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Abstract

Natural disasters constantly threaten the safietyr infrastructures including danihe ptential
damages associated with dams usually $tem the failure of the structure due to overtopping,
seepage water flow, and deformatidherefore the implementation of monitoring techniquss
essentialn detecing any potential damage in an early stdgecreating such monitoring systems,

the Open Geospatial Consortium (OGGensor Web Enablement (SWE) suite of specifications
enablethe gathering of real time information froheterogeneous sources by introducing a
standard interface for time serie&lthough manyresearchrs has implementedSWE ba&ed
monitoring systemgherehas been little work in comhimg the Sensor Observation Servicasd

the Web Processing Services (WR&}h 3D visualization methodsThanks to the recent
advancement in WebGL and HTMLS5 this research uses the Wb&ad fraraworks such as
Three.js and Cesium Virtual Globe JavaScript Libraries to create 3D models on the browser
without a need for any pluims. Moreover, his research mainly focuses on developiag
framework for visualization of dynamic data acquired from webvises such as sensor
observation services and Web Processing Services.franmeworkwill help Cesiund s vi rt ual
globeaccessand visualizeéhe dam model and the sensor water levels trenSensor Observation
Services. It also visualizabe dynamic hght observation data and the interpolated water body
acquired through Web Processing Servinesweb-basedapplication In addition, the application

will provide afurther analysis tool in the form of charts that would allovd@pth examination of
changes in height values.

Keywords: dam monitoring systems, 3D visualization, HTMMBebGL, virtualglobes, Sensor
WebEnablement (SWE), Sensor Observation Services (SOS), Web Processing Services(WPS)
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1 Introduction

Naturaldisastergongantly threaten the safety of darasmanmadestructures that are subject to
direct natural exposur@otentialdamagesssociated with dams usually stem fromftikire of
the structure due to overtopping, seepage water flow, and defor(@esearch Project TAMIS,"
2014. This makesthe implementation of monitoring techniques essettidetect any potential
for damage in an early stage.

Relevant data for dardssk management invodinformationfrom hydrological measurements,
geologicaldatg and thed a ms 6 ¢ o n st r u This informationsst carnerdlya coliéced
independentlyand lacks the temporal and spatial consistefbys, preventing thietegration of
the measured aigents for a comprehensive analysisthis context, a dam monitoring system
allows for the combination of theaultiparametricdata acquired from the ground sensors with
geoprocessing and visualization capabilitidemerous propertiesanbe measureth such dam
monitoringsystens including temperature, precipitation amihysical properties such as sage
and water Alrositeel at the 0

Increasedseepagenay be associatedith internal erosion in the darmternal erosion is one of
the main reasons falam failureqSjodahl, Dahlin, & Zhou, 2006However,i $hardto detect

this internal erosion by conventional methods. Hencay pproache shouldbe developedo
monitor seepage water with the help of its contributing factors suchaaswaser level and
precipitations Considering the fact th#éte water levels measredin height dove sea leveBD
visualization can help the user acquire more knowledge and information from these sources
contrast to 2Dvisualizations

Also, by providing the variation of the water level through time, there can be a more
comprehensive monitoring stem for the userAll these are made possible through the
introduction of Sensor Web infrastructutbatenables a setup to access-te@ak data observed

by sensors. This data cha usedn combination of the 3Wveb-basedechnologies to represent a
real-time visualization ofthecurrentstate of water levels in the dam.

With the help of 3Dvisualizations users can grasp a more realistic view of the objects
comparison to the conventional 2D planence making its application ideal fahe case ofvater

level monitoring.In addition with the advancements in computer graphics, high computational
devices andhelatesttrend inweb technologies (suas HTML5 and WebG\), therealization of

3D models inthewebenvironments easier than beforéhecombinationof HTML5 and WebGL
enabksthe web browses to provide tools for analyzing arépresentinghe 3D world without

the need of any plutn.

Furthermorethe developmert of theWebGL-basedrameworks such afe JavaScript libraries
Three.jsandCesiumVirtual Globehave providedjoodpossibilities in creating 3D content without
the need folow-level programming.



1.1 Motivation

The introduction of WebGL and HTML5 enables the realization of 3D visualization directly within
the browser without theeed of a pluginAndvariousvirtual globes such as Cesium Virtual Globe

have been developed based on this combination. One of the main challenges in 3D Visualization
using the WebGL and HTMA&.combination technologies is the visualization and analysgbof
objects. These objects can be buildings or ité#se of a dam monitoring systéme infrastructure
modelsandthe water surface generated from height points. These objects are usually represented
using CityGML that will include the spatial and gragddi aspects of the objects adpwith the
attributes.

The Digital Earth envisions a multesolution, threelimensional representation of the planet in
order to find, visualize, and make sense of vast amounge@feferencednformation on the
physical ad social environmen{Craglia et al., 2012 To achieve this goal standardized
observations infrastructures and easily available visualization technotbgiglslbe put in place
However, thdack d efficient isualization systems tbugh the web and interoperablarheworks
that allowstandardizing the access to the city modeds/elimitedthe use othese datasets and
variousresearches try to overcome these bottlenecks. The worKCiiaturvedi, Yao, & Kolbe,
2015 defines a framework ral implementation of a welbased 3D client for processing,
visualization and analys ofvery largesemantic 3D city model€onsequently, it represents how
Cesium can be used in 3isualizationand illustrates how it cahe tailoredfor objects with
conplex semantics.The efficientvisualizationclient introduced in the mentiongzhper allows
for the interacton with CityGML features Therefore, the 3D models can ndve easily
implementedvith web based Cesium applications.

Furthermore(Schilling, Bolling, & Nagel, 201palso providesn alternative solution to render
huge3D city modelon theweb browsers. They evaluate the newly introduced gITF formats usage
in combination with Cesium.jsThis paperalso considersthe useof gITF/B3DM/3D Tiles in
Cesium.js which stores theertices separately and increases the rendering performance and
provides storable attributes.

Systems with support for the OGC Sensor Web Enablement (SWE) suite of specifications are
capable of gathering information from heterogeneous sources by introducing a standard interface
for time series. This technology is proven ® eliable and i®eing usedn many projectsn
firefighting andpollution control In addition the application oSensor Web in flood warning
scenarios has beeatemonstrated bySpies & Heier, 2008 Geoprocessing systems provide
algorithmic functionality for spatiotemporaldata. This is possible when geoprocessing
functionalitiesare publisheés web services and standardized interfaces.

Consicering all thework abovan the field of SWE based monitoring systems, there has been little
work in combirnng these Sensor Observation Services with 3D visualization methodstheless



(Broring, Vial, & Reitz, 201, tried to present an approach for processingties sensor data
streams to enable scalable heised 3D visualizains while focusing on processing efficiency.

Despite all the developments in the field, many research challenges including finding the optimal
information density and incorporation of 4th dimension in the form of different elements
within the 3D modks have notbeenthoroughy discussed

The addition of time in an interactive GIS poses interesting challenges both conceptually and
regardingmplementatior(Arsenault et al., 2004However platforms such as Cesium.js provide

the necessary building blocks for time varying data visualization that has not been yet fully taken
advantagef. The work of(Chaturvedi & Kolbe, 2006pr oposes a Dypamizecsooncept ,
which allows integrating dynamic and tirdependent data with semantic 3D city models such as
CityGML. This approach not only allows representing dynamic data in different and geagsic

but also enhances spatial, thematic and appearance properties of static city olgjgciniig

property valuesin addition the Dynamizers also establish the esiplinks between sensors and

the respective properties of the city model objects that are measured byHbeever, the

technology is yet tbe implementeth 3D geodatabases

Furthermore, as these visualization technologies become more mainstreamniltheeemore
demand for more redime datavisualization this gives a great opportunity for integration of +eal

time data sources such as Sensor Observation Service with the currently available frameworks
such as Cesium.js.

However, considering the clhahges regarding visualizing of spatiotemporal data and taking into
account the advantages of WebGL based platforms such as Cesium.js, this study is motivated
toward developing a framework for visualization of dynamic data acquired from web services such
as sensor observation services and Web Processing Servicefamesvorkwill help Cesium
accessand visualizethe dam model and the sensor water levels flloenSensor Observation
Services. It also visualizéee dynamic height observation data and therpolated water body
acquired through Web Processing Servioesweb-basedapplication

1.2 ResearchObijectives

The core objective of this research will be to develop a framework to implement 3D visualization

of water level data, the dynamic variationtie height levels and the seepage water level using

the OGCO6s Sensor Web Enabl ement (SWE) fr amewt
within the Cesium.js ast@owserbasedNebGL enabled platfornT.he application would provide

further analysis tooin the form of charts that would allow kidepth examination of changes in

height values.



1.3 Research questions

- What is the most suitable format to visualize water bodies the surrounding building
structurefor the mentioned dam monitoring system in web browser using Cesium virtual
globe?

- What is the most efficient way to retrieve dynamic data from Web Processing Service and
Sensor Observation Service?

- What is the most efficient way to visualize such tidy@mamic variations using Cesium.js?

- How can tle dynamic 3D visualization model of water level within the dam monitoring system
help reakime prediction of potential natural hazaedsl detection of irregularities in the dam
structur@

- How can the gauge readings be visualized within a line graphasgable featuralongthe
timelines?

1.4 Thesis structure
The organization of this thesspresergdas follows:

Chapter 1: Introduction, this section includes the general overview concerning theltopic
discusses the backgroumthd the motivation bétd the research. The research questod
objectiveare also presented this chapter.

Chapter 2:LiteratureReview,thechaptemwill elaborate theessentiatomponents of the research.
Thechaptemwill also include the relevant standards and tectgie®onecessary for the study.

Chapter 3: Data preparatiaijs part will introduce the utilized datasetad he additional steps
requiredfor incorporating the data into the visualization pipeline.

Chapter 4: Design and Implementation, the methodolegg un integrating the OGC standards
and the data models in the Cesium framewsrldescribed In this section, the higlevel
architecture and its essential implementation comporeatgroposed

Chapter 5: Results and discussions, in this part of ésearch, the obtained results at each
implementation step is presented.

Chapter6: Conclusion andRecommendationss the final chapterthe section will answer the
primary research questions arahsequentlyprovidesomerecommendatiofor future studis.



2 Literature and Standardsreview

This sectiondescribs all sensor weltechnologies besiddhe browser components and the 3D
object models necessary for the propostdly. In addition,the previous works in thdield of
Dam monitoring context vigdization of CityGML dataarepresented.

2.1 3D visualization in the context of Dam Monitoring Systems

Ensuringthe safety of Dams as a marade structure is only possible if there is a comprehensive
monitoring system in place. In light of this, thehewve been many attempts to present tiam
inspectingbodies with a online monitoring system that can oversee the infrastructures condition
through day and night and help the user prevent any possible damage to the dam and the
surrounding environment. Such systetry to couple2D graphs with realime data in order to
infer someunderstanding from the gathered data. This is visible in the worKZiaimerman,
Jordan, & Newell, 2016where they create a portal for the ugeraccess charts and reportgla

see possible alarm notifications quicklhe system enables the integration and combination of
sensors and data sourdesm different vendorsin these systems, there is no representation of
geospatial dataDther toolkits provide some level of geosphvisualization by integrating a 2D
map of the area within the monitoring toolb@¢X.ang, Bao, Liang, Mi, & Yang, 2009s an
example of this approach where sensor data are visualized oaphesing OpenLays' library.

The interface in this application helps detect any overflow of the dam.

In relation to 3D Dam datasualization typically theresearches focus on highlighting different

parts of the dams. Such studies include visualization of geometfaceas, lithological and
hydraulic level properties done kKypominguezAcosta, GanadosOlivas, Hibbs, Eastoe, &
Hawley, 2004 and the visualization of groundwater and surface features for hydraulic erosion for
various types of dams carried out(@hen et al., 200)1 These models are not browser based

are specific to one feature of the dam. Moreover, the final output is not part of a complete dam
monitoring toolkit.

On the other hand, some research visualizesdam bodynd its elements 3D representation

inside a web platform in order to maxize the accessibility of the tools these visualizations

such ag(Pantea, Hudson, Grauch, & Minor, 20The data is mostly coupled with additional
information from various sources to enhance the understanding of the caigex{Wu, Cui, &

Zhong, 2012 and (Fan etal., 201§ depicts aveb-based 3D visualizatioof the dam based on
Unity3D? Game engineThe first papei nt egr at es t he damsod withnamic
the 3D models ora web client to represent the current state of the dam ta@dhstruction
managersin this application,the models are created using 3ds Max before being fed into the

Unity3D engine The latter paper however,shows the3 D vi sual i zation syst

! https://openlayers.org/
2 https://unity3d.com/



foundation curtain grouting. In this work, a combination of parameters neebsu the sitées sent
to the server using a short distance wireless network. This information is then visualizetiaising
Unity3D engine.

The available approaches in usitige Unity3D engine in creating the visualizatioesn be

extremely cumbersom&hi s i s because Unity3D doesndt have
creating interactive featurelsloreover, he Unity3D enginégsmainlya game engi ne and
only focus of web based visualizations. The proprietary nature of the product also djesdhea
implementation of the tool in a commercial Dam monitoring context.

Considering all the mentionditerature it is evident that little or no work has been carried out to
visualize OGC Sensor Web Enablement data as part of dynamic 3D visualiaaliatrthat would
enableidept h analysis of the damod susiogoopahisduiceo n's i |
libraries

2.2 Relevant standards

The standards used in conducting this research is disrobed in this section.
2.2.1 CityGML

City Geography Markup LanguadCityGML) is an openlata model and XMibased format

for the storage and exchange of virtual 3D city modeityGML models both complex and
georeferenced 3D vector data along with the semantics associated waildtah@ityGML
allows defining differenthematic modules such as buildings, streets, vegetation as well as
water bodies. Additionally, it provides functionality to represent the scale gppéudicobject

with the helpof five consecutive Levels of Detail (LOD)Gréger, Kolbe, Nagel, & Héfele,
2012. The 3D objects become more detailed with increasing LOD.

o= y A

Figure 2-1: The five LODs defined by CityGM(Gréger et al., 2012



Multiple modulesrepresenthe version2.0.0 of CityGML (based orOGC 12019 (Figure2-

1). The vertical modules provide the definitions of the different thematic models like building,
relief (i.e.di,digital terrain model), city furnitre, land use, water body, amansportationetc

The waterbdy module(based orOGC 12019, cityGML V 2.0.0)is of great importance in
this research. The module will represent ireedimensioal geometry of the underground
waters and it also includes dynamic elementf WaterSurfaceo represent temporarily

changing situations of tidal

flats The module can also

include

the

optional

WaterGroundSurface and WaterClosureSurfaces which represent the basintanohthees

betweenwvaterbodiesespectiely.

TheFigure2-2 depicts the UML diagram of the Waterbody module

<<Feature>>
core:;_CityObject

<<Geometry>>
gmi:MultiSurface

<<Geometry>> | 0.1

gmi::_Solid

lod2Surface

lod3Surface

0.1 c<Geometry>>

lod4Surface

gmi::_Surface

|
0.1 <<Fealure>>
" lodOMultiSurface WaterObject
lod1MultiSurface ‘%
<<Feature>> <<Feature>>

lod1Solid WaterBody bounde dEly. _WaterBoundarySurface

" , |tdlass : gml::CodeType [0..1]
o2 Solld +unction : gmi::CodeType [0..%]
lod3Solid « |tusage : gmi:CodeType [0..%]

JA

<<Geometry>>
gml::MultiCurve

lod4Solid

lodOMultiCurve  =|| =
0.1 lod1MultiCurve

Copyright @ 2011 Open Geospatial Consortium, Inc. All Rights Reserved.

<<Feature>>
WaterClosureSurface

<<Feature>>
WaterGroundSurface

<<Feature>>
WaterSurface

+waterLevel : gmi:CodeType [0..1]

Figure 2-2: UML structure of the Waterbody CityGML stand@doger et al., 201p

20

The LOD1 mainly used in this research will include a higidyperdized surface and is
represented adlultiSurface Based on the diagranmhis attribute canbe assignedto a
combination of differentgeamery types. However for this research the polygon

representidon of the geometry is selected.

The othewtilized cityGML modules include th&ransportationTunnel and Generic cityGML

elements.

The tunnel modulased or©OGC 12019, cityGML V 2.0.0) used in this research represents
the controkunnel under the Dam structures. The madgports the representation of thematic
and spatial aspects of tunnels and tunnel parts in four levels of{@Gebagir et al., 2002 The
chosenlevel of detail for this project was the LOD3 without the walls to better depict the
underground infrastructures.
Figure2-3 shows the UML diagram of thieunrel module. In thisnodule the_AbstractTunnel
is the key class which is a subclass of the thematic class _Sites class can either be
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specializedto aTunnelor to aTunnelPartA _AbstractTunelusuallyconsists offunnelParts
which again are AbstractTunnels
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Figure 2-3: UML structure of the Tunnel CityGML standéBtoger et al., 201

Moreover, he transportation objectspresent the thematic and special aspects of thedaiad
theseobjects are described by 3Drfacesn the Transportation CityGML modu(based orOGC
12-019 cityGML V 2.0.0. The LOD 1 illustration of the data is chosen to visualize the
surrounding dam aredigure 2-4 depicts the UML diagram of the CityGML Transportation
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model. Based on the OGC standards deseon§Groger et al., 20)2he main class this model
is TransportationComplexwhich representa road or any other majoratisportation feature. In
the chosen LODL1 this class providesurfacegeometry for describinthe shape of the road his
can be broken down into different sectimighe road network as variodsafficAreashowever
in this research only the general shab the roadss considered.

<<Feature>>
core::_CityObject
<<Feature>>
_TransportationObject
Jay
<<Feature>> <<Feature>> o <<Feature>>
TrafficArea rafficarea TransportationComplex audiaryTraffichrea Auxiliary TrafficArea
+class : gml:CodeType [0..1] peE—————<_>{+class : gml::CodeType [0..1] C. ? +class : gml:CodeType [0..1)
+unction : gml::CodeType [0..%] . *|+function : gml:CodeType [0..%] +function : gml::CodeType [0..]
+usage : gmi:CodeType [0..%] +usage : gml::CodeType [0..%] +usage : gml::CodeType [0..%]
+surfaceMaterial : gml:CodeType [0..1) T lodONetwork +surfaceMaterial : gml::CodeType [0..1]
| | )
lod1MultiSurface <<Feature>> <<Feature>> <<Geometry>>
Track Railway gmi::GeometricComplex
lod2MultiSurface
lod3MultiSurface <<Feature>> <<Feature>>
lod2MultiSurface loddMuliSurface Road Squan
lod3MultiSurface 0.1 lod2MultiSurface
loddMultiSutace | 01| <<Geometry> ] 0-1 [\ iaitigidace
gml::MultiSurface
lod4MultiSurface

Figure 2-4:UML structure of th&ransportationCityGML standardGroger et al., 2012)

Other dam facilities such as waterways and the integral dam structures also need to have some
standardized 3D representatiddince none of thexesting cityGML models represent these
facilities, they are visualized using the Generic CityGML Modulleese generic extensions to the
CityGML data model aresalizedby the classe&enericCityOlpectand_genericAttributedefined

within the thematic extesion moduleGeneric§Groger et al., 201

To represent the geometry of tBenericCityObjectan arbitrary 3D GML geometrybject GML3
geometryis used as an explicit representation. The follovidiggire2-5 denotes the UML diagram
of the generic CityGML modules.



<<Geometry>> <<Feature>> _genericAttribute <<DataType>>
gml::MultiCurve core::_CityObject genericAttribute
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Copyright & 2011 Open Geospatial Consortium, Inc. All Rights Reserved. 1

Figure 2-5:UML structure of th&eneric objecCityGML standardGroger et al., 2012)

2.2.2 OGC Web Processing Service

The OGC Web Processing Semi(Version 1.0.0, OGC e807r7) Standard describes how to
access geospatial processes from a web interfidue serviceprovides client access to pre
programmed calculations and/or computation models that operate on spatially referenced
datgSchu, 2007. The geoprocessing offered by this serviesdd on the definition ajnline
geoprocessing presented (ofer, 2019, can be described #s manipulationof the geospatial

data for generation ohovel web based outputsThis involves numerou®perationsfrom
intersection tanterpolation models

The main operationwithin the WP Sstandard are threefoldl'he operation to obtain treervice
metadataGetCapabilitie$, The operation to obtain th@rocesgnetadatgDescribeProcegsand
the operation to run process&xécute (Mueller & Pross 2015. Creating acomgdete request
requires ddingof parameter identifierand values tohese operations. This result can be sent
the WPS server using HTTP Gethere the server will respory sending an XML fileor using
HTTP Post wheren XML file is sent from the client to the serv@he HTTPget isused mainly
for the GetCapabilitiesand DescribeProcess operatiamsl the HTTP Post is primarily used for
the Execute operatioifhe executionprocess can be rusynchronouslyr asynchronouslyThe
asynchronous execution is favored for the ntione-consumingorocesseslherefore, in thisype
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of executionan immediatetatus information respongesent to the user after the request has been
sent. The response will also includeeault locatiorthat carbe accesskas soon as the process is
finished.

The output of a WP$rocesss always an XML documentAnd just like the input requestthe

output XML6 s s t r ddiiried in ¢he @G WPS 2.0 Interface Standa(ii4-065). The
existence of a prescribed XML structure enables the developers to create applications that can read
the WPS outpt documents.

2.2.3 OGC Sensor Web Enablement initiative

The OGC Sensor Web Enablement (SWE) standardsspatifies interfaces and data encodings
to enable realime integration of heterogeneous sensor netwdrkghis way, most types of
sensors can be dseered, accessed and reused for creatingagebssible sensor applications
and serviceslt focusses mainly on gesensors; whose georeferenced location is an important
factor andproduces georeferenced observation da®/VE contains two important informan
models(Mike Botts, Reichardt, & Outreach, 2006

0 Sensor Model Language (SensorMiyersion 2.0, OGQ2-000), which defines an
XML schemafor describing the processes within senand observation processing
systems,and provides information needed for discovery, -ggerencing, and
processing of observatiaid Botts, Robin, Greenwood, & Wesloh, 2014

0 Observations & Measurements (O&NNersion 2.0.0, OGC 1025r]) ,which is a
generic information model for describing observat{@us, 201).

Sensor Modelling Languagketails the sensing procedure attribute defining a skeletal framework
to modelsensing devicéMike Botts, 2007 .According to O&M, SensorML models an entity that
performs obsemtiongCox, 201). It models physical sensing devices as processasbliag the
transformation oinputinto an outputAlthough its focus lies omodelingphysical sensor systems
and processing of sensor observations, it can be applied in a broader wemdélingany type

of process and process chdMike Botts, 2007.

O&M, on the other handgyrovides a model for observations, thesults and supplementary
attribues. It has been approved as an ISO standard (ISO/TC211, 2010). The second version of this
implementation is currently availabl&n observation herein is defined as an act performed by a
procedure, such as a sensor, @wvee or instant. Its result is astimation othe valueof a property

of some feature. Besides that additional information, such as observation time, spatial location, the
feature of interest or the sensing procedure can be (Sted 201).

In addition, SWE provides different interface models and web services. The most important service
within the scop of this research work is the Sensor Observation Service (@&jon 1.0.0,
OGC 06009r§ (Arthur Na & Priest, 200y It defines an opemterface by which a client can
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obtain observation data and sensor and platform descriptions from one or more sensors. The

response of the SOS is encoded inND&nd uses the SensorML specificatiottsprovide an
interfaceto make sensors and sensor datdiges accessible via an interoperableb-based
interface.

SOS aims to carefully model sensors, sersystems and observations in order to cover all

different kinds of sensors and to support the different requirements of users in the case of using

sensomata in an interoperable w@rthur Na & Priest, 200) The SOS response represents the
aggregateeadings from live, irsitu and remote seos. SOS allows a user to send requests based
on spatial, temporal and thematic critdBadring, Echterhoff, Jirka, Simonis, & Lemmens, 211

Moreover, implementing this system helps increase the accessibility to the different environmental

data inacritical situation.In the SOS used for this project, the values of the reading are shown as

time series for each sensor station and enable the querying of sensor reading for any desirable

timespan
2.2.4 CityGML Dynamizer ADE

While CityGML is a useful tool in simulating 3D contents, it currently lacks the support for time
varying propertiesDynamizerscan be described as mechanisnfor storing dynamic values
separately from the original attributes in CityGMThis feature is@mextension to CityGMlwhich
stores dynamic variations and overrides the specific propeitige CityGML feature property
(Chaturvedi & Kolbe, 2016 The proposedchemaof the output CityGML cotains dynamic
values in special types of fmedt @ rthestatidé valhes s e
of the CityGML feature attributesThe dynamizers are defined as feature types consisting of
attributesattributeRef startPoint and endPoirt (Chaturvedi & Kolbe, 2016 The Figure 2-6

depicts the nature of the Dynamizer feature as a bridge between the dynamic data sources and the

city object models.
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Figure 2-6: The relation of Dynamizers with the input and output so@esturvedi & Kolbe, 2016

For integrating sensor data insgyGML, allows fa the explicit linkageo sensorsThis is done
by linking of sensor observations with the respective city model objdetsce, Dynamizers can
enhance static waterbody models used in this research by introducing the dynamic property values.

The mentionedoncept is intended to be proposed to become part of the next version of CityGML
(version 3.0) therefore it is only considered at the conceptual level in this research. And a practical
implementation is not considered.

2.3 Web-based3D visualization

While CityGML enabledbetter informatiorsharingin the context of 3Dnodels it also enables

the various analysis on the 3D modélswever, he sheer size and complexity of the CityGML
modelshinderthe effective browser based visualization of such Aea resilt, visualization of
CityGML files on the web has become an essential area of research(Rydaty, Izkara, &
Delgado del Hog, 2013. In order to achieve the plugindependent visualization of the CityGML
data on thdrowser the browser friendly 3D formats have to be utilized. These formats and the
underlyingHTML5 and WebGL requirements for achieving the research godeaiibed in this
section.

2.3.1 3D modelingstandards

CityGML <can be considered the best suitabl e
semantic information. However, the complexity and the large size of the CityGML files hinders
their webbased visu@ations. Therefore, several 3D standards such as gITF and COLLADA are
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introduced in ordeto visualize 3D data inside a web browser &effhis section describes these
data standards.

gITF:

GITR(GL Transmission Format) is a royaliyee specification fothe efficient transmission

and loading of 3D scenes and models by applications. gITF minimizes both the size of 3D
assets and the runtime processing needed to unpack and use thosét dssetso been
designed withithe moderngraphics card and webctenobgies, especially WebGL in mind

The format combines an easily parseable JSON scene description with one or more binary files
representing geometrgnimations, and other rich dékdronos, 2015

Khronos is promoting gITF as the standard 3D fdrfoathe web.gITF is createdusinga
COLLADA digital asset exchangddsd files. These files werestablishedasan ISO standard

in 2013.The parenCOLLADA formatis widely supported as an export file type option across
many3D software However, whileghecolladaDAE is a single file, the collada2gltf converter
outputsmultiple files. Khronosupports bth gITF andCollada, besidemanaginghe OpenGL

and WebGL standards.

In gITF rather tharcapturingthe full fidelity of the entire scene data onhetessential scene
elements necessary for the visualization are kbfireover collada2gltf then optimizes the
keptdata elementis multiple ways. This process makes the fibesre readily consumable by
WebGL Depicted inFigure2-7 is the workflow of3D model$conversion to gITF format.

Authoring Rendest Apps
Maya Interchange endering SpenGL
Blender C. JLLADA —|coLLADA2GLTF ——! giTF @eroL
Open source JSON Scene o
sample Graph penGLES
convertor Description

Figure 2-7:gITF pipeline progression of content authoring, conversion, delivery, rend@rangett, 2013

COLLADA:

COLLADA (COLLAborative Design Activity), is an open Digital Asset Exchange Schema for the
interactive 3D industry. COLLADA is a standard of the Khronos gtdine formatdefines an
open standard XML schema from which digital contents of assets can be reasdyed.
COLLADA documents are XML files, usually identified withéa. d (digital asse exchange)
filename extensidiKhronos, 201k COLLADA is an intermediate language for transporting data
among various interactiv@D applicationghis means thehe file typetries to be as detailed and

3 http://www.khronos.org/
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explicit as possible to represent a complete picture of the visualization. This means that
COLLADA will provide comprehensive encoding for geometry, shagémgsics and kinematics.

The high level of details ithe COLLADA files undermines their effectiveness on brovsesed
visualization.

In thisresearcht he two file formatsd size and perfor m
chapter to select the most appropriate file format for the visualization.

2.3.2 HTML5 and WebGL

As the GIS applications move from the conventional desktop versiam@sd web platforms, the
need fora platformindependensolution is evident. HTMLasthe enabler of this visualizations
has come a long way from the static pages. Thet legesion of HTML known as HTML5 is an
extremely powerful platform for running sophisticated applications. The availabkneety
graphical technologiesuch aghe Canvas element, WebGL and CSS3 &l scalablerector
graphics (SVGgnable thanteractive 3D experience on the browser without the need for external
plugins.

WebGL as arextensionof theHTML5 Canvas elemens the standard 3D graphics API for the
Webwritten inalow-level language and is based on OpenGL ES 2.0. However, there are several
open source JavaScript toolkits tipmovide higherlevel access to the API to make it look more
like a traditional drawing librargParisi, 2014 Some of the notable frameworks in the context of
visualizing geographic dat@orth mentioningnclude:

- Three.js Three.js is a JavaScript basdardry, which creates 3D contents on the web
browser with a very low level of complexity. It is lightweight in nature and can perform
rendering with the help of HTML5 canvas, SVG and Wel{®kdoob, 2013. The built

in file format support available in Three.js permits the parsing of JSON or COLLADA file
formats. In ddition, the library provides the necessary interaction by enabling object
picking which makes it easy to add interactivitytiie applications.

Another solution for visualizing GIS data on the web is to utilize the existing Virtual Globes. These
globes @able the visualization of global geospatial data and allow for the interaction between
the data and the user. The virtual Globes not only reduces the effort of manually accessing archives
of satelliteimageriesbut also allows users to interact andragt content from the globe in real

time on the wel§Elvidge & Tuttle, 2008 Among the available Virtual Globes suchVdsbGL

Earth (Klokan Technologies, 20)1 OpenWebGlobe (Christen & Nebiker, 2011 and
CesiunfAnalytics Graphics Inc, 20}6Cesium is the only opesource solution that has good
maintenance by its user community and enable the integration of numerous data sources, creation
of cameras and geometry objects. Therefore, this library is chosen and elaborated in following
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- Cesiumjs: Cesium(Analytics Graphics Inc, 20)& an open sourced JavaScript Library
thatenablethe creation of 3D globes or 2D maps with celgw lines of code on the web browser.
This library has the following features that can help enhance the visualizations:

1 Cesium is open source code undee Apache 2.0 license, which means, it is free for
commercial and neoommercial use.

1 Cesium supports imagery layers using Bing, OpenStreetMaps, ESRI standards and it also
supports the integration of imagery fraxternalTMS.

9 It also shows vector dataoim various sources such as KMLgpoJSONGeoJSON and
ESRI shapefiles.

1 Cesium provides Cesiumnaaterial system to changeh e o appearancestd® adapt to
the user needs.

1 It supports math libraries that include the major reference frames such asG¥oddtic
System (WGS84) and International Celestial Reference Frame (ICRF). The libraries have
built-in functions to support the coordinates and Cartesian conversions.

1 The Cesium Virtual Globe allows for the visualization of dynamic time dependent elements
with the help of Cesium language (CZML).

CZML is a JSON format for describing a tirdgnamic graphical scene, primarily for
display in a web browser running Cesidvhile Cesium has a rich cliestde API, CZML
enables Cesium to be dateven. This give thegeneric Cesium viewehe possibility to
showa rich3D scene without the need for any custom code. In many ways, the relationship
between Cesium and CZML is similar to the relationship between Google Earth and
KML (AnalyticalGraghics Inc, 201% The easy to parse JSON structure of the CZML files
makes way fomcremental streamingf datato theclient This means the entire document
doesndét need to be present before the scen
of theCZML format is the accurate descriptiongbperties that change value over time.
Clients are also expected to be able to interpolate ovettéigged sampledVithin CZML

every property can be tirgynamic. Figure2-8 shows an example CZML file structure
wherea sample property is represented as dynamic values.
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"id" : "GroundControlStation"

"position” : { "cartographicDegrees" : [-75.5, 40.0, 0.0]},
"point" : {
"color* : { "rgha" : [0, O, 255, 255]},
h
"someProperty ": [
{
"interval ": "2012-04-30T12:00:00Z/13:00:00Z ",
"number': 5
b
{
"interval ": "2012-04-30T13:00:00Z/14:00:00Z
"number': 6
h
B
{
"id" : "PredatorUAV" ,
}

Figure 2-8:Example CZML file structuréSource: Analytics Graphics, Inc., 2011)

Cesium architecture asclientside virtual globas organized in four layers showmFigure2-9
below.

Example Cezium App

Dynamic Scene

Scene

Renderer

Core

Figure 2-9:Cesium architecturéSource: Analytics Graphics, Inc., 2011)

The image shows theJel that each layer is used by the applicati@enerally, each layetacks
functionalityover the previous layer amdises the level of abstractiofhe layers are:

1 Corei Containslow-level functions such as the number crunching like linear algebra,
intersectiortests and projections.

1 Renderei This layer is a thin abstraction over Web®L.comprises the already available
GLSL functions to provide, textures asldader programs.
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1 Scene- Sceneis mainly buit on Core and Renderer to provide relativiigh-level map
and globe constructie imagery layers, polylines, labels, and cameras.

1 Dynamic Scené As the top layer of abstraction, this layer handles ithne-tlynamic
visualization constructs including CZML renderitgstead oframeby framerencering,
this layerenables the storagé&ading and rendering of the data in dynamic objects
altogether.

Furthermore, an extensive comparison of the two mentioned libraries is provided in the result
section of this thesis.
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3 Data preparation

The following section includetwo mainpars. The firstone identifieghe study area, the available
datasets and the data preparation steps taken for obtaining the initial the necessary preliminary data
for the visualization. The second part desithee hardwee and software tools required for
execution of this research.

3.1 Study area and data

The chosen site for this reseaistiheBeverriver damlocatedin the catchment area of the river
Wupper, a tributary of the river Rhine in Western Germaltyis area isa subsectionof the
TAMIS* research projest area ofinterest which is known agshe BevetBlock. The
Wupperverband’(Wupper Association) as a responsible body for management of the water
volume and water of the Wupper river has establishedlabasedsygem for visualization and
analysis of the sensor data located along the watershedexistence of thextensivesensor
technologies on the daamd the already implemented web interfhas led us to choose tlasea

for the implemetation of this reseatc project. The Figure 3-1 below illustrates the relative
position of the Bever block area withiermanybeside the network clusteref the BeverBlock
reservoir system.
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N BN B transition

Bever River Dgm

Schevelinger
River Dam
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Figure 3-1: Location ofBeverriver dam in Bever Block

TheFigure3-2 andFigure3-3 denote théBeverRiver dants aerial view andhe plan view of the
area respectivehAlso, the plan view includes the cal tunnel of the dam, the location of the
water level sensors and an example of the sensor types with their rptatii@ns Theseseries

4 http://tamis.kn.eechnik.tudortmundde
S http://www.wupperverband.de
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of water level sensors on the ground and seepage sensors inside the controletann#ieb
surface cortinuoudy monitor thed a mbebavior These sensors agart of various sensor
technologieghat track the changes on the dafhe control tunnel shown ithhe imagestretches
alongthe dam walbnd provides access to the esseutial mdfrastructures.

Figure 3-2: Areal View ofBeverRiver dam
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Figure 3-3: Map of theBeverRiver Dam with the water level measurement statimksthe Control tunnel

The Existing Dam Monitoring system at TAMIS projeaiteady includesa 3D component
developed by thauthor This widget usethe powerfulThree.jslibrary, described in the WebGL
technologies of the second chaptershow the latest SOS valuafthe water levels on the terrain

model. However, the model has no support for the WPS interpolation surface and dynamic data.
The support for the mentioned WPS surfaces and the dynamic data values are implemented as part
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of this thesis. In addition, trepport for the integration of 3D&/DB® exported KML/COLLADA

files are developed as part of this thesis to compare the functionalities of Cesilrhraads

Figure 3-4 pinpoints the currentlyavailable 3D widget in theTAMIS control center. The
applicationincludes ayer sé | i st where the user can sel ecH
values.

o TaMIs
@ A & Interne Wamungen A DWD Warnungen 183

aaaaaaaaaaaaaaaaaaaaaaaaaa

NN NN <

<]

Figure 3-4: Existing TAMIS3D widget

In the following section the data used in the research and the necessary processing for their
integration into the 3D modeake presented

The required data for caring out the implementation of this application mostly need some level of
preprocessinglrhisis because an efficient vialization pipeline entails standardized data sources
that canbe recreatedor other Dam facilities. Therefore, the available data for the dean
convertedinto CityGML asthe most suitable standafor represenihg virtual 3D city models

This modelwill also facilitate the future updating of the models. And since theslatpresented

in differentlevels of detail LOD) the infrastructure data cde further develogdto include more
detailed model definitions.

3.1.1 Terrain Model

The terrain model fahis project includes numerous sources. ditiginal Digital Elevation Model
(DEM) for theimmediatearea around thBeverRiver Dam has been created using ¢gealy
spaced point data provided Myupperverband. This dataset is converted into a Rasticsur

8 http://www.3dcitydb.org/3dcitydb/3dcitydbhomepage/
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using QGIS(Version2.12.0)providing the DEM model with the resolution of 8.6 meters in cell
size.

Notwithstanding, the coverage of this terrain model when visualized on the Cesium globe is not
sufficient and creagaan island disconnected from therrounding.To resolve this problepsince

Cesium can handle bigger data terrain mqa@dirger data set witthelower resolution was used

to create a more comprehensive terrain model that would comprise a vaster area. For this purpose,
the openly azilable DEM from theDLR’6 SRTM X-SAR projectwith the spatial resolution of

25 metersvas utilized A combined layer from the overlap of the small higher resolution image

and the lower resolution DEMreates théroadterrainbass for the visualizatior(Figure 3-5).
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Figure 3-5: The integration of DEM layers

However to use thegeneatedHeightmap in Cesium, the output raster has to be convietted

tile datasetormat.Eachtile in the Terrain Tile famatcontairs 65 x 65 height valuesyith small

overlapon the edges of the tiles toeate a seamless terrain. Cesium translatdddtghtmap

tiles into a uniform triangle meskesium also supports quantizeeésh1.?® format for the input

terraindata However there is no open source software for creating these quantizstl

surfaces at the time of this research. Thereforalgghtmagptiles were generated using the

Cesium Terrain Buildesis acommandine utility developedy the GeoData Institute,

University of SouthamptohThe t ool wi | | tegdimu r ni lae s eitn odi ftfi ér
levels. This layefolder, when placed on a local servean be used by Cesium for drawing the

ground information.

7 http://www.dIr.de/eoc/en/
8 https://cesiumjs.org/datandassets/terrain/formats/quantizesksh1.0.html
9 https://github.com/homme/cesiutr@rrainbuilder
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