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Abstract: Planning and management of urban space that involves the local community the process
is key to optimal management of the surroundings, in line with social needs. Social isolation
imposed because of the COVID-19 pandemic considerably reduces the possibility of conducting
public consultations. This study hypothesized that such consultations can be carried out using
new visualisation technologies in the virtual reality (VR) area. Owing to the development of new
technologies, innovative services can be created which make it easier for recipients to absorb new
content. To this end, the ArchitektVR application was developed, which uses enhanced reality
for public consultations concerning planned land development. 3D visualisation with VR enables
the presentation of various aspects of area development in a clear form, understandable to an
average user with no specialist qualifications. It facilitates the presentation and creation of multiple
variants/scenarios for the future shape of the area. The research assumptions were tested for a
disused area of a water body. According to preliminary tests, the use of virtual reality could provide a
new form of communication between decision-makers and citizens. Effective and easy-to-understand
visualisations might provide encouragement to participate in local matters and enable citizens
to make better decisions. 3D visualisation enabled concerned individuals to assess the potential
development of a selected area fragment without an in-person visit, either in the field or to an office.
This is of particular importance in relation to the COVID-19 pandemic and sanitary restrictions.

Keywords: virtual reality; public consultations; spatial planning; urban design

1. Introduction

Contemporary urban planning and management require the local community to
participate actively in the development of its surroundings. This is consistent with urban
planning documents such as the Leipzig Charter on Sustainable European Cities [1] and
the New Athens Charter [2]. These documents emphasize the need to create new systems
of participation and to increase the involvement of citizens and various groups of city
dwellers in local decision-making processes. Most authors claim that open space within
a city is among the most important elements of the city’s spatial structure and social
system. According to the Leipzig Charter on Sustainable European Cities, the creation
and development of high-quality integrated spaces is among the main tasks pursued by
the state, local authorities, business entities and citizens. This arises from the fact that
cities and their elements are not built for an individual but a community [3], and the
spaces best adapted to life are those which are co-developed by the community, i.e., the
residents themselves. Management of urban space is achieved through the activities of

Energies 2021, 14, 6046. https:/ /doi.org/10.3390/en14196046

https://www.mdpi.com/journal/energies


https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-5184-0710
https://orcid.org/0000-0001-5780-8949
https://doi.org/10.3390/en14196046
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14196046
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14196046?type=check_update&version=2

Energies 2021, 14, 6046

20f19

local administration bodies, investors and space users, but a significant role in the process
can also be played by the local community, which consists of its everyday users. The
ability to reach out to and collaborate with the local community is key to optimal land
development in line with social needs. Participating in spatial management decisions
creates a feedback loop—the better a space is suited to the residents’ needs, the higher the
degree of participation; the higher the degree of participation, the better a space suits the
residents’ needs [4]. In this regard, social participation in spatial management is particularly
important [5].

The importance of social participation for local development is strongly emphasized in
strategic documents on the development and future of Polish towns and cities. They include
the National Urban Policy 2023, which states: “Residents’” involvement in various areas of
city life is becoming increasingly common in Poland. This arises from the residents’ need to
be active subjects participating in city development planning and management”. According
to the assumptions of this strategic document, cities” activities aimed at propagating public
participation must contribute to:

- improving cooperation between all city actors, building civil society, developing local
communities, and increasing mutual trust in society and care for the common good;

- increasing residents’ identification with a place and sense of responsibility for the
surroundings and the local community, and increasing the development potential of
an area through better planning of its development.

Residents should participate in the planning and decision-making process to the
greatest extent possible. Mutual understanding can be reached by social dialogue between
local city authorities and the residents. This builds a sense of the possibility for the
local community to influence the method and directions of area development. The social
dialogue can have different forms. Regarding urban space, its main form involves public
consultations on land development methods, architectural forms, style and the function of
the land, etc.

Social isolation imposed because of the COVID-19 pandemic considerably reduced the
possibility of conducting public consultations. The restrictions imposed by the authorities
prevent group meetings which would be used to exchange opinions, views and suggestions
regarding planning the development of particular areas. Therefore, the question of how
to conduct public consultations during prolonged social isolation was posed. This study
hypothesizes that this problem can be solved by new VR visualisation technologies, whose
observable result in the form of a 3D image requires from the user the least amount of
specialist knowledge related to perception, spatial imagination, interpretation, etc. The
objective of the study was to develop a tool for conducting public consultations for land
development with virtual reality (VR) and to test it using a selected area. The testing area
was a post-excavation water body formed at a site of earlier aggregate excavation. The
water body is situated in Suwatki, in northeastern Poland.

2. Literature Review
2.1. Social Participation

Social participation occurs when a local community taking part in city life makes
joint decisions with the local government aimed at solving problems related to living
space. It enables members of the local community to express their opinions and share their
experiences. This participation takes the form of social dialogue, which is understood to
denote the process of interaction between various participants (authorities and citizens)
aimed at reaching a compromise in specific matters. Its specific form is civic dialogue, in
which citizens express their opinions on matters which are important to them, whereby
they can have a tangible influence on decisions made by authorities, including local
governments. Such dialogue is regarded as a tool for strengthening citizens’ role in public
discussions [6]. The main form of social dialogue is teamwork between local communities
and local government representatives [7], which can result in agreement on decisions
regarding the community members’ place of residence.
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participatory budgets

information and
communication tools

Social participation is defined as the direct and indirect, formalized and non-formalized,
and individual and collective participation of citizens in reaching and executing decisions
concerning the common good [8]. Lauriusz [9] points out that authorities execute projects
using a quantitative and technical approach, whereas residents perceive the space that
surrounds them qualitatively—they pay attention to non-quantifiable aspects (residents
identify problems differently and assign different ranks to them). This is why social
participation is so important for space management in line with local community needs.

Civic participation includes involving citizens in measures initiated and controlled
by the authorities [7]. These measures are implemented through active participation tools,
which allow local authorities to receive information about the assessment of, opinions on
or level of acceptance for a specific action. Such measures include acquiring information di-
rectly (e.g., through questionnaires), at meetings and discussions (e.g., public consultations,
public debates, diagnostic and project-related workshops), and through permanent dis-
cussion groups (e.g., local community forums, Internet forums and periodic meetings) [9].
Public consultations, which are one of the forms of social dialogue and are a manifestation
of participation in decision-making and involvement of residents in the development and
transformation of local space, are central to this study. Public consultations bring many
tangible benefits, as projects planned for urban space can be better suited to the residents’
needs and expectations.

It should also be emphasized that city authorities need to choose the channels and
methods of communication with the residents that are appropriate for the subject and the
recipients. The main forms, tools and instruments of public participation identified in the
National Urban Policy 2023 are shown in Figure 1.

eone of the most advanced and and increasingly
popular methods to ensure residents’
participation in matters related to city
development

estreamline the process by involving a wide range
of those concerned and providing a rapid
communication form

*a form of developing public interest in the city

working meetings development policy, seeking opinions and

surveys

on-site walks

workshop meetings with the
use of 3D models

gathering information

einvolve gathering and analysing citizens’
opinions based on their perception and
assessment of local conditions

eallow one to experience the area directly on site,
which can stimulate discussions and be part of
public consultations

*a method which involves developing solutions
for urban planning and architecture, with the
assistance of a 3D space model

Figure 1. Own study base on the main forms, tools and instruments of public participation identified in the National Urban

Policy 2023 [10].

Workshop meetings involving the use of 3D models are particularly important for this
study. This tool should enable “moving” around the urban space, while at the same time
allowing the user to clearly see its details. One of the advantages of this method is that
one can take into consideration all the elements and features of the space to be arranged
and implement comprehensive solutions that respond to all needs. Space imaging with
3D models can also be used in other instruments mentioned in Figure 1—on-site walks,
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participatory budgets, working meetings, surveys and remote voting. However, 3D models
can be used both during on-site meetings and indoors, which shows their versatility.

Conventional methods of social participation in spatial planning and management
are beginning to evolve into new forms owing to new emerging technologies [11-14]. In-
formation technology offers new potential for citizen participation in urban planning [15].
New technologies allow for a new generation of forms and practice of social participa-
tion while providing an interactive, networked environment for making decisions [16].
Among technologies used in social participation, GIS should be mentioned as the most
important [17-21]. Social participation also employs online games [15,22-24], social net-
works and virtual workshops [16,25,26], photo-manipulation [27] and their combinations.
Technologies associated with virtual reality—AR and VR—are the latest solutions used in
this regard. Virtual reality is increasingly often used as a tool for social participation in the
urban space planning process.

Barriers faced by local communities include a low level of specialisation, a low level
of understanding of technical and legal language, underdeveloped spatial imagination,
simplified perception of reality, poor spatial perception, limited technical skills in computer
and mobile device use, etc., all of which can prevent people from becoming involved
and make them demonstrate so-called “rational ignorance” [12,28-30]. Therefore, taking
part in public consultations is seen as a cost (spending time, absorbing new information,
familiarising oneself with the form of participation, learning to use the public participatory
application, etc.) and usually brings rather small benefits compared with these costs. Ap-
plying visualisation techniques to social participation may eliminate the barrier of lack of
professional qualifications, an issue that can thwart AR and VR solutions. Digital 3D visual-
isation has several advantages compared to conventional presentation methods, especially
when complex spatial systems are shown to people without specialist skills [31-34]. Easy-
to-read 3D models help non-professional users (residents) to understand complex issues
related to planned changes in a space [15]. AlKodmany ([27] p. 38, after [35]) points out
that “Visualization is the key to effective public participation because it is the only common
language to which all participants—technical and non-technical—can relate. Visualization
through digital technology provides a common language for all participants”. Therefore,
computer 3D visualisation techniques can provide an important contribution to the evolu-
tion of participatory planning and design. This claim is justified because visualisation is a
communication medium that most people utilize on a daily basis [36]. Hanzl [15] points
out that it is important to take into consideration two types of spaces—virtual and real.
Changes in the real urban environment are preceded by the creation of a consistent vision
of what is being planned. Therefore, a 3D model representation in the residents” minds
plays a vital role in transforming the real space and can be used in many areas (Figure 2).
Virtual reality models allow citizens to understand the proposed changes, encourage them
to communicate and lead to understanding of the design-related propositions [31]. Imple-
mentation of such an idea allows not only for streamlining the spatial planning process
but also for developing open geoinformation societies, which may lead to the creation of
“smart cities” in the future [37].
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2.2. Communication in a Graphic Form

Communication is the foundation of humanity. Communication is the transfer of
information in an information- and knowledge-based society among individuals, groups
and institutions [38]. This term assumes that at least one entity sends a message to at least
one recipient (Figure 2). Information encoded by the sender will reach the recipient, who
must decode it. For a message to have the desired effect, both entities must use the same
coding system and eliminate disturbances effectively.

Information may be transferred between a sender and a recipient in a variety of ways.
Depending on the form of information transfer, there are two main forms of communica-
tion: verbal and non-verbal. Communication is considered verbal when words—spoken
or written—are used to communicate. Non-verbal communication complements oral
communication by engaging other senses, such as vision. If information is conveyed by
images, it is visual communication. Contemporary forms of communication are often very
complex; for example, most forms of visual communication also involve other elements
(e.g., text) [39].

Since an act of communication is a social process, methods of communication must be
chosen to suit the recipients of information [40]. Due to the great diversity of knowledge
and experience among various participants in space planning and management processes,
communication in discussions regarding draft documents, plans, design solutions and their
later implementations must be clear and transparent; such studies can otherwise be difficult
to understand and hermetic because of the language used [41]. Hence, an important role is
played by visual communication, which is easier to understand by an unqualified recipient.
Visual communication can be described as an act of representation—a process by which
the person who creates a message uses visual resources to transfer information, ideas,
solutions, assumptions, etc.—or as communication by proxy [42,43]. Visual communication
is described as receiving and transmitting messages by visual means [44]. In an information-
based society, visual communication is one of the main ways of absorbing information
and knowledge, and visual communication technology includes images formed by text,
graphics and other composite elements [42].

The direct contact that takes place in consultations is the best form of obtaining in-
formation, since it allows for rapid modification of the questions asked and the depth of
the interview conducted. However, new technologies may provide the only alternative
in times of COVID-19 pandemic constraints. Virtual technologies such as mixed reality
(MR), virtual reality (VR) and augmented reality (AR) can be an alternative to the clas-
sic consultation. All of these concepts fall under extended reality (XR). Extended reality
(XR) encompasses all real and virtual combinations of environments and human-machine
interactions generated by computer technologies and wearables. In short, XR represents
current and future spatial computing technologies that serve to augment the human expe-
rience. These include stimulation of the senses of existence (VR technology), stimulation of
knowledge acquisition (AR technology) and their combination (MR technology).

Virtual reality is based on a virtually generated world, which is displayed through VR
goggles. Augmented reality overlays digital information over elements of the real world;
i.e., the basis of augmented reality is the real world, supplemented by digital elements in
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the form of sound, image or object. Most often, based on the view from the camera of a
mobile device, new layers of perception of the environment are created. In such a created
virtual world, users usually interact with the world via dedicated controllers [45].

The technology that most blurs the boundaries between the digital and real worlds
is mixed reality. In this technology, users can interact with both digital and real objects.
Users control the digital world with their hands. Images are displayed using mixed reality
glasses or goggles.

Tools used in communication related to space planning and management have been
modified in line with technological progress (Figure 3), although visual forms have dom-
inated. Virtual reality (VR) is one of the latest tools in visual communication, but its
mechanisms and applications distinguish it from other visualisation tools—they are typi-
cally used for planned and designed realities that are not yet existent or contain non-existent
components [46]. As VR enables people to transfer information from the virtual to the real
environment [47] and, in the majority of cases, spatial information is what is transferred
between these environments [48], this tool is applicable in a growing range of fields in
spatial planning and management.

Verbal communication Non-verbal

[

words

» %

o 2D 3D

Figure 3. Development of tools for the presentation of planned spatial changes. Source: Prepared by the author.

2.3. Virtual Reality

Myron W. Krueger, who developed a responsive environment at the University of
Wisconsin-Madison in the 1970s, is regarded as the precursor of virtual reality [49]. His
ideas and their implementation have become the prototypes of the current virtual reality.
The term “virtual reality” was introduced by Jaron Lanier and Steve Bryson in reference
to the work conducted at NASA [50]. They understood virtual reality as a way of using
computer technology to create the effect of an interactive 3D world, in which objects give
users a feeling of spatial presence [51]. A general operation diagram for virtual reality and
its areas of application is shown in Figure 4.

Travel
and Tourism
VIRTUAL REALITY - @\ Architegture
VR USERS , ane
SCHEME OF DIFEERENT Education T&S™ ‘. ) E/I\urban planning
SECTORS ','\ 1 27
/ : &
: 1 s Movies ey - m Museum Tours
environment G and 3D Photos TN :ecn:zogy : /
(I— > N
o \ £ 1 N,
Smartphone D @ \/ 4 sports
¥ Online ‘ /O o
Virtual reali shoppin "‘-ﬂ
Goggles VR 3 irtual reality PpINg
Concerts

Figure 4. Operational diagram for virtual reality and its areas of application. Source: prepared by the author.

The main goal pursued by VR creators is the development of an artificial world
which creates an appearance of reality. Technological progress—mainly an increase in
the computing power of devices—and increasingly effective image acquisition algorithms
allow for blurring the boundaries between a virtual object and its real counterpart [52]. It
is of key importance for the creators of such technology to understand human physiology
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and methods of learning about the surrounding world [53]. A situation must be achieved
in which human senses could be deceived using information technology. Implementation
of these assumptions results in a head-mounted display (HMD) which allows the user to
isolate themselves from the outside world. This procedure takes into account the way the
human eye sees and transforms the registered image. Since humans receive stimuli from
the outside world with several senses, adding sound effects considerably amplifies the
impression. VR creators must bear in mind that a sound message out of synchronization
with the image can induce motion sickness in the observer [54].

Response time is another important challenge facing virtual reality. The software
must respond immediately after a response from the observer occurs. Otherwise, the user
will experience confusion caused by erroneous stimuli received by the senses. In order to
optimize the process, devices incorporated into smartphones are used: GNSS antennae,
apparati and sensors (e.g., accelerometers, proximity sensor, light sensor, magnetometer,
gyroscope, gravitation sensor, compass). Auxiliary equipment has been developed to
support the illusion of real life: earpieces, joysticks, special gloves and mats.

The constant developments in VR technology enable interactive citizen participation
in decision-making processes concerning urban space. Virtual reality is becoming a new
method of simulating changes that take place in real time. With low outlays, it allows for
the building of different scenarios of city development. Increasing numbers of experiments
are being conducted in this regard. VR technology allows for a better understanding of
planning policy when creating a smart city [55] and, at the same time, can be used to
increase societal participation in consultations on area management. These needs were
identified by Aguilar et al. [56], who proposed a solution involving the use of an interac-
tive tool with a spatial analysis function, supporting the planning and decision-making
processes with increasing numbers of consultation participants. Puyana-Romero et al. [57]
pointed out that virtual reality can be used on smartphones and Oculus Rift displays for
assessment and monitoring of spatial changes in the evaluation of environmental noise in
various areas of Naples for future project processes. The findings showed that it allowed for
engaging more participants compared to laboratory experiments. Other studies conducted
by Patterson et al. [58] showed the opportunities and advantages of using VR in public
consultations on landscape planning. The findings showed that respondents who relied
only on verbal descriptions visualized spatial solutions that were potentially different from
the designers’ intentions. Virtual reality also allows for consulting a planning concept.
Considerable potential in this regard was confirmed by Howard and Gaborit [59], who
used planning solutions designed in a virtual environment for public consultations. The
conclusions from the study confirmed that such solutions facilitated and increased public
involvement in the planning processes compared to the conventional consultation process.

3. Study Methodology
3.1. Subject Matter of the Study

The area under analysis is situated in the southeast of the town of Suwatki, in northeast
Poland (Figure 5). It lies within the town’s administrative borders, several kilometres south
of the centre, near the village of Sobolewo (GPS:N 54° 429" E 22° 57'42").

This area is administered by Suwalskie Kopalnie Surowcéw Mineralnych, which
previously excavated aggregate at the site. An artificial water reservoir at Sobolewo is
situated at the site of a former gravel pit, where gravel was excavated from below the level
of the groundwater table. As the minerals are still being excavated, part of the reservoir is
included in the technological system of the Sobolewo mine. The other, northern part of the
water body is a tourist facility. The water body is fed by many springs in the area. Figure 6
shows the current land development in the area, with a distinctly marked section covered
by water.



Energies 2021, 14, 6046 8 of 19

POLAND VOIVODESHIP SUWALKI

~ A

{
~
;E S

) [ analyzed area

0 50 100km - 0

Figure 6. Bird’s-eye view of the water reservoir at Sobolewo (a). Source: Gataszewski H. Current land development in the
area under study—orthophoto (b). Source: geoportal.gov.pl.

The area under analysis is covered by a local area development plan, which was
passed as a by-law act (Resolution No. XXIV/301/2016 of the Town Council in Suwatki of
26 October 2016 on the local land use plan for the post-gravel pit site—the Sobolewo water
reservoir in Suwalki). According to the plan, the area under analysis occupies approx.
67.3 ha of land and is delineated on the drawing (Figure 7). The plan provides for sports
and leisure facilities (US-ZP), inland water area (WS) and uncontrolled greenery (ZN).

The plan contains information on future land development in relation to these provi-
sions (Table 1). This information was used in creating a simulation of the post-development
area.
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Figure 7. A fragment of the graphic attachment to the local area development plan for the post-

gravel pit area—Sobolewo reservoir. Source: Local area development plan for the post-gravel pit

area—Sobolewo reservoir in Suwatki.

Table 1. Acceptable forms and elements of the area development for the post-gravel pit area—Sobolewo water reservoir in

Suwatki.

Purpose of the Land (Function)

Forms and Elements of the Area Development

3ZN—areas of uncontrolled
greenery (approx. 16.2 ha)

maintaining existing greenery—tall, medium and small—and planting new plants;
parking places in tall greenery; walking paths with places for rest and equipment for
exercise; cycling paths and paths for off-road riding; nature teaching paths, including
paths as piers continued in 5WS, street furniture, e.g., benches, shelters, observation
towers, sites for launching sailing equipment, information boards, lighting posts; and
leisure facilities, e.g., fishing boat storage sheds (with an area of up to 150 m?),
equipment for keeping the area tidy, including environmentally friendly bathrooms
and power supply facilities, depending on the power demand, minimal index of
biologically active surface at 80%

4US-ZP—sports and leisure
facilities in controlled greenery
(approx. 12.3 ha)

walking paths with places for rest and equipment for exercise; the paths can have the
form of wooden footbridges to protect the land against erosion, places of leisure
equipped with shelters with benches, tables and grills, sports fields, tennis courts, golf
courses, etc., playgrounds for children, grass area for a bathing beach in 5WS, piers for
the beach and sailing equipment, hangars for sailing equipment, lighting of the area,
equipment for keeping the area tidy, including environmentally friendly bathrooms,
maintenance of the current afforestation and planting of new greenery to achieve a
minimum bioactive area index of 75%.

5WS—the area of the
post-excavation site surface water
reservoir (approx. 32.5 ha)

municipal bathing site; harbor for water sports equipment; piers for water sports and
bathing sites, angling footbridges and piers intended for teaching purposes; necessary
adjustment of the coastline and gentle coast slopes to secure them against erosion;
observation towers and places for jumping into the water as well as shelters with
places for rest, which can be located on piers, service facilities (e.g., cafes) connected
with the land via piers

Source: Local area development plan for the post-gravel site area—Sobolewo water reservoir in Suwatki.
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3.2. Research Procedure

The first stage of the research procedure involved preliminary work including an
on-site visit to the test area as well as analyses of materials and resources concerning the
functions that could be performed (Stage 1). The main goal was to verify the provisions
in the local area development plan (see Table 1), which determines the method of land
development in accordance with the by-law act. A concept of the land development was
prepared in stage 2 based on the acquired information on legal regulations and the natural
conditions at the Sobolewo water reservoir, using the map base in the form of a plan
drawing, supplemented with information from an orthophoto.

3D models were developed in the SketchUP program, in order to prepare a visual-
isation of the draft area development design (Stage 3). These models included various
elements of street furniture (e.g., benches, chairs, lamps, trees), sport and leisure facilities
(e.g., volleyball and basketball pitches with accessories, walking paths, leisure areas, play-
ground with accessories, etc.). Regardless of the design work, a programming environment
was prepared for developing an original application presenting the area development con-
cept in augmented reality. This task mainly involved the implementation of the necessary
programming libraries and the development of scripts in the C# language, necessary to
compile the application (Stage 4).

Stage 5, which involved creating the 3D virtual world, was one of the most important
steps. The 3D models (created at stage 3) were superimposed on the map background
prepared at stage 2, while preserving the uniform system of coordinates for each model
in the design and the background map. This mainly concerned preserving the scale and
model orientation and defining the beginning of the system of coordinates. Owing to this
approach, it was possible to set the model altitudinal orientation and to achieve easy object
control in the east-west and north-south directions.

In the next step, the necessary functionalities were defined for the designed application,
which allowed for developing a system for moving around the virtual area (Stage 6). This
stage involved the first application tests by the users.

The next stage involved informatic work, consisting of validation of the software by
performing tests and correcting errors in the code (Stage 7). The work at this stage also
involved the choice of target mobile platform (Android).

In the last stage of the work, the application operation manual was prepared, which
discussed the recommendations concerning the requirements for mobile devices (e.g.,
smartphones) and provided guidelines for installing, moving around in and quitting the
application (Stage 8). All of this resulted in an application for mobile devices entitled:
ArchitektVR. The virtual reality employed in it simulated a realistic environment, in which
a user could move around in real-time. The technology was used for both presentations
and creative actions. A user must put on special glasses through which they can see the
surrounding world (360-degree range), created by the computer, and gain information
about the surrounding space. This technology provided many opportunities; it allowed
users to look at various angles, to reach out for objects, and to change their shape and
parameters. The presence in the created space is achieved through full immersion, which
was possible owing to the real-time interaction of the human with the computer. Figure 8
shows a diagram of the work done during the project execution. It also shows the stages of
its execution, as discussed above.
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Figure 8. Stages of the execution of the project. Source: Prepared by the author.

Table 2 shows brief characteristics of the main tools used in the project, complementing
and expanding the diagram of the project execution stages.

Table 2. Tools used in the project and their characteristics.

N A local area development plan is a by-law act, which is
passed as a resolution of the commune council. It contains

detailed guidelines for land development.

Geoportal Krajowy is a website which provides users with

geoportal.gov. p] access to spatial data service provided by the National
Infrastructure of Spatial Information. The portal is intended
both for individuals and for legal persons.

QGIS software is a free of charge, open and multi-platform

geoinformation application. Since 2007, it has been part of a
Q G I S project led by the Open Source Geospatial Foundation, whose
aim is to promote and support cooperation regarding the

expansion of geospatial data, as well as open GIS
technologies.

ﬁ Sk t hU SketchUp is a professional program used to model 3D objects,
etc p i.e., buildings, street furniture, greenery or people.

GIS Software

The Unity3D environment was first presented in 2005. This

Q unity tool enables designing two- and three-dimensional games,
animations or visualisations. For this reason, the tool is
popular among professionals and hobbyists.

C# is a multi-platform programming language designed and
developed by Microsoft.

Source: prepared by the author.

To define the system requirements, in-depth interviews were conducted with a variety
of audiences. This resulted in defining aspects of both the environment and the user-
friendliness of the application. This forms a basis for implementing the process into future
consultations based on new technologies, such as XR.
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Beach

Top view of the virtual world

4. Results
4.1. Area Development Plan

A proposition for development of the exhausted gravel pit—Sobolewo water reservoir
was prepared based on the existing graphic attachment to the local area development plan
and information from the orthophoto (source Geoportal.gov.pl, accessed on 7 January 2021).
After the plan provisions and characteristics of the test area surroundings were taken into
account, a proposition for the area development was prepared (Figure 9).

Volleyball courts

Courtyard gym

Figure 9. Proposed land development in the test area. Source: prepared by the author.

The background map was opened in the Unity program at a scale of 1:1 and then
projected onto the existing land. A development design was prepared for part of the area
designated for the US-ZP function (sports and leisure facilities in controlled greenery). 3D
models of the development elements were taken from Unity—Asset Store and SketchUp—
3D Warehouse. The following objects were designed in the area: a playground, equipment
for open-air exercise, volleyball and basketball pitches with stands, a table for table tennis,
walking paths, bicycle parking places and areas with benches and tables for picnics and rest.
The design also included benches along the walking paths, lighting to improve visibility
and safety after twilight and litter bins for keeping the area tidy. Design solutions were
complemented by elements of medium and tall greenery, such as bushes and trees. All of
this was complemented by beaches in the southern part of the water reservoir. The area had
two piers and two lifeguard towers to ensure the safety of bathers. Additionally, the beach
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had designated areas for playing beach volleyball as well as deckchairs and umbrellas for
leisure. The whole proposal provided a coherent urban design solution.

4.2. ArchitektVR Application

Android JDK, Android SDK and Android NDK were imported in order to develop
the application. Software packs were downloaded from the Android website. The packs
enabled developing the area development design in the UNITY environment and creating
ArchitektVR, an application that uses VT. The application tests required goggles and a
device running Android 4.4 “KitKat” (level API 19). In order to properly configure the
mechanisms of movement around the virtual world, the basic laws of physics related to
the geometry of movement in the real world had to be defined for programming purposes.
Defining the rules enabled the camera (which simulates the observer’s eyes) to move in
parallel to the area elevation (at the observer’s eye level).

Owing to the goggles’ monitoring of location with respect to the X, Y, and Z aes,
elements of interaction and changes in the observer’s location could be added in virtual
reality (Figure 10).

YAW

ROLL

PITCH

Figure 10. Orientation of VR goggles. Source: prepared by the author.

By changing the position of their head, the user could see various views in the virtual
reality. An avatar in the computer world reflected the orientation of the head with goggles
in the direction of the gaze in the designed world. Figure 11 shows the mechanism of
head movements and the resulting change in the direction of vision in the virtual world
(Figures 12 and 13). This change is symbolized by the AVATAR body position (a blue figure
in Figure 12).

Tilt your head 20 degrees Raise your
to start the movement head to stop

horizontal
axis

Figure 11. Movement control in the virtual world. Source: prepared by the author.
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Figure 13. VR views on a mobile device. Source: prepared by the author.

Figure 13 shows a view of a selected location in the virtual world, displayed on a
mobile device (smartphone) and visible through goggles. The illustrations show the views
displayed in the horizontal plane and covering the full 360° view (left, front, right, back).

Movement capability was effected by a script in the C# language, written in Visual
Studio. The implemented script (VRLookWalk) contained variables storing the main
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camera, character, angle of vision and speed. After the start button was clicked, the
program found objects which stored CharacterController and transferred the user to virtual
reality. Users had to lower their heads by 20° to move forwards. If the angle condition was
met, then the character moved by the vector multiplied by velocity. Users had to raise their
heads above 20° to stop moving (Figure 13).

4.3. Proposed Improvements

The presented concept of land development was tested on a group of 10 people.
Testing was conducted in an in-depth interview format due to lockdown restrictions.
Respondents were tested one at a time. The ages of the respondents ranged from 15 to
60 years (five females, five males). Each person represented a different social group defined
by level of education, age, gender, level of community involvement and experience in
public consultation. Additionally, respondents displayed different levels of map and plan
reading skills.

After wearing the goggles and observing the virtual world, respondents answered for-
malized questions. These questions concerned general impression, readability of presented
objects and spatial solutions, evaluation of proportions and spatial interrelations, ease of
interpretation of the proposed concept of development and degree of understanding of the
provided information. Finally, the respondents answered questions about the validity of
implementing VR technology in public consultations. All respondents indicated the need
for intuitiveness and ease of use of this type of solution, so that it could be used universally.
After answering the formalized questions, respondents made additional comments. The
most common suggestions included adding the possibilities of changing one’s position
and of adding and removing objects and sound from the virtual world. Respondents also
indicated that difficulties existed for people who require vision correction by wearing
glasses. In such cases, using goggles was difficult. One person also reported problems due
to motion sickness. For some of the respondents, this was their first contact with VR. Their
impressions were generally very positive. Suggestions for improvements resulting from
respondents’ comments are presented below.

The application could be expanded by adding interactions with VR controllers. A
special menu would allow the user to edit objects, e.g., to change the shape, size, position,
structure, color of components, etc., and owing to the measuring function, it would be pos-
sible to check the size and distance of individual objects. The location change and distance
measurement functions could allow a user to enter another level of design, providing even
greater opportunities for project analysis and reducing the probability of conflicts in the
space under design.

Moreover, text could be displayed on the created image together with a lector mode
to influence the user more effectively, so that the user could understand the author’s vision
fully and correctly. Owing to this option, it would be possible to provide the user with
characteristics of the analysed area by presenting the physico-geographic features of the
land (i.e., geographic position, lay of the land, climate and soil conditions, presence of any
forms of nature conservation) and a description of each component (e.g., giving dimensions
and other technical parameters, the function of each object, etc.). Adding a soundtrack to
explain the analysed area would make the impressions even more realistic (e.g., informing
about the functions that could be used and parameters of the development elements).

The application could also be developed by adding a special menu to enable active
editing of objects present in space—the observer could change the shape, size, position,
structure, color of components, etc. The changes would have to be consistent with the
local plan, which could be correlated with sound messages (the message would signal a
non-conformity with the plan guidelines, which cannot be violated).

These modifications could help to design an area which meets community expecta-
tions, and detecting errors at the designing stage would help to avoid undesired effects in
the form of social conflicts.
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Additional equipment is needed to use this technology. For use in public consultations,
the required amount of equipment should be minimized. In this case, it was necessary
to have a smartphone (which are very common) and inexpensive carton glasses (costing
approx. PLN 20—approx. EUR 5). These devices were sufficient to review the area
development concept in the virtual world and to grasp the spatial relationships in the
horizontal and vertical planes. It could make it possible for users to express opinions, to
put forward motions and suggestions regarding the proposed solutions, or to correct the
design solutions directly in the virtual world.

5. Summary and Conclusions

Information societies receive information mainly from computers, which in turn rely
mainly on the sense of vision. The aim of the project was to show the opportunities and
potential of virtual reality in area development planning and management. Through its use
in developing the ArchitektVR application and designing the method of space arrangement
in the exhausted gravel pit—Sobolewo water reservoir, the Unity3D graphic engine showed
the benefits of virtual reality. Therefore, the assumed objective was accomplished and the
study hypothesis was corroborated. The use of virtual reality as a form of communication in
area development design helped to show a vision of land use as a 3D image. Visualisation
with VR enabled the presentation of various aspects of area development in a clear, easy-
to-understand form for average users with no specialist qualifications. This was confirmed
by preliminary tests conducted by users.

The development of the project management framework, the ArchitektVR application
and its capabilities comprise the first part of the project. From a further perspective, these
results should enable mass participation of the local community at the stages of preparing
the planning documentation and design and implementation of the area development
concept. Subsequently, the application will be improved in line with the suggestions and
tested on a mass scale by the local community.

After being installed on a mobile device, the application, in combination with 3D
goggles, can be a useful tool in public consultations. When evaluating a proposition for a
land development concept with virtual reality, one can check the correctness of the design
spatial solutions regarding the composition, form, shape, color, utility solutions and, in
particular, satisfying the social needs. This technology is the most economic and safest
solution in many aspects and areas, especially now that social contacts are limited. The
opinions expressed by a local community will help to choose a method of area development
which is consistent with its needs and meets all the requirements necessary to be consistent
with planning documents.

ArchitektVR may be added to the Google Play shop, an online platform with a huge
number of various applications. This will facilitate access to the installation file, and
downloading files from this platform is intuitive and fast. Due to rapid technological
progress, VR will likely soon be applied in area development planning and management
(which is seen in the growth of the VR games market). What is unavailable on a large scale
today will soon be in common use—in the same way as smartphones became common,
goggles are already becoming common goods.

Certain limitations regarding the common nature of such a form of participation
may be a consequence of the participants’ age; this especially concerns elderly people.
This is associated with the range and availability of devices and the Internet, lack of
knowledge of new technologies and activity of the consultation participants. This would
be disadvantageous since elderly people have the greatest experience and knowledge of
local issues. At the same time, this form of consultation can attract the interest of young
people because of the use of modern technologies. Although the use of technology results
in certain limitations, it also may attract a new group of users who, until now, were not
very interested in active participation in local matters.

An effective and transparent system of communication results in an increase in trust
and a better understanding of the issue under consideration. Successful communication
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depends on the form and message quality. In this context, owing to the development of
new technologies, new and innovative services can be created which make it easier for
recipients to absorb new content. An increase in the computation power of mobile devices
has created the possibility for widespread use of augmented reality solutions that blur the
boundary between the real and the digital world. The use of VR in public consultations
streamlines the communication process. It facilitates the presentation of future changes in
a space and allows for the creation of many variants/scenarios of future area development.
Participants in consultations receive information about planned changes as visualisations.
Effective visualisation of such information can help citizens to make better decisions.

Social participation is a major factor in solving issues related to area development
planning. Gamification, fuzzy control and use of virtual reality can make it easier for
local and central governments to manage area development planning. Visualisation of
future area development solutions enables concerned individuals to assess the potential
development of a selected area without a visit—either in the field or to an office. This is
of particular importance now during the COVID-19 pandemic and the resulting sanitary
restrictions.
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