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Sehir Planlamast
CBS

Sehir planlama, her tiirlii planlama gibi, bu siirece dahil olanlar tarafindan ¢ok fazla hayal giicii
gerektiren gercek disi bir seyle ilgilidir. Bu nedenle, ¢ogunlukla uzun raporlar ve 2 boyutlu
haritalardan olusan planlama sonuglarini gdstermek igin gelencksel araglar yetersizdir. CBS
tabanli planlama alanindaki arastirmalar genellikle kabartma haritalar, 1s1 haritalart ve
geleneksel 2B grafikler de dahil olmak iizere ¢ok sayida gorsellestirme araciyla ugrasmis olsa
da, sehirlerimizin gelecekteki potansiyel durumlarini gorsellestirmek i¢in Sanal Gergekligin
(VR) firsatlar iizerine olan aragtirmalar eksik kalmigtir. Bu tiir simiilasyonlar, karar vericiler ve
kamuoyu gibi paydaglara “eger” senaryolarmin sonuglarinin gosterilmesini saglayabilirler. Bu
aragtirmanin amact, bir sehir bolgesinin 2B haritasindan 3B modele ve son olarak uzman bilgisi
olmadan kullanilabilecek bir VR ortamina biiyiik olglide otomatiklestirilmis bir is akist
gelistirmekti. Bu yontem, biiyiik gelistirme projelerinin yerinde gorsellestirilmesiyle kentsel
planlamay1 yeni bir seviyeye getirecektir. Bu ig akisinin gelisimi ayrtili olarak agiklanmigtir.

GeodesignHub Mevcut yaklasimdaki eksiklikler tartisilmakta ve gelecekteki arastirmalara yonelik talimatlar

CityEngine verilmektedir.

Sanal Gergeklik

Virtual Reality for City Planning

Keywords Abstract

City planning City planning as all kinds of planning is about something unreal requiring much imagination

GIS capabilities by those involved in this process. Therefore, the traditional means to show the

G?Od‘f“iS”H“b results of planning consisting mainly of lengthy reports and 2D maps are insufficient. Although

Citykngine research in the field of GIS based planning has dealt with a big number of visualization tools

Virtual Reality including glyph maps, heat map and traditional 2D graphics, research on the opportunities of
Virtual Reality (VR) for simulating potential future states of our cities is missing. Such
simulations would include exhibit the results of “what-if” scenarios to stakeholders like
decision-makers and the general public. The purpose of this research was to develop a largely
automated workflow from a 2D map of a city block to a 3D model and finally to a VR
environment that can be used without expert knowledge. This will bring urban planning to a
new level by visualization of big development projects on the spot. The development of this
workflow has been explained in detail. Deficiencies in the current approach are discussed and
directions for future research are given.

1. INTRODUCTION

City planning as all kinds of planning is about something unreal, something about to happen in the future.
How this future will look like is left to the imagination of those who are doing the planning and those
who will be affected by this planning. Traditionally, the results of this planning have been laid down in
the form of lengthy reports and 2D maps. For the preparation of these maps, the use of Geographic
Information Systems (GIS) has become standard in developed and developing countries as well since the

90ies [1-4].
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The disadvantage of such a planning is that most people are reluctant to read through hundreds of report
pages and have difficulties to read and understand 2D maps in the right way. This applies not only to the
general public that thus is excluded from the planning process but also to most decision-makers as well.
Not surprisingly, a world-wide poll conducted for the National Geographic Education Foundation/USA
revealed that only about 20 percent of the participants could identify hotspots like Afghanistan, Iran and
Iraq on a map [5].

Given these circumstances, it is no wonder that in many cases, city planning cannot be considered to be a
very efficient process. The classical products of city planning are difficult to understand sometimes even
for experts and resemble hieroglyphs for the layman. As KACAR [6] put it “Prepared plans are not being
implemented in the way they were intended to, which forms complex and ineffective differences between
the plans and their implementation.”

With the penetration of GIS into academic institutions around the world, wide-spread use in local
governments and virtually all vertical sectors and the availability of the first tools on the internet the
foundation for the participation of the general public was led. Thus in 1996, at the meeting of United
States National Center for Geographic Information and Analysis (NCGIA) the term “public participation
geographic information system” (PPGIS) was contrived for the first time. With this term, a description
how GIS can support public participation for various applications with the goal of inclusion and
empowerment with emphasis on marginalized populations [7] has been given. This new paradigm is
called participatory planning. Participation in this field can be defined as “the process of decision making
and problem solving, involving individuals and groups who represent diverse interests, expertise and
point of view and who act for the good of all those affected by the decisions they make and the actions
that follow” [8].

In this context, Ballal described a web based Geodesign software called “GeodesignHub” that he had
developed in cooperation with Carl Steinitz [9]. He mentioned the challenges of 2D and 3D visualization
technologies when applied to large geographies or on regional planning problems. According to him, this
is due to the uncertainty of impacts given the long time scales, multiple factors affecting the site and
competitive interests and actors involved and the unsatisfactory process of creation of design, which is
largely disjointed from that of analysis and visualization. In this thesis, he described an effective bridge
between GIS analysis and the creativity of design into a seamless process. Using simple digital sketching
and a rational design analysis process based on GIS technology a digital workflow that enables
collaboration has been developed.

Since its invention in 2015, GoedesignHub has been successfully used in many planning efforts
throughout the world including Turkey [10-14] where it served regional planning, urban planning and site
planning at larger scales as well.

Most recent research results in neuroscience help to shed light on the question how the spatial component
of man's environment can be displayed more effective. In 2014, J. O'Keefe, M.-B. Moser and E. Moser
won the Nobel prize for Medicine for their research on how the brain manages to orientate itself in its
environment. In one of their related researches, it was hypothesized that the brain uses to a large extent
the same neuronal algorithms for navigating in the physical world as in mental space [14].

While these and other findings explain the situation and may even help to train people who require
superior map skills it does not help the majority of people who despite their “spatial deficiencies” want to
participate in spatially related decision-mapping. With the latter we do not only mean more daily live
related questions like where to spend the next vacation or how to find a special restaurant in a city of 20
million but also, complex subjects like regional planning. Virtual Reality coupled with the relatively new
planning approach of Geodesign and the visualization software CityEngine of ESRI [15] might help to
spatially enable different members of the society who care about what is going on in their near and distant
environment.
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The use of Virtual Reality (VR) tools brings urban planning and architectural design to a new level. It
allows a reality like experience of the results of planning efforts in real time. Moreover, interactive tools
of VR offer even the opportunity to see the results of changes to this planning immediately. Ivan
Sutherland, one of the pioneers of VR, stated already in 1965 “make that (virtual) world in the window
look real, sound real, feel real, and respond realistically to the viewer’s actions” [16]. For the purpose of
this paper we use the definition of VR from Schweber & Schweber [17]. “Virtual reality lets you navigate
and view a world of three dimensions in real time, with six degrees of freedom.” and “In essence, virtual
reality is clone of physical reality.”

For visualization of compound spatial information such as 3D city models immersive 3D virtual
environments have been created. Such an immersion is directly related to user experience, which Witmer
& Singer [18] described in the following way: A ‘psychological state characterized by perceiving and
experiencing oneself to be enveloped by, included in, and interacting with an environment’

Engel & Ddllner [19] described requirements and concepts of a system that enables the visualization of
3D city models in an environment with a high degree of immersion and its application for e-planning.
According to this concept, stakeholders including citizens and policy-makers, can navigate in a virtual 3D
city model and assess different scenarios for urban projects in-situ. In their study, they suggested
hardware and requirements for 3D rendering that have to be met in order to achieve fully immersion. As
an example, for such a system they show the Elbe Dom facility that is part of the Fraunhofer Institute
(IFF) in Magdeburg, Germany. It is made up of a multiuser cylindrical projection system with 360° angle,
6.5m in height and a diameter of 16m suitable for interactive visualizations at a large scale.

Studies of Hermund & Klint [20] and Hermund et al. [21] indicated that similarities exist when the
perception of architectural space how it is experienced in physical space conditions is compared with its
experience in virtual reality. Based on these earlier studies, Hermund et al. [22] discussed the
opportunities of representation architectural models in new ways such as using virtual reality. This was
investigated in terms of neurology and perception. They identified the extent, to which architectural space
can be communicated through a direct use of Building Information Models (BIM) subjectively and
objectively when it is combined with Virtual Reality. By analyzing eye tracking of 60 test persons they
found out that the representation of virtual reality models is less demanding than three- dimensional
models shown on two-dimensional computer screens when the brain’s cognitive load is measured.

Mullins [23] compared differences in spatial perception of architectural application in a classical
(physical) environment, CAVE and at Aalborg University’s ‘Panorama’ theatre, a facility of the Virtual
Reality Media Lab. The results of his study showed that the perception of depth in a physical environment
on the on-side and in a virtual environment like in CAVE and Panorama on the other side are quantifiably
different. These differences can be attributed to previous contextual experience of the user. Especially,
spatial ability seemed to be an important contributing factor. These results indicated significantly better
overall accuracy of response in the CAVE than in the Panorama VR environment, which was attributed to
the relatively higher degree of immersion and movement possible in the first VR environment.

Although research in the field of GIS based planning has dealt with a big number of visualization tools
including glyph maps, heat map and traditional 2D graphics, research on the opportunities of Virtual
Reality (VR) for simulating potential future states of our cities is missing. Such simulations would
include exhibit the results of “what-if” scenarios to stakeholders like decision-makers and the general
public [24].

Kersten et. al. [25] described a complete VR workflow covering the steps of data recording, 3D modeling,
texture generation, implementation in a game engine and visualization by means of VR systems. Their
research dealt mainly with the generation of 3D models for cultural heritage objects like the Selimiye
mosque in Turkey and Solomon's temple in Israel. They presented a workflow that results in the creation
of models featuring a high degree of precision. Senol et al. [26] set up a workflow consisting of the usage
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of GeodesignHub, CityEngine and Unity software to create future scenarios for a district of
Sanlrfa/Turkey and display it in a VR environment.

The purpose of this research was to develop a largely automated workflow for planning of a city block
from a 2D map to a 3D model and finally to a VR environment that can be used without expert
knowledge. This will bring urban planning to a new level by visualizing the design of big development
projects and how they might impact their environment on the spot.

2. METHODOLOGY

To use software like GeodesignHub, ESRI's City Engine and Unity for planning purposes, a high level of
software knowledge and a considerable amount of time is required. In order to overcome these drawbacks
a custom-made solution based on the API provided by GeodesignHub was developed. By means of a
user-friendly graphical user interface (GUI) a largely automatic workflow has been created from
Geodesignhub to City Engine and Unity3D, which facilitates the selection of parameters and the flow of
information from one system to the other.

The workflow consists of these three steps: 1) In GeodesignHub, the user has to select a system (like
agriculture or low-density housing). Then, he selects a username and a new development project in form
of a polygon. For this project, he must define several parameters like the type of neighborhood and
average amount of floors. 2) The selected polygon is automatically transferred to CityEngine where it is
modeled according to the selected parameters. 3) In the last step, the user can easily transfer the modeled
project to the Unity game engine. It is automatically applied to the virtual reality environment in Unity.
By using VR glasses or other VR means, the user can experience the planned development project as it
was real.

Prior to passing through the workflow as described in more detail below, a GIS database using ArcGIS
and QGIS had been created and works started on building evaluation models. These models basically
consisted of suitability maps created by means of multi-criteria analysis (MCA) within the GIS. The
MCA was implemented according to rules described in MS Excel sheets, which reflect the views of
subject-matter experts. Such a sheet for the system “Mixed Use” is shown in figure 1. This system is
characterized by new settlements with apartment houses exceeding 5 stores, retail stores and small
workshops. Criteria were related to land cover classes and conservation types.

|
System & Contact | Expert Name

I

1 Descripticn of Evaluation: kMew settiments with houses sxceeding 5 stors inchding smal retails tores and workshops. Criteria: Land cover class, conservation types.

Feasable Suitable Capable Not Appropriate Existing

lard cover class = ‘garden’ OR
land cover class = new aimond OR B - ‘quamy’ OR area' OR
e . o 2 and cover class = ‘niz almond’ OR |, N
iand cavar tiass = fisk OR now olive” OR now pistachio’ OR _0°CEEn CRell 2 wastoland ng
atepoe’. type = none |pomeg: 3 e = | ervation type < none roade’, sonservation ype =
| o archeciogic’ OR 'fors’ OR

eologic

land cover slass = ‘hospital’ OF
Mousiag' OF ‘other bullding' OR
"teaching facilities

Figure 1. Criteria and evaluation classes for the system “Mixed Use”.

The Geodesign project was set up for 10 different systems: Green Infrastructure (biodiversity and
conservation), Water Infrastructure, Grey Infrastructure (transportation, communication), Energy
(production, distribution), Agriculture, Industry Infrastructure (e.g. manufacturing, distribution
commerce, mining, etc.), Housing (Lower Density), Mixed Use (High Density Housing + Services),
Institutional (schools, hospitals) and Archelogy/Tourism (figure 2). Due to time constraints, in this
research the whole workflow was implemented for the system named “Mixed Use” only. The evaluation
maps were imported into GeodesignHub (GDH), an online decision support system. In any case, these
preparation works had to be carried out by experienced users of GIS in cooperation with subject-matter
experts.
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Figure 2. Part of the GUI of GeodesignHub with evaluation maps for all 10 systems displayed at the top
and several projects ideas for each of these systems in the bottom.

After these preliminary works had been finished the first step of the workflow could start. The evaluation
maps served as a background, on which the area of new projects within the system “Mixed Use” could be
drawn using the user-friendly tools of GDH (dark red polygon in figure 3). Then, the impact of such new
projects like construction of new apartment buildings. could be investigated not only on its own system
(mixed use) but, also on any of the 9 other systems e.g. green infrastructure. Using this instant feedback,
suggested projects could be edited using 2D maps until an optimal solution had been found. All the
details of this step using GDH will not be explained further here. They can be found in Rivero et al. [27].

o

x

’:L Mix 2

2 COPY AND EDIT
B NOTES

& aybike

& 398.52 ha

Evaluatians: = Initial
GREE  WATER  GREY EMERGY  AGRICU  INDUST  HOUSE » MIXED
IMSTIT  ARCHAE  BoundaryB  Constrants  Boundary A

Figure 3. 2D map showing a newly drawn project against the background of an evaluation map.

During the second step, one selected project had to be imported into CityEngine where its 3D model was
created. While this could have be done manually, we programmed it in a way that the user had only to
select a certain project and define its characteristics. Then, the respective geometric data together with its
attribute data were transferred into CityEngine and the 3D modeling process automatically initiated.

To implement this step, the API offered by GDH was used. For this, more information can be found
under the following link: https://www.geodesignhub.com/api/ Using Python's “Spyder” module, a simple
user interface was created that included options to select the three following parameters: a) Prevailing
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house type (villa, townhouse, high-rise apartment building, retail/apartment building, workshop), b)
Number of floors (1-2, 3-5, 6-10, 11-20, >20), and c) District type (housing only, housing with schools
and parks, mixed use, commercial, institutional) (figure 4). The selected parameters are imported into
CityEngine by means of a Python script. During the last years, the use of this programming language for
GIS application like the one described here has increased especially, after Python 2.0 has been
introduced. Since then, Python has not only been supported by commercial products like those of Esri
including CityEngine but also open source platforms, for example QGIS (also used in this research). The
use of Python by large companies like ESRI is due to the fact that it is an easy language that many users
have fully accepted [28].

£ Spyder (Python 3.7) - g

Oes EQ rpBBRG MEEEnE BX £F2 €9 o ks A

Editor - C:\Usersiser\, spyder-py 3\combodeneme. py 8 X Help 8 x
0| d tas projeapi.py combodeneme.py [ % Source|Console ¥ | Object v & &
81 )

= Here you can get help of any object by pressing
13 def on_seleq Criel in front of i, either on the Editor or the
onsole

Help can also be shoun automatically after writing a
Ieft parenthesis next to an object. You can activate
this behavior in Preferences > Help

Tam Secimleri Goster
New to Spyder? Read our tutorial

24 root = tk.Tl

26 root. title("
2 8 x
| X

3

h-50) .
@th) Tipi Mahalle

all_comboboxes[2]: Ev Tipi Mahalle

Ipython console | History log
New file Permissions: RW  End-of-lines: CRLF  Encoding: UTF-8 Line: 26 Column: 32 Memory: 63 %

Figure 4. GUI programmed with Python for selecting parameters of newly created project.

Within CityEngine, the imported parameters are interpreted as “rules” that are included in a rule file.
During the modeling process a 3D model is created based on the rule file. For this study, the 3D models
are created on-the-fly within seconds. The amount of different 3D models that can be created by
CityEngine depend on the number of rules that have been created before. According to the likelihood to
be applicable in our region given its special geographic conditions, only a limited number of rules had
been created and stored within CityEngine. The respective rule is loaded depending on the combination of
selected 3 parameters. At the moment, due to the limited parameters that can be defined the created 3D
model is a relatively simple one corresponding only to CityGML's LOD2 specifications [29]. Such a
Level of Detail (LOD) is suitable for the scale of city blocks, city districts and projects. Differentiated
roof structures and prototypes of city furniture and vegetation types cannot be shown. However, at this
level the real situation on the ground cannot be mirrored: in essence it is not real but generalized. Figure 5
shows the city block and its surrounding created and rendered with CityEngine.

During the third step, the 3D model created within CityEngine was rendered using the game engine
Unity. Unity is widely used in the VR community due to its broad palette of editing tools usable through
plug-ins and support of many asset formats. Its usage is for free for anyone as long as not a revenue has
been generated. By using Unity's Holotoolkit library a new project selecting the most appropriate
parameters for our model had been prepared. This library provides the necessary connection between the
model and the VR glasses that have been selected to consume the model.
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Figure 5. 3D model created automatically in CityEngine.

After the last step had been completed the project was ready to be consumed by any of the different VR
devices available on the market. In our case, we used the PC based LENOVO Mixed Reality headset. The
user has just to wear the VR glasses of this system and adjust it according to his eyes. Now, he finds
himself within the selected project and can move around it using joysticks. Such an experience can be
made by anyone with a minimum amount of instruction (figure 6).

Figure 6. Presentation of a VR scene during a workshop organized in cooperation with the

Municipality of Metropolitan Area of Sanhurfa.

3. RESULTS

We used a participatory GIS for entering and editing of spatially referenced data. These data consist of
proposed projects to be included in the plan for a respective area in the form of polygons. By means of a
simple user interface for any selected polygon certain parameters can be defined.
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In a second step, these definitions are forwarded to ERSI's CityEngine, a 3D modeling software based on
parametric modeling. This software interprets these definitions according to predefined rules and creates
automatically 3D objects like apartment buildings, office buildings or shopping malls. Although in this
research only a very limited number of parameters were defined this list could be extended if required by
the purpose of the respective planning study. CityEngine virtually accepts an unlimited amount of
parameters, for which of course the rule files have to be set up by an experienced user of the software.
Depending on the complexity of the rule file one set-up might take up to 3 hours for one rule.

In this research, a system with only three parameters each having five categories offering a total of 125
different options has been developed. For a system with five parameters each offering five categories the
total would rise to 3125 different. Naturally, a lot of these 3125 options would be irrelevant because for
different reasons, they just do not exist given a special geographic location. Still, the amount would be so
high that it has to be questioned whether such a system could work. It has to be kept in mind that the
whole system has been designed for a certain user group (general public and non-expert decision-makers)
lacking the required expertise to drill down into the finest details of a planning study.

So far, the system has been set-up only for the development of one city block that poses a severe
limitation for the development of more comprehensive plans. Furthermore, such a city block can currently
consist only of the same building type like apartment, office, shopping mall, etc. In order to be realistic, a
city block should contain different building types for example apartment buildings and schools. Here, the
limitations are imposed by the simplicity of the used GIS software that does not allow for a further
subdivision of a project, which could define the footprints of different buildings types present in the city
block. And, without clear footprints the CityEngine cannot produce 3D models because as a GIS, its
whole modeling procedures starts from such polygons.

Another limitation lies in the lacking capability to create rules on the fly. Instead the rules have to be
created beforehand and stored within CityEngine from where they are loaded depending on the selected
parameters. As hundreds of different combinations can be chosen even with three parameters the creation
of models for only a limited selection of parameters is feasible at the moment.

In a third step, the 3D models created by CityEngine are forwarded to Unity, a game rendering machine
that create the environment to be used in a Virtual Reality application. Virtual Reality consists of two
components: While it is relatively easy to create a virtual environment (any digital game that has been
developed even 50 years ago was virtual), to present this environment in a way that a human being
interprets it as real is something totally different. It requires that the 3D models used to be of high
complexity showing so many details that it can be felt to be “real”. As discussed before, a lot of input
parameters should be available if such a high-fidelity model should be produced, something that might
not be possible during this kind of planning process. Certainly, there is a trade-off between practicability
of the planning process and high-fidelity of the virtual environment to be created. However, if all
stakeholders involved in the planning process including those setting-up the system are aware of this
situation a compromise that is reasonable for the special purpose of the respective study could be found.

4. DISCUSSION AND CONCLUSION

Until recently, access to advanced visualization techniques was restricted to laboratories of big companies
and a selected amount of universities and research facilities. Ever increasing performance of computers
coupled with decreasing prices has widened this access to a much wider user group. If the required
experience and knowledge exists, the workflow described in this paper could even be implemented in a
home office.

The advantages of using advanced visualization techniques including VR in combination with a public
participation geographic information system for urban and regional planning can be summarized as
follows: 1) Enabling the design of urban mega projects in real time with a visualization that addresses the
needs of non-experts 2) Powerful communication among all stakeholders comprising city planners,
academics, decision-makers and the general public. 3) Time saving of the lengthy planning process by
applying a largely streamlined workflow, 4) Integration of all aspects of city life in the aiming at the
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development of a resilient and sustainable city that makes the most efficient use of available funding; and
5) Realization of a participatory planning approach that goes much beyond a level where only posting and
processing of comments is supported.

Implementing VR in urban planning is still challenging due to different reasons. While costs for VR
hardware have dropped and VR related software tools have become much more user-friendly other
obstacles continue to exist. Especially, the simulation and visualization of complex urban settings require
the integration of different software including at least Geographic Information Systems (GIS), Computer-
Aided Design (CAD), multimedia data, simulation models and gaming engines.

Therefore, we conclude that future works on this subject should focus on finding answers to three
questions: 1) How can a higher level of detail for visualization be achieved without making the workflow
to complicated? 2) In which way could the amount of software packages that cover the whole workflow
be reduced? Currently, the usage of a GIS, sophisticated 3D modeling software and a gaming engine is
the minimum requirement, which is not only in need of considerable financial but also of related human
resources. 3) Currently, even if the workflow described in this research can be implemented the
involvement of the general public is limited to certain aspects of the planning process. Here, the question
is how non-experts and the general public can be involved more effectively in the planning process.

Answering these questions would be of benefit especially for urban designers and city planners who work
in SMEs, smaller municipalities and universities could benefit from integrated planning systems including
VR visualization in their design or planning practices.

CONFLICT OF INTEREST
There is no conflict of interest in publishing this paper.
REFERENCES

[1] B. Harris & M. Batty, Locational Models, Geographic Information and Planning Support Systems.
Journal of Planning, Education and Research, 12, 184-198. (1993). doi -
10.1177/0739456X9301200302.

[2] R.E. Klostermann, Planning Support Systems: A New Perspective on Computer-aided Planning.
Journal of Planning, Education and Research, 17 (1), 45-54, 1997.

[3] A.G.O. Yeh, Urban Planning and GIS. In Longley, P.A., Goodchild, M., Maguire, D. Rhind, D.
(Eds.) Geographical Information Systems: Principles, Techniques, Applications, and Management,
(2nd ed., 877-888). John Wiley, 1999.

[4] A.G.O. Yeh, GIS as a Planning Support System for the Planning of Harmonious Cities. UN-
HABITAT Lecture Award Series, No. 3. United Nations Human Settlements Programme (UN-
HABITAT). Nairobi, Kenya, (2008).

[5] National Geographic Education Foundation and Roper ASW (National Geographic), National
Geographic  —  Roper 2002  Global  Geographic  Literacy = Survey  [Online].
https://news.nationalgeographic.com/news/2002/11/geography-survey-illiteracy/ (2002). (Retrieved
30.4.2019)

[6] S.M. Kacar, The Role of Urban Governance and Planning in Knowledge City Development: Case
Study of Istanbul, Turkey,
https://www.academia.edu/17241974/The_Role of Urban Governance and Planning in Knowledg
e City Development Case Study of Istanbul Turkey (2015). (Retrieved 2.5.2019)

[7] F. Nedjeljko, Public Participation Geographic Information Systems. Kartografija i Geoinformacije,
10(15), 17 (2011).

158



Fred ERNST / HRU Muh Der, 6(3): 150-160 (2021)

[8] F. Fisher, Building bridges between citizens and local governments to work more effectively together
through  participatory  planning. Part 1 Concept and strategies, UN-HABITAT.
http://capacitybuildingunhabitat.org/wp-
content/uploads/Trainings%20and%20publications/local%20government%20ngo-
cbo%?20collaboration/Participatory%20Planning/ParticipatoryPlanningPart1.pdf, (2001). (Retrieved
8.4.2020)

[9] H. Ballal, Collaborative planning with digital design synthesis. Doctoral dissertation, University
College London, United Kingdom, 2015.

[10] M. Campagn, C. Steinitz, E.A. Di Cesare, C. Cocco, H. Ballal, T. Canfield, Collaboration in
planning: The Geodesign approach. Rozwdj Regionalny i Polityka Regionalna, 35, 55-72, (2016).

[11] A.C. Moura, T. Marino, H. Ballal, S. Ribeiro, & S. Motta, Interoperability and visualization as a
support for mental maps to face differences in scale in Brazilian Geodesign processes. Rozwdj
Regionalny i Polityka Regionalna, 35, 89—102 (2016).

[12] M. Kim, Teaching Coastal Resilience Using Geodesign: A Study of Virginia Beach. Journal of
Digital Landscape Architecture, 2, 279-286 (2017).

[13] F.B. Emst, S. Erdogan, M. Yilmaz, M. Ulukavak, H.I. Senol, A. Memduhoglu, & M.A. Cullu,
Geodesign for Urban Planning: A Case Study from Harran University’s Campus Master Plan.
International Journal of Environmental Trends (IJENT), 3(1), 17-30 (2019) ISSN: 2602-4160.

[14] G. Buzsaki & E. Moser, Memory, navigation and the ta rhythm in the hippocampal-entorhinal
system”. Nature Neuroscience, 16, 130-138 (2013).

[15] ESRI Esri CityEngine, Advanced 3D city design software, (2020). https://www.esri.com/en-
us/arcgis/products/esri-cityengine/overview (Retrieved 8 4.2020)

[16] L. E. Sutherland, The Ultimate Display. /FIP Congress 2, New York, USA, (1965, May 24-29) 506-
509.

[17] E. Schweber & L. Schweber, Virtually Here. PC Magazine, March 14, 168-198 (1995).

[18] BG. Witmer & M.J. Singer, Measuring pressure in virtual environments: A presence questionaire.
Presence, 7(3), 225-240 (1998).

[19] J. Engel & J. Dollner, Immersive Visualization of Virtual 3D City Models and its Applications in E-
Planning.” International Journal of E-Planning Research (IJEPR), 1(4), 17-34 (2012). DOIL:
10.4018/ijepr.2012100102.

[20] A. Hermund & L.S. Klint, Virtual and Physical Architectural Atmosphere. NZAAR International
Event Series on Natural and Built Environment, Cities, Sustainability and Advanced Engineering.
Kuala Lumpur, Malaysia, 1-2.

[21] A. Hermund, T.S. Bundgaard & L.S. Klint, Speculations on the Representation of Architecture in
Virtual Reality: How can we (continue to) simulate the unseen? Back to the Future: The Next 50
Years, 51st International Conference of the Architectural Science Association (ANZAScA),
Wellington, New Zealand, (2071, November, 29-December, 2).

[22] A. Hermund, L.S. Klint & T.S. Bundgaard, BIM with VR for architectural simulations. 6th Annual
International Conference on Architecture and Civil Engineering. ACE, Singapore, (2018, May 14-
15).

[23] M. Mullins, Interpretation of Simulations in Interactive VR Environments: Depth Perception in Cave
and Panorama. Journal of Architectural and Planning Research, 23 (4), 328-340 (2006).

159


http://capacitybuildingunhabitat.org/wp-content/uploads/Trainings%20and%20publications/local%20government%20ngo-cbo%20collaboration/Participatory%20Planning/ParticipatoryPlanningPart1.pdf
http://capacitybuildingunhabitat.org/wp-content/uploads/Trainings%20and%20publications/local%20government%20ngo-cbo%20collaboration/Participatory%20Planning/ParticipatoryPlanningPart1.pdf
http://capacitybuildingunhabitat.org/wp-content/uploads/Trainings%20and%20publications/local%20government%20ngo-cbo%20collaboration/Participatory%20Planning/ParticipatoryPlanningPart1.pdf
https://www.esri.com/en-us/arcgis/products/esri-cityengine/overview%20(Retrieved%208%204.2020
https://www.esri.com/en-us/arcgis/products/esri-cityengine/overview%20(Retrieved%208%204.2020

Fred ERNST / HRU Muh Der, 6(3): 150-160 (2021)

[24] A. Jamei, M. Mortimer, M. Seyedmahmoudian, B. Horam & A. Stojcevs, Investigating the Role of
Virtual Reality in Planning for Sustainable Smart Cities. Sustainability, 9, 1-16 (2017).
doi:10.3390/su9112006.

[25] T.P. Kersten, F. Tschirschwitz, S. Deggim & M. Lindstaedt, Virtual Reality — Von der 3D-
Erfassung bis zum immersiven Erlebnis. [19. Geokinematischer Tag des Institutes fiir
Markscheidewesen und Geoddsie in Freiberg, Freiberg, Germany, 13-27 (2018, May 17-18).

[26] H.I. Senol, F.B. Emst & S. Akdag, Kentsel Donistim Alanlarimin Geotasarim Yoéntemi ile
Planlanmast: Eyyiibiye Ornegi. Harran Universitesi Miihendislik Dergisi, 3(3), 63-69 (2018).

[27] R. Rivero, A. Smith, H. Ballal & C. Steinitz, Promoting Collaborative Geodesign in a
Multidisciplinary and Multiscale Environment. Coastal Georgia 2050, USA. In Buhmann, Ervin &
Pietsch (Eds.) Peer reviewed proceedings of Digital Landscape Architecture 2015 at Anhalt
University of Applied Sciences. 42-58, (2015). Wichmann.

[28] M.A. Telles, Python power!: the comprehensive guide. Thomson Course Technology P, Boston,
2006.

[29] Open Geospatial Consortium.OGC City Geography Markup Language (CityGML) En-coding
Standard. http://www.opengis.net/spec/citygml/2.0, (2012). Retrieved 30.4.2019

160



	kapak
	makale

