Wikipedia search API with
the person’s name
•
List query results and ask user to choose
•
Create owl:sameAs for the chosen link
• Second stage (automated)
•
Fuzzy string matching of rmgallery.ru
persons with DBpedia ones
All textual information in the dataset (names, titles,
descriptions, etc.) were placed in two languages annotated
with the corresponding language tag. Authors were interlinked with DBpedia where it was possible. More detailed
description of interlinking can be found in [7]

Template-Based Visualization
Knowledge Graph Platform allows to create templates for RDFS classes which could be used to represent any individual of these classes. The template
consists of a set of widget definitions configured with
SPARQL-queries, which used to visualize the data. For
example, on the main page there are a PivotViewer
widget, which present all artworks in the dataset in
the relatively compact and structured form allowing
to, on the author page we put timeline widget that
displays the events author have relation to, etc. Template-based approach together with semantic-enabled
widgets provide a meaningful and efficient way to
visualize semantic data. Besides, a class template,
once created, potentially could be reused on any other
system which uses CIDOC-CRM [3]. The example
of the working system displaying the PivotView is
represented at figure 6.
In the current implementation we have created
the templates for two classes: ecrm:E21_Person and
ecrm:E22_Man-Made_Object.
The ecrm:E21_Person template contains the following
information:
1. Name.
2. Author’s bio.
3. Additional information gathered by interlinking
with DBpedia: dates of birth and death, art movement a
person belongs to, influenced/influenced by information.
4. Works by author represented in the PivotView
and on the timeline widget.
5. Ontology structure visualization based on OntoDia OWL diagramming tool.
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Fig. 6. PivotView example.

The ecrm:E22_Man-Made_Object template has less
information due to our focus on the experiments with interlinking: artwork title, genre. date of production, size.
annotation for the artwork.
Both templates use CIDOC-CRM specific SPARQL
queries, thus they can be used by any CIDOC-CRM-enabled application.
Besides class-templates, the Knowledge Graph Platform allows to create arbitrary pages in the Wikipedia-like
manner. For our case such pages were created to provide
the site structure for user to navigate. Overviews of artists, paintings, genres and a big map widget (populated
with related to authors or paintings places we gathered
from DBpedia) were made and represented at figures 7
(timeline) and 8 (Ontodia).

Conclusions And Future Work
The practical usage of CIDOC-CRM ontology for the
Russian Heritage Cloud project and the system architecture for publishing semantic cultural heritage data was
described. Template-based visualizations together with
SPARQL-enabled widgets provide a convenient way
for agile development of semantic cultural heritage applications. The benefits of selected approach were also
provided.
There are new questions arrived while implementing the system. Most of the questions are related to scaling the platform to bigger datasets and heterogeneous
knowledge management and representation. Our partners
already asked us for presenting the practical examples of
the platform and semantic data representation in general,
e.g. to make a tool for automatic thematic exposition crea-
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tion, including on the physical media (CD/DVD). Solutions of those yet to be faced challenges will rely on the
flexibility of CIDOC-CRM ontology.
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The paper deals with the fundamental issues as
sociated with a virtual museum. Analysis of existing
models of such museums gives the base to the conclu
sion that present multimedia products has very little
in common with the museums. We consider two ways
of creating a virtual museum: technological and psy
chological approach. The real technological approach
seems unpromising. Another way - creation of virtual
museum is oriented in the first place for the process
of audience perception. The basic principles of such a
construction of the virtual museum are isolated in the
work. Similar model in conjunction with digital ad
vances opens up the prospect for an ideal museum of
the future.
Keywords: virtual museum, perception, image,
visual.

Introduction
The idea of “virtual museum” arose as early as the
1980s. Since then, this idea has been discussed for decades, and many attempts to implement it are proclaimed
so actively that it is impossible to submit that a virtual
museum is not present in concrete cultural practice. However, even today it is still unclear what lies behind this
definition: the amazing phenomenon of modern informational culture or vague dreams of a beautiful future.
If we consider as a virtual museum its concrete implementations (talented or untalented), we can state that all
these amazing technological advances are no more than
modernizations of the museum catalogs and publications,
libraries of photos and slides, that were available in museums for centuries. It is impossible to compare a modern
virtual museum with a “regular” museum.
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At the same time, it is clear that the museum’s atmosphere is not an impregnable territory for virtuality. The
problem is how to recreate the atmosphere of museum, of
“aura”, and to minimize losses in the inevitable process of
reduction?

Technological and Psychological
Approaches
It is obviously that there are two ways of the museum
space recreation; let’s call them the technological and psychological. A work of art is described as a certain set of
quantitative information characteristics in the first, technical approach. The identity of the original and copies
is achieved in the limit when the amount of information
(which is correlated with the virtual object) is close to the
quantity of information which determines a fountainhead.
A hope for technological progress is the actual main way
to create a virtual museum [4]. However, despite the constant technological progress (increased resolution, fine
color reproduction, improved multimedia projectors, multi-layer displays ...), virtual museum does not have any
noticeable progress. Today a hope for technological progress is the main way to create a virtual museum [8].
A museum’s space is determined by a variety of “coordinates”. One part of them is accessible to physical description and reproduction in the electronic version. Another part is related to the special “atmosphere” of the
museum, with “aura” that technological limitations do
not allow to recreate in the foreseeable future [2]. Technological limitations will not allow to reproduce these
coordinates in the foreseeable future. However, staying
on the materialistic positions one can imagine the ‘structure’ of the atmosphere, analyzing the process of audience
perception.

Section 4. Digital Resources of Museums

Consciousness has a way of working with capacious
sensual images [9]. For example, impact art has a hard association with the whole perception: the impression can
not be collected from discrete details. And the theory of
pattern recognition and almost all psychological theories
converge in the representation of whole perception [6].
This point of view is expressed by the law of autonomy
of higher syntheses: “The image is composed of the elements, but these elements are not present in experience,
they remain in the dark area of consciousness.” [7, 81]
What is the basic principle that allows the viewer to
find in the museum a noted integrity? It is primarily developed ability for the visual judgment. Perception, even
more so - as complex as visual, not registering the mechanical elements, but it comprehends a significance model. That is why the main goal is the creation of conditions
for intellectual vision [1]. The important effect (on which
the current model is oriented to a minor extent) is an inclusion of empathic abilities.
The visual image is focused on the bright spot of
consciousness that remove life’s impressions, displace
them to the periphery [5]. To activate the imagination,
it is necessary to focus the viewer’s attention, isolating
it, deleting extraneous stimuli (any sound, redundant
visual signals).
Actual reproduction on screen virtually eliminates
the possibility of perception of the real scale of the
work. Today the creators of virtual products do not
even think about the scheme of review (it is the easiest way probably to tie this scheme to the museum),
the geometry of mental space. While the value of the
scale (sizes of miniature or sculptures are equal on the
screen) can be compared with the dynamic range, with
the sound intensity for music.
Finally, the time parameters. Museum requires concentration for contemplation. The monitor is connected
with usual high speed information proposals. Screen,
where should appear a virtual museum - a special screen
and a special control system, viewing that focus is on the
process of perception.
It is possible to schedule the following fundamental aspects to the movement from educational, entertainment, information and reference materials - to the virtual
museum, which will be able to compete with a traditional
museum.
Spatial “architectural” solution: reconstruction of the
space and conditions of perception through the use of
virtual art-object in real rooms - exhibition spaces (it is
possible to use both projection technique and traditional
methods of design for reconstruction of the situation, of
interior, of decoration).
Creating conditions to focus the viewer by means
of modern technology and by means of the exposition’s
methods too. Exposition’s problems can be solved in the
traditional static variants (along with projection using devices and panels) and dynamically under software control.
At last, to be interesting to a wide audience the projects should be focused on large-scale representation of
“filial branches” of the most famous museums, using the

technologies to achieve the effects non-existent, inaccessible without these technologies (creation of “exhibition” of large-format artworks, of artworks that for various reasons would be impossible to gather together), on
the presentation of little-known masterpieces (paintings
from remote monasteries, rock paintings in the caves of
the Paleolithic).

Global Virtual Perspective
Current discussion on the problems of the museum in
the global information world is focused on two distinct
centers of gravity. One is associated with the idea of an
absolute, eternal and immutable truth, sanctity of the original and evil, centered in profane copy. This is the eternal,
regular or frozen museum, where opponents see the loss
of connection with life, denial from all new, degeneration,
museum that initiates invectives of avant-garde.
At the other extreme - Democratic museum and of its
modern electronic mobile version, which opens in share
of second, anywhere, anytime, anyone. But this variation,
together with its numerous social achievements, exists in
another (in comparison with a traditional museum and
with a viewer’s perception) time scale.
One can not but agree with the total rejection by traditionalists of the reduced electronic models of the museum.
However it is more logically to see the ideal museum of
the future as virtual museum [3], where dependence from
any personal or technical restrictions disappears.
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The work discusses a realistic appraisal about in
troduction of 4K video in museum’s digital ecosys
tem. This promises a powerful impression on visitors,
helping to build interest and increase audience. The
present state of 4K and Ultra-High Definition TV is
exposed. Different scenarios of media access within
the museum IT infrastructure are analyzed, especially
using mediaservers as a core element of a system for
broadband and IP-based content delivery.

Introduction
The term “ecosystem” nowadays is widely used and
discussed in different professional societies. Perhaps it
may seem a strange coincidence that in such diverse areas
as museums [1], [2] and television [9], experts are considering the ways of further development in the framework of “ecosystem”. However, the closer view inspires
that it is not a strange thing. Museums and TV industry
are investing significant resources to improve their functionalities, technical and information infrastructure, digital content creation, management, delivery and presentation for the audience. Although, are the efforts premature?
Could we really improve our services without destroying
what’s already there? Using the concept of the ecosystem seems promising for the development of museums
and television by itself and when trying to implant newest
television technologies into the museum environments.
Ecology is a science used to analyze the relationship
among members of a community and their interaction
with the environment. This basic definition indicates that
ecology is a good metaphor for information and organizational knowledge management [1]. Traditional knowledge
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management solutions within an organization are compound from four main elements: content, technological
infrastructure, organizational culture and the knowledge
process. The content is a result of consolidation of old and
new, real and virtual, professional and amateur, organized
and unstructured, unified and fragmented [2], [3].
Knowledge ecology is composed of different areas of
knowledge in an organization, such as marketing, manufacturing, and research-and-development. Knowledge
is exchanged by knowledge sharing mechanisms, which
may be supported by information and other technologies.
A good IT infrastructure allows knowledge to be stored,
created, and shared more efficiently [4].
We assume that introduction of 4K video content and
the suitable infrastructure into the museum’s digital ecosystem will ensure a higher level of strength and diversity
of knowledge handling.

4K and UHDTV: Present State
The term ‘4K’ is introduced by consortium of motion
picture studios, named Digital Cinema Initiatives (DCI) to
specify the completely digitized film production and projection with screen resolution 4096x2160 pixels at progressive scanning and frame rate 24 or/and 48 frames per
second (fps).
UHDTV is a direct successor of well-known HighDefinition TV (HDTV) with screen resolution chosen as
integer multiples of HD resolution 1920x1080. For multiplier 2 this is 3840x2160 pixels, for multiplier 4 this is
7680x4320 pixels. The HDTV image is predominantly
2:1 interlaced (25/30 frames per second, 50/60 fields per
second) to compromise between speed of data and qua
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Table 1. HDTV and UHDTV image system main parameters
* 4K (often named as UHD-1) refers to 10-12 bit color sampling accordingly to BT.2020
Recommendation. Quad HD refers to 8-10 bit color sampling accordingly to ITU-R 709
Recommendation. Both with 4:2:0 at distribution, 4:2:2, 4:4:4 at production stages.
** 8K in the TV domain is often named as UHD-2. SHV is Super High Vision – the trade mark of the
Japanese public broadcaster NHK, who provided world-first broadcasting of 8K UHDTV.

lity of moving objects reproduction. In a way of transition
from HDTV to UHDTV interlaced scanning is excluded
to support 25/30, 50/60 (UHD-1) or even 120 fps progressive scanning. UHDTV is promoted and standardized by
the Society of Motion Picture and Television Engineers
(SMPTE), International Telecommunication Union (ITU)
and European Broadcasting Union (EBU).
Now the terms ‘4K’ and ‘UHDTV’ are used interchangeably in TV industry and at the consumer electronics markets. This is “something in common” to put together the vivid color representation and high dynamic
range from cinema with high frame rate from television
on a screen of practically equal resolution. Workflow
chains in cinema and television are gravely different,
but the current lineup of home and professional UHDTV
displays is ready to reproduce the digital cinema content
originally shot as 4K in broadband UHD Video-on-Demand services.

Spatial Resolution and Field of View
After more than 10 years of presence at the broadcasting area, HDTV does not seem as impressive to the
general audience and has turned into the commonplace
technology. Now, UHDTV is one of the highly anticipated
features in the media consumption environment to create stunning visual and audible experiences and to bring
greater emotional involvement for the viewer.
Recommendation ITU-R BT.2020-1 [5] specifies UHDTV image system parameters for production and international programme exchange (Table 1).

The fundamental idea of UHDTV is explained in
Report ITU-R BT.2246-1 [6] as a television application
that will provide viewers with a better visual experience
primarily by offering a wide field of view (FOV) which
virtually covers all of the human visual field, while maintaining other features of HDTV or improving them. UHDTV could therefore be characterized as a TV system
having a wide field of view supported by enhanced spatial
resolution. Compared with current HDTV, the UHDTV
application should bring considerably improved benefits to its viewers, including stronger sensation of reality
of presence, higher transparency to the real world, more
information.
The recommendation ITU-R BT.1845 [7] shows the
relationship between the screen size and viewing distance
given that the optimal viewing distance is one at which
one pixel corresponds to the visual angle of one arc-minute. One pixel per one arc-minute is generally regarded to
correspond to a visual acuity of 1.0. This means that the
pixel sampling structure is not detectable when viewing
under the conditions shown in “Viewing Distance@Best
Quality” line of the Table 1.
Colorimetry and High Dynamic Range
Reproduction
UHDTV colorimetry expands the color gamut in comparison with HDTV using wider color primaries than
conventional ones so that it covers real surface colors as
much as possible. Using 12 bits/color sampling really expands Dynamic Range of the UHDTV system in comparison with current HDTV (Fig.1).
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Fig. 1. HDTV & UHDTV triangle of primary colors (left), Different Dynamic Ranges (right)

The wavelength of the Rec. 2020 primary colors is
630 nm for the red primary color, 532 nm for the green
primary color, and 467 nm for the blue primary color. In
coverage of the CIE 1931 color space the Rec. 2020 color
space covers 75.8%, the digital cinema reference projector color space covers 53.6%, the Adobe RGB color space
covers 52.1%, and the Rec. 709 color space covers 35.9%
[8]. At present there are only a few imagery systems such
a Dolby Supervision ready to support native UHDTV
color primaries and dynamic range. So the main 4K applications now run as Quad HD (or UHD-1 Phase 1) with
color primaries equal to HDTV ones accordingly to ITUR 709 Recommendation.
Motion portrayal
Motion portrayal is one of the most important features
of moving images reproduction systems, but in the same
time, it is the main disadvantage of current television and
cinema. If we take the “artifact” to mean any perceptual
difference between the real scene and the reproduced image, the major ones are flicker, motion blur, and jerkiness
(stroboscopic effect).
While in the cinema motion blur and jerkiness are often seen as a kind of imaging aesthetics, the television
audience expects more reality in reproduction of moving
objects. Time aperture and frame frequency in a system directly define the factors listed above in respect of the form
and the speed of objects moving in a scene of reproduction. Shorter time aperture and faster frame frequency in
cameras and displays improves the dynamic spatial frequency response.
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Several experiments have been performed to understand the relationship between motion reproductions and
in correlation with frame frequency and time aperture in
a system [8]. The results are that for object speed of 30°/
sec, which is typical in HDTV programs, the time aperture should be in the range 1/200–1/300 sec. The subjective picture quality has been investigated in the presence
of the stroboscopic effect for varying frame frequencies
using a fixed time aperture of 1/240 sec to determine an
observer threshold for smooth motion that provides an acceptable motion blur. The results suggest that a frame frequency greater than 100 Hz is required for the acceptable
quality. Flicker is a commonly encountered annoyance in
moving pictures. A wide FOV on a large screen increases
the perception of flicker because human eyes are more
sensitive to flicker in peripheral vision. A short hold time
on a hold-type display may also increase the perception of
flicker. Experiments confirm that a frame frequency greater than 80 Hz is required for a wide FOV system.
Interfaces and Compression
As shown in Table 1, transmission of uncompressed
UHDTV content needs serial interfaces with extremely
high throughput. For currently-in-use systems the data
speed is from 3 to 12 Gbit/s (shadowed in Table 1). In
broadcasting industry the Serial Digital Interface (SDI) is
adopted as 3G SDI (3 GBit/s), 6G SDI and 12G SDI. The
last two uses dual or quad 3G SDI lines.
In computer systems, Set-Top-Boxes, cameras and
monitors, only two commonly accepted interfaces for
these purposes are applicable now. The first one is HDMI,
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Table. 2. Comparison of compression rates [9]

the version 1.4 has the bandwidth for 4K@30hz, and the
version 2.0 adds support for 4K@60Hz. The second one
is Display Port 1.2, able to support 4K@60Hz.
To decrease the data speed for content delivery, different kinds of compression standards are used in cinema and television. For the cinema, DCI defines to use
JPEG2000 compression. For HDTV the H.264/MPEG-4
AVC (Advanced Video Coding) standard is widely adopted. However, this compression is not effective enough
for UHDTV. Therefore, High Efficiency Video Coding
(HEVC) or H.265 is approved for UHDTV applications
[10]. HEVC has the power to double the data compression ratio compared to H.264/MPEG-4 AVC at the same
level of video quality. On the other hand, it can alternatively be used to provide the substantially improved video
quality at the same bit rate (Table 2).
Motion Pictures Expert Group (MPEG) has added
HEVC support to the MPEG transport stream (MPEG
TS) used in Digital Video Broadcasting (DVB), Blu-ray
Disc. The Internet Engineering Task Force describes a
HEVC support in the Real-time Transport Protocol [11].

Introducing 4K Video into Museum
Ecosystem
Both UHDTV systems - 4K or 8K - will likely find
their most successful application in the large-screen presentation of digital video for collective viewing under controlled conditions, in suitably equipped venues such as
auditoria, cinema-like halls and similar places. No doubts,
museum is one of those venues. 4K is quite realistic to
use at once, 8K expects its future implementation.

Due to the excellent spatial resolution, 4K video can
provide different manners of museum’s objects digital
representation. Among them are the detailed visual representation of small-sized objects shot with extreme closeup, general and aerial view of gardens and architectural
ensembles, combination of the visual and textual information on a single screen view. It should be mentioned that
there are the possibilities to present the images of extrahigh scanned art paintings in 4K. All manners may be implemented in a few media presentations scenarios.
Media Presentation Scenarios
Coming from the television industry, at least three scenarios of media delivery and presentation – broadcasting,
narrowcasting, personalcasting - embrace now new domains of applicability.
Broadcasting essentially is sending a message that
will please (rather to annoy) the most possible groups
of people. Media presentations are going in accordance
with the schedule in the way, which is known as “linear
broadcasting”.
Narrowcasting refers to the kind of broadcasting intended to stir a passion in a small number of people. Narrowcasting gathers individuals that share similar interests
or are physically located in the same restricted area for
whatever reason [12]..
Personalcasting is defined, for example in [13], as a
custom created, interactive sequence of stories that are selected based upon specific, individual user interests from
a variety of sources and presented in a form tailored to
the user preferences. Whereas a broadcast is disseminated
from one to many, a personalcast is one to one.
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Fig. 2. Example of spatiotemporal composition

In the museum environment visitors are gathered from
all over the world and form a transient community lasting
a short period of couple of hours. In this context, all of the
scenarios mentioned above may be implemented in museums to provide the best services for the audience.
The broadcasting scenario (B-Scenario) can be used
to cast the content to the non-defined group of visitors on
one or more large screens placed in a museum’s central
locations such as lobby, entrance zone or cafes. Examples
of content are the schedule of exhibitions, common announcement about forthcoming events, commercial and
social advertising. The content itself and its presentation
schedule are prepared and initiated by the media administrator of a museum.
The narrowcasting scenario (N-Scenario) can be
applied to cast the content on a large screen for the
group of visitors, located in a particular hall or near any
museum specimen. The screen, on which the content
is presented, must be located here as well. The content
refers to the exposure in the hall or to any museum
specimen. Presentation is initiated by the group guide,
not on the hard time schedule, but on the moment
when the group enters to the hall. Thus, this is a kind
of interactive narrowcasting.
The personalcasting scenario (P-Scenario) is intended to media consumption by any individual, who makes
a personal choice of content and time to view it. In the
museum, usually crowded, it’s hard to imagine how you
can use the large screen, wherever placed, for an extended
time to see and hear the “personal” media. With the advancement of today, the best way to view the personal
content is to use mobile gadgets with wireless access. The
visitor is free to choose any kind of content – whether it is
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a schedule of exhibitions, common announcement about
forthcoming events, or explanatory video/audio about any
museum specimen.
Spatiotemporal Compositions in B/N Scenarios
Introduction of mediaservers from the TV industry into
museum’s ecosystem provides new visual possibilities
for information and knowledge dissemination for visitors.
First of them is to use the concept of “channel branding”
for spatiotemporal composition of different types of content - video, audio, textual. All types of content may be live
or recorded. Textual narratives can be audible or visible
on the screen in different languages for different groups of
visitors by the guide’s choice. All kind of spatiotemporal
decision may be stored as a pattern and reused for another
content to present it in such a way. And, most importantly,
mediaserver is ready to sequential play of adjacent compositions immediately after loading of playlist with them into
mediaserver, without long-time rendering to file. A example of spatiotemporal composition is shown in Fig.2.
This is the moment to say once again about the important role of the explanatory text. As argued in [3], the
new and emerging technologies have a vital role to play in
portraying the biographies of objects within the museum.
Digital objects and narratives about them should be documented and presented to museum visitors, in the same
way that museum professionals catalog the object’s means
of creation, materials or location of origin.
Content Flow Infrastructure
The infrastructure schematic shown at Fig.3 has two
sides for content delivery and presentation around one
mediaserver or a cluster of them in the center.
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Fig. 3. Content flow infrastructure

Left side is a “Broadband”, right side is a “Compressed”. At the broadband side content signals are originated from HDMI interfaces of mediaserver, transmitted
via 4K-compatible routers, distributors and other HDMI
devices. The compressed side is an area of H.264 or
H.265 video streams being originated from Ethernet GigE
ports of mediaserver, routed in unicast or multicast manner via QoS-enabled IP network to the end-of-chain apparatus, capable to decode compressed video. First of them
is a combination of a Set-Top-Box (STB) and a monitor,
shortly connected via HDMI cable. The second one is a
TV that features UHD decoding capability of HTTP live
streams. For the recorded content, intended by presentation at the N-Scenario or video-on-demand (VOD), using
the STB with the personal video recording (PVR) feature
is recommended. The engineering ideas for the Broadband
side are from Digital Signage solutions. The infrastructure
of the Compressed side is inspired by Internet-Protocol
TV (IPTV).
Most of devices included in content flow infrastructure
are mature and ready to use from the shelf.
The market is crowded by offers of 4K displays of
different sizes from the vendors of consumer electronic
and professional broadcast equipments for the price of
HD devices. As for TV’s, the newest series from leaders
of consumer market support 4K TV with HDMI 2.0 18
GBps throughput to maintain the highest level of UHDTV
4K@50/60 fps with 12 bit 4:2:2 color sampling.
Advanced solutions from set-top box manufacturers are available to integrate HEVC and Ultra HD 4K
technologies in a cable, satellite, terrestrial digital broadcasting and IPTV applications for streaming content
to multiple connected devices over wired or advanced
802.11ac Wi-Fi.

The key question is to install the 4K-ready media server as a core of the system to manage new content in the
museum’s digital ecosystem. At the last major exhibition
of broadcast and media achievements NAB-2015, some
of the leading companies have shown their results in the
mediaservers development. One of them was the company
Skylark Technology with the new SL NEO server models
working in Ultra HD 4K formats with High Frame Rate.
The I/O interfaces are realized in the formats 4х 3G SDI
and 6/12G SDI. New servers work with 25/30/50/60 fps
during playback and recording simultaneously. The whole
function set in a framework “Channel-In-A-Box” is supplemented with encoding to H.264 and HEVC (H.265) for
IP-streaming in UHD resolution. The multilayer graphic
design in UHD resolution is formed by the server itself,
overlaying graphics is implemented both during the file
playback and when working with live sources both broadband or compressed.
Of course, each device can work fine sometimes to be
coupled with a few compatible neighbors, often from the
same vendor. Although, there will be a plenty of space for
engineering solutions to glue it together both in the broadcasting industry and in the museum’s digital ecosystem.

Conclusion
The concept of 4K video is not only about the picture
resolution, colour and motion reproduction fidelity. This
is about to create 4K media management as an integrated
part of the museum’s ecosystem. 4K video gives the opportunities, but reengineering of the museum’s information system is required to support acquiring, management,
distribution and presentation of a 4K content alongside
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with the inherited one. This process will not be painful in
case of using the proven experience from the media production and broadcasting industry, where seamless transition to the new media formats without breaks of workflow
happens periodically.
Technological issues are inevitable but the content is a
king in any media system and in the museums too. In this
context it is important to understand, whether museums
are ready to accept the 4K technologies and to develop the
appropriate contents for further own “upgrading”. Thus it
is important to bear in mind that 4K content created will
be suitable for multiple repurposing in UHDTV broadcasting, in digital cinemas, exhibitions and festivals.
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In 2014, the State Museum of the History of Reli
gion organised the first Internet Festival of Museum
Multimedia - “ Museum Geek”. 44 museums from
Russia, Ukraine and Belarus participated in the com
petition. Joint projects with Finnish museums were
also submitted.
We believe that the museum multimedia projects
that were submitted to the competition allow us to an
alyze some aspects of repeated use of digital resources
in new digital projects
The State Museum of the History of Religion is a
Russian-wide research and methodology centre within the
Ministry of Education of the Russian Federation working on the problems of museum religion studies. Each
year the museum holds regular seminars, internships and
conferences on various problems of religion and museum
studies, including questions about implementing and using digital technologies in museums. To organize this research and methodology work in the field of digital technologies, the museum has chosen the format of an internet
festival. This format allows remote studies of the practices of Russian museums in the field of museums’ digital
programs and allows participants to make some general
conclusions based not only on their own experiences.
In 2014, the State Museum of the History of Religion
organized the first Internet Festival of Museum Multimedia - “Museum Geek”. 44 museums from Russia, Ukraine

and Belarus participated in the competition. Joint projects
with Finnish museums were also submitted. 71 applications were submitted for 5 categories of the competition
(‘digital collections’, ‘multimedia for exhibitions and collections’, ‘educational programs’, ‘programs for people
with special needs’ and ‘museum advertising and PR’).
Completed projects on free topics were also submitted
for the competition. Museums with different specialties –
historical museums, museums of local history, art, natural
history and science, museum preserves of landscape and
architecture and departmental museums - presented their
programs. The archive of the festival (including competition requirements, a list of jury members, links to all
competition projects and other information) is available at
http://gmir.ru/special/seminar/gik/.
We believe that the museum multimedia projects
which were submitted to the competition allow us to analyze some aspects of repeated use of digital resources in
new digital projects. In our opinion, the trends in this use
are as follows:
1. The existing museum databases can only partly
be used by museums to create new publicly accessible
multimedia applications. Despite the fact that the principle of one-time data input with subsequent repeated use
of this data has been the main principle since the first museum databases were developed, experience shows that
information is not universal and specialists need to digitalize the museum archives again or even many times.
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Fig. 1

Fig. 2

Fig. 3

Fig.1-3 – screens of the different museum multimedia programs – participants of the “Museum Geek “
Festival

2.Digital materials, created during the development
of multimedia applications for museum visitors, can and
should be used to augment the general museum databases, including internal databases.
The materials of the first year of the festival, “Museum Geek”, gave us several examples of the databases
practically usage in a direct way with the minimal corrections for the online users. Such projects participated
primarily in the category ‘digital collections’ and were
digital electronic catalogues (collections-, themes- or
region-based). The jury believed that the most interesting projects in this category were integrated resources
– that is, joint catalogues of several museums. The
website ‘Museums of Jugra: regional digital catalogue’
was the winner of the category. An important part of
the website was a joint regional digital catalogue of
museum objects and collections, which was updated
once a month. More than 30 museums have taken part
in the projects at the moment.
Museum information system ‘Open Karelia’ (National museum of the Karelia republic, Petrozavodsk) was
another integrated resource at the festival, aimed at universal representation of information and its repeated use.
This system, its developers believe, is interesting both to
visitors and to the museum workers. At the moment the
system is a cooperation of 8 museums of Russian and
Finnish parts of the Karelia region. The program runs on
the open platform Geo2Tag. The unique feature of the
program is the technical possibility of representation and
development of individually tailored educational and cultural programs and of tourist routes.
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Information, catalogues and modules of the system
can be used by independent developers to create new services (games, multimedia-guides etc.). This possibility
was demonstrated during the Festival “Museum Geek”.
The category ‘programs for people with special needs’
was won by the project of museum information system
Open Karelia for people with hearing problems. This is
a demo-version of a barrier-free environment for people
with disabilities, which allows visitors to the National
Museum of the Republic of Karelia to choose their itinerary themselves, find their way on their own and listen to
texts about museum objects, that are not included in the
usual audio-guide program.
Several of the projects which were presented at the
festival use catalogue images of museum objects to create interactive games. For example, the exhibition program ‘Curiosities of Cherdyn’ (Pushkin Museum of Local History, Cherdyn) contains not only the catalogue of
museum objects with brief descriptions and explications,
but a game as well, where the players can put together an
image of a museum object using several pieces. A demo
clip of the interactive program, which was developed for
the museum collection, was presented at the festival.
A similar scenario have been implemented by another museum for an online project. Internet-app ‘Open
the gates’ (The Novgorod State Museum Preserve) contains both an electronic catalogue and a puzzle game. The
project’s main idea is to introduce the Magdeburg Gates
of the Sofia Cathedral to the wider online audience. This
monument is well-known in Novgorod and is part of all
touristic routes, but at the same time its significance and
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value is still only known to a small number of specialists.
The bronze Roman gates of the main west portal of the
Cathedral consist of 26 panels with reliefs representing
Biblical motifs, historical figures and symbolic images.
The App contains a puzzle game with various levels of
difficulty. The puzzles contain all of the motifs which feature on the reliefs of the gates.
Several programs, demonstrated at the festival, belong to the popular museum genre of multimedia movies.
These are slide shows that use catalogue images, animation and music (or original text). Several programs of this
type (‘Museum life in posters’, ‘Museum collections’,
‘Secrets of Astrahan Kreml’) were demonstrated at the
festival, for example, by the Astrahan State Joint Museum
Preserve of History and Architecture.
Among the most interesting programs were animated
computer videos, created by using images of museum
objects and children’s art. The visitor approach to the
museum collections, informal character and the charm
of children’s interpretations won over both the wider
audience and the museum experts. The nomination
‘Museum advertising and PR’ was won by an animation of paintings and drawings from the archives of the
Art Museum of the Republic of Karelia, created by the
participants of the studio ‘Clouds’ for the exhibition ‘All
900 days of the Siege’. The exhibition was held at the
Art Museum of the Republic of Karelia (Petrozavodsk).
The program was used to promote the exhibition online. The special prize of the festival was awarded to the
show ‘Museum objects brought to life’. Seven animated
films told funny stories about museum objects from the
collection of the Jaroslavl Museum Preserve. The project
was created by collaboration between museum staff, children and teachers and was demonstrated both online and
at the museum at the ‘Museum Night 2013’.
The materials of the festival “Museum Geek” have
showed that in many cases developers of museum multimedia have to digitalize museum objects specifically for
their projects and cannot use the already existing museum
information resources. The insufficient amount of data in
the joint museum database is a problem caused by several
factors, such as:
1. Not all museums have even nearly fully digitalized their collections.
2. New easily accessible digitalization technologies
appear and they allow the creation of impressive multimedia programs.
3. Sometimes the existing digital materials are not
suitable for implementing new ideas.
An example of a relatively new easily accessible technology is panoramic photography and video, which is
used on a large scale to demonstrate online museum exhibitions, collections and architectural complexes. Digital
imaging is very attractive for museums: 15 virtual tours
were demonstrated at the festival. Despite such ubiquitous
choice of technology, however, each tour has some unique
features. Only one of the panoramic programs - the ‘Afgan Museum 360°’ - runs on high speed and has high
resolution.

Only in virtual tours were the objects linked to real
maps (for example, the project of the Irkutsk Museum
of Architecture and Ethnography ‘Taltsy’ was linked to
Google Maps). Only the panoramic project ‘Virtual tour
of the Kirill-Belozer Monastery’ allowed users to change
audio settings of the audio part of the tour (by using
‘stop’, ‘play’, ‘pause’ and ‘rewind’ buttons). Another tour
– ‘The House with a Lion’ – had the option to pause the
audio track. The panoramic program ‘Virtual tour of the
Kirill-Belozer Monastery’ presented a creative solution –
it showed the panoramic view in different seasons. The
project was highly praised by the experts and received a
special prize at the festival.
As for the filming and photographing of architectural
complexes, one should also point out the new possibility of using quadrocopters: they show a bird’s-eye view,
unavailable even for actual museum visitors. Such videoand photo-shoots were conducted by museums for projects such as ‘Virtual tour of Kirill-Belozersk Monastery’
(Kirill-Belozersk Museum-Preserve of Architecture and
Art) and virtual tours ‘People of Vologda in the History of
Russian America’ (Vologda State Museum-Preserve).
It is important to point out that the search for an interesting camera angle is a very important factor, which
often plays a role in the decision of the multimedia developers to re-digitize the museum material. A new camera
angle can become a starting point for a different interpretation of a museum object. This was the case, for example, with the project ‘The Carriage of the Children of
the Imperator Alexander the Second’ (The State Museum
of History), which was awarded the prize in the category
‘Multimedia for exhibitions and collections’ at the festival
“Museum Geek”.
The program was an important addition to the museum artefact: it showed the visitor a new internal viewing angle, which was otherwise unavailable. Notably, the
project used all types of modern high quality technology
(it uses high quality video and photography, virtual panoramic views and is mobile-friendly).
To conclude, we would like to reiterate the idea of
augmenting the museum database by digitalizing museum
objects as part of medium-sized multimedia development
projects for temporal exhibitions and similar museum projects. The principle ‘input once, use repeatedly’ is also
valid in this case. Digitalizing as part of a local project
partly compensates for the constant insufficiency of data
in the joint museum database.
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izi.TRAVEL Audio Guide by IZITEQ is a multi
lingual storytelling platform that features over 1500
unique audio tours of more than 300 cities worldwide,
as well as over 500 museums [1]. The new no-cost app
also allows virtually any individual, group or organi
zation to create a unique audio guide to enrich the ex
perience of tourists, visitors and patrons.

Introduction
Each day, millions of tourists around the world find
themselves in a new city, and ask themselves the same
three basic questions: “Where should I go?”,“What should
I do?”, and “How should I get there?” Well, now instead
of spending hours staring at books and screens, regular
tourists can instantly turn into extraordinary travellers,
thanks to the innovative new and cost-free app: izi.TRAVEL Audio Guide [2].
Created by IZITEQ and available on the App Store,
Google Play, and Windows Phone Store, izi.TRAVEL–
which is pronounced “easy travel” – is a multilingual storytelling platform that features over 1500 unique audio

tours of more than 300 cities worldwide, including destinations in The Netherlands, England, Scotland, Greece,
Germany, Spain, Ireland, Russia, Italy, Austria, Australia
and several other countries.
All kinds of tourists – including individuals, couples,
families, small groups, and large gatherings – simply
launch the audio guide that captures their interest, and listen as a local storyteller comes alive on their smartphone
and points them at the “hidden gems” nearby, in their
language. Enhancing the experience are integrated maps,
videos, text, pictures, quizzes, and the app’s tourist-driven
rating and review system. In addition to that izi.TRAVEL
features over 500 museum guides, which make it indispensable for tourists who want to get the most out of their
cultural experience.
Moreover tourists who are worried about costly roaming charges have nothing to fear, because izi.TRAVEL
features a smart offline mode. As such, they can download
the audio guides before they start their journey and enjoy
them when they reach their destination.
Users can indeed launch their audio guides wherever they are and forget about their phones. GPS triggering will play the stories at the right place in the right
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Fig. 1. Screenshot of izi.TRAVEL web site for end-users (B2C) [3].

Fig. 2. izi.TRAVEL app on iPhone, Android and Windows Phone.

time, while they enjoy the view. izi.TRAVEL multimedia
guides can also be opened on each smartphone thanks to
an integrated QR code reader and visitors can easily share
the content the like with family, friends, fans and followers via the app’s built-in social media buttons.
At the same time, izi.TRAVEL enables millions of
people around the world to share their love for a specific
city or destination; whether they happen to be residents,
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professionals, or ordinary tourists who have come across
something exciting. This means that museums, heritage
organizations, cultural associations and other groups, can
easily create content that enriches the experience of their
guests, visitors and patrons, for free.
“We strongly believe that great stories significantly
improve travel experiences and museum visits, because
they help people learn about new places and cultures in
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Fig. 3. Happy traveller using the izi.TRAVEL app.

Fig. 4. Screenshot of izi.TRAVEL web site for professional users (B2B) [4].

an extraordinary, memorable way,” explains Alex Tourski,
CEO of the company. “Our app is like having a trusted
friend at each new destination who can’t wait to share
his unique stories about the place he loves! Finally, tourists can stop staring at books and screens, and truly enjoy
what’s around them”.
izi.TRAVEL Audio Guide, the innovative app that
turns ordinary tourists into extraordinary travellers, is free

and is now available on the App Store [5], Google Play
[6], and Windows Phone Store [7].
Additional app information, including a demo video,
is available on the web site [3] (Fig.4).
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Fig. 5. izi.TRAVEL app ”Museum mode” features.

Fig. 6. Slide from MuseumNext conference [8].

Using Izi.Travel Platform By Cultural
Institutions
The mobile technology revolution has forced cultural
and tourist institutions to consider the development of
specific mobile apps in order to provide travellers with diverse multimedia information. As a consequence to this,
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museums, cities, archaeological sites, as well as most
tourist attractions spend most of their budgets on the development of the apparently similar apps.
izi.TRAVEL suggests a different, cost-efficient approach to this issue, inviting cultural institutions to:
• stop allocating their resources in technological
development and maintenance and focus on pro-
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ducing high quality content, which could be spread
through free and open platforms, just like izi.
TRAVEL
• co-operate and create synergies, in order to offer travellers a holistic city-wide experience while
enabling them to use one single interface for city
attractions and museums.
• retain full rights and control over their content,
by uploading it into open and free platforms.

About IZITEQ
IZITEQ is a multinational Amsterdam-based company
founded in 2011. The company develops infrastructures
that provide heritage institutions and independent content providers with a no-cost and open mobile audio guide
technology, that makes exploring museums and cities
more inspiring and enriching for visitors and travellers.
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Fig. 1. Graph of the multipurpose hardware and software system of New Stage
of Alexandrinsky Theatre.

The use of various information, communication
and multimedia technologies in stage directing is con
sidered, illustrated by the multi-task creativity support
firmware complex of the New Stage of Alexandrinsky
Theater.

Introduction
Recent trends of using information technologies for
various projects in culture and art have given the theater
and movie directors, contemporary painters, photographers and other creative professionals a new chance to expand the borders of their creativity.
The opening of the New Stage of Alexandrinsky
Theater, an innovative performing arts complex, took
place on 15 May 2013 [1]. One of the goals of the new
complex was to search for innovative stage solutions with
extensive use of contemporary multimedia technologies
[7]. A. Pushkin Russian State Academic Drama Theater
(Alexandrinsky Theater) cooperates with ITMO University in looking for these solutions.
In the process of working on the specific tasks and
searching for the IT solutions for several stage productions, as well as setting up the online broadcasting of the
programs, the experts from ITMO University have put together the Internet theater software and hardware complex.
The concept of Internet-theatre is multi-faceted, however, it is possible to formulate some directions of its development [4]:
• Various creative projects (shows, performances,
video art) that use information- communicationmultimedia and other technologies;
• Multi-stream online broadcasting of shows with
various interactive elements (vot-ing, chat, screen
management etc.);
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• Interactive performances with direct participation of internet users;
• An archive of previous stage productions with
the option of watching them online.
Currently, apart from providing technological background for specific stage productions (virtual scenography, use of customized firmware complexes, robots and
virtual avatars instead of actors etc.) we got involved in
a number of fundamental and experimental projects at the
junction of science, art and information technologies.
One of the most promising lines is the multimedia historic reconstruction of stage productions. Using a wide
range of historic archival data (photographs, scenography,
lightening plots etc.) we create a visual reconstruction
of a stage show, that is subsequently added to the reconstructions archive. This activity is a great instrument for
scholarly research in theatrology; it also allows to reconstruct a show on stage. One of the current projects is the
reconstruction of the first night of Chaika (The Seagull)
that was shown on the stage of Alexandrinsky Theater on
17 October 1896.

System of Multi-Stream Online Broadcasting with Interactive Elements
As the Internet theater concept was being implemented in cooperation with the New Stage of Alexandrinsky
Theater, two goals were set and achieved:
1. Introduction of a system of multi-stream online
broadcasting with interactive elements;
2. Introduction of a cross-platform user application
that lets the online audience to watch multi-stream online
broadcasting, with the option of interactive management
of the video streams.
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Fig. 2. Web Interface for Media Server Management.

To meet these goals, a number of conceptual and technological solutions had to be implemented, such as [2]:
1. to introduce the technology of broadcasting highquality media content, both in real time during the performance and in the playback mode for viewing the archival
recordings of the performance;
2. to use internal video broadcasting and archival
video recordings in the immediate course of the performance (virtual scenography);
3. to provide the solution for prompt and regular
coverage of the events in the theater, using media content
created within the framework of online broadcasts;
4. to present New Stage Media Center own pro
ducts (online and otherwise);
5.
to provide access to the online broadcasting of
the performances from a wide range of stationary and mobile platforms.

Server Part of the Media Complex
As the main media server, an HP ProLiant DL260 G7
computer was used for the system of multi-stream online
broadcasting, its main properties being:
Processor Intel Xeon X5650 (6 cores, 2,66 GHz)
Memory 24Gb (12*2 Gb DDR3 DIMM)
Form factor 1U
4хGigabitEthernet ports
HDD - 1Tb
Linux CentOS operational system was installed on
the media server; Wowza Media Server 3.6 with nDVR,
Wowza Transcoder and Wowza DRM extensions was
used as the software for the media server (Fig. 1).
One of the main reasons for opting for this particular
media server is that Wowza Media Server is empowered
to receive media streams of various types in real time and

to re-configure them to meet the standards of each user.
This feature of the media server allowed seamless interaction amid various software products that work on the platforms supported by the major streaming market players,
such as Apple, Adobe, Microsoft, Google.
Since the number and the configuration of the media
stream sources, as well as of the outgoing streams, tends
to change fairly fast, a media server management system
was designed; it includes a java extension of the media
server and an NGINX-based auxiliary web server that
provides the web interface [3].
The project accomodates the use of a variety of media
data sources:
• IP cameras located inside the Alexandrinsky
Theater building;
• External IP cameras;
• Web cameras of tabletop computers positioned at
various locations at the New Stage and outside it;
• Video cameras of mobile devices;
• Pre-recorded video reels;
• Video streams re-broadcasted from other media
servers;
• Other devices: frame grabbers, USB cameras,
TV tuners etc.
Using the system of the media server management,
the administrator can register, via the web interface, any
source of media data and thus make it available at the media server, as well as to promptly configure the set of outgoing video streams of required quality.
The management system of the media server includes
a set of functional modules:
• the module for registering the web addresses and
the properties of video stream sources; the module permits to incorporate new sources of video
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Fig. 3. Workstation of broadcasting administrator.

streams into the internet theater infrastructure, to
remove the redundant and re-configure the existing
ones;
• the module for forming, for each of the video
data sources, descriptions of video streams that are
to be broadcasted to the customer (user);
• the module that dynamically switches on and
off the broadcasting of video streams, as well as
switches on and off the video stream recording;
• the module that switches on and off broadcasting
of fragments of pre-recorded video broadcasts and
externally recorded video reels (video on demand),
or of a pre-set sequence of video fragments;
• diagnostic module for performing real-time polls
of external devices and displaying the diagnostic
messages on the streams and media server status.
The media server management was conducted via a
custom-designed web interface shown at Fig. 2.
The use of outgoing video streams, with their list and
properties being reported on request by the media server
management system as an XML description, is managed
by an independent synchronization server that works under Windows Server operating system. Synchronization
server lets the director (administrator) of the real-time
video broadcasting to see all the actual media streams and
archival video recordings, including the ones that are not
active at the moment of administration, but are intended
for use at a certain point in the future, as well as to connect them to a certain project in drag&drop mode. For
that purpose the experts from Design and Multimedia
Center, ITMO University, have designed the workstation
of broadcasting administrator that is used to manipulate
all the video and audio streams of the New Stage of Alexandrinsky Theater (Fig. 3) [5].
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Apart from administrating video streams, the synchronization server has the option of conducting online polls
and supports the web service for chat synchronization.
For the hardware platform where the synchronization
server, the required interfaces and web services are deployed, a server is used that is similar to the one where
the main media server is hosted, HP ProLiant DL360p
Gen8 (two Intel E5-2690 processors, 64Gb operative
memory, 4 HDD 300GB SAS 10Krpm, 4*1Gb Ethernet),
under OS Windows Server 2008.

“Multivision Player” - Interactive CrossPlatform User Application
Access to the content broadcasted via the media server
is provided through a player built into a regular browser
[8], the way it works at the modern video hosting sites,
such as You Tube. However, in order to effectuate all the
options offered by the media complex, a special “Multivision Player” was designed (Fig.4).
Our unique “Multivision Player” has a set of stan
dard, intuitive controls that encompass all the necessary
functions of a web player [6]:
• Playback Start/Stop/Pause -- to start, stop or pause
the playback of all streams. During a direct live
broadcasting, the pause automatically activates the
TimeShift mode, which allows the user to resume
watching from the stopping point, or, by clicking
the Broadcast button, return to the live mode.
• Viewing of the actual playback time, in the form
of a time code and progress indicator;
• Viewing the total length of the reel (when an On
Demand recording is played back) in the form of a
time code;
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Fig. 4. Multivision Player interactive cross-platform user application.

• Viewing the download status, through the element that displays the downloaded info on the progress bar;
• Sound volume control – volume up/down, sound
on/off. This works even if the sounds comes from
several sources simultaneously;
• Full-screen player mode – viewing the current
layout in full-screen mode;
• Besides, “Multivision Player” offers a wide
range of additional unprecedented (interactive) options for viewing multi-stream broadcasts, such as:
• Switching between various layouts – by pushing
special buttons, the user can select the most interesting viewing mode (apart from viewing the footage from a camera located within the stage area,
the professional Director’s Stream can be selected
in one of the player’s windows);
• Enlarging a screen within a layout: while viewing a layout that includes one big screen and several smaller ones, the user can enlarge a smaller
screen to the size of the big one. The big one will
downsize respectively, and the screens will change
places;
• Free transformation mode – the user can position the screens anywhere within the workplace,
customize the size of each screen, create his own
layout.
Besides, if the broadcast administrator activates the respective option, “Multivision Player” provides support of
a polling system and of a chat for interactive broadcasting.
The firmware complex allows stage directors to open
new gateways on merging various types of media content on stage and to enlarge their audience through online
broadcasting.

This work was supported by the project Multimedia
Information System “Multimedia – Reconstruction of a
Stage Production. First Night of The Seagull at the Alexandrinsky Stage, 17 October 1896” (Grant 15-04-12036,
Russian Foundation for Humanities).
This work was partially financially supported by Government of the Russian Federation, Grant 074-U01.
This work was partially financially supported by
Saint-Petersburg State University development program.
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The possible technological solutions for Internettheatre are discussed on the example of the New Scene
of Aleksandrinsky theatre in St. Petersburg Web-por
tal. The Portal provides a virtual laboratory for thea
tre companies that use digital technologies as an in
strument for their creative activities.

Introduction
Internet Global Net, created as a highly professional
environment, became an integral part of the lives of most
of our contemporaries during the last 10 – 15 years. And
probably it’s the theatre – as a very special, synthetic form
of the performing arts – is the sphere where net environment usage can become not just an instrument, but the basics for new creative formats realization.
What do we mean speaking about “Internet-theatre”?
Evidently, we don’t mean just a professionally composed
video record of a performance review. But even this for-

mat gives a fantastic opportunity that we haven’t possessed just 15 years ago. Hundreds of millions of people
can at least virtually (though with natural perception limits) become “distant spectators”. The new quality – compared with the archive record supply – can be provided
by the stage production translation in the regime of live
video streaming. We can think about the advantages of
this translation compared with a quality record playback
that can be done after editing (the next day or even a week
after). We are not going to discuss the psychological aspects of the direct translation effect, because theatre is a
specific sphere of performing arts and many typical clichés cannot be applied. The live video streaming becomes
a necessary condition for the stage director’s ideas realization for experimental performances with the obligatory
spectators interactive participation [1]. One of the famous
examples is a performance with the branching story where
the opinion of both present in the theatre and virtual spectators is taken into account. Also the performances with
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ing theatre projects as well. For this purpose the portal,
based on the “Theatre Workshop” project, was developed
and put into operation in 2014.
The theatre production, master-classes and lections
performed on the New Scene supposes the real-time video
translation active usage or video recording. In the second
case all data are stored on the Wowza video server and
can be used for the presentation on the creative projects
pages. The portal “Virtual Lab” is discussed as a technological platform providing creative and educational processes. The portal provides the creative companies with
virtual areas where the materials in different formats of
media, including the multistream online broadcast, can be
presented.
Technological aspects of video broadcasting

distant spectators or actors, connected with the help of
translating the corresponding video mobile devices can be
mentioned.
Whatever is the dictated by the stage director conception internet-performance format, the user can reach it
through the theatre web-site. From the point of view of
the site developer the standard categories of information
(repertoire, staff, affiche) should be supplemented by
functional modules providing the interaction with the infrastructure elements (media-storage, ip-cameras, mobile
devices etc.) and, in case of interactive performance, the
communication with the spectators.
The possible technical solutions for Internet-theatre
are discussed on the example of the New Scene of Aleksandrinskyi theatre in St. Petersburg (Russia) Web-portal,
which design project and technical realization were the
authors’ task.

Portal for the New Stage of Alexandrinsky Theatre
The oldest drama theater in Russia – Russian State Academic Drama theatre named after A. S. Pushkin (Aleksandrinsky theatre) – is the leader among the new media- and internet technologies implementing theatres. The
New Scene was created in the last few years as an experimental area for the new creative ideas of young stage directors and actors realization. The New Scene is a hi-tech
theatre and educational complex. The specific features of
the New Scene company activities and the processability
of many performances, created on the New Scene, have
set before the developers the task of Internet Global Net
usage for providing not only the results of the creative activities presentation, but as an environment supporting the
specialists in the sphere of theatre art creative process and
the realization of new media-and internet-technologies us-
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The realization of each of the mentioned formats of
the performance presentation in Global Net needs the corresponding technical solutions. The small video archives
that are not designed for simultaneous wide access, usually are published by the theatres with the usage of one of
the free video services (youtube, wimeo еtс.), and it can
be recognizes as a merely effective solution. For the storage, control and output in the video on-demand regime
of significantly large media archives and also for on-line
broadcasting other solutions are necessary: the usage of
a paying cloud video-service or the realization of an own
video-hosting. In this case the platform should support the
video streams publishing from media server, IP-cameras,
mobile devices, encoders or transcoders, and also provide
their transportation on different client devices: desktop
computers, mobile devices, digital TV-sets.
For the New Scene Internet-performances realization
an own video hosting based on the Wowza Media Ser
ver was created for the portal. One of the most important
problems solved during the portal development was its integration with the technologies, providing internet broadcasting, and, particularly, multistream online broadcast
of the performances. The mechanisms of interaction with
video server Wowza Media Server, providing processing
of volume video archives and online broadcasting were
developed.
As for today there is a demand for the video broadcasting using the different possibilities of the theatre infrastructure, such as: monostream records broadcasting,
multistream records broadcasting, monostream real-time
broadcasting, multistream real-time broadcasting.
The theatre possesses a developed technical structure
for the on-line video broadcasting, that includes a few
dozens of IP-cameras, file storage resources, a professional media studio, high-speed network. On-line broadcasting in the real-time regime can be processed by media
studio, that outputs a single preformed stream, or by the
Wowza Media Server.
Systems
The Wowza Server allows to organize multistream
broadcasting both directly from the cameras and from the
file storage.
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Multistream broadcasting is based on the complex,
developed by the ITMO University employers and including working place for the broadcasting administrator
and multivindows multistream player [2]. Using the
broadcasting director working place, the broadcasting
administrator has the possibility to choose the streams
that will be used by multistream player for broadcasting
of a certain project.
Portal as a single entrance point
Portal is a single entrance point for the spectators, creative companies of the New Scene projects, stage directors, content-managers and technical staff providing the
performance video broadcasting.
The portal development based on CMS Drupal not
only provides the functionality of client interfaces and the
administrators and content-managers effective work, but
also allows to solve the nontrivial tasks of different platforms interaction.
Content-manager, beside the typical task of working
with content, can also work with media data storage. Director of the broadcast has access to a special dashboard
for choosing of video streams from IP cameras, web cameras, smartphone cameras etc. for the broadcasting. The
data exchange between Portal API and the infrastructure
elements (media data storage, dashboard of the director
of the broadcast, mobile application) is carried out on the
XML metadata level.
The complex of solutions realized in the portal development provides the comfortable work places for admini
strators and allows the spectators the possibility of records
from media archive playback and the performances direct
broadcasting.
This work was partially financially supported by
Government of the Russian Federation, Grant 074-U01.
This work was partially financially supported by
Saint-Petersburg State University development program.
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Describes the main interactive and immersive tech
nologies and examples of their usage in the arts and
culture.

Introduction
1.

Problems of culture and arts:
• Advanced user;
• Greater involvement in business relationships to
enhance the economic independence;
• Accessibility and diversity of presentation of
museum collections;
• Enhancement of cultural space.
2. Technological problems:
• Interactive experiences;
• Multisensory stimuli;
• Collaborative work.

Interactive and Immersive Technologies
Let’s consider the basic Interactive and Immersive
Technologies (IIT) that are used by the authors [1].
1. Virtual reality/worlds (VR/VW):
• immersion into artificial environment;
• movement in a world with 6DOF and interaction
with its objects in real time;
• human behavior modeling based on real-world
physics and artificial intelligence;
• usage of various characteristics of a person physical, sensorimotor, etc.
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2. Mixed reality (MR) - augmented reality/virtuality (AR/AV): addition of human perception of real or virtual world respectively by virtual or real objects.
3. Multiuser VW/MR (Collaborative VW/MR):
• each visitor is represented by special network
object-avatar and see other users;
• actions performed by users in virtual world are
synchronized and visible to everyone.
4. Multimodal interfaces: support of communication with VW/ MR using more than one modality such as
voice, gesture, touch, movement of the head and body, etc.
5. Adaptive interface (personalized interface):
changes in the properties of the VW/MR (presentation,
navigation), depending on the user’s behavior.
Areas of research and development IIT:
• Interactive 3D (i3D) models of objects and
events with contextual information.
• Interactive and immersive 3/4/5/6 D representations of objects and events.
• Modern guides (navigators) presenting historical
cultural information about surrounding objects.
• Serious massively multiplayer online games
with elements of geopositioning and augmented
(mixed) reality.
• Interactive electronic technical manuals, 3/4D
passports.
• Electronic educational resources, etc.
• Fields of application – Culture, Cultural tourism,
Art, Education, Science, Entertainment, Advertising, etc.
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Fig. 1

Fig. 2

Fig. 3

Examples of Projects
Interactive and Immersive Theatre
1. Purpose - Creation of models’ database for theatrical stages and Russian performances to support preservation and promotion of Theatre Arts.
2. Team - Alexandrinsky Theater, State Theatre Arts
Academy, ITMO, SUAI.
3. Solutions:
• i3D model of stage and auditorium;
• i3/4D model of “Masquerade“ performance;
• Interaction with the model based on gestures;
• Augmented reality component shows information about recognizable points of interest (single/
multi-image).
4. Usage:
• Previsualization of a stage and a performance;
• Scientific historical reconstruction;
• Performance and / or games in mixed reality;
• Teaching and the creative process;
• Printed materials based on augmented reality, an
appearance of artists and an audience.
• Screenshots of models are shown in Figures 1-3.

Historical
Fortress
1.

Reconstructions

of

Yam

Purpose:
• Preservation and promotion of historical information about the lost object of cultural heritage;
• Resource for economic and social development
of the region (cultural tourism).

2. Team - Museum Agency of the Leningrad Region, Historical museum of Kingisepp, SUAI, Institute of
History of Material Culture RAS, IBRD.
3. Solutions:
• i3D models of fortresses and warriors (XIY- XYIII centuries);
• Interaction with the model based on gestures;
• Augmented reality component shows information about recognizable points of interest (single/
multi-image);
• 2D multimedia information system.
4. Usage:
• Virtual audio-visual excursions;
• Extension of museum exhibitions;
• Historical game in mixed reality;
• Historical research, educational and artistic
reconstruction;
• i3D Theatre for 20 persons.
• Screenshots of models are shown in Figures 4-6.

State Museum of the History of Religion
1. Purpose - Demonstration of religious buildings
of cultural heritage and Cultural tourism.
2. Solutions:
• i3D model of the Temple of Apollo;
• i3D Church of the Holy Sepulcher;
• Multimedia information system.
3. Usage:
•
Extension of museum exhibitions;
• Religion of Ancient Greece (Delphi);
• Christian relics on the Holy Land;
• Virtual audio-visual excursions;
• Historical
research
and
educational
reconstruction;
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Fig. 4

Fig. 5

Fig. 6

• Free walk;
• Quiz;
• Versions - electronic kiosk and CD ROM.
Screenshots of models are shown in Figures 7-8.

Key Benefits
1. Complete perception of an object;
2. Direct formation of individual and collective
experience;
3. Opportunity of knowledge purchase by ways, inaccessible in the real world;
4. Visual,
voice,
text
and
nonverbal
communications;
5. Active use of person’s sensor and motor
characteristics.

Fig. 7
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Various aspects of using information and commu
nication technologies for the reconstruction of the for
mer performance venues and respective performances,
as well as for the conservation of current stage shows,
are analyzed.

Introduction
A stage performance unravels within a spacetime continuum not just as a meaningful interaction of stage characters, but as an empathic exchange between the stage and
the audience, as the public that embraces the story. Thus

the artwork of a play exists in a 3D space only, and only
at the moment when the piece is performed, as long as it
is not recorded on physical media. In order to preserve the
stagecraft, to pass on the stage production skills, to conceptualize and study the stage phenomena, it is imperative
to record and to reliably reconstruct the artwork of stage
performances in 3D models [1,2].
At the very dawn of theater studies, Prof. A. A.
Gvozdev, a representative of Leningrad School of Art History, spoke in favor of precise 3D reconstructions of the
historic performance venues and respective performances;
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Fig. 1. Theatron interface with hypothetical reconstruction of Lycurgan skene in main window and
Hellenistic skene in inset window [8].

he believed the method to be pivotal for the preservation
of the stagecraft of the past. In the 1930s the emergence of
3D dynamic models, scaled precisely to the dimensions of
real stages, marked a breakthrough in theater studies.
Modern reconstructions, based on the 3D modeling
technologies, go as far as creating an electronic virtual
model of a stage venue; the model of the original stage set
can be deployed therein, the positioning sequence can be
shown, solutions for scene and lights changes can be demonstrated, workings of stage equipment and positioning of
actors can be shown.
The modeling of a performance is done in several
stages [2,3]:
1. Modeling of the stage venue.
2. Modeling of the technical solutions (stage floors,
flying equipment, stage lightening system, upper and lower stage machinery);
3. Design of a dynamic model that recreates the
transformation of the stage venue according to the scripts,
determined by the technological capabilities of the stage
equipment;
4. Modeling of the auditorium, with the option of
changing the angle of perception to the one from any seat;
5. Modeling of the stage-set solutions, with the option of linking their elements to the space and the technological capabilities of the stage, in accordance with the
space planning of the show;
6. Modeling of stage-setting, i. e. of the positioning
and moving of the actors (models of their figures) in accordance with the stage director’s original script.
The model can be controlled through a custom-made
interface, synchronized with real controls and stage equipment control software (including the historic equipment,
recreated in accordance with archival documents and
charts).
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Prospects of Using Information and
Communication
Technologies
in
Stagecraft
There are various ways to use ICT to resolve creative,
engineering, educational and marketing issues that arise at
the various stages of the life cycle of a stage performance
[3-7], the main ones being the following [6]:
1. Theater education.
1.1. Reconstruction of theatrical heritage:
• offers a wide range of research data;
• supports interactive research within the virtual
domain, including the research into alternative
versions;
• Opens a gateway to substantiated interpretation
of various lost and destroyed theaters.
Одним из примеров в данной области является
проект THEATRON - Theatre History in Europe: Architectural and Textual Resources Online.
The overall purpose of The THEATRON Project to
apply emerging multi-media technologies, and in particular the potential of VR modelling, to explore new possibilities for effective teaching. Focusing initially upon the
history of European theatre, the Project has developed a
prototype multi-media module, which allows a new and
more effective means of teaching than has previously
been achieved (Fig. 1) [8].
1.2. Studies of the various components of the stage
production:
• Interdisciplinary cooperation within a single virtual domain;
• Full-scale virtual representation of various stage
sets; studies of all the factors that influence their
components;
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Fig. 2. 3D Model of the Main Stage of Alexandrinsky Theater.

• Design of customized models based on the data
from various digital libraries.
One of the examples is Virtual Theater Project. The
Virtual Theater Project studies the creation of intelligent
automated characters that can either enact an existing storyline or act in improvisational environments [9].
2. Stage planning and design.
The use of information and communication technologies in stagecraft is a key to preserving its consistency throughout the entire performance. This approach
provides creative scenery designers with new tools and
perspectives.
Planning the Mixed Reality Stage is a sample project
in this domain.
The Mixed Reality Stage is the sample application
scenario used within the mqube (mobile multi-user
mixed reality environment) project. It is based on a
new innovative concept for supporting collaborative
planning meetings using Augmented Reality (AR) technologies [10].
The introduction of mixed reality is a major breakthrough in stagecraft, for it provides the following
solutions:
• Merging of real and virtual objects in order to
overcome the individual limitations of real and virtual environment;
• Giving several users access to creative planning
of stage performances and to flexible experiments
with various ideas;
• Assistance in finding the solutions for expressive
planning, such as allocation of objects in space and
time;
• Introduction of a mechanism for enlarging the
physical space of the stage venue.

Reconstruction of the Main Stage of
Alexandrinsky Theater
ITMO University and Laboratory of Computer Graphics and Virtual Reality (St. Petersburg State University of
Aerospace Instrumentation), in collaboration with Alexandrinsky Theater [2,3] have created a reconstruction of the
Main Stage of Alexandrinsky Theater (Fig. 2).
To create an authentic virtual reconstruction, record
drawings of the stage and the auditorium were used, as
well as the technological layouts for stage equipment at
various times in history and technological documentation
for the Theater reconstruction in 2006.
The reconstruction project focused on the production
of The Masquerade by Vs. Meyerhold (1917) (Fig. 3-4).
The modeling of stage design included:
1) Modeling of pieces of scenery (backdrops, praticables, furniture, props and accessories) designed by A.
Y. Golovin, based on photographic data and measuring of
the preserved artifacts;
2) Linking of scenery, furniture and props to the
stage plans, according to the original planning, as recorded in the archival data (A. A. Bahrushin Central Theater
Museum; Russian State Historic Archive);
3) Construction of a dynamic model of scenery and
lightening change;
4) Construction of static models of the actors’ figures in stage costumes designed by A. Golovin;
5) Chartering the pathways of the characters’ moves
in accordance with the setup by Vs. Meyerhold (based on
archival sources) in each of the 10 scenes of the production;
6) Adding the option of changing the angle of viewing the stage objects (moving within the auditorium, shifting to the stage and even backstage).
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Fig. 3. Archival Reconstruction of Vs. Mererhold’s production of The Masquerade (1917).

The resulting pre-visualization of the authentic performance on the real Alexandrinsky Theater stage allowed to [2,3]:
• Use the experience of 3D reconstruction as the
prototype for designing the interface for the control of stage action (which is the practical function
of the stage director);
• Use the resulting controllable 3D model as a
kind of a simulator stand to train the students who
study stage direction and stage design.
The use of the resulting model of the Main Stage of
Alexandrinsky Theater for academic and creative purposes opens certain indisputable perspectives:
• It boosts creative thinking;
• It allows to try out various staging and planning
solutions;
• It allows to forecast mise en scene solutions prior
to a rehearsal.
The use of the special method of working with the
model improves the quality of compositional and technological solutions for the production. This approach reduces rehearsal time, encourages to search for the most
efficient artistic methods.
Besides, the use of this technology of interactive immersion (the model has the options of gesture control and
of collective work on the prospective performance) leads
towards in-depth and imaginative understanding of the
stagecraft of the past, towards meticulous visual studies of
the drama heritage, with the perception of both the ideology and the technology of the work on those performances
that have not been visually recorded.
The method of reconstruction of stage venues and performances created and tested by our team will be used for
the project Multimedia Reconstruction of a Stage Pro-
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duction. First Night of The Seagull at the Alexandrinsky
Stage, 17 October 1896 (supported by Russian Foundation for Humanities, No.15-04-12036). The principal
goals are to create a dynamic interactive 3D model of
The Seagull as performed on the stage of Alexandrinsky
Theater [11] and a multimedia library of documentary
data on the history of this stage production.
This work was supported by the project Multimedia Information System “Multimedia – Reconstruction
of a Stage Production. First Night of The Seagull at the
Alexandrinsky Stage, 17 October 1896” (Grant 15-0412036, Russian Foundation for Humanities).
This work was partially financially supported by
Government of the Russian Federation, Grant 074-U01.
This work was partially financially supported by
Saint-Petersburg State University development program.
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In this work we describe the dialogue between art
and technologies, such as photography, video, com
puter technologies during the periods of Modernism,
Postmodernism and Post Postmodernism.

Introduction
For centuries art reflected reality and absorbed existing technologies. Neolithic period is marked with appearance of fired clay that was immediately taken by artisans
as perspective technology. Renaissance art gives us impressive examples of cooperation between art and science,
art and technologies. Painters studied laws of perspective
with passion. They were fascinated by optical discoveries.
Renaissance gives us an impressive example of influence
of technologies on art. The invention of printing press
made possible the fast spreading of images, paintings,
and composition schemes, thus the history of reproduction started. The impact of this invention can be compared
with the influence of Internet on development of creativity
and culture in the XXth century.

In the 19th century we can see cooperation between
painting and photography. Photography used composition schemes from painting. Photography was studied by
artists and due to this innovative medium the talents of
Ivan Kramskoy and Ivan Shishkkin developed. Kramskoy
started his career in the studio of photographer, Shishkin
owned a camera and took it along to the plein Air sessions, he considered that camera gave an artist great advantages and propagandized usage of camera for art sake
in the Academy of arts. Here we see the understanding of
photography as an instrument for sketches.

Modernist Reflections
At the turn of the 19th and 20th centuries artists
studied new approaches that photography opened, such as
specific composition, cut figures and light effects. Paintings of many impressionists were influenced by photography. For example Edgar Degas experimented with degraded images, sometimes he eroded faces of heroes on
his paintings. At the beginning of the XXth century we
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Fig. 1. Jacopo Da Pontormo. The Visitation. 1514-1516, fresco. St. Michele, Carmignano
Fig. 2. Bill Viola. The Greeting. Fragment of video-installation. 1995. Courtesy of artist.

see the ongoing dialogue between these kinds of art. Photography was also influenced by modernist painting. In
the 1910-s futurists welcomed technologies and widely
used them in their works, using electricity and different
kind of machines [2].
At the same time photography was used for reproductions of paintings. Already in 1936 Walter Benjamin
published his essay “The Work of Art in the Age of
Mechanical Reproduction”. He proclaimed the transformation of our perception of art and witnessed the
process of losing the original aura by reproductions.
‘Even the most perfect reproduction of a work of art
is lacking in one element: its presence in time and
space, its unique existence at the place where it happens to be.’ Philosopher observed the shift in society’s
values through time: “the manner in which human
sense perception is organized, the medium in which it
is accomplished, is determined not only by nature but
by historical circumstances as well” [1; pp. 214–218].

Postmodernist Reflections. Second Half
of the XX-th Century
In the second half of the XXth century we see various strategies. At the same time art is getting more and
more complicated, it uses more and more technologies.
To overcome technological reproduction new forms of art
appear, such as installation, performance. Postmodernism
philosophy allows artists to use images of art of the previous periods. At the same time the dialogue between pain
ting and photography goes on. Pop-art plays with popular
images of mass culture, hyperrealism copies photos (Chak
Clous, Gerhard Rihter, Semen Faibisovich and many oth-
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ers gave great examples). Again and again art absorbed
methods of new technologies and experimented with
them. At the same time we see an absolutely interesting
process in video-art and computer art.

Schemes of Classical Art In Video Art and
Digital Art
Appeal to the history of art is a favorite postmodern
method, turning the process of creation and perception of
art into an intellectual game. Classical painting with its
special symbolic space attracted the attention of videoartists and revived for the modern audience. In the 1970s,
1990s and 2000s video artists such as Hermann Fried,
Bill Viola, the group AES+F have found various ways of
transformation of the classical paintings in modern media.
American artist Hermine Freed in the work Art Herstory (1974) used the language of both kinds of art –
painting and video art. Using paintings from different
eras like the decoration, she replaced the heroes with actors who lived in the artificial environment. As if testing
painting technique in the new media, she introduces them
to the frames using filters. She tries old compositional
schemes as well. By the means of installation, she showed
heroes in different scales, thus making this traditional
method of art of the Middle Ages and Early Renaissance
absurd and even surreal.
American video artist Bill Viola in his works The
Greeting (1995), The Silent Sea (2002), Emergence
(2002) and others animated Renaissance paintings, repea
ting their compositional structure. With the technology
of Slow Motion he records the smallest movement of the
fabric, hair and skin that is resulting in picturesque effect
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Fig. 3. AES+F. Allegoria Sacra. Fragment of video-installation. 2011. Courtesy of Triumph Gallery.

of vibration of the whole video space. Like oil painting,
this technique transmits the breath of life, laying it on
many elusive frames. Bill Viola – follows and develops
ideas and content of Renaissance painting.
Monumental video installations of the Russian group
AES+F, were conceived as allegory of modern society,
built with the help of many compositional schemes of
classical art. In works “The Last Riot” (2007) and “The
Feast of Trimalchio” (2009) only separate scenes refer
to the classical painting of the 14th -19th centuries. The
installation “Sacred Allegory” (2011) was conceived as
a video periphrasis of Giovanni Bellini’s painting, created in 1500. They trace the compositional parallels, the
transformation of the characters, similar decisions in the
organization of pictorial and video spaces. Artists animated multiple photos to create movement. Here we see
the process opposite to the creation of painting or drawing, where the artist goes through different versions of the
poses, compositions, sketches and as a result selects only
one point. Reviving the scene, they reveal all the potential
of painting. The action is happening at the digital background that can be compared with the environment of the
Bellini’s painting. AES+F retranslate classical images and
give them modern outfit.

Post Postmodernist Reflections
In the second half of the 20th century the world faced
the appearance of a new computer aesthetics which had
its own impact on painting. Artists studying the new technologies go to a new step of relationship between arts and
technologies. One of the interesting examples of such cooperation is a manner to paint, imitating pixels, which distantly reminds of cubist practice at the beginning of the
XXth century. Here we see a strange reflection – a strange
optical effect, reflected by the broken mirror (Russian artist Gera IX). In its turn computer art uses experiments of
artists and put it into new medium. By the means of computer technologies it is possible to imitate various graphic

and painting techniques in digital art that gives freedom
to the young artists and probably in future will have a serious impact on pictorial art. At the same time history of
reproduction goes on. Computers and digital cameras provided art historians with high quality reproductions that
give new opportunities for studies and researches. The
new period of Post Postmodernism culture found some
new methods of reflection of classical painting.

3D Reconstruction of Paintings
In the 16th century when the printing press appeared
the paintings were spread and studied with the help of
another medium. The Art books of the 18th and the first
half of the 19th century were illustrated by engravings of
paintings and architectural ensembles. Nowadays we witness development of a new type of reproduction that is
built at the principle of showing paintings by the means of
another kind of art – 3d reconstructions of paintings [3].
Beside the practical usage it is possible to trace a philosophical aspect. Valter Benjamin warned about dangerous
spreading of technical reproducing of painting that could
cause death of the very essence of art. Following the ideas of Benjamin modern people more and more remove
from painting. Advertisement uses masterpieces of art assimilating them with products, refusing their spiritual and
ritual essence. We think that 3d reconstructions can assist
to restore the creative perception of paintings. We offer to
understand 3d reconstruction as aesthetic study evoking
our creative understanding of painting. For now 3d reconstruction is especially applied for the classical paintings
of the Renaissance, of the 17th century where space was
especially thoroughly represented. Following an idea that
painting is a window, the reconstruction gives an opportunity to enter the painting. It is very close to the ideas of
Baroque that really tried to break the boundaries.
In 2011 Italian company Mandadory realized a 3d project, based on Leonardo da Vinci’s Last Supper. L’Ultima
Cena was created by the designers Roberto Carraro, Ful-
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Fig.4. Eugenia Moroz (ITMO University, State Russian Museum, St.Petersburg, Russia). 3-d
reconstruction of suprematist paining by K. Malevich. Fragment of video. 2014.

Fig.5. Margarita Cheblokova (ITMO University, State Russian Museum, St.Petersburg,
Russia). 3-d reconstruction of suprematist drawing by K. Malevich. Fragment of video. 2014.
vio Massini. Making an effect of perception of this fresco
in real environment, the program demonstrates Lonardo’s
innovative use of light, color and perspective in fresco.
Using this application the viewer penetrates into the virtual world of the fresco with grandiose space. As a result we
see in it not only the reproduction that really lost its aura,
but we find it as a an actual creation, being close to us.
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In Russia there were created some impressive 3d experiments with Russian Avangard paintings that can be related as abstract reconstructions.
In 2015 the students of Department of Graphic technologies of ITMO University Eugenia Moroz and Margarita Cheblokova undertook a project together with The
Virtual Department of the State Russian museum – recon-
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Fig. 6. Margarita Cheblokova (ITMO University, State Russian Museum, St.Petersburg, Russia). 3-d
reconstruction of suprematist drawing by K. Malevich. Fragment of video. 2014.

struction of creations of Malevich. The project consisted
of two parts: reconstruction of paintings and reconstruction of his sculptures and drawings. For the realization
it was important to analyze the suprematist space of Malevich painting, his understanding of color, make a proportional analyze of his sculptural objects and study perspective in his drawing. During the project the students
created an experimental space, where suprematist elements float. As a result creations of Malevich were introduced into the modern multimedia context and got a new
sounding.

Conclusion
The study showed that the means of new kinds of art
do not yield to the expressive means of traditional art.
The transformation leads to the transcription of the eternal ideas of Classical and Avangard art in the language of
new media, thereby expanding the artistic dimension of
painting. Video-installations and 3d reconstructions can
be understood as aesthetic studies, directed to the opening
of essence of Art by the means of new technological tools.
The techniques of traditional art, applied in a new media,
get a new fresh angle of impact and can be perceived in
a new way by the viewer today. It is possible to say that
traditional art reflected in Video-art, digital art and 3d reconstructions get a new life and such projects can be perceived as specific bridges between compute world and traditional art for the new generations.
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The article discusses the three-dimensional mod
eling of still life as a mean for all-round professional
development of students, including development of ar
tistic, intellectual and technological abilities.

Introduction
The main problem of designing courses in 3D mo
deling is creating the special tasks system to be used for
effective development of students’ vocational skill.
This development should be carried out simultaneously in such directions as creation of three-dimensional
compositions, light setting, making up new materials and
textures, modeling of complex forms, and evaluation of
models by several important criteria. On the whole it must
ensure the formation of abilities, allowing the students to
make such development and visualization of models that
would meet the requirements of the customer.
The analysis of the most of present 3D-modeling
teaching methods reveals that all the professional activity components hardly ever can be developed by their
tasks systems. Usually main attention is paid to studying
programs interfaces and technological features of creating very specific 3D-models without considering such
important properties as composition, aesthetic quality,
visual perception and so on. Therefore the search for
universal tasks for stimulating professional development
of students along many lines is a very urgent problem.
In our opinion 3D-modelling of classic still life painting
can be used for that purpose. Both the main advantages
and peculiarities of using these tasks in the training
process of future specialists in 3D-modelling have been
considered in this paper.
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Teaching Method
Perhaps the work with such classical genre of Art as
still live would seem too boring to the students growing
up under the influence of computer games. So it’s very
important to find a teaching method which would avoid
their formal attitude to the modeling tasks.
To do this, first of all the students should understand
still life as a genre. So we can include the rich and very
interesting history of this genre in our lessons. The historical period in which the symbolic or allegorical meaning
of still life was of special significance, should be studied
very carefully. The story or symbolic interpretation depends not only on a set of objects shown in the picture but
also their composition, form relationships, contrast materials and other graphic features. In terms of 3D-modelling
such technologies as shaping, texturization, setting camera can have a significant impact on both the artistic impression, and the understanding of the still life model. The
combination of aesthetic, technological and cognitive interests may serve as a basis for a sustainable motivation to
3D-modeling of classical art. In the future, this motivation
can become a reason for enriching the visual experience
of students by classical art studying.
Ultimately, the use of classical models in teaching
three-dimensional modeling can prevent a situation where
the 3D-images are created only on the basis of the influence of mass culture.
The process of creating three-dimensional model of
still life allows us to develop both general and specific
intellectual abilities. First of all we are talking about the
development of intelligent visual-spatial abilities, which
we use for converting a still life image to the three-dimensional model. For this converting the special cognitive
process has to be organized.
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(a)

(b)

Fig.1 Henri Matisse still life (a) and its first computer sketch (b).

The first stage of this process is connected with
the analysis of the proposed images, definition of the
main components of the scene, their dimensional ratio,
mentally determination the spatial position of objects
and the main functional elements of the composition.
For recognition of the shapes which are not shown in
a planar perspective projection, the students have to
use their imagination and sometimes creative abilities.
Then they have to link in their minds the resulting
representation of three-dimensional scenes with known
form-building processes, thereby defining the techno
logy of future model creation.
The complexity of composition and color solutions of
the classical still lifes, intricate form of their objects require professional technological training of students, such
as creating complex compositions with hierarchical structure or application of layers, using spline mesh, multiresolution mesh, “sculpting”, and complicated texture and
lighting
The process of reflection and evaluation of the final
result, the use of such criteria as integrity and expressiveness of the three-dimensional visualization is also a necessary component of professional approach to three-dimensional modeling.
The training of still life modeling must be divided
in stages. During the first stages of studying, when
students master the technology to create simple shapes
and elementary techniques of modification, we can
take simple, uncluttered still life paintings as an initial
images, that can be used as models to create several
geometric “Variations on a Theme” by copying only the
general compositional and spatial solutions.

In the future, parallel to technological development
(the study of low-level editing of polygon meshes, modifiers, wireframe modeling, splines, models of physical
processes) students acquire the ability to create a variety
of three-dimensional graphics means, organic forms, dra
peries, fire, etc.

Implementation and Results
Let’s consider the implementation of the method mentioned before on the example of 3D modeling of still life
by Henri Matisse, who made it “in the spirit of the Dutch”
(Fig. 1.a). This task is proposed to students of the annual
course “Basics of 3D computer modeling” in St. Petersburg children’s computer club. This course is designed for
beginners in 3d modeling.
The choice of the still life as a modeling object for
the specified educational level is explained by several
causes. Firstly, it’s built from the quite simple objects.
Then it required learning technologies that can be objectively associated with zone of proximal development of
schoolchildren.
A number of objects in the scene may be interesting for the students as the new forms of modeling (bottle, cloth, peach, knife, etc.). At the same time we must
remember that these objects can only be created with the
help of a teacher. Additional motivation of students can
be related to the study of hidden meanings and subjects
of still life, which can be identified from the analysis of
symbolic content, conflict of functions, forms (knife and
peaches), and materials (glass and metal).
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(a)

(b)

Fig. 2 Different meshes as a result of different technologies: segmentation of the cube, editing mesh
extrusion, thickening and smoothing (a); extruding contour, segmentation and smoothing (b).

The development of this still life begins with the
analysis stage, during which the students describe objects (positions, proportions, general forms) and choose
the desired angle of view. Thus they attain the approximate composition of the still life model. This phase ends
with the computer sketch creation (Fig. 1.b). This sketch
includes simple shapes defining the location and size of
the future objects in the 3D-model. Determination of the
relative position and the ratio of the objects size in depen
dence on the view angle of visual impressions develops
spatial thinking and imagination of students.
In the process of creating of the computer sketch it is
advisable to discuss concepts such as reduction perspective, the scale of the depths, the height of the horizon line
and the angle of view with the students. It’s not a secret
that when you create 3D images the most common errors
are: the location of the camera is too high relative to the
scene and the angle is too large. This leads to distortion
of the image and the individual objects proportions. As
a result only the middle portion of the scene is perceived
correctly, distortions are accumulated as it approaches the
edges.
These errors can be overcome through the development of skills of setting the camera and working with
its parameters. In our case the following camera setting
method is proposed to the students. First we set the camera in such a position that all the components of a scene
are caught in one frame. Then a turn-based adjustment of
the camera begins. At each step, the students should compare the changing of camera setting and the image modification caused by this regulation. It allows them to keep
track of the impact of different camera parameters such
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as coordinates, focal length, field of view, and others. In
future their actions on the camera adjustment should be
automated.
The light plays an important role in both the still life
and its three-dimensional model. Correct placement of
light sources on the three-dimensional scene allows seeing all of its components, as well as defines the quality
of the shapes modeling and materials. The light helps to
detect such modeling defects as lack of thickness, bad polygonal meshes, unnecessary vertices, etc.
The three-dimensional model of our still life requires
multiple light sources. Their installation begins with the
creation and setting up an omnidirectional light source to
make visible all the objects. This process depends on such
factors as the intensity and color of the light source. To
obtain shadows of the cup, the knife and the other objects,
as well as reflections on smooth and mirror surfaces in the
image it is necessary to use directed light sources.
The next stage of the work is to detail the forms of
all objects in the scene. This process inevitably leads to
studying new, more sophisticated shaping technologies,
as well as to solving the optimization problems. One of
them is related to the optimization of polygonal mesh.
Professionals in the field of 3D modeling should be
aware that one and the same form can be represented by
several types of geometric grids. Ultimately, the quality
of the model of the object is determined by the quality
of its mesh. Using of different technologies gives the
various mesh qualities. It can be shown to students by
example of creating a bottle model from our still life
(Fig. 2). Obviously, the quality of the model shown in
Fig 2a is better than in Fig 2b.
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tellectual development of students, and also allows you
to acquaint them with many technologies of three-dimensional modeling.

Conclusion

Fig. 3. The results of modeling.

In conclusion we note that described in this paper
tasks contribute not only to the development of general
and specific skills, but also have great practical importance, since they provide the opportunity to directly prepare students to solve a fairly wide class of applications.
In particular, the still life may be an important part of a
complex scene, such as the interior. Besides, the task of
interpretation of three-dimensional image of still-life,
completion of parts of objects that are not visible on the
flat projection is an example of the types of tasks for 3Dreconstruction from photographs, sketches and so forth.
The proposed approach to the development of professional abilities of students was applied in Children’s
computer center of University ITMO. The practice
shows the possibility of its using for teaching the basics
of three-dimensional graphics in non-formal education of
schoolchildren.

References
Different kinds of draperies are very often used in still
lifes to create the composition as well as to organize the
perception process. The objects of our still life are on
the tablecloth with some folds. Tablecloth like any other
drapery can be geometrically represented as the deformed
plane. By creating a model of tablecloths, students can get
acquainted with the technology called “patch modeling”.
Model of tablecloth is produced from a plane with a given
number of vertices and segments. The general form of
tablecloths can be obtained by moving the vertices, and
folds are modeled by the extrusion of segment patches.
By creating a three-dimensional model of still life, we
are not so much trying to make a visual copy of the picture, as recreate the scene which probably was in front of
artist (or in his imagination) when he was painting. Pro
perly chosen materials of the objects create the reality of
this scene.
The materials also help to the perception of a variety
of relationships between objects. Soft peaches must visually contrast with the iron tip of a knife, and the glass jar
with the metal cup.
The students working with materials must first of all
understand what image should be used as a texture. They
can draw such an image or find it somewhere. The image
is projected on an object. Then, the quality of the resulting
material is evaluated. If necessary, the optical parameters
of the surface are adjusted. This process can be repeated
for a long time, until finally you get the desired results,
such as in Fig. 3.
We’ve just described a task that can be performed
gradually during a few lessons. It must be noted that the
work on this assignment contributes the aesthetic and in-
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development of visual thinking in learning computer 3D
modeling“ in Journal of International Scientific Publication: Educational Alternatives, Vol. 12, pp. 72-80, 2014.
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Introduction

A Brief Description of the Resourses

Blended learning (BL) is rising as the contemporary
paradigm of modern education [1, 3, 4, 5, 6, 7, and 8].
Worldwide, the blended learning methods at classical universities have had a growth rate from 33,8% in 1998 to of
68.6% in 2014. At the same time, difficulties exist. It is
known, that many students stop their communication with
electronic part of blended courses after their initial experience. Previous researchers have proposed a diversity of
factors influencing users’ motivation to blended learning.
List of the factors includes such dimensions as techno
logy, environment, design, learners’ motivation, teachers’
background, tutors’ qualification, courses’ characteristics,
teaching methods, etc.
This study developed an integrated model with four
dimensions: (1) learners’ motivation to self-development,
(2) teachers’ attitude to eLearning, (3) courses’ characte
ristics, (4) ways of pedagogical adaptation of resources to
blended learning and (5) technology: the possibilities of
Learning Management System. A pedagogical observation was conducted to study the challengers arising in the
use of massive open online courses (MOOC) in blended
learning. The MOOCs [9, 10, 11, 12, and 13] reflect different aspects of the fine art and history museums.
As a case, for the research series of teaching materials
for courses included in the curriculum of Faculty of Arts
of St. Petersburg State University (FA of SPSU) and variety of open sources related to digital heritage were compared. Theoretical basis for comparison was the concept
of Computer Based Education [5].
Therefore, the article problem is development of
blended learning environment at the classical university.

We used the following types of resources as objects of
study:
•
Network educational resources presented on the
portal of SPSU;
•
courses published on the MOOC portal
Coursera;
•
files proposed by museums on their sites at
“Education or Learning” sections;
•
scientific portals
Network educational resources “Digital Heritage”
and “Information Technology in Museums” have been
included in the curriculum of Faculty of Arts of St. Petersburg State University (FA of SPSU). They focus on
active use of digital media, which contains the sites of ar
tists, museums, galleries, auction houses, commercial and
open source repositories of electronic files, massive open
online courses, etc.
Massive Open Online Courses. According to Frank
McCluskey and Melanie Winter “while MOOCs are
popular with the politicians and press, their reception by
the academy has been anything but smooth. While politicians and journalists are cheering the idea of MOOCs,
many professors, educators and theorists have raised
questions about their efficacy and the motives behind
their deployment” [14]. One of such questions is the
possibility to use it in routine learning at “universities
from bricks and mortar”. We recommend the students
to enroll to line of MOOCs [8-13]. Each of the courses
has its own particular qualities, but their integration feature is studying the different aspects of digital heritage.
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Fig.1. Modern Issues of Digital Pedagogics. Introduction Lecture. LMS Sakai, SPSU.

“Education/ Learning” sections of museums’ web
sites. Pedagogical evaluation of this phenomenon and
using the materials in the frame of university course is a
challenge [1]. On the one hand, publishinghigh-quality
and reliable materials online allow users to explore history and objects of cultural heritage of humankind and
must be considered a very valuable activity. Through the
efforts of educators, art critics and computer scientists
resources for people of different ages, educational levels
and place of residence are developed allowing them to
spend free time and motivating to visit the museums.
On the other hand, the vast majority of these programs
are designed as entertainment. Proponents of “combining
teaching with entertainment” maintain such educational
practice. Critics argue that this approach leads to bad consequences. Content of education is becoming primitive,
people are beginning to treat universities and museums
as Disneyland, which is hardly correct for the institution
whose mission is to preserve the historical and cultural
heritage and provide people with opportunities to admire
and learn cultural and historical treasure.
Scientific portals were presented by UNESCO Program «Memory of the World» and «Russian Humanitarian Scientific Foundation”. Information presented there is
not addressed to students, but it is real environment of future professionals. Therefore, it is helpful to join to these
virtual communities from college.
Except of the network educational resources, the bulk
of these digital materials is not intended for educational
purposes, course designers and lecturers use them without pedagogical expertise. Therefore, research methods
of pedagogical adaptation of aforementioned materials
to blended learning at classical university are important
tasks for daily work of the Faculty. They correspond with

contemporary issues of theory and practice of eLearning,
in context of discussion about use of open digital content
for learning purposes.

Measuring of Internet Publications
To study the ways of arrangement of various resources in the frame of unified course we have used
pedagogical observation and instrument Computer Based
Education (CBE) as a tool for the measurement of
electronic resources on the problems of digital heritage
for pedagogical aims.
The individual in the context of the measurements
has been regarded as the subject, which interacts with the
educational environment. This tool has been a set of oppositely directed vector scales designed to evaluate the
pedagogical potential of digital content. Each scale cha
racterizes the quality of resource in a certain range: from
-3 to +3 points.
One hundred and eight participants, including students and professionals of SPSU, as well as experts of
Russian State Museum and members of the community
of the “Russian Museum: Virtual Branch” project were
surveyed in the research. The purpose of the survey
was to find answers to the following questions: (1) what
open resources are most relevant to learning materials
for a classical university? (2) What kind of pedagogical adaptation from the teacher is required for better
perception of the resource by students?
Participants were invited to evaluate the quality of the
resource in the specified range, then the data was obtained
and tabulated, finally we made a decision about the need
of pedagogical adaptation of electronic material for inclusion it to learning process on the basis of estimates.
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Fig.2. Digital Heritage. Home Page of Module 1. LMS Black Board, SPSU.

Ways of Pedagogical Adoptation of the
Web Content
As a result, we found that the lowest level of pedagogical adaptation requires theMOOCs. The greatest interest
of the students were aroused by “peer to peer” assignments and the use of open web tools for the preparation of
own resources.
Materials of Educational/Learning sections of the museums’ websites were perceived by students as entertainment. The most attractive for learners was the opportunity to interact with the art object. Pedagogical adaptation
in this case is to develop assignments for more accurate
study of published museum piece.
Materials published on the scientific portals need serious pedagogical support, such as lecturer, users training
and assignments for students.

Technological Solutions of Blended Learning
Environment
The Web has wide range of variety of software for
designing of network educational resources. At the same
time, our experience shows that it is more appropriate to
apply Learning Management System that the university
provides. At Saint Petersburg State University we have
been creating electronic learning resources since 2007 and
enjoying possibilities of two LMS, namely SAKAI (fig.1)
and Black Board (fig.2).
There is no need to dwell on the history of their development, but we can say some words about functionality of
these instruments. Comparative analysis and experience
shows that they perform following functions: (1) learn-
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ing content delivery, (2) assignment to student submitting,
(3) evaluation of the assignment and (4) communication
regarding the course activity: announcements, reminders,
greetings etc.
All these tools work hard on both of the platforms.
And both LMS have been tending to develop features of
Web2.0. A Course is increasingly seen as a common content and teacher as a facilitator. There are more tools to
create external resources - blogs, wikis, websites. There
are many instruments for peer-to-peer assignments, discussions, common essays. Therefore, we over and over
make sure that the technology is very powerful elementof
the educational system.

Conclusion
Interaction with open sources is critical important field
of knowledge and skills for future professionals, but students aren’t ready to use Web in their entirety. Blended
learning environment provides great potential to develop
these knowledge and skills. The core of the problem is
increasing of motivation to critical thinking of Web content. There are following factors affecting the students’
motivation: (1) teaching methods of network educational
resources, (2) lecturer’s attitude to Web content, (3) diversity in learning experience, (4) access to worldwide community of learners and experts.
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What is the museum site from the point of view of
visitors: a museum directory or an informational re
source possessing some independent value? Do the us
ers regard the museum sites as an alternative for mu
seum visiting? The authors tried to find out with the
help of a small on-line poll, which description and the
results analysis are discussed in the article.
120 respondents participated in the poll, in the age
from 14 years to older than 61 years. Most of the respondents belonged to the following age groups: from 19 to 22
years and from 23 to 30 years. Most of the respondents
live in Russia and have a University degree. We should
mention, though, that the data characterize the auditory
that agreed to participate in the poll, but not the museum
site auditory.
21% of respondents have never used museum sites.
Among the respondents, who use museum sites, 60 % indicated that they visit sites of the museums of the town
they live in.
Speaking about the devices used to visit the museum
sites, less popular was tablet PC, only 20 % of respondents mentioned it as a device they used to visit museum
sites. Desktop computer was mentioned by 58% of respondents, notebook by 52% and Smartphone was used
by 46% of respondents. From this we can conclude that
adaptive layout is desired for museum sites, so that they
could be interacted with the help of various devices. What

196

is interesting that though Smartphones are popular among
museum sites visitors, 85% of respondents indicated that
they visited the museum sites in the homely environment,
i.e. not in the street, a café or transport, etc.
Among the mentioned purposes of visit of museum
sites there are two leading: to know about the working
hours and the tickets price. These aims were mentioned
by 91% and 86% of responders correspondingly. Diffe
rent information concerning constant exhibition or museum education is much less popular. Nevertheless the
visitor lacked this sort of information, marked by the authors as secondary information. 37 % of users mentioned
that they lacked information about certain exhibits, 31 %
lacked the plan of the exhibition, and the same quantity of
users would like to have the possibility of buying tickets
directly from the site.
Thus, we can conclude that on the one hand museum
site of is perceived by the visitors primarily as a reference
book on the work of arts, prices and the “repertoire” of
temporary exhibitions, and only secondarily as a virtual
analogue of its exposure or self-educational resource. But
on the other hand, there is a desire to use the museum
sites for more information obtaining, such as descriptions
of individual exhibits and floor plans.
From this it can be concluded that the design of a museum site should provide the search for referential information as fast and easy as possible. Museum site from the
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point of view of the user can miss a virtual tour (although
visitors would complain on its absence), but not just a
long search of reference information: what, where, when
and how much.
However, the visitor once he visited the museum, is
waiting for something more than detailed information on
prices and how to get there.
Given that the majority of respondents indicated
homely environment as the place for museum site visi
ting, we can assume that in most cases, the visitor has
enough time. After finding of the primary information:
the prices, opening times and location of the museum, as
well as temporary exhibitions, he or she continues to walk
through the site and may be disappointed, not finding
ways to online virtual touch exposure, even if this was
not his or heroriginal purpose.
From these modest data it is already possible to draw
conclusions about what information should be presented
for the museum sites visitors at first and at second.
References
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Virtual Reality Solutions where eye-tracking, fove
ated imagery and rendering that take in account gaze
direction and angular velocity, promise advanced pow
er consumption and mobility, and can deliver natural
widget control in 3d environment. Visualization en
gine with geometrically proven depth blur and motion
blur, especially in cases of object overlap is presented:
utilization of this visual phenomena provides a feed
back to a viewer, sharply presenting selected widgets.
Advanced features like texturing, normal mapping,
specular texture and complex shading with antialias
ing and tone mapping are supported, too.

Introduction
Developers of Virtual Reality Systems for decades are
facing challenges, if they are not managed successfully,
such systems cannot go after fleeting entertainment.
Certain advances, coming up in recent years, like fabrication of inexpensive, compact and lightweight high
resolution head mounted displays - HMD, development
of graphic hardware and low latency visualization engines, tangible support by game development industry
and favor of investors, by itself, cannot guarantee persistent users’ interest.
Any professional communities – like programmers,
accountants, editors, students, clerks, engineers or gamers
create a demand for special computer interfaces, but this
could be generalized as a set of universal building blocks
– widgets, and data representation concepts (like WISIWIG, document – view, cloud computing and so), portable from one domain to another.
In parallel, media standards like screen aspect, size
and resolution, sound system are coming from TV, cin-
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ema, and now – from tablets and smartphones, as well as
mechanisms of data input. Expenses in software, if not
talking about particular platform, like x86 or Mac, but
connected with modus of equipment utilization are so
great, that it is hard to expect that applications could be
ported to Virtual Reality systems now.
Another important influence comes from patent infringements, since various methods of interface design
for some work cases or interactions are proprietary.
Even if something could be implemented in open source
window environments, like Linux, it does not necessary
free in case of mass production. Simple universal solution could be Microsoft HoloLens [7], when windows
are placed in augmented reality environment – like
virtual canvases or TV-sets. Possibly all widgets like
buttons, sliders or lists could be placed in 3d. But it
can happen that some useful or comfortable interaction
schema, free in case of 2d windows is patented: there
are thousands of patents of this sort.
But if some mechanisms of input could be simulated
in Virtual Reality, user interaction with virtual device
could be free, because patents claims suppose “physical
devices…”, not virtual. Such VR solutions could potentially compete with multi-monitor computer interfaces,
or wide screen ultra-high resolution monitors, presenting several megapixels of data to viewer, like stock market statistics, industrial control, surveillance, transport or
complex automation. For instance, for education purposes
or SOHO (small office – home office) it could be more
than just a compromise, but a natural approach, and could
imply changes in organization of workplaces and offices
soon. Potential growth of VR headsets market is resumed
in [10], and whatever could be considered as a locomotive
– entertainment or serious application, both factors make
a positive influence.
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Business process, even in case of “paperless” organization, requires some printable documents or text documents, so we need at least keyboard to work with text,
not gamepad or joystick. But there is a great progress in
voice recognition systems now, so voice-to-text solutions
become obvious.
Another change comes from paradigm of “surfing”
from one link to another instead of consistent reading
from first page to last page. Documents could be organized for such kind of navigation, or provide several representations – to represent importance, chronicle and so.
When we simply have no time to study all text sequentially, ability to surf in 3d could save us a lot of time; build-in
searching mechanism, translation, looking in the web for
comments or state of the art is a part of “reading process”
in XXI century.
Access using interfaces not necessarily deal with documents, texts and so on. Combination of our planning
activities – like time schedules with all equipment in office, industry, transport, security or smart homes: washing
machines, ovens, conditioners, that not necessarily need
buttons and screens anymore, since they are all manageable through augmented reality could be supported. In this
case activity could be programmed and delayed.

3D Interface Specifics and Eye Tracking
Historically widgets were represented – like buttons,
radio buttons or sliders, as 2d equivalents of electric
industrial or household machines, and in 3d this tradition revives. Intonation, pose or gesture could be
useful ways to input data: widget selection and interaction – and searching in such areas could give various
solutions to avoid patent infringements. VR systems
could use information like gaze direction and angular
velocity of eyeballs, as well as information about eye
convergence to substitute devices of coordinate inputs,
like mouse or tablet surface. Nod, shake, or eyebrow
movements – admiration, rejects together with specified
eye movements that manipulate widgets could deliver
a next-generation input, so there would be no need for
mouse or surface of tablet to use.
When a mouse cursor highlights widget, it could be
represented – in most cases, there is no message for application, until we press button to visualize interaction. In
3d case such interaction could be evaluated and demonstrated even in case of object overlaps or moves one over
another. It is possible to distinguish what we are following
and intend to select from information like eyeball angular
velocity and convergence. Unlike visualization engines,
based on image post-processing, only high quality off-line
approaches could be used to represent blur effects, like
those, whose evolution starts in [2] and is referred as “stochastic rasterization”.
In this case selected object in general case or widget should be rendered in DOF (depth of field) area, and
sharp – without motion blur, and this is an equivalent of
widget highlighting.

Technically, there is no gaze-based interaction systems
presented on market now; FOVE [8] is expected to be
shipped in spring 2016, and there is no information about
Microsoft HoloLens plans. So, 3d graphic solutions could
be developed and tested with existing VR SDK without
any support for gaze capture.

Foveated Rendering Concept and
Advances
A main advantage of “foveated” rendering, presented
in [3] and [4] is that we actually do not need to create fullresolution high quality rendering for the whole image. Instead, low resolution image is stretched to fit a high resolution head mounted display, like 4K or even 8K, besides
in some place an accurate anti-aliased image is presented
with such perfect details, that fovea part of retina could
be transfered to visual cortex. Some estimation shows that
we need just 2% pixels [9], accurate estimations give 1015 time performance advantage, and it actually grows if
compared not with HD (1920x1080), but state of the art
4K monitors. Foveated images could deliver up to 100
times speedup at a field of view of 70° and resolution
matching foveal acuity. Since resolution growth for averted vision grows as a square of FOV it is not necessarily
for stretched low resolution part. (May be in commercial
systems it would not be perfect for years).
Obviously, saved computational resource would be
consumed to increase realism and FPS. But since 3d acceleration complies a rule of square growth of power
consumption with linear growth of frequency, foveated
rendering is a first candidate (and there is no alternative
with such magnitude of performance increase) to fit mobile VR systems in power consumption budget and substitute power-greedy hardware with a power-saving mobile
GPU’s. They could use thousands of compute units and
deliver teraflop peak performance, but in 99% of working
scenarios most of them could be idle, and entire device
could operate with a lower frequency. Right now, foveated images on regular displays appear blurry, and relatively low resolution head-mounted displays available, like
Oculus Rift SDK, do not present images with required
quality in direction of gaze. From other hand, with eye
tracking, gaze direction could be eventually realized as a
particular point that hits virtual object in 3d space, with
accuracy, required to specify high-resolution area or select
widgets. Would it be not enough to implement aiming in
first-person shooters, is an open issue.

Engine with Sharp and Blurred Widgets
Visualization Support
Current version of proposed visualization engine
does not support foveated imaging, stereo parallax
and distortions, required for utilization with HMD, but
such features could be added when hardware and SDK
becomes available. It was developed for traditional
monitors, but demonstrate geometrically accurate depth
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Fig 1. Example of moving object - ball with motion blur collision with static object – cube. Closed to a
viewer point appear with a strong depth blur.

blur with a bokeh, motion blur on overlapped objects
with order independent transparency - OIT, HDR pipeline with color angle and saturation preserving color
transformations and tone-mapping. Artifacts-free DOF
effects and bokeh parameters exceed features of human
eye multiple times, and simulate high aperture lenses,
used in artistic photography while appearance of motion
blur in case of 60FPS video represents strong angular
velocities – like when object seen by averted vision
in case of racing simulators /see Figure 1 rendering
example/. Small objects or those that move fast can
nearly vanish, while reflections are seen as bokeh or
bright strips, making believable realistic feeling, different from one could expect from traditional computer
graphics. We could see through such vanishing objects
and engine fixes all object ordering problems – even
in case of collisions.
There is possibility of geometry LOD degradation due
to fovea rendering, like described in [1], [5] or [6], so surface could be tessellated coarsely in visual periphery, and
in case of being out of DOF and motion blur is not studied
yet. Such advanced feature could be tested in rendering
engine: in fact, most objects neither not come too close
or far, or move too fast to make a sense from viewpoint of
performance of hull and domain shaders.
Main resource of performance growth comes from
higher than used in monitors now FPS, because motion
blur would take less area, measured in pixels, and less
image processing workload must be taken. High aperture “artistic bokeh” looks convincing, but less accurate
rendering of out of DOF objects is not compensated by
square growth of number of pixels to be processed.
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Supported visual phenomena’s all together form a
prototype of universal engine suitable for both traditional
(like used in PC, mobiles or game consoles) and VR
HMD solutions. Unfortunately, available eye-tracking
equipment cannot present information about gaze position with required quality and comfort, because head
must be fixed, and system geometrically calibrated.
Latency reduction is highly important, because viewer’s
eyes movement is a natural reflex, and if rendering is
delayed, result is annoying. So, developers of VR software are all relying that progress of hardware would
deliver solutions, ready for implementation of gaze
control foveated rendering engines and gazing would
be a natural input data channel for both entertainment
and serious applications.
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This paper discusses how the Web is providing the
realisation of media hybridisation (Manovich) that
began when genres and formats became functions of
software. Beginning with a brief overview of how me
dia formats congealed during the 20th century, the pa
per will then argue that the Internet now provides a
distribution system that allows for the hyper-hybridi
sation of media formats alongside more fluid two-way
participation than the previous broadcasting and mass
distribution models. The paper will look at examples
from the author’s own recent work. The paper will
conclude that our traditional media forms are in a
phase of ongoing disruption.

Introduction
We now take 20th Century media formats like television for granted. But even though the television has become a standard household appliance like a fridge or
cooker, viewing figures have reached saturation. The
World Cup is still garnering billions of viewers every
four years, with FIFA claiming increasingly inflated figures each time. However, the general trend for the most
popular examples of everyday programming is down – in
fact, considerably down. Until the London Olympics in
2012, the top ten most-watched programmes in the UK
were all from the 20th Century, and most from the 1980s
or earlier[1]. The most popular episodes of the most popular programmes, usually soap operas, used to achieve 20
million viewers or more on a regular basis. In the 21st
Century they are lucky to surpass ten million. The US is
even further down this route, with half of the top ten pro-
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grammes ever dating back to the 1970s. Some new formats have engendered a mild renaissance, in particular the
hybridisation of reality programming and talent show best
epitomised in the UK by ITV’s X Factor. But these still
haven’t returned viewing figures to the glory days of the
20th Century.
Running parallel to our familiarity with TV, we now
think it’s perfectly normal that films are around two hours
long and we see them in large darkened public rooms. The
trend for 3D hasn’t altered this fundamental format in any
serious way. Yet this was also a format that took a few
decades to form. Before D W Griffiths’ seminal 1915 epic
Birth of a Nation proved that films longer than an hour
could garner large audiences, movies were much more
varied in length. Indeed the first actualité movies were
just the duration of a single reel of film. Edison also conceived the movie as a personal viewing experience rather
than a theatrical performance to be seen by large groups.
In contrast, television has clearly become a more domestic pastime, watched alone or in small groups. But
there was no guarantee at the beginning of the 20th Century that these would be the forms our foremost duopoly
of audiovisual entertainments would take. During the
1936 Olympics, for example, Germany broadcast nearlive footage of sports events to salons and clubs equipped
with screens, in an early precursor of today’s sports pubs
and bars, or the giant screens redistributing live sports
occasions to parks and public squares. Television wasn’t
conceived as a home device. But that didn’t turn out to be
the dominant format when TV took off around the world
after the Second World War, primarily driven by the US
and UK.
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Germany in the 1930s had a different view of what television could be compared to today

Since then, TV and film have settled into relatively
stable forms during the 20th century. More TV channels,
and the remote control’s ease of changing between them,
have given viewers greater control over what they watch.
The VCR and more recently the PVR have allowed us to
choose when we watch our favourite programmes. Satellite, cable and digital TV have expanded the choice still
further, and the TiVo has made it possible to fit our viewing habits even more closely around our personal preferences rather than vice versa. Yet we still watch these
programmes on the (increasingly large) screens in our living rooms with similar formats to the ones we did in the
1950s. There are game shows, dramas, news, documentaries, and comedy, not too different to 50 years ago.
But as the 21st century gets into full swing, TV and
film’s dominance has come under increasing attack.
Thanks to the rise of the home computer, Internet and
smartphone, more and more of us are obtaining our
audiovisual content in different ways. YouTube now
delivers billions of videos a day to over a billion users
a month. Even by May 2010, BBC’s iPlayer was receiving 123 million play requests a month. According to
Comscore, by mid 2007, 75 per cent of Internet users
in the US were watching 181 minutes video per month
online[2]. An ICM survey for the BBC as far back as
2006 found that nearly half of those watching video
online consumed fewer hours of television as a result
of their online viewing[3]. The trend has continued
upwards since all these statistics were reported.

The format of audivisual content is changing to fit
the new way we’re watching, too. YouTube only altered
its policy to allow for videos longer than ten minutes
in July 2010, and its previous focus on short pieces
has encouraged a rather different range of formats than
has dominated TV or film over its reign. Short comedy
sketches, video blog diaries, favourite clippings from
popular TV shows, and – most importantly – opportune
moments from life best epitomised by Charlie Bit My
Finger… again! have racked some incredible viewing
statistics, with a few topping hundreds of millions of
plays. A cat with seemingly ninja-like skills of stealth
may be considered puerile compared to carefully constructed drama, but people want to watch such things,
and often in great numbers.
Together, these factors raise the question, Are we
witnessing the beginning of the end for film and TV
as we know them, or is this trend just a fad? Those
with vested interests in the technology and commerce
of traditional media will be hoping the latter is true,
but there are many indications that it’s not. The figures
show that for decades in the UK we have been watching
an average of 25-35 hours of TV a week[1], depending
on the time of year, and that has been spreading over
an increasing choice of channels. This trend is mirrored
in most developed nations. The real growth in audiovisual consumption is elsewhere. This paper traces the
rise of alternative viewing modes and novel formats in
the Internet Age, including some of the author’s own
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Ravensbourne’s projects with The Royal Shakespeare Company blend video streaming with an
interactive question and answer system

work, before looking at some of the technical reasons
why the Web has become the perfect venue for what
Lev Manovich calls “hybrid media” [4].

The Beginnings of the End
The Internet has had a huge impact on all the media
industries, and indeed any industry dealing with content.
It may only be a small blip on the history of mankind,
and even the history of media, but its radically different
structure compared to traditional distribution systems has
made it enormously disruptive. The history of TV, with
the steady rise in channel quantities, and even the rise of
the movie multiplex, can be seen as a slow increase in
choice. But the arrival of the Internet is something different. This could be seen as merely a continuation of this
trend towards a greater range of selection. But it’s much
more of a qualitative upheaval than previous developments, even if broadcasters are continuing to pigeonhole
the Internet as merely a new distribution method for essentially the same content.
The contrast is best illustrated by comparing the
BBC’s iPlayer and Hulu.com in the US with YouTube.
The first two repackage existing TV content for the
Internet, making it simply a more convenient PVR.
You don’t even need to remember to set your machine
to record your content, as everything broadcast will
be available for you to watch later online, whenever
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takes your fancy. Hulu.com does allow you to share
your favourite programmes with friends, but YouTube,
with questionable legality, has allowed the sharing of
favourite portions of programmes, although copyright
holders do clamp down on this regularly. Even more, the
variety of user-generated content has gone far beyond
what we’re used to seeing on TV.
You could see much of this content as merely individual examples of the kinds of clips already featured
on TV programmes such as America’s Funniest Home
Videos or the UK’s Adam and Joe Show. However, there
are numerous differences, and where these kinds of TV
programme do feature Internet-originated video clips,
they strip them of their context within Web culture.
Video bloggers or Internet characters such as Annoying Orange, Smosh, Yogscast or PewDiePie gain large
regular followings for content which would not be cost
effective to produce on TV, or would end up as filler
between longer programming, although some do make
it onto mainstream broadcast TV, such as Annoying
Orange’s series on Cartoon Network.
These series garner their huge followings due to their
status within a community of sharing, and it’s hard to
understand their popularity from outside the communities that share these clips between them. As Henry
Jenkins has argued[5], one of the primary reasons why
YouTube succeeded amongst numerous other similar
video streaming websites was thanks to its built-in social
facilities. A comments system similar to blogging sites
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Ravensbourne’s London Symphony Orchestra St Luke’s project includes an interactive gamelan
composer, where site visitors can create and share their own music

was built into YouTube at an early stage, and even more
importantly the code for embedding clips in external
websites was made extremely easy to extract (just copy
and paste) and actively encouraged.
So although YouTube is still very much a destination
site you are meant to go to in order to browse for content,
and indeed this has made it one of the top three Internet
destinations in the world, the true secret of its success is
the facility of using YouTube content elsewhere, as part of
a wider cultural conversation. It’s the underlying engine
for most video embedding, accounting for around 82 per
cent of this activity[6], and early on provided the tools
for sharing favourite clips you have discovered via all the
many available channels – email, blogs and social networks. The strength of a clip is increasingly not so much
how many people have watched it, but how many pass it
on to their friends. For this reason, online video tracking
company Unruly Media’s Viral Video Chart[7] switched
to counting shares rather than views in its listing of the
most significant clips of the moment.
During the history of TV, content has been narrowly
arranged into channels. Individual shows have always
been important, but still broadly arranged within the
remit of a channel. In the UK, the arrival of Channel
4, with its unusual part-public service, part-commercial
remit, allowed an explosion of content which hadn’t
previously fitted within the remits of either BBC or ITV
channels. This model has also acted as a gatekeeper, as
only content capable of a certain level of viewing figures
has been able to remain with a regular commission, or
get shown at all in the first place. Now, though, the
Internet has seen the potential demise of content channels as the most significant force. Instead, individual

programmes essentially become content channels, aggregated on multi-channel networks (MCNs). The rise
of the multi-series DVD box set is part of this trend,
becoming separated from the channel that hosted the
series originally – a trend that has continued into online
rental services such as Netflix and Lovefilm.
As the Arab Spring and the riots in the UK in the summer of 2011 have shown, the relevance of mass communications can easily be sidelined by networked social media
and viral usage of one-to-one or one-to-few communications. It’s a powerful thing when networks of individuals
can be mobilised to mass effect in a relatively non-hierarchical manner. This idea should be considered alongside
digital media software’s inherent ability combine techniques from one format or media type with another [4].
For example, painterly effects can be applied to films, text
input can be made available to video, and music for passive consumption can become music the user can customise themselves for their own personal experience. These
are the contexts and inspirations for a variety of projects
Ravensbourne has engaged with in the last few years.

Shakespeare’s Biggest Classroom
Since late 2011, Ravensbourne has been working with
the Royal Shakespeare Company, developing a platform
for streaming theatrical productions into schools as part
of a live interactive event. After an initial project as part
of the Cultural Olympiad in June 2012, based around Tim
Crouch’s Julius Caesar-inspired play I, Cinna: The Poet,
Ravensbourne and the RSC have collaborated on six more
events to date, with more to come in the 2015-16 educa-
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The Temporal Chaos collaboration between Ravensbourne and Nanyang Technological University in
Singapore projects video streamed from one location into “shadows” in the other

tional year. When the RSC approached Ravensbourne, the
Company was looking to bring its educational offering
into the 21st Century. They wanted something appropriate
for “digital natives” who have grown up with the Internet,
so they could feel more engaged, which would also make
theatrical works available to a much larger student audience than was able to come to see plays in person. The
idea was to make extra use of the plays the RSC is now
regularly broadcasting live to cinemas, harnessing them
for educational benefit.
Through the partnership, we developed an integrated
platform, which brought the online streaming video functionality together with a system for submitting questions
during the performance that could be answered live. To
facilitate this, we created a sophisticated tracking and
monitoring system, so we would know who was asking
each question. This also allows us to provide technical
support for the schools. The system was set up so schools
have to use an id to get onto the website. However, this
isn’t there for security reasons, but so we can monitor
which schools that had signed up for an event are actually
participating, and what system they are using to access
the website. This means we can help them troubleshoot if
they are having problems with any part of the service we
are providing. There is also an elaborate moderation back
end so we can vet questions as they came in, and choose
which ones should go through to the Ravensbourne TV
studio, where a presenter borrowed from the BBC poses
the questions to members of each play’s cast.
Over the course of the six projects so far, the RSC estimates that 70,000 UK school students have seen one of
our streaming plays, which is more than twice the number that physically visit Stratford-Upon-Avon in an entire
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year. So over the two years of streaming Shakespeare’s
works, our project have approximately doubled the reach
and engagement of this cultural heritage. However, these
projects are more than just putting a full-length play on
the Web and making it available to watch. By creating a
live event, and using the facility of the Web to hybridise
media with other forms, in this case via quasi live chat
and discussion, a new form has been created, where the
students have something like the direct conversational access they have become used to from the social media they
use on a daily basis in their personal lives.

Virtual Gamelan for the London Symphony Orchestra at St Luke’s
In another project, Ravensbourne was approached by
the London Symphony Orchestra to create a promotional
website for its St Luke’s venue, including videos explaining the use of the various rooms at the premises. We suggested the idea of a map-based interface using the plans of
St Luke’s as the route to the videos for each room. But the
LSO also owns a Balinese gamelan, a gong-based instrument which a group of people play in loop-like patterns.
We suggested recreating something like this online, so
users could compose their own gamelan music, and then
share their compositions with their friends.
In the resulting site[8], the videos available from
the map tell the tale of St Luke’s and its many possible
uses along four basic themes in a non-linear, participatory fashion that parallels creative, artistic narratives.
Visitors are encouraged to explore the premises and its
many facilities, but they can also find a specific use
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The Wilderness Downtown site created for UK group Arcade Fire is a seminal example of Web
technology providing a hybrid audiovisual experience

if they need to. Rather than offering a list of videos,
the maps encourage exploration. The gamelan section
further encourages exploration. This has two levels. The
learning page introduces examples of the instruments
and the sounds they each make, with a description of
each one. There’s also an example recording of the
LSO’s gamelan in action. But it’s also possible to use
the Compose page to create a pattern with the simple
sequencer, then listen to the results. There’s a sample
composition by Andy Channing, the LSO’s resident
gamelan expert, which provides an idea about what
kind of music to compose. It’s also possible to share the
compositions via social media, so that the site’s reach
spreads virally. With this LSO project, a blend of many
different media types, experienced in an exploratory
fashion, again shows a hybrid media form delivered
via the Internet.

Temporal Chaos
The Temporal Chaos project is a little different in
that it is a blend of Internet-delivered content and physical spaces. It comprises two video-driven installations in
London and Singapore, which pose socio-cultural questions about our developing technology of global communications, whilst placing it in historical context. The
project is a collaboration between Ravensbourne and
Nanyang Technological University in Singapore. The aim
of the project is to demonstrate how visualization through
physical and global video broadcasting can affect the development of the knowledge of trans-global trade as well
as how the presence of pervasive contemporary telecom-

munications can reveal new aspects of global history.
How might differences in time-space be reformulated by
the use of modern communication systems, and how does
this translate to our feelings of being in past, present or
future time? To accomplish this we will create similarly
themed physical spaces, located on different continents.
Each space will be networked with the others, so that video is streamed from one to another, to evoke a sense of
telepresence: a shared physical time in virtual space.
The Temporal Chaos installations use projected lighting to replicate the equivalent of the sunlight in any given
place on Earth. This will be communicated to the viewer through the “shadows” of the objects in the room, although these shadows will in fact be video projections.
The shape of the shadows themselves will be filled with
a live video stream of a different location from a different time zone (Singapore in the UK, and the UK in Singapore). The blended temporality and space in the installations will be further accentuated by audio recordings
of modern and historical accounts of the experience of
globalisation, projected using directional audio devices,
so that visitors will hear different sounds as they move
around the installation.
The Temporal Chaos project is rather different to the
other two examples above in that the Internet is being
used as a transmission system rather than providing the
main location for consumption. However, the project still
hybridises media, with the Internet as its main facilitator.
Visitors are consuming audiovisual content, but in a very
different, more interactive, way to the primary broadcas
ting and mass distribution formats that grew to prominence in the 20th Century – film, television (and radio).
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The common factors in these three primary examples
are digital media content creation software and the Internet. The Web in particular is now providing the perfect
vehicle for hybrid media content. Since the advent of the
latest website code standard, HTML5, audiovisual content can be directly integrated into site designs without the
need for extra plugins. This means it can interact much
more seamlessly with other aspects of the website. A classic example is British pop group Arcade Fire‘s seminal
Wilderness Downtown website by Chris Milk [9] and a
team from Google, users input their address and see the
video events unfold on Google Maps representations of
this location. In US pop group OK Go!‘s All Is Not Lost
site, users see the message they typed in formed by the
bodies of the group members in the video.
On a more everyday level, the power of this facility
in HTML5 is illustrated by the Popcorn.js Javascript library of script commands for controlling video, triggering
events from the timeline to make the content more interactive, created under the auspices of the Mozilla Foundation. It’s a powerful library that has been described as
jQuery for video. Popcorn.js can trigger lots of different
types of events on a Web page in time with the playback
of a video or audio file. The scripting can put, for example, text, articles from Wikipedia, images, and Google
Maps views into various areas of the page, all in time with
the playback of the content.
HTML5 video can also exchange content with the
Canvas element, which is a portion of the Web page that
allows dynamic bitmap drawing. This opens up the abi
lity for users to alter the audiovisual content via their own
input. Allied to this, the wealth of data that can be called
up dynamically through application programming interfaces (APIs), such as those provided by Google, can be
blended into the content, as illustrated by the Arcade Fire
example above. With the user’s permission, the Web page
can know your current location, and tailor content accor
dingly. All these lead to radically different forms of content than traditional, primarily passive broadcasting.
Our historical media forms are in a phase of ongoing disruption. Whilst these forms are likely to persist for
the foreseeable future, they will increasingly be blended
online with participatory interaction and services aimed
at locative multi-screening. The format distinction that
characterised the 20th century is becoming blurred, as
experiences are developed that are aimed at cross-platform as well as a combination of shared and personal
consumption.
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