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ABSTRACT

Motives: The solutions for designing spatial development methods in planning documents are
presented as 2D graphics with supplementary descriptions. Due to the lack of specialist knowledge
and insufficient spatial imagination, some readers may be unable to understand the graphic and
descriptive content of such documents. The above can lead to the construction of objects that disrupt
spatial order without violating the law. This problem can be solved by applying augmented reality (AR)
in spatial planning. This paper presents the capabilities of a method for visualizing different spatial
development variants on the example of buildings. A model of a building plot and the surrounding
area, covered by a local spatial development plan, was developed.

Aim: The aim of this study was to determine the applicability of the AR technology for identifying
low-precision areas in the plan and its potential impact on the method of land development, with
a resulting deterioration in spatial order.

Results: The use of the AR technology enables analyses and assessments of planned development
in the context of spatial order and its integration with the existing elements. Visualizations presented
with the AR technology show that different interpretations of the local zoning plan generate spatial
chaos. The utility of 3D visualization for an average reader was also presented. The AR technology can
be used at the stage of preparing planning documents (community participation, adopting the plan),

adopting by-laws (councilors), and enforcing these regulations (investors” decisions).

Keywords: spatial planning, spatial imagination, augmented reality, visualization

INTRODUCTION

The clarity of future solutions for spatial develop-
ment methods is one of the main issues in the spatial
planning process. Clear and comprehensible pres-
entations of the planned functions, design solutions
and limitations are of great importance. This mainly
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concerns spatial elements such as buildings, transport
systems, and greenery. Standard design solutions in
planning documentation are presented as 2D graphics
with supplementary descriptions. The main aim of 2D
drawings is to visualize future functions with the use
of colored contours and sectoral symbols. The descrip-
tive part contains detailed guidelines on the method
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of spatial development with predefined functions.
This method of presentation may be difficult to under-
stand for the average reader.

Planning documents are intended for officials,
planners, architects, investors, and local communities.
This applies at the stage of drafting, adopting, and
enforcing by-laws. According to the Act on planning
and spatial development, the local community may
participate in the process of drafting planning
documents. These documents are shared with the
public, the adopted solutions are discussed, and
stakeholders can make comments and motions.
Therefore, by actively participating in the process
of preparing planning documents at the local level,
residents can have a real influence on changes in their
environment. However, the participants are often
unable to comprehend the developed documents, both
graphics and descriptions, due to a lack of specialist
knowledge about urban development and architecture,
and poor spatial imagination. Local lawmakers who
are responsible for spatial planning and development
often experience similar limitations. In order to vote
for or against the proposed bills, one has to understand
the solutions adopted in planning documents.
Similar obstacles are faced by non-professionals
who read planning documents, for example those
seeking real estate for purchase and planning an
investment. Therefore, planning documents should
be clear, understandable, and easy to interpret. This
problem can be solved by using augmented reality
(AR) to present the planned function and method
of land development. The authors assume that the
visualization of spatial development in 3D AR can
lead to a better understanding of the spatial relations
between the elements of spatial development and their
surroundings.

This article describes the use of the AR technology
for presenting the provisions of a draft local land
development plan which is the most important
document in the Polish planning system and which
constitutes a by-law. The aim of this study was to
determine the applicability of the AR technology
for identifying low-precision areas in the plan
and its potential impact on the method of land
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development, with a resulting deterioration in spatial
order. In addition to disturbances in spatial order,
imprecise local planning provisions bring about
significant legal consequences. The ambiguity of such
provisions makes them difficult to interpret, both
by investors and by public authorities dealing with
architectural and construction matters. This can
considerably impact investment decisions because
a zoning plan imposes limits on real estate use
and - together with other regulations - affects its
execution. Therefore, a local land development plan
should contain unambiguous provisions which do
not raise doubts as to their interpretation. Otherwise,
disputes may be brought before an administrative
court. Moreover, the utility of 3D visualization
of a plan has been demonstrated, and this technology
can be used in the planning stage, both during public
consultations and when the document is approved
and passed, as well as before a potential investment
is planned.

This study analyzes a model of an undeveloped
building plot covered by the local land development
plan whose provisions are imprecise. It can be safely
assumed that the use of 3D visualization at the stage
of public consultations and later, if the plan is passed,
would require changes in its provisions.

LITERATURE REVIEW
Augmented reality

Humans gather information about the world
through their senses. However, due to the development
of information technologies, the sense of sight became
dominant. As a result of technical progress, we are
surrounded by images which impose a certain vision
of the world (Kuczamer-Klopotowska, 2014; Milgram
etal., 1995). We pay great attention to the appearance
and the esthetics of the presented materials and
information. This is noticeable in practically every
area of life, including more realistic special effects
generated digitally in films, realistic fairy tales
combining fairy tale characters with the real world,
interactive museums, and others. Therefore, AR
is a rapidly developing field of technology.
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Augmented reality has been an area of interest for
many professionals since the 1950s. Research began
about 10 years later, and it was initiated by a pioneer
of computer graphics, Ivan Sutherlan, and a group
of students from the Harvard University and the
University of Utah (Pardel, 2009; Caudell & Mizell,
1992). In simple terms, AR is a technology that
combines the real world with the virtual world. It is
created by overlaying digital objects on a real-world
image. Image processing devices such as cameras,
glasses, smartphones, tablets, and cameras are used
for this purpose. Ronald Azuma (1997; 2017) has had
a great impact on technology development. He defines
AR as a system that merges two types of worlds, the
real and the virtual.

Another feature of the AR system is that every
object in three-dimensional space is located in the
real world. This means that the objects present in the
real world have a precise location. A third parameter,
namely the interactivity of objects, can be introduced
when an object’s location is known and when the
digital and real worlds can be combined (Kolodziej-
czyk, 2013). Nowadays, the main goal and the greatest
challenge for the development of AR technologies are
to obliterate the difference between virtual and real
objects. This can be achieved by improving the accu-
racy with which shapes, colors, and mutual relations
between virtual objects and the real world are repre-

{
3D model {ﬁ}

user

landscape

sented. The operating principle of the AR technology
is presented in Figure 1.

Due to the development of computer technology,
the possibility of creating AR has increased
significantly. The exponential growth of information
technology (Moore, 1965) has significantly contributed
to the above. Recent years have witnessed considerable
progress in mobile devices such as smartphones and
tablets which are conducive to the propagation of AR.
Due to a significant increase in their computing power
and popularity, the number of AR-based applications
is growing rapidly (Buchwald, 2018). This is because
the application of AR on mobile devices increases the
user’s experience of the virtual world. Technological
progress has also affected the way information is
presented by linking the use of geographic information
to areas commonly associated with a strong visual
perception of space (Marques et al., 2019). Therefore,
AR is applied in many areas, including education,
sales, marketing, sports, tourism, commerce,
medicine, entertainment, automotive industry, and
cultural heritage. Augmented reality is also used
in architecture, construction and land development
planning, which will be discussed in greater detail
in chapter “The use of AR in spatial and architectural
planning”.

The ability to see and feel depth is a very complex
process. To be able to distinguish between distances,

screen view

smartphone

Fig. 1. Operating principle of augmented reality
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PICTORIAL GUIDELINES COGNITIVE FUNCTIONS
— occlusion — expectations
— altitude in field of vision — reasoning
— perspective — memory
(aerial and geometric) — knowledge of objects
—relative size — other

T

T

SPATIAL VISION
STEREOPTICAL GUIDELINE VISUAL GUIDELINES
‘ DYNAMIC GUIDELINE — convergence
— stereopsis — accommodation

— motion parallax

Fig. 2. Stereoscopic vision

Source: own elaboration based on Howard and Rogers (2012) and Juszka and Papir (2016).

several conditions must be met. Our brain uses several
guidelines to correctly interpret the object it sees.
These are listed in Figure 2. They include pictorial,
visual, dynamic, stereoscopic and some cognitive
functions.

The image may not be correctly identified when
one of the clues is misinterpreted by the brain. Such
an effect may be used intentionally, for example by
magicians. However, in the case of land development
planning, correct interpretation of records and
images is desirable. As indicated above, the spatial
vision of an object can be problematic. Most
land development plans involve maps (2D), and
each recipient visualizes the presented content
individually. Therefore, this approach leaves wide
room for interpretation. The availability of free
three-dimensional AR applications and the potential
of tablets and smartphones support the design and
implementation of spatial skill development strategies
(Carbonell & Bernejo, 2016) to standardize the users’
visualization abilities.
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The use of AR in spatial and architectural
planning

Until now, the process of land use planning,
architectural and structural design was limited
to the creation of 2D graphics, descriptive
information, or mockups of the proposed solutions
(this solution is rarely used because it is laborious
and time-consuming). The applied 2D model may
lead to discrepancies due to varied interpretations
of planning documents, spatial development projects
and architectural and structural projects because many
people have poor spatial imagination. Individuals
differ in their ability to imagine and visualize 2D
content. Naturally, the view in the X and Y plane alone
does not reflect all spatial relations. The information
about the vertical component (height), presented in
a descriptive way or with the use of sectoral symbols,
is also difficult to understand or imagine. The spatial
interpretation of planning solutions is therefore
significantly hampered.

Augmented reality creates new digital forms
in space, and attempts are made to create an envi-
ronment that is identical to the real world, which
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is why the AR technology is increasingly often used
in planning and architecture. Digital three-dimen-
sional (3D) environments provide new ways of land-
scape visualization and topographic interpretation.
The advent of AR offers a new way of developing 2D
image reading skills. For example, AR can be applied
to present terrain features (hills, dunes, depths, val-
leys, mountains, shapes and slopes), which provides
a new way of interacting with the landscape (Carbonell
& Bermejo, 2017).

Augmented reality has enabled architects to trans-
fer their designs from 2D format and present them to
the public in three dimensions (Siwak, 2016; Tomkins
& Lange, 2020). This brings many benefits. A 3D
model enables the public to view a designed building
in real-world terrain, and it demonstrates whether the
building is well-integrated into the surrounding space
(Asanowicz, 2012). In addition, AR facilitates digital
reconstructions of destroyed buildings, for example
in museums (Han et al., 2013). The most important
decisions are made at the planning or pre-planning
stage. The changes introduced at this stage are less
costly and time-consuming compared with later stages
of architectural design, not to mention the construc-
tion process itself (Peckiené & Ustinovicius, 2017).

Augmented reality can also be used in spatial
planning. Spatial design has changed dynamically
in the last decade, mainly due to the involvement
of local communities in the planning process during
public consultations (Konopacki, 2014; Zamojski,
2020). Effective integration of new projects into
the existing elements of development is important
both for the designers and the community living
in the area. However, 2D drawings of the planned
investments do not always show how the designed
building or public facility will fit in with the existing
buildings and the landscape. The popularity and
increasing computing power of mobile devices
make enable all participants to use AR to visualize
the proposed solutions. Augmented reality is used
in public debate as a tool for making changes and
corrections in graphic models of future investments.
The language of communication must be accessible
to both specialists and laymen (Khan & Dong, 2011;
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Marques et al., 2017). Gamification, fuzzy control and
AR can solve many of the problems encountered by
local and central authorities in managing the spatial
planning process. In addition, according to specialists,
AR and other ICT systems, such as the Internet,
significantly improve communication between urban
planners and the future users of space (Milovanovic
et al., 2017). Effective communication with citizens
is a factor that contributes to the success of public
participation in solving spatial planning problems
(Olszewski et al., 2017). Social geoparticipation in
spatial planning promotes civic engagement through
the use of tools adapted to the cultural, historical,
economic and social reality of a given city, as well as
precise 3D modelling techniques and VR/AR tools
(Kuspert & Zink, 2017). These tools not only improve
the spatial planning process, but also contribute to the
evolution of an open geoinformation society which
will create “smart cities” in the future (Allen et al.,,
2011).

In addition to enhancing communication, AR
can also improve decision-making in the process of
approving an investment project. A visualization
of a building or another project can be easily accepted
or rejected by remote voting using a mobile device
(Allen et al., 2011). Thanks to AR, participants can
see how the object will look like from every possible
angle. Augmented reality also enables the participants
to experience the sensory attributes of a given location,
including light, wind and smell (Goudarznia et al.,
2017).

Research on the use of AR for enhancing public
participation in the spatial planning process was
conducted in the Finnish cities of Raseborg and
Helsinki. According to the residents of Raseborg, AR
was a very helpful tool during land-use planning and
public consultations. Another study was conducted on
planning officials who saw AR as a very useful tool for
analyzing the form of newly designed buildings, their
integration into the existing development, influence
on the surrounding landscape, and potentially adverse
impact on the local community (Konopacki, 2014).

Applications enabling users to create their own
vision of the surrounding space play an important role
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in the process of social participation. “Wysadzulice”
was a Polish application that had been developed with
the use of AR (it is no longer active). The applica-
tion enabled users to design urban squares or streets
by adding various types of objects, including trees,
flowerbeds or benches, to the existing reality.
The users could visualize their needs concerning
land planning in the surrounding area. As a result,
community members could influence the shape
of the local space. The program also greatly facilitated
communication between the residents and the local
authorities. At the same time, the application enabled
the authorities and planners to collect information
about local needs concerning spatial development.
The program was an attractive tool for effective public
participation (Maksymiuk et al., 2017). 3D visualiza-
tion techniques have emerged as a new global trend
in spatial and urban-architectural planning (Broll et
al., 2004; Dickmann et al., 2021; Phan & Choo, 2010).

Polish spatial planning system
at the local level

Poland has a three-tier spatial planning system
which covers the national, regional (spatial develop-
ment plans developed by voivodeships) and municipal
(study of conditions and directions of spatial develop-
ment, local spatial development plan) levels. Local
zoning plans play the most important role in the Polish
spatial planning system. This basic tool spatial policy
tool is implemented by the commune (the smallest unit
of territorial division). This document has legal force
and it is universally binding on municipal authorities,
public institutions, businesses and citizens. The local
plan determines land use, the location of public invest-
ments, and the development methods and conditions
ofland development necessary to achieve spatial order,
and it constitutes the basis for all planning activities.
The process of drafting local plans involves an element
of public participation, which means that every inter-
ested citizen can actively participate in the creation
of the plan during public consultations. Local spatial
development plans are optional; they are adopted
at the discretion of the municipal council, and they

76

may cover the entire municipality or selected areas

(Nowak, 2019). According to the Spatial Planning and

Development Act of 27 March 2003, the local spatial

development plans specify:

— land-use types and boundaries separating different
land-use types or different types of development;

— the principles of developing building layouts and
land development indices, the maximum and
minimum development intensity as the ratio
of the developed part of a plot to its total area, the
minimum biologically active area relative to built-up
area, the maximum building height, the minimum
number of parking places, building contours and
dimensions.

The position of buildings relative to roads, public
areas and the borders of adjacent plots, facade and
roof color are determined as needed.

Pursuant to the decision implementing the Act on
Spatial Planning and Development (Regulation, 2021),
a plan concerning the requirements to create public
space should lay down the rules for temporary service
facilities, technical equipment and greenery, including
determining orders, prohibitions, abandonments and
restrictions on land development. The decisions on
building layout and land development parameters
and indices should specify the building contours,
built-up area relative to plot area, including the
percentage of the biologically active area, as well as
the dimensions and height of the planned buildings
and roof geometry.

The draft local plan is prepared as a 2D drawing
(Fig. 3). The textual description is an integral part
of a plan, and it contains detailed regulations on the
method of land development.

A local revitalization plan is a special form of
a local spatial development plan (Szlachetko, 2017).
The descriptive part includes regulations on the
principles of spatial composition and harmonizing
the planned buildings with the existing ones.

The visualization of the revitalization plan
provisions consists of an urban planning concept
for the area covered by the plan (2D model) and
a spatial structure model of the area covered by
the plan, which takes into account terrain features
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Fig. 3. An excerpt from the local spatial development plan of Olsztyn city
Source: https://msipmo.olsztyn.eu/imap/.

prepared in a 3D realistic form, enabling a change
of the point of observation in space, considering the
existing and planned spatial development elements
(3D model). The third element of visualization are the
views of selected characteristic elevations or developed
views of public spaces, taking into account the nearest
surroundings.

The provisions of a local plan (including the revi-
talization plan) can regulate many issues in detail.
Local plans have a direct impact on future spatial
development, and their provisions must be compre-
hensible for the recipients, including local commu-
nities interested in changes in the immediate sur-
roundings, investors who make financial decisions,
and local lawmakers. The method of presentation,
including 2D drawings and a textual description,
is not clear for most recipients. In general, 3D visu-
alization techniques are not required by law, except
in revitalization plans. However, these plans and the
relevant preparatory procedures have been introduced
only recently. Despite the fact that visualization is
not obligatory, it is used increasingly often at the
stage of a draft plan preparation as an element which
enhances the study’s clarity for an average reader.

@rafal.kazmierczak@uwm.edu.pl, gaszczep@uwm.edu.pl

Local spatial development plans are prepared
by licensed spatial or urban planners or individuals
who have a degree in architecture, urban planning
or spatial development. Therefore, they have
well-developed spatial perception and imagination,
and they can mentally convert drawings and textual
descriptions into a 3D format. Most (or all) members
of municipal councils are not experienced in this area
and have no knowledge of these issues (Korbel, 2018),
which is why the visualization of drawings and the
text of a local plan can be difficult. The above can
lead to erroneous decisions regarding plan approval.
The same applies to the citizens who participate
in public consultations, for whom the draft plan
presented for public viewing may not be fully clear.
This is a very important consideration because by
actively participating in the process of creating
the document, local communities can influence
the appearance of the surrounding space (Korbel,
2018). Therefore, visualization techniques should
be included in the process of preparing planning
documents, which is enabled by the development
of tools for the acquisition and processing of spatial
information (Sieminski, 2011). It can make the
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provisions of the plan more understandable for the
recipients and enhance their clarity. A realistic 3D
presentation is more appealing to amateurs (Kolecka,
2008). The precision of local planning provisions is
a separate issue. A lack of precise provisions leads
to the free choice of spatial development methods
concerning design solutions, building dimensions
and color. It has a considerable impact on spatial
order, despite theoretical compliance with the plan
provisions.

These concerns justify the use of 3D visualization
techniques in spatial planning, especially in the
visualization of planned urban and architectural
solutions proposed by municipal officers responsible
for spatial planning (Korbel, 2018). Additionally,
AR facilitates communication between the local
community and individuals in charge of spatial
development (Grassi & Klein 2016). Therefore, the
legal regulations applicable to planning documents
should include provisions governing the use of modern
techniques for visualizing the proposed spatial
solutions. The first attempts to develop a preliminary
concept of a universal modelling language (UML)
of a database scheme for integrating the 3D cadaster
with 3D spatial planning have been made in Poland
(Bydlosz et al., 2018).

METHODOLOGY

The literature review clearly confirmed the utility
of AR in the spatial planning process. The main aim of
the study was to visualize spatial development with the
use of AR, and it was achieved through the following
intermediate objectives:

- to interpret the provisions of a local spatial develop-
ment plan;

- to analyze the spatial development concept;

— to assess the applicability of novel technologies for
visualizing spatial development;

- to support communication with the investor.

These tasks were carried out based on techno-
logical solutions that are available to all users of mobile
devices, namely smartphones.

Considering the specific nature of the AR tech-
nology, the design and presentation of future spatial
development methods were analyzed indoors and
outdoors. To visualize the existing spatial develop-
ment with the AR technology, the study relied on
design guidelines that comply with the local spatial
development plan and specify the parameters of future
feasible development. Design solutions arising from
the plan were adapted to a single building plot and
a residential building, and its elevation was considered.
The stages of the study are presented in Figure 4.
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Table 1. Modules applied in the process

Number Name

Characteristics

A background map can be prepared based on data acquired during independent field measurements and

Module 1  Background map

a vector map developed in the GIS or CAD environment or with the use of the existing geodesic resources

(databases or geoportals)

A marker is usually an image in JPG or PNG format with the following characteristics:

Module 2 Markers

Rich in detail;
Good contrast;
No repetitive patterns;

Format (8- or 24-bit PNG and JPG formats; JPGs must be RGB or greyscale).
The Vuforia library (https:/library.vuforia.com/) was used in the study

Models can be prepared with a tool for designing three-dimensional spatial objects. Architectural designs

Module 3 3D Object Models

are usually developed with the use of dedicated software (e.g. CAD). The models can also be applied to

changes in land relief. An intuitive SketchUp tool was used in the study

The coordinates assigned to 3D objects should be expressed in the WGS84 system (a system of coordinates

Module 4 .
geolocation

Coordinate-based commonly used in GPS-based navigation devices). Other systems can be used (PZ-90, GTRF, CGCS2000)
if 3D objects are modeled with different navigation devices (e.g. GLONASS, Galileo or Beidou). The script

was prepared in the UNITY3D environment

The main objective of the study relating to
spatial planning and development, namely the
maintenance of spatial order and the achievement
of investment goals, is presented on the right side
of Figure 4. This procedure starts with an analysis
of plan provisions and ends with a 2D spatial
development design, which is often not completely
clear to the average reader. Hence, an AR-supported
3D spatial development design can considerably
enhance the clarity of the proposed solutions and
support the identification of alternative methods
of spatial development. Therefore, an iterative
approach to spatial development planning should
be used. The comments made by readers after the
visualization stage are taken into consideration
in consecutive drafts of the spatial development
design. This stage is represented by dotted arrows
in the diagram.

An analysis of the technological aspect of the
proposed solution associated with the visualization
of spatial development produced four technical
models. Two applications were prepared for the
identified models. In Figure 4, the first application
is represented by modules 1 to 3, and the second
application is represented by module 4. The modules
and the tools used in their creation are shown
in Table 1.

Erafal.kazmierczak@uwm.edu.pl, gaszczep@uwm.edu.pl

RESULTS

Imprecise fragments of a local plan can generate
various ideas and expectations regarding the future
development of space. In many cases, buildings erected
in compliance with by-laws raise negative emotions
or even lead to legal disputes. These problems were
analyzed on the example of Bartag, a village in the
suburbs of Olsztyn, in the municipality of Stawiguda
in north-eastern Poland. The area is covered by
a local spatial development plan that had been
adopted as a by-law. A general map of the area and
the corresponding excerpt from the local plan are
presented in Figure 5.

The local plan for the study area was prepared
in 2008. Single-family housing is indicated as the
dominant type of development. In the plan, the study
area (Fig. 5 and 6) is marked as zone 2MN designated
for the construction of single-family houses with
gardens. The plan contains the following provisions:
1. regarding land development:

- all new buildings must have a double-sloped or
multi-hip roof, inclined at an angle of 33-45°,
covered with ceramic roof tiles or with roof-
tile-like material — red or brown;

- the height of a single-family home or a terraced
house cannot exceed one story, counting from
the lowest corner of the building to the eaves,
plus a habitable attic;
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2. regarding environmental protection:

- only the absolutely necessary changes in terrain
are allowed;

3. specific provisions:

- only one residential building may be erected
per one building plot;

- two or more plots can be joined, and one
building can be constructed on joined plots;

- the principal mass of the building is situated
in such a way that the roof ridge is parallel to the
road axis;

4. 60% of the plot must remain biologically active

(non-developed).

WARMINSKO-MAZURSKIE
VOIVODSHIP

POLAND

COMMUNE
OF STAWIGUDA

COUNTY
OF OLSZTYN

LOCAL SPATIAL
DEVELOPMENT PLAN

Fig. 5. Location of the study area — Bartag

Numerous construction investment projects
were initiated in the study area only in the past two
years. Only several isolated buildings, not neighboring
on one another, had been constructed in the area
earlier due to the lack of the road infrastructure.

The intensity of construction investments revealed
the imprecision of local plan provisions, especially
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where individual investments bordered on developers’
investments. These investors have different priorities
regarding the forms of spatial development. Developers
aim at maximizing profits by increasing development
density and building terraced or semi-detached
houses. In turn, private investors have a preference
for detached buildings with a larger recreational area.
The landscape in the study area before and after recent
investments is shown in Figure 6.

The development status of the study area in 2016
is presented in Figure 6A. In Figure 6B (photograph
taken by a drone), the same area is shown in 2020
after four new detached houses had been built.
Current development is presented in Figures 6a-c
(Fig. 6a and 6¢ — detached houses; Fig. 6b — semi-
detached houses). The buildings in Figure 6a were
constructed first (which is why one of them can be
seen in both Fig. 6A and Fig. 6B). In the group of newly
constructed buildings, the objects in Figure 6b were
designed in compliance with the same local plan
as the buildings in Figures 6a and 6c. Figure 6d
presents changes in terrain associated with one of the
investment projects. A comparison of the study area
before (Fig. 6A) and after investment completion
(Fig. 6B) reveals considerable changes in terrain
features.

Figure 6b shows that the objects presented
in Figure 6b do not fit in with the surroundings,
whereas the buildings in Figures 6a and Figure 6¢
are similar in terms of the architectural features.
According to the plan, the height of residential
buildings may not exceed one story above ground.
At first glance, the buildings in Figure 6b resemble
two-story buildings with a habitable attic, whereas the
remaining buildings have one story and a habitable
attic. This is because the first above-ground story
in “b”-type buildings is theoretically an underground
story, i.e. a cellar, which can be attributed to the
imprecision of plan fragments. Building height was
not linked with the height of the roof ridge, as shown
in the building in Figure 6b.

Augmented reality can be useful for avoiding the
situations shown in Figure 6 at the stage of plan cre-
ation, public consultations, issuing building permits,
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Fig. 6. The study area before 2016 (A) and after the most recent investments in 2020 (B) (a, b, ¢ - present form of development,
d - terrain features associated with one of the investment projects)

or before purchasing land plots for construction. Aug-
mented reality enables visualization of the possible
methods of spatial development in an urban planner’s
or architect’s office, or in the field. It enables multi-
ple interpretations of the provisions of the plan, as
discussed below.

In the first variant, AR was used to visualize plot
development based on a background map (indoors).
A general orientation map was the starting point for
visualizing plot development in AR (MODULE 1
in Fig. 4). In the analyzed case, the general orientation
map was a map of the building plot and its immediate
surroundings (Fig. 7).

Subsequently, 3D models were developed for the
existing buildings neighboring the plot covered by
the design. Markers showing visualizations of the
existing residential buildings were prepared (Fig. 8).

In the next step, the prepared markers were used
as the basis for generating projections of the ana-
lyzed methods of spatial development (MODULE 2

@rafal.kazmierczak@uwm.edu.pl, gaszczep@uwm.edu.pl

in Fig. 4). The examples of newly designed buildings
are shown in Figure 9, and the proposed changes
in terrain features are shown in Figure 10.

3D models were prepared in the SketchUp
program in accordance with the planning guidelines
(MODULE 3 in Fig. 4). This program is intended for
creating 3D objects, and it is used by planners and
architects. Moreover, the files created in AutoCAD can
be imported to the program. Models of new buildings
were created based on the planning guidelines laid
down in the local spatial development plan.

The process was completed by developing
a MOBILE APPLICATION 1 (MODULE 1, 2 and 3,
Fig. 4) which employs AR. The application can be
used to visualize plot development and to determine
whether the newly designed buildings meet the
conditions laid down in the local spatial development
plan. Additionally, the application can be used as
a tool for public consultations. Augmented reality
can be used to visualize both the existing and newly
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Fig. 7. Background map for plot development

Fig. 8. Examples of 3D models of the existing buildings
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Fig. 9. Examples of 3D models of newly designed buildings

Source: own elaboration - adaptation of models from https://assetstore.unity.com/.

Fig. 10. Example of changes in terrain features
Source: own elaboration - adaptation of models from https://3dwarehouse.sketchup.com.

designed spatial development, and it can be helpful
in assessing the integration of the new objects with
real-world conditions. The user can generate many
models of newly designed building to select the best
design solutions.

The application can generate different models
of new buildings. Augmented reality can be used
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to assess their impact on the existing spatial order
(Fig. 11 and 12) and to explain the provisions of the
local spatial development plan to potential investors/
officials/residents.

The second variant shows the effect of using
AR in the field. In the analyzed case, the Unity3D
MOBILE APPLICATION 2 (MODULE 4 in Fig. 4)
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was used to present possible forms of plot development
based on Global Navigation Satellite System (GNSS)
coordinates (Fig. 13).

In the presented approach, users can assess the
spatial relations in reality and make corrections to
spatial development designs. Augmented reality is
also a valuable tool for persons who find it difficult
to interpret ordinary 2D maps and designs.

DISCUSSION AND CONCLUSIONS

Augmented reality tools deliver practical benefits,
and they can be widely applied in spatial, architectural
and construction-related planning. The use of the AR
technology enables analyses and assessments of the
planned development in the context of spatial order
and integration with the existing elements (Soria

Fig. 11. Alternative methods of plot development: semi-detached house (left), detached house (right)

Fig. 12. Visualization of buildings with different roof color
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Fig. 13. Visualization of buildings that comply with the provisions of the local plan (screen capture from a smartphone)

& Roth, 2018). The visualizations presented with the
AR technology show that different interpretations
of local plan provisions can result in spatial chaos.
Detailed parameters for determining the method
of spatial development are not available, and the
imprecision of local plan provisions contributes to
the degradation of spatial order.

In the first version, the visualization of the
development design was performed based on
background maps and markers (these solutions are
applied by, among others, Vuforia and Wikitude
Augmented Reality). In this approach, real-world
objects were visualized with the use of virtual reality
based on a marker analysis conducted with a mobile
device (smartphone) and the generated computer
graphics (3D objects).

Erafal.kazmierczak@uwm.edu.pl, @aszczep@uwm.edu.pl

The provisions of the spatial development plan
provisions can also be visualized based on a scanned
flat plane (this solution has been implemented by
Google - ARCore).! In this case, the device scans the
background map and uses it as the basis for generating
a 3D model which, when the application is run again,
can be displayed in a different location (centimeter
differences in the map scale). In this solution, the
model’s location must be corrected each time against
the background map. This solution primarily involves
an understanding of the natural environment.
This process involves scanning the surroundings
and recognizing characteristic points and planes.
An algorithm in the mobile devices interprets groups

U https://www.wikitude.com/; https://developer.vuforia.
com/; https://developers.google.com/ar.
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of points which create common planes (horizontal or
vertical). ARCore determines the boundaries of these
areas and localizes a predefined digital object on these
boundaries.? An advantage of this solution is that
there is no need to generate a separate marker. Unlike
in the approach that involves markers, the displayed
object is generated in a different location each time.
For a 3D object to be placed correctly relative to the
obligatory building line, an interactive element must
be added, namely the option of changing the object’s
position and editing its shape (width, length and
height). This requires a more extensive knowledge
of informatics.

Since an interactive element can also be used
in the marker approach, this solution was applied
in this study. In the solution based on the prepared
markers, 3D objects generated in the process will
be always displayed in the same location. Therefore,
the marker-based technology is the recommended
solution whenever a map is used as the background
element.

Augmented reality can also be used to visualize the
designed spatial development directly in the investment
area based on GNSS coordinates. In comparison with
the previous solution, this approach facilitates the
presentation of 3D models on a scale of 1:1, which can
be as large as up to several dozen meters. The accuracy
of coordinate determination is a significant limitation
in this case. The altitude coordinate is smallest
in the installed GNSS receivers, for example in
smartphones. The difference between the actual
and the measured height can reach up to several
meters. The option of adjusting the height of a 3D
object determined in the field was implemented to
eliminate this technological limitation. The instability
of the determined co-ordinates is a certain problem.
GNSS receivers in smartphones determine position at
1-second intervals. This position is determined in real-
time, and the consecutive observation intervals can
differ by several meters. Therefore, the displayed object
was stabilized by averaging the positions from several
measurement intervals (the determined positions
should not be refreshed every 1-second interval)

2 https://developers.google.com/ar.
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(Kazmierczak, 2020). A local system of coordinates
was defined for each 3D object.

The presented methods seem to be optimal for
visualizing spatial relations. The marker-based
approach for presenting 3D objects seems to be
particularly useful. A map with a land development
plan can be used as such a marker. This solution
preserves the carto metricity of a visualization,
particularly its scale. However, it is more laborious
because it requires a background map. The frame
of the reference parameters for the map, the
marker and the 3D object is easier to define in the
programming environment. The beginning of the
frame of reference, the directions of the coordinate
axes, and the units of measurement are defined when
an object is created. The location where a 3D object
is displayed on the marker is also defined.

The AR application enabled the visualization
of a newly developed building and a comparison
with the existing buildings. Augmented reality can be
used to assess the impact of newly designed buildings
and their foundations on spatial order. Therefore,
applications that rely on AR can be used as tools in the
process of developing local plans by designers as well
as decision-makers who approve the adopted solutions.
Augmented reality is also a tool which can be widely
used in consultations — the generated development
models can help users to select the most suitable form
of buildings (Fegert et al., 2020; Saflmannshausen
etal., 2021). Augmented reality is also a useful tool for
investors. The AR technology can play an important
role in the investment process at the stage of adapting
the architectural design to the surroundings. This
technology can also be used to track moving objects,
and it involves a sound component.

These functions corroborate the hypothesis put
forward at the beginning of this paper, namely that
visualization of spatial development of a building plot
in 3D AR helps to understand the spatial relations
between a building and its surroundings (Goudarznia
et al., 2017). The study also demonstrated that the
AR technology can be used to identify imprecise
fragments of the local plan and its impact on the
method of space development.
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The use of AR facilitates an understanding
of spatial development planning which takes into
account the principles of spatial order. Technological
progress and the popularity of mobile devices have
increased the availability of 3D visualizations
involving the AR technology.
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