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Abstract. The possibilities and role of a three-dimensional spatial model
are considered on the example of the historical and architectural Usolye
Stroganovsky museum-reserve strategic master plan (Perm region). In the
context of heritage preservation, the master plan was shown not only as a
strategic document, but also as a communication tool between various
branches of government in order to integrate heritage protection policy into
the system of general urban planning policy. The methodological approach
is based on use of a digital three-dimensional model obtained by laser
scanning and photogrammetry. A portable and ground-based laser
scanning to create the point cloud is presented. The architectural and urban
planning solutions of the strategic master plan are based on the dynamic
3D model and static visualizations of individual elements. The results of
virtual reconstruction are shown. The level of detail of 3D models is LOD
200. Virtual reconstruction and visualization have shown themselves not
only as a reliable communication tool for the decision-making
management, but also as a way to quickly obtain a complex of urban
planning and design documentation suitable for reconstruction and
restoration of historical and architectural heritage.

1 Introduction

One of the significant tasks of the state cultural policy in the field of cultural heritage is the
preservation of the historical environment of small towns and the establishing conditions
for the development of cultural tourism in Russian Federation. Usolye town (Perm Krai)
urgently needs the development of effective measures that will be able to popularize its
cultural and tourist opportunities, and will be able to develop the economy of the
settlement.

The architectural forms of the Usolsky historical and architectural complex (museum-
reserve) represent two "golden ages" of stone architecture in New Usolye: the Russian
(Muscovite) uzorochye of the 18th century’s first third and the 19th century’s Russian
classicism era. Architectural heritage includes 43 objects of religious and civil architecture
of different significance and conditions of preservation (Fig. 1).
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Usolye is located on a vast low-lying area, on a bank of the waterway (Kama River)
with several branches-channels. Such position of the town determines its planning character
as well as the appearance of architectural and landscape panoramas. Currently, the unique
architectural and landscape potential of the territory is not used, as it requires planning
organization and filling with recreational functions that help to increase the attractiveness
of the museum for residents and tourists (Fig. 2).

This article describes an approach to the development of a strategic master plan of the
territory enriched architectural heritage. The planning strategy is aimed at solving a dual
task: development strategy elaboration for another 15-20 years of the museum-reserve and
the disappearing historical environment virtual representation. This approach is based on a
territory comprehensive survey using digital tools (laser scanning, aerial photography, and
photogrammetry) and creating its 3D-model, which in the working process of a master plan
development became the basis for consultations with experts and public discussions and
decision-making.

Section 2 of the article is focused on the theory and methodology of 3D-visualization
based on a digital survey of Usolye architectural monuments for the strategic master plan
solutions. Section 3 provides examples of the reconstruction and representation of
architectural monuments of various preservation conditions in a digital format. The final
section is devoted to the role of digital visualization in the development of urban planning
documentation of historical and architectural heritage.

MAP OF THE ARCHITECTURAEHERITAGE
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Fig. 1.Schematic map of the location of Fig. 2.View on the historical part of Usolye. Photo
cultural heritage sites in Usolye and their of 2019.

significance.

2 Theory and methodology

Strategic master planning is a traditional tool for territorial planning; however, in Russia it
has rather slowly been established. Russian urban planning practice largely retains the
Soviet approach features, which was based on the priority of the spatial architectural plan
(land use) over the economic strategy and a centralized regulatory framework [1].
Discussions about promotion of the strategic master plan as an obligatory territorial
planning document are enhanced, but have not yet reached the legislative level.
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Time and economic factors make their own adjustments and gradually the heads of
municipalities come to the development of strategic master plans [2, 3] and to the
implementing of master planning tools: mechanisms of “advocacy planning” and
“participatory design”, the practice of public discussions, etc. [4, 5]. The strategic master
plan of Usolsky Museum-Reserve preservation was considered not only as a long-term
strategic document, but also as a communication tool between various branches of the
government in order to integrate the heritage protection policy into the system of general
urban planning policy for the aims of the preservation and advancement of the Usolye
historical environment [6]. The virtual reconstruction of the territory was the basis for
communication and the reconstruction strategy identification as well as the museum's next
15 years development, technical and economic assessment.

Abroad, the topic of architectural heritage virtual reconstruction came up at the turn of
the 1990s-2000s. [7, 8]. Foreign experience in the field of 3D modelling contains a number
of virtual reconstructions examples of various architectural monuments, historical buildings
and historical landscapes [9]. These examples include a computer reconstruction of the 10th
century Abbey of Cluny, carried out by the Saone-et-Loire department in France as part of
the ClunyllI project [10], and a project for the reconstruction of Rome [11].

In Russia, the topic of 3D modelling in the field of architectural monuments
reconstruction became interesting a little later [12, 13, 14]. Initially, the topic of virtual
reconstruction became relevant in the field of digital humanities among historians,
archaeologists and restorers. Currently, there are articles describing the work on the
reconstruction and representation of architectural objects in digital three-dimensional form.
Examples are the project "Virtual Reconstruction of the Transfiguration Monastery in the
city of Yeniseisk in the 19th century" [15, 16], reconstruction of the Cherdyn Kremlin [17],
and reconstruction of the lost monuments of the Tambov fortress [18]. However, the
experience of using the virtual reconstruction technology and representation based on
digital three-dimensional models for the tasks of territorial and strategic master planning is
still insufficient in Russia.

The methodological approach to the strategic master plan development was based on the
objectives of the work and the special features of the territory. It included the visualisation
of museum development strategy in the form of a three-dimensional model, which greatly
facilitated interaction with experts, residents and stakeholders. Along with a preliminary
context analysis and collection archive materials, a complex landscape-visual analysis [19]
was carried out to identify the levels of reading the environment and the main physical
objects of interest for reconstruction and development. The survey of the landscape was
carried out by the methods of photogrammetry, mapping and spherical panoramas.

Digital technologies survey (laser scanning, aerial photography, photogrammetry) were
used to obtain three-dimensional data with a geospatial reference. Two types of laser
scanners were used: a stationary laser scanner Leica Scan station S10 (more accurate
scanning of architectural objects) and a portable laser scanner KAARTA (fast landscape
scanning over a large area) in order to obtain the most complete point clouds sets forthe
subsequent 3D modelling.

The digital strategic master plan model was created using several software systems for
3D modelling and visualization. For processing photogrammetric data and laser scanning
data were used Cyclone 8, CloudCompare, Agisoft Photoscan; for modelling buildings,
landscapes and transport infrastructure - ArchiCAD 22. The level of detail of the digital
model elements (the minimum amount of geometric, spatial, quantitative, attribute data)
corresponds to LOD 200. Three-dimensional models of buildings and landscapes were
imported into the Lumion 8 environment from ArchiCAD using export to the extension
.dae. Static and dynamic visualizations were made in order to represent a general idea of
the territory, define architectural dominants, reconcile the architectural and urban planning
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solutions and observe the result. Adobe Photoshop CS5 and Lumion 8 software were used
to create static and dynamic visualizations of the complex.

3 Representation and reconstruction of architectural
monuments in digital format

The development scenario for the Usolye Stroganovsky Museum-Reserve is aimed at
preserving the uniqueness of the architectural heritage complex, associated with the famous
Russian surname of the Stroganov in addition to transforming the environment into a
modern historical and cultural cluster.

The few preserved fragments of streets, buildings and the main square in front of the
Transfiguration Cathedral formed the planning basis for the 2020 strategic master plan.
Cultural heritage objects were divided into 3 groups: ruins to be preserved, objects in a
maintainable condition and functioning buildings. Some objects were of the greatest
interest from the point of view of general views visualization and presentation, such as:
restored monuments; investment sites for new buildings required for museum development
(and their volumes); landscape transformation and urban equipment elements. The main
principle of architectural and planning concept is the harmonic interaction of new buildings
and objects of the urban environment with heritage and the existing urban planning
organization.

All objects were modelled and placed on a digital terrain of the territory, which was
created by extracting from the point cloud obtained by scanning with a portable scanner the
structure of the earth's surface, relief, roads and other details (Fig. 3).

Fig. 3. Point cloud of the complex central part.

3D-modeling of the particular architectural monuments in the ArchiCAD environment
was carried out according to different scenarios due to sets of initial information for each
building. A detailed point cloud of the functioning Transfiguration Cathedral (1731) was
obtainedusing ground-based laser scanning. In combination with historical photos and
drawings it allows to recreate the building with great accuracy (Fig. 4).
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Fig. 4. Modelling of the UsolyeTransfiguration Cathedral.

Modelling the ruined objects used only archival photographs. In this case, the
dimensions of the building parts were determined based on the known dimensions of the
elements, for example, bricks. If there are dimensional drawings in the archive, they were
used as a background in the ArchiCAD working window (Fig. 5).

Fig. 5. Virtual reconstruction of the I. Kuznetsov’shouse.

A total 30 models of architectural monuments of the historical complex were created
using various methods of virtual reconstruction. Some objects are modelled in their current
(ruined) state. Others have been recreated in their original form to demonstrate how the
complex might look after reconstruction (Fig. 6, Fig. 7).

Fig. 6. 3D model of the main square of the museum reserve.

Dynamic and static versions museum complex visualization were created based on the
obtained digital three-dimensional model of the territory. The colour and light correction of
images and adding of stuffing in Adobe Photoshop was used to improve the quality of
visualizations (Fig. 8). Static visualizations allowed to present proposals for transforming
objects, which will play a decisive role in the overall process of implementing the master
plan.
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Fig. 8. View of the bell tower BEFORE and AFTER processing in Adobe Photoshop.

Static visualizations show a qualitatively new level of public spaces and landscapes
transformation of the Museum-Reserve in the forms of the Central Museum Core (the main
square in front of the Transfiguration Cathedral); Embankment, the Lord's House, the
Refectory and the Park of Ruins, Bogorodskaya Street, the Restored Bell Tower (Fig. 9).

The key projects visualization is necessary in order to get public support and a loyal
responsible attitude by the residents, business and public authorities towards the
implementation of the strategic master plan. Subsequently the key projects implementation
will demonstrate the Administration's focus on results, inspire investors and create
favourable conditions for continuing work for further territory renovation.
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Fig. 9. Comparison of the current views and the results of the individual objects and key public spaces
virtual reconstruction.

4 Conclusions and discussion

The digital model of the Usolsky Museum-Reserve proved to be a universal tool for the
strategic master plan development. Its main tasks were solved with the help of this strategy:
spatial organization with socio-cultural content, sequence of engineering and technical
measures related to the preservation of the museum fund. The visualization of the strategy
allowed demonstrating the solutions and harmonizing the points of view of various
stakeholders: the municipality, the heritage protection service, museum staff and residents.

The potential of Usolye as a unique place for the Upper Kama region development can
be unleashed only in the conditions of the acceptance of the strategic master plan ideas by
residents as well as inclusion of all levels of government and patriotically responsible
business in solving problems process. High-quality design documentation based on the
digital model of the complex will help the City Administration to find forms of interaction
with large companies, for which the financial support of the Usolsky architectural complex
can become a symbol of social responsibility and patriotism.

A comprehensive 3D model of the territory is now a source of complete design
documentation for the reconstruction and renovation of cultural heritage sites. Subsequently
the transfer of the model to BIM and to the 3D GIS environment opens up new possibilities
for the monitoring, management and analysis the unstable hydrological situation in Usolye,
ruined and in-use heritage objects, planning repairs, etc.
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Because some of the museum-reserve objects were lost during the historical evolution
of the territory and there are certain difficulties in obtaining funding for the construction of
a modern museum in the status of a municipal institution, the digital model of the territory
will allow wider implementation of modern museum technologies [20].

Virtual museum, interactive multimedia installations, self-guided tours with a QR code
or an audio guide, expanding the presence on social networks and the Internet will increase
the audience of the museum and create additional motivation to visit it.

In the Usolsky Museum-Reserve strategic master plan elaboration the virtual
reconstruction and visualization proved to be not only a reliable communication tool in the
process of making management decisions, but also a way to quickly obtain a complex of
full-fledged project documentation suitable for reconstruction and restoration of historical
and architectural heritage, preservation of disappearing historical monuments for future
generations. The last point has great importance for remote settlements and villages which
have difficulties in financing restoration work.

Summarizing the experience of developing a strategic master plan for the Usolye
architectural complex, it can be stated that the use of digital models should become the
basic component of the entire heritage protection system: from strategic master plans to
protection zones projects and working documentation of individual objects.

Information technology is confidently entering all areas of construction and architecture.
Urban planning documentation can no longer be developed without geoinformation
technologies, architectural and construction documents - without building information
models. The next step in improving urban planning, architectural and construction
documentation is the introduction of the digital survey and three-dimensional modelling in
the field of heritage protection.

This work was carried out with the support of PROMETHEUS project funding EU program Horizon
2020-R&I-RISE-Research & Innovation Staff Exchange Marie Sktodowska-Curie grant agreement
No 821870.
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