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1 ABSTRACT

For most large infrastructure projects, it is mdodato assess their impact on the urban and rural
environment before they are started. Many sharen®ldant to involve the public or even are obligedo

so due to legal provisions. For interactive exgiora a 3D viewer is needed that supports very dermp
scenes. They should be realistically rendered difficent credibility. Applied research on this fop(in
close cooperation with industrial partners) reslite GEARViewer, a geospatial rendering framewatk.
supports huge geospatial scenes consisting of -tar@e terrain models, buildings, roads, tramways,
railways, tunnels, vegetation and a skylight mo@skrything is georeferenced. It can import GlSadatd
turn this into 3D objects. In the future, it wilsa support Building Information Modeling (BIM) stdards.
Furthermore, it also simulates traffic in a simplf way including cars, trams, trains and pedestriéi was
used for many planned projects in Austria and Gagma

In this paper, we describe one of the projectdHercity centre of Innsbruck, created with the GEAdRver.

It supported several stages of the segment wiseiplg and realization of a new regional tramway laver
multiple years. Depending on progress, the projetalization incorporated varying levels of dedaitto
the existing city model, from graphic planning cepts during route optimization to detailed depitsiof
stops and road design shortly before constructiomplementation. In this way, shareholders andeits
can experience the geospatial transformation amohgds of the street network and traffic flow in the
affected regions of the city. The system allowsrdgular creation of videos, screenshots, interacinline
panorama tours and live demonstrations for pulidinatand citizen information events. In order tottie
current state of planning, the system and modekwenstantly extended and updated. It supported the
project progress and associated votes and disossdig supplying the display of variants, flexible
viewpoints and realistic visualization.

Keywords: tramway, 3D city models, Spatial trangfation, High performance visualization, interactive
exploration

2 INTRODUCTION

The planning of infrastructure projects resulttairge projects with many moving parts and involpadties.

It ranges from multiple different domain experté&arming and creating specific aspects and partthef
process pipeline, to different stakeholders maldegisions or residents interested in how the pldnne
project will change the topology of the environmehtaditionally this is done in a 2D environmeny, b
drawing plans, architectural drawings, pre-rendgietures or interactive visualizations with lindtscope.
Many tools have been created over the last dedadasgpport specific stages of this process, thezetbey

are very specialized to solve individual problemg bAre non-optimal for other tasks. GIS systems are
powerful in creating, planning and comparing difier scenarios. They generally work in 2D but laok a
interactive, large-scale 3D visualization and arsuited for the involvement of the general public.

Tools for visualization on the other hand have Inedcimpressive visual fidelity in recent years bfien
only cover specific aspects of the requirementl Wigh cost and time investment in creating and@@ssing
all necessary assets. Game engines and adjacésitcano display high fidelity and detailed objeats i
increasingly large areas, but often require vengldevelopment cycles and their data and scendsgirly
specialized, processed and therefore changes carpeostly both in regards to resources and tibrethe
other hand tools more specialized for rapid pradioiy and changing like in medicine and engineerarg,
often limited to specialized aspects or limitedngcextends.
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This leads to a situation where tools either allihe efficient planning and changing of data or the
visualization and presentation of the data. Brigdins gap efficiently has become increasingly intgoat to
allow the involvement of experts from multiple fislbut also non-experts, that have no detailed leuye

or experience in interpreting specialized toolse phojects and ideas can be better communicategahzed
and changes can be incoporated more easily, fastecost-efficiently. According to our experienhestcan
help with the addressing of unnecessary misundetistgs and fears and provide a common ground for al
involved stakeholders for positive and productiviecdssions. Especially for planning and discussions
photo-realism is less important than the abilitgxplain complex relations, augument 2D plannini da a
spatial 3D context and having a toolset to answenpiex questions promptly. To help involved people
really immerse themselves in the scene it is addpfll to allow for visual cues like, shadows, viegen,
street networks with driving cars and other animhatarts.

In this paper we will present the GEARViewer anemctive geospatial planning and visualition tool
developed at VRVis and Geoconsult in collaborawah large infrastructure providers and civil enggning
consultants. After a discussion of related work,wi talk about the basic pipeline, involved daturces
and provide detail about design decisions. Finallg,will describe how the GEARViewer is appliedan
real-world use case, - a new tramline in the agiiytee of Innsbruck.

3 RELATED WORK

GIS are the most common tools to study how largéesconstruction projects affect an urban or rural
environment. They are a key asset of the plannmggss and efficiently allow to create and compare
different alternatives. This is especially true $treet, railway and tramway networks, which tyfiyceover

wide areas. Eliot (2014) gives a general overview@S concepts, services and resources. The book by
Nyerges and Jankowski (2009) describes how GIS@tgdecision making in urban and regional scesario

In Telega et al. (2021) GIS is used to measurevtikability of a city, which is an important indice of the
wellbeing of citizens and the sustainability of tmban planning. GISs are also important for catakion

and communication between different teams and ktd#ters. Eikelboom et al. (2015) carried out user
studies to evaluate how efficient different geoigledools are for communicating stakeholder valddwy
found out that aggregation and ranking of sucheslre easier for expert users.

GIS are not well suited to inform the general publvhich is an obligation in most large-scale cargton
projects. Most people are not familiar to interplatge area plans, let alone compare differentrtaye
representing planning variants or simply the sthef®re and after the construction (see FigureSigber
(2006) gives an overview of how GIS can be usedpidslic participation in the planning process. They
found out at the time of their publication that #fficiency of participation is low and the costr@atively
high. A more recent and very comprehensive studgdan over 200 real life planning cases was pteden
by Kahila-Tani et al. (2019). Although public paiiation has several advantages, they identifiethlpms
with information overflow, the digital divide, dateollection strategies and methodological challenge
among others.

Figure 1: GIS system examples.

A major disadvantage of GIS is that it is basednwmaps and therefore restricted to 2D data. But a 3D
visualization is essential to fully comprehend amgerience the spatial effects of large-scale coctbns.
The support of 3D scenes in GIS has improved ienegears but many applications are still limitedhieir
complexity. One of the first approaches was preskby Moser et al. (2010), where 3D city block nmsde
integrated into a GIS improves visibility and dow analyses. Ferreira et al. (2015) introduceckeision
support system for architects and city plannergda@sn 3D models of buildings, whereby the focual$®

on visibility analysis. Today ArcGIS by ESRI (202@)ovides a 3D GIS that can handle large geospatial
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scenes. InfraWorks by Autodesk (2022) visualizdeagtructure projects such as road constructiothén
environmental context and can derive virtual rgaitesentations from it.

Hohl (2020) presents an efficient open-source pipeto generate 3D scenes from GIS data, which are
optimized for XR applications. It only uses QGISwa plug-in to extract terrain models and the Ygame
engine with a plug-in that supports geo-refereranesd CityGML for building models. Serious games doul
be a good alternative to engage the public and ateediformation by edutainment. Brase et al. (2G21%)
Hemming et al. (2022) use the pipeline from H60232) to integrate open geospatial data into a game
engine to create large game worlds. They authosgthtegy game where players have to fight consemse

of a flood.

Compared to these tools, the GEARViewer is ableoter even larger areas with high accuracy and many
details that increases the realism of 3D scenesKggire 2). It makes analysis of planning varidmghly
efficient by enabling fast 3D model switching, likgers of a true 3D GIS. Furthermore, the GEAR\Gew
allows to easily create media directly from the &&ne, which has proofed to be well suited for Gadbr
audience such as videos or interactive panoranasseTlow-threshold media formats give neverthedess
realistic impression of planning variants and carabcessed in a web browser.

Figure 2: Render view showing visualization aspects.

4 DATA SOURCES & INTERACTIVE VISUALIZATION

In this chapter we will present a systerm overvidwhe toolset and some of its key aspects. To tip
the visual immersion of the user it includes dayidjumination and adjustable illumination paraest(e.qg.

a rudimentary switch to night), shadows and othswal cues like vegetation and simple reflectiofise
whole scene can be explored either with a freedlyera or by imposing certain restrictions, likdkivey on
the ground or driving along the street networks.il@vtisualization is an important aspect of allwes a
more encompassing toolset helps with the presentaif the finished planning project. This includes
measuring tools for distances and occlusions, aap support for linked movement and positioning ted
selection of scenes and toggles for parts of tekesees (see Figure 3).

S e

Figure 3: Feature overview — GUI, projected textyeetors and annotations.
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This is done by creating a digital twin of the d¢ixig project area and then suplementing or excimantiie
planning stages and their variants and allow thieckimg between them for comparison.

4.1 Building a digital twin

The idea of a digital twin is the creation of atwél replica of a physical object or system. Orédjiyn it was
used in manufacturing to run simulations on comperstructs like motors before actual having tddoui
devices. This idea has become increasingly impbetad prominent in many other fields. It moved b&yo
manufacturing and into interdisciplinary domaingtifigial intelligence and data analytics. It gives
professionals the ability to optimize their workfle at a conceptional level and create many what-if
scenarios and variant analyses. The idea of aatligiin has therefore expanded from machine parts t
include bigger, more complex but also sometimesenabistract systems.

It is also a system that lends itself well for cdapinfrastructure projects. Broo et al (2022) didms that
there is an urgent need to make infrastructureesysimore efficient, resilient and sustainable.tarmhore,
they give an overview over mulitple approaches different aspects in which a digital twin can a#ireal
world data for planning and analysis. This inclughgsical and spatial parts and installed sensoas relay
a multitude of data to create a cyber-physicalesyst

The GEARViewer concerns itself at the most parhwlite spatial aspects, meaning the geospatial isodlv
representation of the real-world domain and itanpling additions and variants. This ranges fronadpcing

a DGM representation from laser scans, orthoplettuting from arial overflights to positioning datathe
correct geo-referenced locations (e.g. trees frooall cadastre data). Some smaller specialized qigoje
within the GEARViewer framework extend this a 8ttlA project with the Austrian Federal Railways ®&)B
allowed for the on-the-fly update of digital sigms the Austrian autobahn. The definition of thengcand
creation of the twin is done by employing a powkKWML based scene description that is loaded atigia

It defines a myriad of different nodes specialiteanany of the mentioned visualization and planriasks,
from simple-geo referenced geometry with it's remdg attributes to animation networks and how they
combined into scenarios (see Figure 4).
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Figure 4: Finished digital twin with establishe@sarios and animation system.

4.2 Data sources

To build such a digital twin a lot of data from féifent sources is necessary to be processed, daadike
displayed. To support the loading of the datagailfle import mechanism is provided. On the mostida
level it allows for loading of some mainstream getnc formats (e.g. OBJ) and some more specialiaed
the industry (e.g. VRML). In addition, it allowseHoading of more abstract formats to be used fioua
different routines. This is an important aspectaose most other real-time rendering systems retpdious
detours to be able to handle these types of data.

<

REAL CORP 2022: Mobility, Knowledge and Innovation Hubs
REAL EEI (;;‘g in Urban and Regional Development — Vienna, Austria




Klaus Wickenhauser, Michael Greiner, Christoph TeaxGerd Hesina

* Geo-referenced imagery

This is an image file georeferenced with a world.fln most cases these are orthophotos createcig
overflights or from some kind of tile-map (e.g. bamp). In principle this can be anything as lond &sa
geo-referenced image. They can either be mappgddmetry such as the terrain, streets and buildiots
or function as the data source for the 2D map.

* ESRI shapefiles

These are ESRI GIS specific file formats that aeduto export or import point, line and polygonadaith
various additional attributes. This is one of thielfpe gapping aspects of the tools. GIS systemsised for
their powerful 2D based planning aspects and thpedile output in turn is plugged into the GEARV&w
for various different behaviours; Including the piosing of objects (trees, lampposts, ...), the wigthn of
line geometry (power lines, annotation geometry,andl the use of property lines to automaticallyiede
buildings from them, which allows for a rapid inslon of vasts amount of building data needingelittl
preprocessing work. Another rapid prototyping asjethe placement of lines (e.g. noise protectiatis)
that are then procedurally converted into lineamgetry defined by profile cutouts.

e Geometry data

Simple geometry data to be included in the sceoeir@on use cases are buildings, bridges, or seatibns
hand modeled terrain, that will replace parts ef éixisting domain. The formats mostly used in twe are
VRML and OBJ. A majority of tools used in infrastture planning export their data in these formats.

e ArcGrid

A file format suitable for creating and exchanglae terrain models. It basically is a heightmaged as
an image that is used to automatically createiteg@ometry with a level of detail hierarchy.

4.3 Variant Analysis

Another vital aspect of the digital twin is the pitslity to create different what-if scenarios, quane, and
analyse the different variants and permutationgedy important question in current infrastructutanming
projects is answering the question in which wayphaect will transform urban and rural areas. tFarfsall
the elevation of the 2D planning steps into a 3Rirenment already gives experts and non-expertsavis
cues on how the process will spatially change ffected area. Supported by the digital twin aspetthe
surrounding decoration domain, it's easy to recogine area and therefore immediately get a feéinthe
actual changes or additions in the project araugstion.

To really help with analysing the impact on thejgcb area, the system allows the definition of etiéit
scenarios, denoting important milestones over ifie¢tirhe of the project. It really helps to discenthat
sturctures or areas are affected when the chamgebecviewed over time. In addition to changes tives,
the scenarios also allow for the definition of aats of a certain point in the project (see Fidgire

£

Figure 5: Variant analysis for an interchange. Qhbyrelevant geometry and animation is exchanged.
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Another important point that is addressed by vararalysis methods is doubts and concerns of netside
living in the affected project areas. A frequentwrcence in presentations with a more public charas
stakeholders voicing concerns about how the chamgesform the environment they are used to. Eitimer
an emotional level or in regards to environmentaloerns. It is possible to prepare expected saas
variants or in a more limited capacity create satnectures, like noise-protection-walls on the tiytest
other more favorable options (see Figure 6).

Figure 6: Inclusion of noise protection walls taleeks concerns of residents of the project area.

4.4 Presenting the finished planning projects

Another important aspect for this tool is the comination of the created scenarios and variant$¢o t
various different types of stakeholders. This capgen in different environments with changing
requirements.

A common scenario is the presentation to a haraffgleople at events that provide sufficient harawar
use the viewer directly and employ all it's visaalion and presentation capabilities. This is whbee3D
display of large project data and the variant manant comes in really handy. It allows the dism&yhe

exact viewpoints and permutations currently reglitther by officials who need to make decisiobhew

specific parts or residents who are interestedim the planned project would change the environrfrem

e.g. their apartment window. Furthermore it alldtws discussion of potential changes or eliviatibfears.

Sometimes it is possible to change the opinionesidents by including a hill that obstructs thewien a
new factory or by including a noise protection w@ée Figure 6). The ability to really undestaneséh
changes in an accurate 3D environment has oftgetiédundamentally in these scenarios.

Sometimes it is not possible, feasible or evenirequo employ the whole visualization capabilittyis
therefore possible to create various forms of dufpu further external use. This includes videosl an
screenshots at various resolutions. The screenslaotshe geo-referenced for further accurate hamdlin
Another aspect that has come in handy many timgsisutput in form of geo-referenced panorama asag
These allow a low-cost 360 degree visualizatiosadécted viewpoints. External tools allow the pesirg

of batches of these panorama images to createidargenactive tour through the project area.

The last important output in terms of presentat®ithe ability to cutout an area from a projectnsce,
allowing a non-interactive leightweight 3D visualiion of regions of interest or the further proteg®f the
data with other tools.

<
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5 INNSBRUCK USE CASE

This chapter explains how the workflows, pipelinages and features come together in a finishedlifeal
use case. The process in question was a prestigroject commissioned by the City of Innsbruck & fe
years ago, with the goal to create a new regioaatline to connect the city centre with the perighier
better commuting and improving the access residamtstourists have to varying parts of the urbad an
surrounding area (see Figure 7).

Figure 7: Project area depicting the planned regitlamline.

The whole process resulted in a multiple year sipgnendeavour, planned and managed by a joined effo
between the IVB (Innsbruck transport services), @®esult and VRVis employing the GEARViewer as one
of the fundamental planning and visualization tools

Depending on the progress the project was embedtied stockmodel of the city in varying levelsd#tail.

This process allowed the participating parties lendor but also show the spatial transformationthedf

affected urban areas during frequent citizen infiiom events and media articles. Figure 8 shows taw

streets were efficiently connected during the pilagmprocess. This improved the traffic flow and lgled a

more efficient access to public transportationhi@ &rea in question. In addition, the visualizajecated

residents by showing that it will still allow forees and green areas without too much visual poluti
W s SR8 g

Figure 8: Connection of inaccessible areas fofitrafith a tramway station.

A disadvantage of a realistic rendering is thabinetimes disctracts from important informationshgwing
too much details. 3D scenes can also easily prowigmrtant annotations known from traditional 2D
systems (such as GIS). Figure 9 shows how an gitagd busy intersection is overlayed and annotatdd
colors to give stakeholders an easier understanofifgow multiple interlocking parts will play outoe
finished. The yellow area depicts the sidewalkdedestrians; the gray area shows the street wieldlue
area is a new area exlusive to the tramway. Intiaddiit shows residents that nature is also aroiamt
part of the urban environment with added greensamghere vegetation will be planted.

REAL CORP 2022 Proceedings/Tagungsband ISBN 978-3-9504945-1-8. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, m_
14-16 November 2022 — https://www.corp.at  P. ELISEI, C.BEYER, J. RYSER



Virtual Exploration of Urban Spatial Changes du®&gional Tramway Line Construction

@ Grenoblerbriicke

Figure 9: Use of colours for annotations to depitd explain complex changes to different stakehslde

Furthermore, it was possible to account for rehirig parts of the city by removing old and detelic
buildings in favor of separate streets exclusidetythe tramline, allowing for efficient public maportation
without putting strain on narrow streets that cdrbeextended otherwise (see Figure 10).

= T S 35 A

Figure 10: Addition of tramline exclusive trackstside of the existing street by removing dereligidings.

When planning a new public transportation systermgoortant question is where to place and how &xsp
out the stations, so that they make sense and alboess to important parts of the cities infrastmec The
visualization helped the various stakeholders @mtifly and visually communicate their placemenigufe
11 shows a youth hostel that was incorporatedtimtdramline network by including a dedicated statin
addition, this again allowed critique of residedigring presentations to transform the urban argéa wi
additional green areas and trees.

endherberge

.............

Figure 11: Addition of a station to increase acitlity of a youth hostel. Addition of parking spa@and more green areas.

An interesting problem was presented by a smiliat disjointed project about extending roads that
progressed during the planning phase. It was situat the outskirts of the project area but closrigh that
an inclusion was warranted. The solution to incltlte changes, without having to procure expensiue b
ultimately relatively unimportant geometric datasao use orthophotos which needed to be creatauagn
and use the terrain texturing routines to switdiwben visual representation in the distance (sger€il2).

In the process of finishing this project a plethofaoutputs for presentation were created, inclgdat
metioned output formats like screenshots, videegouts and in person presentations. In addition, a
panorama tour was created . We want to emphasateterything you can see in the panorma tour ksn a
be interactively explored in a 3D scene with theABKiewer.
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Figure 12: Progress of another project during taeming phase. Visualized as differing orthophatbthe relevant area.

6 CONCLUSION AND FUTURE WORK

The goal of the GEARViewer is to bridge the gapwesstn the worlds of 2D GIS based planning and
specialized 3D visualization and planning toolsatiow the display of large scale and interactivgitdli
twins, while giving the opportunity to augumentrthevith changes needed for the infrastructure ptaéc
hand. The presented feature set supports a stregintiontent creation workflow that natively support
different geospatial formats for many different-gsses that (semi) automatically create differentnt of
geometry. A variant analysis system allows thet@yraof different scenarios, the ability to switbbtween
them and make comparisons. To allow stakeholdemscmgnize the project areas in question, thehaslan
interactive 3D visualization and improves visualelity by including rendering aspects like shadows,
vegetation and animation systems. It is possibleramluce varying outputs for different requiremeints
regards to further processing and handling. Thitugdes animation system simulations, cutouts from t
project and material for media and presentionkénform of screenshots, videos and panoramas.

The original viewer was in development for overy®ars and therefore subjected to some limitati@aset
on the underlying software. To allow for futuretetaf the art improvements in different fields, thewer is
currently in the process of being migrated into Wigdom project, developed by VRVis. The focus lué t
Visdom framework is flooding simulations, but féwat it also supports complex geospatial scenesricgve
wide areas. It also creates digital twins of urlaad rural areas for physically accurate simulatibine
resulting visualizations are highly interactive aar@ suitable for experts and non-experts alikerd&tare
differences in the details of how the scenes aoelymed and the requirements of the people workimg o
them; but many synergistic aspects can be founahwielps both projects in turn.

The most immediate goal is taking advantage ofnéheer nature of the framework and use its advanced
rendering techniques to improve the performance qrality of the GEARViewer. Visdom supports the
combination of geospatial data with application cifie attributes, which are needed for the flooding
simulation. Similar mechanisms could be used terekithe GEARViewer capabilities for the inclusidn o
BIM based aspects. Another aspect for future impneent is to enhance the digital twin by anchoring
dynamic data into the geospatial context such asassemeasurements for traffic, railway, wind anchyna
more.

Independent of the synergistic features a geneval  to continuously improve usability and resmt
additional requirements in regards to new or imptbdata source types. Futhermore, a goal is taautthe
new found potential in regards to the renderingtvearie to including more state-of-the-art rendering
techniques (e.g. day/night visualization with dyiahghting and environmental effects, ...)
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