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ABSTRACT:

Accessing 3D geospatial models, eventually at n&t end for unrestricted use, is certainly an ingurissue as they become
popular among participatory communities, consustaand officials. Various geo-portals, mainly elthied for 2D resources, have
tried to provide access to existing 3D resourced sis digital elevation model, LIDAR or classic tgpaphic data. Describing the
content of data, metadata is a key component & datcovery in geo-portals. An inventory of severire geo-portals and
commercial catalogues shows that the metadatairgfao 3D information is very different from oneaportal to another as well
as for similar 3D resources in the same geo-pofta inventory considered 971 data resourcesaéfii with elevation. 51% of
them were from three geo-portals running at Canafiidaral and municipal levels whose metadata ressudid not consider 3D
model by any definition. Regarding the remaining 4@¥ch refer to 3D models, different definition rms and metadata were
found, resulting in confusion and misinterpretatidime overall assessment of these geo-portalslglehows that the provided
metadata do not integrate specific and common nmdition about 3D geospatial models. Accordingly, tien objective of this
research is to improve 3D geospatial model disgoiregeo-portals by adding a specific metadataBased on the knowledge and
current practices on 3D modeling, and 3D data aiipm and management, a set of metadata is prdpgos@crease its suitability
for 3D geospatial models. This metadata-set endbéedefinition of genuine classes, fields, andecbsts for a 3D metadata profile.
The main structure of the proposal contains 21 dataclasses. These classes are classified in padeges aS&eneraland
Complementanon contextual and structural information, afwgailability on the transition from storage to delivery formghe
proposed metadata set is compared with Canadianp&aisData Infrastructure (CGDI) metadata whictaisimplementation of
North American Profile of ISO-19115. The comparisanalyzes the two metadata against three simulstetharios about
discovering needed 3D geo-spatial datasets. Comsidspecific metadata about 3D geospatial modbés proposed metadata-set
has six additional classes on geometric dimensewel of detail, geometric modeling, topology, aamgpearance information. In
addition classes on data acquisition, preparaton, modeling, and physical availability have bepeclized for 3D geospatial
models.
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1. INTRODUCTION

3D geospatial models are produced and employeddueral
applications such as urbanism (Oude Elberink et2@l3,
Sheppard et al 2009), disaster management (Mertd|2012),
geology (Jones et al 2009, Pouliot et al 2008), czidaster
(Oosterom 2013, Pouliot et al 2011), virtual globeth urban
data (e.g. Google Earth, Bing Map), and video gawmed
augmented reality (Zamyadi et al 2013, Thomas e2(dl1).
Besides, several free 3D modeling tools are emergiutdy as
FreeCAD and SketchUp on desktop and Google Building
MakeP, 3DTin", and Tinkercation web platforms. In fact, 3D
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internal contents. Despite the standardization ebsgatial
metadata in general like 1SO 19%i%nd its communities'
profiles, several practices indicate that succésifsemination
of 3D geospatial models requires specific metadaiden &
Zipf 2013, Schilling et al 2007, Zipf & Tschirne @B, Anan et
al 2002). 3D communities like Unidy3®) Layar® and
mp3Cat* forums® warn users about troubling costs of
downloading 3D models without sufficiently knowirtheir
specifications. Discovering 3D geospatial models favhen
ambiguous metadata results in several irrelevartthea, or
when uncommon metadata among providers and usdssien
empty search results (Funkhouser et al 2002). Eugloblems

geospatial models have become popular receiving hmucare reported on malfunction of downloaded or puseda3D

attention, curiosity, and interest.

Interested citizens, college students, experts, suting
agencies, and officials, all together, expand thenler and
diversity of 3D geospatial models (Uden & Zipf 20Escher
2012, Jones et al 2013, Zlatanova et al 2010). producers
publish their 3D geospatial models for open usgedising, or
sale. The user communities seek 3D geospatial mddelvoid
or reduce repeating production costs and preseroge m
resources for their main objectives like simulasi@md analysis
(Pu et al 2007, Czerwinski et al 2006). In masseaigsation,
like in Spatial Data Infrastructures (SDI), evergopublishes
3D geospatial models and everyone comes to disciban.
Eventually, the users desire to discover the 3Dspatal
models they need at spending less time and codinfting the
most appropriate resources (Czerwinski et al 2006).
Searching “3D Model New York” redirects users torenthan

models like incompatibility with applied analytioc rendering
tools (Terrace et al 2012). In fact, it is easymésinterpret
unstructured descriptions of 3D specifications likéstaking
3D coordinates for 3D model (Scianna 2013), 2.5D
representation for 3D mesh (Ledoux & Meijers 2014nd
adjacent 2D objects in 3D space for true 3D objéBtdanna
2013, Penninga 2008). Hence, in response to thdioned
issues and anticipating the true open market ofg@Dspatial
models, we brought up two principal questions testigate.

First, where can 3D geospatial models be published
discovered? Online geo-portals and commercial agteds are
among the popular options. Some geo-portals likecdiery
Portal of the Canadian Geospatial Data Infrastrec{@GDI)
are open to every type and theme of geospatialiress. Some
like Trimble (Google) 3D Warehouse and 3D CAD Browser
sharing portals are exclusive to native 3D modesmmercial

1300 resourcéswith various content and royalties on the first catalogues like CyberCity 3D Inc. CAD and GIS 3D City

pages of Google search result. One way to narrevsdarch is
with adding keywords while increasing the risk @edooking
several resources. For example, adding “Gi&bps 90% of

Libraries and Visual Technology Services Ltd. PDFGBlery
are exclusive to private businesses.
Second, which metadata are used to describe 3Dpgtals

CAD?, CAM?, and CGI° resources which can be transferred tomodels? Flotynski and Walczak (2013) describe émeamitic of

GIS friendly formats and databases. Another wag isheck 3D
model sharing portals one by one. Now, the usepwamers
distinct community expressions. Therefore, the ussgds to
study many descriptive tags, written summaries, aative

technical terms to thoroughly learn about the add models.
Such issues have existed since the early days lofeodata
sharing (Létourneau et al 1998) and inherited tgs@nt-day
dissemination of 3D models. Evans (2012), Pu €2@07), and
Funkhouser et al (2002) indicate that finding emtst3D

models is a challenging task.

Therefore, as 3D geospatial models are widely preduand
stored here and there (Stoter et al 2013, Terracd 2012,

Breunig & Zlatanova 2011), metadata plays an impontale in

mass dissemination of such models which exist iroua

personal and official databases and file systemsr(& 2012,
Cellary & Walczak 2012, Dietze et al 2007). Metadatienown

to be a key component to publish and discover ge@sp
resources (Rajabifard et al 2006, Longhorn 2005, Ramr
2004). Metadata describes various specificationgeafspatial
resources such as production affiliations, geogeagktent, and

! http://www.freecadweb.org

2 http://www.sketchup.com

3 http://sketchup.google.com/3dwarehouse/buildingmake

4 http://www.3dtin.com

® https:/ftinkercad.com

® From Harvard University’s city models, Google 3Dbael
collections, and 3dcadbrowser, turbosquid, vizmodats

" Geographic Information System

8 Computer Aided Design

° Computer Aided Manufacturing

10 Computer Generated Imagery

3D web content. Focusing on X3D format, they oweklo
several types of 3D models. The 3D metadata framewy
Doyle et al (2009) considers 3D human body digitgects and

is short on 3D geospatial models. Boeykens and Bo@aai8)
study metadata for 3D models in architectural réposs
exclusively in geo-portals with native 3D modelkeliTrimble
(Google) 3D Warehouse. Dietze et al (2007) areeclés mass
dissemination of 3D geospatial models by extendirgeneric
metadata standard (i.e. ISO 19115). However, theiension
remains almost exclusive to city models and CityGML
Domain exclusivity of metadata helps communitiesthwi
homogenous 3D models. But, mass dissemination of 3D
geospatial models is not limited to specific dorsaiith mutual
repositories.

For this reason, this paper presents an inventonglucted on
metadata resources from eight online geo-portalsl an
commercial catalogues where various 3D geospamburces
are published. The inventory will show that the reat
metadata either neglects 3D geospatial modelirig exclusive

to native definitions of 3D models. Our investigatishows that

1 1SO 19115 standard by International Organizatiam f
Standardization (ISO) on geographic metadata

12 Developers’ community forum of Unity3D game engine

13 Users' discussion forum of Layer mobile augmenteality
engine

1 Discussion forum of mp3Car on vehicle and road
transportation technologies

15 “forums” is commonly used while the true pluralrrfo of
forum is “fora”; www.merriam-webster.com/dictionary/fora

18 CityGML standard for 3D city semantic models by ®pe
Geospatial Consortium (OGC)
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current metadata requires additional information ioternal

specifications of 3D geospatial models. This is wieythen aim
at proposing straightforward metadata fields, cddes, and

domain values useful for 3D geospatial models.

The paper is organized as follows. Section 2 ingatds

required metadata for 3D geospatial models accgrtiinthe

literature on 3D reconstruction, and 3D model manaant and
exchange. Section 3 presents an inventory on gealpand

commercial catalogues to assess their suitabildy 3D

geospatial models. Section 4 presents the curexston of the
proposed metadata-set to describe 3D geospatiatertopn
followed by Section 5 which compares it to the CamacCGDI

Discovery Portal upon three simulated scenariog pjaper is
concluded and future perspectives are exposectiones.

2. LITERATURE REVIEW ON METADATA VERSUS
3D GEOSPATIAL MODELS

The literature on production, management, andzatibn of 3D
geospatial models is quite broad (Scianna 2013, iBge&
Zlatanova 2011, Zlatanova et al 2002). Many of stendards
and commercial solutions have generic capabilities
producing and exchanging 3D models which permitirtis
users to adopt them according to their needs amohadities
(Basanow et al 2010, Stadler et al 2009, Ravada 208&e| et
al 2008). To have interoperability achieved andadiiscovery
facilitated, metadata should explicitly indicateigéhgeometric
and thematic modeling alternatives are employedviery 3D
geospatial model.

Several metadata propositions have been tailore80anodels
regarding specific domains and applications suct8Rscity
models (Dietze et al 2007), architectural 3D areki{Boeykens
& Bogani 2008), 3D web graphics (Flotynski & Walcz2k13),

which is provided by a BIM element (AIA 2013). Meahmle,
different BIM guide lines add exclusive terms anfirdgons of
level of details such as Information Level of Def&ilC 2013)
and Graded Component Creation (AEC UK 2012). Thergfore
enhancement of metadata profiles with a single gntgpwhich
documents level of details by one exclusive deénit like
CityGML LoD in the proposition of Dietze et al (2007s
insufficient for documenting the 3D geospatial nsdehich
conform to other specifications such as BIM. Indebé, more
general ontology level of Guarino (1998) is reqdite achieve
our goal of discoverability by mass web users.

Therefore, top-level metadata (i.e. higher levelabtraction
than domain and application specificity) is reqdirg¢o
accommodate whatever ontological level by providgemeric
information about the nature of the 3D geospatialdets.
However, ISO 19115 does not define 3D geospatiafleiso
generically. The closest literary indication is é8to Model”
from “Spatial Representation Type” code list. But,tei®o
Model” is defined as athree-dimensional view formed by the
intersecting homologous rays of an overlapping diimage$
which is only specific to stereoscopy. In a simié@nse, 1SO
19115 defines LoD asa“scale factor or a ground distarice
which is only relevant for cartography and neglestsnantic
considerations.

ISO 19109 defines model as aabStraction of some aspects of
a universe of discourse So, is 3D geospatial model an
abstraction of some aspects of a 3D universe? Afthdrue,
such perception is not enough to differentiate betwsimple
processed abstractions such as 3D line drawing$h wit
geometrically modeled ones such as solids. ApeD%2@Gnd
Dollner & Buchholz (2005) indicate that many usessagiate
3D geospatial modeling with visual 3D scene. Asslt, terms
like 3D and Volumetric Models and Analysis are ni@méd for

and human body 3D scans (Doyle et al 2009). Thesen-the-fly extrusion in ESRI ArcScene while pointsddines

propositions agree on some metadata requiremerds as
geometric and thematic content, Level of Detailsolj),
appearance information, and distribution formatgeti® et al

suddenly become 3D objects when integrated in adierse,
surface extrusion in virtual globes and thicknes®\utoCAD,
surface analysis in GIS, and thematic definitioilge 12D

(2007) and Boeykens and Bogani (2008) also considefootprints extruded based on building prices. M&1$ users

geospatial reference system, processing backgrowamd
coverage. All of these propositions try to propcgeecific
metadata fields and code lists. However, they atecallective
because they are domain and application specifiording to
the levels of ontology dependence stated by Gua(li998).
For instance, Boeykens and Bogani (2008) and Flotysusét
Walczak (2013) focus on documenting 3D graphic fEm
overlooking 3D geospatial models in databases @maastic
modeling. For another example, one may also referatious
expressions of LoD as it is a key point of discoissamong
producers and users of 3D geospatial models (Seotr2011).
Dietze et al (2007) document LoD according to CityiGMD
while Boeykens and Bogani (2008) disclose LoD by nemd§
faces and vertices. However, the literature mestioumerous
parameters only for disclosing geometric LoD sushpaint
density (Emgard & Zlatanova 2008, Haala et al 19pBjnitive
counts (Mertal et al 2009, Badler & Glassner 199igngle
sizes (Cretu 2003), pixel and voxel sizes (Penni@fz8), and
single and multiple scales (Jones et al 2009).heunore, the
definitions of LoD go beyond geometry with geometri
thematic LoD in CityGML (Kolbe 2009), attribute seahs
thematic LoD (Hagedorn & Dollner 2007), and levetealistic
visualization as graphical LoD (Badler & Glassner97p
Furthermore, Building Information Modeling (BIM) imtduces
LoD as the abbreviation of Level of Developménthich is the
measure of how seriously one can consider the riwdtion

7 1n this paper, LoD stands for Level of Detailsess indicated

consider 3D city models as thematic-geometric stines that
explicitly differentiate terrain, buildings, and-egts (Dollner et
al 2006, Dollner & Buchholz 2005). Meanwhile, 3D ycit
models among many CAD and CGI users comprise implicit
geometries (e.g. sub-objects) with realistic tesgsurPenninga
(2008), Bédard et al (2002), and Pilouk (1996) @nésnother
point of view that associates 3D geospatial modehvith
certain 3D reconstruction methods and dimensiogeoimetric
primitives. In this point of view, Digital Elevatio Model
(DEM) and extruded surface are 2.5D models (Gorte &
Lesparre 2012, Kessler et al 2009) and multiple edisions
such as Multi 2.5D (Penninga 2008), 2.75D (Moerscke al
2002), and 2.8D (Groger & Plumer 2011) exist befaméving
at 3D models. Therefore, 3D and Volumetric Modeld an
Analysis are mentioned exclusively with 3D geoneetri
primitives such as solids, tetrahedrons, and voxels

Cellary and Walczak al (2012) and Funkhouser et2@D2)
indicate that mass dissemination of 3D geospatiadeis
requires enriching metadata and search interfadsspecific
fields and code lists. This has an impact on thegefound in
metadata with regards to 3D. When using more rig®ro
definitions, one will rather find "2.5D", "2.75D'and "2.8D"
than "3D" datasets. Inversely, one may find metadabsely
labeled "3D" while, in fact, it is a 2.5D datasetarding to a
rigorous definition. These ambiguities in the measi of "3"
and "D" must be removed with appropriate definiiosf 3D
concepts in metadata.
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3. INVENTORY ON METADATA IN SHARING 3D
GEOSPATIAL RESOURCES

Metadata for mass dissemination of 3D geospatiatiaiso
requires facing the current and anticipating theconging
diversity among the providers and users. To agsessurrent
metadata or the new proposals upon 3D models,ntpadt of
the actual practitioners has been studied withémall number
of the existing sharing portals like two in Evag912) and one

in Boeykens & Bogani (2008). To expand this scope, an

inventory is performed on multiple metadata resesirc

Inventory targets were chosen among geo-portals and

commercial catalogues which have diverse addressdderth
America and present 3D geospatial resources dignifiin a
number or contents. Thus, eight inventory targegsewchosen
from seven governing bodies as listed here:

« CGDI: Canadian Geospatial Data

their free and commercial geospatial resourcexraisg

more than 300 records under “Elevation and Derived

Product” category.

«  QCOD: Quebec City Open Dafapublishes free
geospatial datasets from municipal departmentsently

hosting 48 datasets including three civil 3D bluiHg.

+ LID: Canada LIDAR Metadata Repositéfygathers
and publishes metadata of airborne LIDAR projectess
Canada,; thirteen of them in Quebec province.

e MRN: Quebec Ministry of Natural Resources -
Department of Minés exhibits 3D geological models of

four distinct mining camps in an exclusive webpage.
« CBW: 3D CAD Browser Sharing Porfal permits

Infrastructure
Discovery Portaf permits Canadian providers to present
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written summaries), and “@” for not noticed at @hble 1). It
should be remembered that Table 1 relies upon #réied
metadata samples and investigator's knowledge.ifiventory
resulted in several conclusions; some briefly didtere:

« 3D models are either not particularly defined by
metadata or, if so, by inconsistent proprietarypprties
regarding community or commercial interests. In CGDI
terms like Stereo Model, 3D Dataset, and 3D Topuwya
are used for 3D representations; none containamthic
geometries. CBW defines 3D models as NURBS/Solid
(NURBS are surfaces) versus Polygonal models while
TRL, CTY1, and CTY2 relate Polygonal models to
AutoCAD 3D Faces, ESRI Multi-patches, and SketchUp
Flat Faces which are not solids. Besides, Tablalitates
that the documentation of Primitive Dimension, when
available (7/8), is implicitly expressed despites it
importance in the definitions which are given fob 3
models by various experts.

» 3D models are difficult to discover and to compare
based upon their internal specifications and detdihe
geometric primitives that reconstruct 3D geospatial
resources are often mentioned but in different raegn
(4/18 “E"s and 3/8 “I's for Primitive Type under
Information Details in Table 1). Indeed, they axpressed
with proprietary terms like Polygon, 3D Face, andlt
Patch at software specific level. Hence, one nédisarn
about the specific tools’ vocabulary used to creage3D
model. Interestingly, 3D Pre-Processing, under
Information Details in Table 1, is explicitly addsable
only in 1/8 of the resources. Similarly, LoD is aelskable
with uncommon parameters; Scale in 1/8, Object Count

freelancers to exhibit CGI, CAD, and CAM 3D models;
currently hosting more than 150 models from?t&nd
Canada under “3D Cities/Cityscapes” and “3D
Maps/Landscapes” categories.

e TRL: Trimble (Google) 3D Warehouse permits
SketchUp users to share 3D models; currently hgstin
more than 380 models in Google Earth 3D Buildingetay

3/8, and Primitive Count in 3/8 of metadata resosirce
 The effectiveness of 3D models is difficult to
evaluate. Certain applications look for particulaticators
such as Vertical Reference and Coverage for
integration, Vertical Precision, Elevation Encodirand
Proprietary Format for 3D analysis, and 3D Appeegan
for 3D visualization. Table 1 indicates that excdépt

3D

tagged in Canada.
«  CTY1: CyberCity3D 3D-GIS City Libra/ exhibits

56 US and 4 non-US city models produced by
3D GIS

CyberCity3D Inc. for
environments.

« CTY2: CyberCity3D 3D-CAD Building Librar?

(ESRI  partner)

exhibits 20 US and 1 non-US city models produced by

CyberCity3D Inc. (Autodesk partner) for 3D CAD
The inventory demonstrates how the actual praogtie
encounter metadata upon sharing 3D geospatial si0Baked
on the most mentioned topics in the literature, itheentory
looks for the details which by our knowledge ackieslge the
distinctive content of such models by addressing Spatial”,
“LoD”, “3D Appearance”, and “3D Format” aspects.rReach
metadata resource, the informing details are labdlly “E” for
noticed in explicit fields, “I” for noticed in impdit fields (e.g.

18 geodiscover.cgdi.ca

19 donnees.ville.quebec.qc.ca

20 agrg.cogs.nscc.ca/projects/LIDAR_Metadata

2 mrn.gouv.gc.ca/english/mines/geology/geology-3drhisge

22 \www.3dcadbrowser.com

2 The United States

Zcybercity3d.com/index.php?option=com_content&vieviich
e&id=106&Itemid=77

Beybercity3d.com/index.php?option=com_content&vieviich
e&id=129&Itemid=16

Propriety Format which is explicit at a rate of 75%e rest

of the mentioned indicators (when available amoagous
metadata resources) are collectively explicit a@a@ of
only 20%.

* Metadata depends on individual and organizational
rationalities and creativity with more than half tfe
noticed metadata are implicit (Table 1). Implicietadata
generates descriptions with different topics andting
skills. Furthermore, interaction with metadata oscat
two levels as simple and advanced query modes or as
tables of content with hyperlinked metadata documdn
either case, the lack of a rigorous background étadata
structures is commonly observed; In Table 1 (exogd
CGDI), only 21% of the entire metadata is explicitly
modeled (79% missing and implicit).
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Information Category Information Details CGDI

COD

O

MRN | CBW | TRI | CTY1 | CTY2

Primitive Dimension

Primitive Type

[ E

Elevation Encoding

|
%]

Qm

3D Spatial 3D Pre-Processing

Vertical Precision

m

Vertical Coverage

Vertical Spatial Referenc

Object Count

LoD Primitive Count

Scale

3D Appearance Texture and Material

mumu|Qmimm|m|{m|{— |~

3D Format Proprietary Formats

SIS IS TN NN N Y0)

QIR ImM|—|Q|m|— =
IIESINESTESTES TSN i
m|—|Qlma|_|— || |Q|m
mi—Q—|m|Q|— |Mm

=7 |Q|Qlm|a

Table 1. The metadata noticed among eight invesdagsources are labeled by “E” for noticed in iipfields, “I” for
noticed in implicit fields (e.g. written summarieahd ‘@” for not noticed at all. In header row, the acnmsy(e.g. CGDI)
represent inventoried resources. For full namesSse&on 3

4. PROPOSAL OF A METADATA-SET FOR
GEOSPATIAL 3D MODELS

The literature and inventory indicate that the #xg metadata
are not explicit and collective about 3D geospatahtent in
many topics such as the notions of dimension, coudé
information, and level of details. Our objectivetéspropose a
top-level metadata-set to improve the explicitnasd integrity
of the mechanism to document 3D geospatial datauress.
The proposed metadata-set considers the academiowoities
and actual practitioners by citing more than 60 epsp
standards, and software environments as well asntietory
described in the previous section. In such a sems@yiety of
domains including geology, urbanism, cadaster, goguhic

mapping, and computer graphics were cited. Theseurees
were investigated to identify the topics, definigtoand terms
which are used to describe 3D geospatial conteshtt@megard
their influence among various communities.

The first priority of the proposed metadata-sebiprovide 3D
information allowing for as many explicit classes @ossible.
Thus, the first concern is to identify a rigorotisisture which
helps users to follow the topics that interest thé&igure 1

presents the abstracted main structure of the migtadt with
what we called th&letadata Target (MD_TRGTpre class and
its 20 metadata classes (i.e. topics) grouped retiJML

packages (i.eGenera] ComplementaryAvailability).

General

| Context3D(cTXT_3D) H

| Geometric Dimension (GDM) |—

|_

| Level of Detail (LOD)

[ ¢

The MD_TRGTclass represents the subject of documentation at
the levels that institutional and software enviremts
constitute 3D geospatial content (e.g. datasetmaltie or
implicit classes or layers). The UML classes presgin Figure
1 have already covered the entire inventoried ®pit an
explicit way. Compared with Table 1, the proposeabsés are
superior in number because several topics have begched
with the requirements deduced from our literatugeiaw. In
Figure 1,GeneralandComplementaryyML packages comprise
the contextual and structural information. The atiéhce
between the two packages is that @eneralpackage contains
the metadata requirements we found to be endonged least
half of the investigated referenced\vailability package
documents the path from storage to delivery, cosipyi the
repository technologies, services, and potentfarimation loss
en route.

The second step is to improve the main structurethef
metadata-set with further details mainly from tdchh
resources. Figure 2 demonstrates a subset ofGéeeral
package at this step where the bold classes arertbe from
Figure 1. The first question to ask is about thditawhal classes
to include in Figure 2. Depending on the importarscel
specificity of details, they are added to the nwimcture of the
metadata-set as either class properties with pgateddmain
values (i.e.enumfor enumeration in Figure 2) or as aggregate
and component classes. The following paragraphiaiexthis
step with some examples from Figure 2.

Complementary

—-I Geometric Abstraction Approach (GAA) |

-I Vertical Geospatial Reference (VGR) |

-I Application Cost (APP_CST) |

| Thematic Keyword (TH_KW) |—

|Geometric Data Structure (GDS)|—

Metadata Target
(MD_TRGT)

-I Conformance (CNF) |

-I Manipulation Background (MNP_BCK) |

0

| Data Management Schema (DMS) |—

| Vertical Data Acquisition (VDA) |—

|Geometric Modeling Mechanism (GMM)l—

H Topology 3D (TP_3D) |

Availability

| Geometric Quality (GM_QLTY) |—

| Stored Data (STRD_DT) |
|

|Vertica| Coverage Extent (VCE)|—

| Deliverable Data (DILV_DT) |
[

| Appearance Graphical Variable (AGV) |—

| Stored Deliverable Medium (SD_MDM) |

Figure 1.The main structure of the current version of theppsed metade-set withMD_TRG'
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-data, this assembly permits distinguishing boundatids like
in CityGML from volumetric solids like in IFC models.
The literature and inventory show that LoD is esgesl by

Geometric Dimension (GDMglass decomposes the notion of various parameters which are sometimes borrowed fsther

dimension into generic components that includedingension
of the global universe and local referencing sulvenses (i.e.
3D or 2D or 1D where the two latter potentially sxin 3D

datasets for thematic data such as speed limietddcusing
linear referencing on roads and street signs Idcatith

left/right offsets added to linear referencing)ddahe number of
dimensions of the geometric primitives (i.e. 0D3D). This

proposal adheres to the definitions of (Larrivéeakt2006,
Bedard et al 2002) and is necessary to follow thepgsed
model dimension which can be either 2D+1D (Larrieteal

2006), 2.5D, 2.75D, 2.5D+3D (Penninga 2008), acdatreal
3D. This proposed notion of dimensionsGDM class is more
explicit than in the North America Profile (NAP) 80 19115
where the number of dimensions is specific
representations (excluding vectoes)d has varying definitions
among vertical axis, direction of motion, and serswan line.

Knowing that a large number of multi-dimensionaldels are

not grids, NAP’s suitability is short on this issue

The literature indicates that users prefer to discahe 3D

geospatial content which is close to their neekis Violumes in

3D geology and boundaries in 3D city visualizatiGeometric

application topics. For example, the number of geoim
objects in a model is a self-demanding parametdctwhlso
refers to LoD. ThuslLevel Of Detail(LOD) class aggregates
several parameters from other parts of the metamtavith
association classes (e.gOD GDS Contentissociation class
having different definitions based on ti&eometric Content
property of GDS class). Besides, some particular definitions of
LoD are globally accepted among specific domaing. (e
CityGML LoD in semantic city modeling). THeOD Particular
abstract class permits generating such definiteansub-classes.
The LOD class permits users to assess various aspectsiof L
collectively. For example, a 3D city model can lmewmented
by multiple definitions of level of details simuftaously (and

to griddistinctively) under LOD Particular abstract class (e.g.

CityGML LoD 3 and CIC/BIM Information LoD A).

Some of the metadata classes in Figure 2 suchhasnatic
Keyword (TH_KH) and GDS classes are related with 0 to N
associations. When metadata is generated at detaémularity
(e.g. multiple instances dfID_TRGT class for each layer),
every instance of these metadata classes becorereodly
coupled (e.g. layer X is building and modeled bR&p solid).

Data Structure (GDS)class prepares the metadata-set forBut, when metadata is roughly defined (e.g. dataset

describing various 3D representations (e.g. 2D wi#vation
attribute, 3D points, Interpolated surface, surfaogrusion,
patches, B-Rep, and voxel) @eometric Contenproperty.
Moreover, GDS Objectclass is an additional component to
specify the comprising 3D geometric objects (e.grve,
triangle, and boundary or volumetric solids). UaliKAP meta-

represents building and terrain and contains poiggand 3D
points) the O to N associations help to relate exponding
information. Indeed, for some important topics, thetadata-set
tries to preserve the information as explicit asgiale no
matter the level oMD_TRGTclass.

CONTEXT 3D (CTXT_3D)

GEOMETRIC DIMENSION (GDM)

v VERTICAL DATA ACQUISITION (VDA)
Q
‘\0“\0?\ Mechanism: enum
&0 Method: enum
& Summary: text 0,1

Context Type: enum
Conceptualization: enum

Global Universe: enum
Sub Universe: enum O,N

Q
A\

Geometric Primitive: enum 1,N
Geometric Model: enum

Thesaurus: text

External Link: url 0 ,N LOD THEM. COUNT

Object Count: int

Modeled By O,N b

4 Represents O,N \ ON P \‘\
<4 N0
ON b
<4 ON
L GEOMETRIC DATA STRACTURE (GDS)

Geometric Content: enum LOD GDS CONTENT
Summary: text

Definition: enum 1,N

Value: float/int 1,N

One Value per each Definition

GDS OBJ. COMPLEXITY

Complexity: enum

E.g. for Definition: Horizontal and
Vertical Scale; Point Density; Pixel
and Voxel Size; Contour Level; etc.

A
Il_
gz
o
GEOMETRIC MODELING MECHANISM (GMM) § %
- - z|%
| Reconstruction Procedure: enum Zlo VERTICAL GEOSPATIAL REFERENCE (VGR)
Software Name: text SN
Software Version: text Zl= Vertical Reference Type: enum
Applied Function: text v Proprietary Reference Geomety: enum 0,1
Summary: text 0,1 Identification Name: text
External Link: url 0 ,N Unit: enum
Stractures 1,N »
A < Is Stractured By 1,N MD_TRGT
z ?; APPEARANCE GRAPHICAL VARIABLE (AGV)
=] B Is Thematic Content Of 1K »
8lo 4 Represents 1,N Scope: enum
3|g THEMATIC KEYWORD (TH_KW) «/Contains O,N Constrain: enum
o) - .
S S5 Keyword: text Is Part OFO,N b Component: enum

<
<

LOD APPEARANCE: ENUM

Visual Detail: enum

v
\M
0N

LEVEL OF DETAIL (LOD)

Aspect: enum

¢

LOD PARTICULAR

LOD ATTRIBUTE SCALE

LN D

Measure Scale: enum

LOD GEOM. COUNT

GDS OBJECT <« 1N

Object Type: enum

Count: int

Figure 2. A subset of General package of the preghosetadata-set representing the metadata elemetesail
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5. COMPARING THE PROPOSED METADATA-SET
WITH CGDI DISCOVERY PORTAL METADATA

For the next step, as the first validation attem@GDI
Discovery Portal was selected for comparison sitscaetadata
partially conforms to North American Profile (NARY ISO
19115. Besides, regarding the importance of docunmg®D
information explicitly, CGDI Discovery Portal prowd the
highest rate of explicit fields according to Talle

First, the proposed metadata-set is 100% explicéery detail
of the inventory table while CGDI’s rate is 58%.dunch sense,
the proposed metadata-set brings up six new tofiecs
documenting 3D geospatial content wi@TXT_3D, GDM,
LOD, GMM, AGV,andTP_3Dclasses from Figure 1 as large as
38 properties, and 97 potential domain values.

Second, the explicit metadata topics of CGDI Discp\Rortal
(Table 1) and their counterparts in the proposethdata-set
are assessed based on simulated scenarios fovelismp 3D
spatial datasets. Following are three scenarios soie
simulated requirements about documenting 3D inftionaand
how the request is analyzed by each metadata msotlihese
scenarios will help us to express the similaritietween the
two metadata and the differences (advantages)rgfraposal.

Scenario 1: To attach energy efficiency data tchdadilding
face, city planners or environmentalists need @#asvhich
encode building shapes.

CGDI Discovery Portal metadata is only explicit on
how altitude or depth is encoded in the datasdd. (e.
coordinate values or attribute). Therefore, to deabout
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VGR class is the only place to define the topic &snith 1
to N relation with the metadata core class.

Scenario 3: A recent search on “3D model” term oco@le
Trends showed “3ds”, “3d max”, “maya”, “sketchupica
“blender” among the top and rising related seamims.
Indeed, many users describe or search 3D models by
software specific terms because of the functioiealit
developed on top of them or institutional prefeemnds a
result, metadata needs to specify the software@mvient

and functions which have been used to create the 3D
geometric content.

CGDI Discovery Portal permits documenting multiple
pre-processing steps under quality informationiseatith

a free-text property which highly depends on users’
creativity and writing skills.

The proposed Geometric Modeling Mechanism
(GMM) class considers this matter specifically 8D
modeling by providing explicit properties such
reconstruction procedure type (i.e. interactive or
parametric functions), software name and versipplied
functions, and a free-text summary. If further duist
information is required, Manipulation Background
(MNP_BCK) class documents every precedent
cartographic step.

6. CONCLUSION AND FUTURE WORK

Many individuals and agencies intend to cut or oedue-
production costs by discovering exiting 3D geospatiodels

shapes one needs to refer to free-text summarfes (Wwhen applicable. The literature and prior expemsnclearly

applicable) or make assumptions.
the nature of vertical dimension in Context Typepemy
as position, shape, and thematic expression (emical
lines representing value of sampling points). Femtiore,
Conceptualization property of the class informs siser

whether the given context (here shape) is encodedverloaded discovery

generically (e.g. geometric or attribute data typas by
exclusive rules (e.g. <extrude> tag in KML or methof
database classes).

Scenario 2: To create an integrated city model, meeds to
know about the multiple vertical references whichynexist in
one single dataset or among various resources. Sotye
objects like street and terrain are usually mappi¢d reference
to known vertical datum like geoid or ellipsoidsowkver, in
many civil maps and blue-prints, underground iriftatures
like sewage networks and pipes are representedrafjies
which are vertically referenced to street axisross sections.
CGDI Discovery Portal defines vertical referencehwit
regard to the surface from which depth or altitude
measured. The reference surface can be freely named
datum name property but restricted to mean seaeyage
ground level domain values in vertical datum proper
Although being explicit on the topic, CGDI Discovery

show that mass dissemination of such models regjpaeticular

The proposed Context 3D (CTXT_3D) class describegnetadata. However, various application and domaiecific

points of views on 3D geospatial content includihg context
of 3D, expression of geometric dimension (i.e. migén of “3”
and “D”) and structures, and levels of detail beedragmented
in applied documentations. This results in emptyrr@levantly
results when users with distin
rationalities search online 3D geospatial resource$\n
inventory on eight online metadata which are usegublish
and discover various 3D geospatial resources skiwatgshe 3D
geospatial content is documented by proprietarycepts and
uncommon information. A main challenge with theentory
was to investigate multiple metadata samples dfteform of
implicit summaries depending on distinct rationedit and
writing skills.

In response, our goal was to find the requiremeiots
documenting 3D geospatial content and model theimghter
level of abstraction than being domain and apptoaspecific.
The requirements were identified by studying thecepts and
terms by which the academia and actual practit®mEmote
their 3D resources. In result, a metadata-set wapoged to
integrate the required information on contextuad atructural
specifications of 3D geospatial content with as ynarplicit
classes as possible. At early assessment staggropesed
metadata-set is compared with CGDI Discovery Poneetdata

Portal becomes confusing with redundant propertieswhich partially conforms to North American Profi{BlAP) of

Another issue is that CGDI Discovery Portal pernoite
single vertical reference per dataset.

class recognizes three types of references as mean
level, geodetic ellipsoid, and proprietary (e.gest for

pipes). If the type is proprietary, VGR class dedinbe

geometry of the vertical reference (e.g. poing lisurface).

ISO 19115. The comparison shows that the proposdddata-
set is 42% more explicit compared to CGDI while CGDI

The proposed Vertical Geospatial Reference (VGR)Proposed the most complete and explicit metadatarding to

the inventory of eight geo-portals. Based on threeulsited
scenarios about discovering 3D datasets, our pebmEimows
promising results. The proposed metadata is notieeteficial

by being extensive and explicit on the nature and
conceptualization of the 3rd dimension, 3D georuedtiuctures
and modeling, vertical referencing, and variousatpof LoD.
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Currently, all of the proposed metadata classes hwiaire
directly aggregated to the core class in Figureelnaandatory.
It may be required in future works to bring conistsaof the
proposed metadata classes closer to users' predsteifhe
proposed metadata-set is technical on some of tbpoped
domain values. Although this helps with semantibezence,
further work is certainly required to make the preed domain
values more accessible (i.e. covering the techrégptessions
and keeping the domain values simple for publichese
amendments are important to decrease the chance
redundancy of information and probable confusioms rfon-
expert users when encountering the proposed matadat
Despite the preliminary assessment, the metadataessls to
be validated at larger scale. History of queriepuab3D
geospatial models extracted from relevant geo-patiah as
CGDI Discovery Portal, Princeton University 3D Mo@&arch
Engine, and Turbo Squid Portal would be analysexinat the
proposed metadata-set. The future works also iectedeiving
the recognition of beneficiary stakeholders by ienpénting a
prototype system comprising simplified interfaces.
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