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SUMMARY

This paper presents the on-going project on 3D staelanodelling in the Russian Federation.
The aim of this project is to provide guidancehn tlevelopment of a prototype and to create
favourable legal and institutional conditions fbe tintroduction of 3D cadastre modelling in

the Russian Federation based on experience of #ieeMands and other countries. The
project is currently in the phase of the completing design of a 3D Cadastral model. The
first steps of the development of a prototype systave recently be taken.

PE3IOME

B nmanHOW paboTe mpencTaBlieH TEKYIIMA TPOEKT MO CO3JaHHI0 MOJIECIH TPEXMEPHOTO
KaJacTpa OOBEKTOB HEABIKUMOCTH B Poccuiickoit @eneparnuu. Llenpio maHHOTO mpoekTa
ABNIE€TCS  pa3pabOoTKa MPOTOTHIIA M CO3JaHUE  OJIarONpHUSATHBIX  IPAaBOBBIX U
WHCTUTYIIMOHANBHBIX ycinoBui anst BHenpeHus 3D kamactpa B Poccuu Ha OCHOBE oOmbITa
HupepnannoB u npyrux crpad. B HacTosimee Bpemsi HMPOEKT HAXOAMTCS Ha CTaguu
3aBepiueHus pazpadorku 3D monenu kagactpa. Hauara pa3paboTka mpoTOTHIIa CUCTEMBI.
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1. INTRODUCTION

This paper presents the on-going project on 3D staelanodelling in the Russian Federation.
The context and scope of this project have beetighgd earlier, including a selection of
typical 3D cases to be registered (Vandysheva,t(dl1). The project aims to prepare the
introduction of 3D cadastre registration in the stais Federation. After the initial analysis of
the Russian legislation, an inventory of possitde gases in Russia, and the examination of
3D Cadastre ‘solutions’ in other countries, thejgebis currently in the phase of the design of
a 3D Cadastral model, which will then be followadtbe development of a prototype system.
The project is based on experience of the NetheslafStoter, 2004; Stoter and Van
Oosterom, 2005) and other countries (van Oostetah 2011).

The Russian and Dutch partners in this governnwegbternment project are: Federal
Service for State Registration, Cadastre and MappiRosreestr), Federal Cadastre Centre
(FCC) "Zemlya" and the Netherlands’ Cadastre, Ld®ehistry and Mapping Agency
(Kadaster) in consortium with Delft University okedhnology (TUD), Grontmij Nederland
B.V., and Royal Haskoning B.V. Our analysis showvleat the cadastral law in the Russian
Federation is quite generic concerning 3D situationneither explicitly mentions 3D, nor
does it prohibit 3D volumetric parcels for regisiva. However, the Russian Federation has a
strong drive towards a 3D cadastre for better teggien of complex buildings, or other types
of constructions, and subsurface networks (e.tplesaand pipelines).

Rosreestr is responsible for all tasks relatechéoregistration of rights, recording of parcels
(cadastral map) and geodetic and (topographic) mgpjRrosreestr has about 6,500 offices
and 60,000 staff members. Since the start of tresigno Federation approximately 80 million
parcels have been registered together with assdcraghts and restrictions (responsibilities)
and the involved parties. Therefore Rostreestr tasis probably the world's largest cadastral
system. Both information on parcels and the legal administrative information can be
accessed online by the public (http://maps.rosreefRortal/). Rosreestr falls under the
authority of the Ministry of Economic Development the Russian Federation being the
project counterpart.

This paper starts with an overview of the curresndastral (legal and spatial) model in the
Russian Federation and relates this to the terogyobf the Land Administration Domain
Model (LADM; ISO DIS 19152, 2011). Section 3 disses the extension of the model into
3D, covering both the conceptual and technical @sp&he various types of data used for the
developments of the prototype system are presant&kction 4. The requirements for the
prototype development are then given in Sectiooggther with a first sketch of the prototype
system architecture. The paper ends with concludingarks in Section 6.
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2. CURRENT CADSATRAL MODEL

The current cadastral parcel registration syste@Dipolygon-based, in the terminology of
the LADM (ISO DIS 19152, 2011). The database castaine full history of the parcel since
its creation. The scale of the cadastral maps rdiffer pragmatic reasons from 1:2,000 in
urban areas up to 1:10,000 in rural areas. Thei&us3adastre registers more than land
parcels. According to article 1 of the Federal L&wn State Cadastre for Real Estate’ the
Russian cadastre (maintained by Rostreestr) regifite types of objects: 1. Land (parcels),
2. Buildings, 3. Apartment Units, 4. Other struewr(bridges, pipelines etc.), and 5.
Unfinished objects, i.e. objects under constructjouildings, bridges, pipelines, etc.). The
implementation of this model, both the administrat{legal) and spatial parts, is realized via
the two existing databases of Rosreestr. the ‘Gexladatabase (Schema Cadastr) and
‘Registration’ database (Schema_Right). Table lwshoelationships between the most
important tables in both databases and the LADNe&srence model. Note that for a more
clear presentation not all the tables are showe. ‘Registration’ database does not contain
geometry and is not affected by possible changsspport 3D cadastral objects. Table 2 lists
the tables which are important for the geograpbpresentation and Figure 1 shows a part of
the technical model (tables) of Cadastre databagering cadastre blocks and land parcels.
The geometry attribute in the SDO_ tables is caB&DLOC and uses the Oracle spatial data
type SDO_GEOMTERY.

Table 1. Relationship between LADM concepts and the Cadastre and Registration databases of Rosr eestr

LADM entity Tablesin the databases
Schema Cadastre Schema Registration
LA BAUnit Obj,Reg Oni_List
LA Party Right Owner*,Encumbrance_OwnedRDP_List,PRSNF_List
LA RRR Right,Encumbrance EGRP_*
LA SpatialUnit Entity Spatial -
LA _AdministrativeSourcéDoc EGRP_DocBS
LA_Source EDoc_Info -

Table 2. Tablesin the Cadastre database, which arerelevant for geographic infor mation

Table Comments

OBJ Basic information on the object

Entity Spatial Description of the spatial componginbbject
SDO_District Cadastre rayon

SDO_Block Cadastre block

SDO_Parcel Land parcel

SDO_OKS Object of construction

Coord_System Reference system description
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class report_SCHEMA_CADASTR/

0BJ

(©BJ_ID=ID)  *PKSOBJ +PK$OBJ 0By ID = ID)
«column» _

1] *pK ID: NUMBER 1

OBJ_TYPE_ID: NUMBER

0..*| +FK$SDO_BLOCKS$OBJ_ID OBJ_KIND_ID: NUMBER

SDO BLOCK D CAD_NUM: VARCHAR2(40 BYTE) +FK$SDO_PARCEL$OBJ_ID|0..*
= COND_CAD_NUM: VARCHAR2(100 BYTE)
NUM: VARCHAR2(50 BYTE) SDO_PARCEL =

«column»

*PK ID: NUMBER

FK OBJ_ID: NUMBER
OUTER_OBJ_ID: NUMBER
CAD_NUM: VARCHAR2(100 BYTE)
BLOCK_NAME: VARCHAR2(300 BYTE)
GEOLOC: SDO_GEOMETRY
DATE_CREATE: DATE
DATE_INS: DATE
DATE_CHANGE: DATE
CS_ID: NUMBER(10)

CAD_NUM_NUM: VARCHAR2(100 BYTE)
STATUS: VARCHAR2(2 BYTE) ;‘Ff:'uls_”;;UMBER

REG_NUM: VARCHAR2(100 BYTE) :

INV_NUM: VARCHAR2(100 BYTE) FK OBJ_ID: NUMBER
LETTER: VARCHAR2(30 BYTE) OUTER_OBJ_ID: NUMBER
ADDRESS: VARCHAR2(3000 BYTE)

IDENTIFIER: VARCHAR2(4000 BYTE)
OBJECT_ID: NUMBER

DATE_REG_TO_CAD: DATE

SOURCE: VARCHAR2(2 BYTE)
UNIQUE_IDENTIFIER_OTI: VARCHAR2(255 BYTE)

CAD_NUM: VARCHAR2(100 BYTE)
GEOLOC: SDO_GEOMETRY
DATE_CREATE: DATE
DATE_INS: DATE
DATE_CHANGE: DATE

CS_ID: NUMBER(10)

STATUS: VARCHAR2(2 BYTE) COD_SDO_SUBTYPE: VARCHAR2(20 BYTE)
CALC_AREA: NUMBER(20,2) OBJ_LABEL: VARCHAR2(100 BYTE)
«PK»
R
«PK» v PK$OBJ(NUMBE ) «PK»
+ PK$SDO_BLOCK(NUMBER) «index» +  PK$SDO_PARCEL(NUMBER)
o +  ISOBJSINV_NUM(VARCHAR?) )
« » «index»
+  ISOBJ$SUNIQUE_ID_OTI(VARCHAR2
+ FK$SDO_BLOCK$CAD_NUM(VARCHAR?) Y Feme ADQ T (\7ARc(H AR2) ) + FK$SDO_PARCEL$CAD_NUM(VARCHAR?2)
+  FK$SDO_BLOCKS$CS_ID(NUMBER) +  ISOBJ_CAD_NUM.NUM(VARCHAR?) + FK$SDO_PARCEL$CS_ID(NUMBER)
+  FK$SDO_BLOCKS$OBJ_ID(NUMBER) +  ISOBJ_COND. CAD, NUM(VARCHARZ) + FK$SDO_PARCEL$OBJ_ID(NUMBER)
+ 1$SDO_BLOCK_OUTER_OBJ_ID(NUMBER) o GREET IR + 1$SDO_PARCEL_OUTER_OBJ_ID(NUMBER)
+ SDO_BLOCK_IDX(SDO_GEOMETRY) +  1S0BJ OB KIND_ ID(NUMBER) + SDO_PARCEL_IDX(SDO_GEOMETRY)
«FK» +  ISOBJ_OBJ_KIND_NVL_NUM(NUMBER, , , ,, ) «FK>»
+  FK$SDO_BLOCKS$OBJ_ID(NUMBER) +  I$OBJ_REG. NUM(VARCHAR?) + FK$SDO_PARCEL$OBJ_ID(NUMBER)

Figure 1. Part of the Cadastre database (technical) model covering cadastre blocks and land parcels

3. 3D CADASTRE MODEL

In the first subsection the 3D extension is disedssith respect to the conceptual model. In
subsection 3.2 the technical, implementation oeénimodel is discussed. Then the actual
data representations within this model are discugsehe next subsections for the various
formats: 3D PDF, XML and Oracle database.

3.1 Conceptual model 3D Cadastre extension

The design of the 3D Cadastral model is based oanatysis (of the geometric part) of the
current Cadastre registration (as in the first phafsthe project it has become clear that there
iIs no need to change the legal/administrative @faitie model). As a reference model the ISO
19152 Draft International Standard (DIS) Land Adistiation Domain Model (LADM) has
been used. This already includes a 3D spatial lprofi

Based on the requirements derived from the poteans@ cases, it was decided that the 3D
registration is based on two objects 1. 3D polybedmolume (flat planes) or 2. 3D multicurve
with diameter (curved surfaces around pipelinesjopologically structured 3D Cadastre, is
not conform the current 2D Russian Land Registityictv has no topology. The motivations
in favour of the selected approach, besides thdbés support the needs of the analyzed
cases, are that this approach is in line with thstiag 2D registration and should be relative
easy to implement. The 3D volume parcels have their geometry, similar as in the current
2D database (via polygons). However, this timegbemetry is represented by a polyhedron
(volume bounded by flat faces) or multicurve witlardeter. So, the advantages are clear:
relatively easy implementable with current techgglddatabase, GIS/CAD), and similar to
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polygon approach in 2D. A drawback is that it does support a topology structure (for
better quality guarantees) and no curved facess Wweans that during data entry careful
checks have to be implemented to validate that 8IDme parcels are well formed and non-
overlapping. Because curved faces are not supp@etexkbpt via multicurves with diameters
for pipelines and cables), curved boundary surfaees] to be approximated by a series of
flat surfaces. This is not a serious limitation apdte a practical and easy to implement
solution.

The model is used for the specification of the suler the initial registration of 3D parcels,
for the extended database schema, and for thendisson and visualization of the 3D
parcels (in combination with the existing 2D pasgel

3.2 Technical model for database and submission

The technical model will play an important rolethe draft guidelines for the registration of
new 3D parcels. It is crucial to develop guidelifpessibly in the legislation on cadastre)
describing how in the future in Russia, 3D pareelsst be submitted for registration. These
guidelines are based on experiences in other deanaspecially the Queensland ‘Directions
for the Preparation of Plans’. Chapter 10 of theégections describes exactly how a
volumetric parcel should be described so it carelgestered. Based on this example and after
analyzing the Cadastre in the Russian Federatibe, guidelines are defined for the
registration of new 3D parcels/cadastral objecan@sheva et al, 2011).

The preference is to store the 3D parcels in theesdatabase table as the 2D parcels, so no
database schema change is needed. However, amatiteroption would be to introduce a
new table for these 3D objects. It is possible ¢oivd from the 3D geometry: 1. the 2D
contour of intersection of 3D object with the sedaZ=0 and 2. the 2D projection contour of
the 3D object on the surface z=0. These 2D contnatygons) do not have to be submitted
as they can be computed. The GEOLOC attribute (SEEIDMETRY) can contain multiple
geometries. So, it is possible to store these déri2D polygons together with the 3D
polyhedron in a single GEOLOC attribute. It hadéodecided whether these are computed on
the fly or stored explicitly. In case they are sthrthe preference would be to store multiple
geometries in single SDO_GEOMETRY (again no datshema change). The new 3D
parcels have to be validated against the existieg's (2D parcels) and 3D objects: are the
rights properly transferred. The mentioned guidediare intended for the initial registration.
Besides initial submission it must also possiblegha future to submit changes via XML
(CityGML) and refer to points with ids. In the GMlocument the faces are defined by points
encoded with <gml:pos> tags, and a point identiten be included in the opening or closing
tag; an example from the GML, version 3.2.1 staddpage 172):

<gm : pos>-34.9 140. 1</ gm : pos gml :id="pl" srsName="urn: x-ogc: def:crs: EPSG 6. 6: 4326" >

Again, note that when a single new 3D parcel thasses multiple land parcels, this requires
the transfer of the ownership (or other rights)ttod involved 3D spaces from the existing
parcels to the single new 3D parcel).

3.3 Documentsin 3D PDF
Below an example of a 3D PDF document taken froenRitch 3D NL (Stoter et al, 2011)
pilot showing possible 3D Cadastral parcel; seeifei@. The nice aspect of 3D PDF is that it
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can integrate both the legal text and the assatidtawing in one document, which is then
submitted for registration of a transaction. Withtandard Acrobat PDF reader, it is not only
possible to see the text and a fixed impressioth®f3D drawing, but it is also possible to
interact with the 3D drawing: rotating, scalingicslg, selecting, etc. However, it is not
possible to directly extract the 3D geometry, fobsequent storage in the database. For this
purpose, also the XML document with data has teuimmitted (see next section).

S P K abe DB - @ €

2w raded
+ Levals
= & References
4 Fadastrale peroslen.dgn

Bl_§ teplOnL Potterdaen,dgn
141 | Eigendornmen. cgn
| DeRatterdam &0 dgn
= | Raster Referonces
| Deibmpl 200 Rotardarmiuch

Figure 2. 3D PDF example, from Dutch 3D NL pilot (by Keesvan Prooijen, Bentley Systems)

3.4 3D datain XML
The actual encoding of the 3D Parcel (as part efititial registration/survey plan) will be
done in the XML standard format based on the imtiggn of LADM-3D and CityGML (OGC
standard for 3D city objects based on GML (XML ediog)). This solution allows explicit
links between a 3D cadastral (i.e. legal) objecy.(@as in LA LegalSpaceBuildingUnit
LADM) and its physical counterpart (e.g. part ofil@ing CityGML). In the initial phase of
the project, it is proposed not to include the exjphssociations.
Annex A shows an example of the actual XML encodofg3D Parcel using standard
CityGML (XML) format. A 3D parcel is encoded withgeneric CityGML class (to extend
the CityGML model) and this is tagged with the esponding LADM class name; e.g. for
legal space building unit: <generic:class>LA_Lega&BuildingUnit</generic:class>.
For the Russian Federation the appropriate Rusaganshould be used here, that is:

« RF_LandParcel,

* RF_LegalSpaceBuilding,
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* RF_LegalSpaceBuildingUnit,
* RF_LegalSpaceOtherConstruction, and
* RF_LegalSpaceUnfinished.

3.53D datain the Oracle database

The existing database schema of the Russian cadaste Section 2) does not (or hardly)
need to be adopted. In the legal/ administratizke $shere are no changes at all. But also
because of the selected technical solution (polgredased), there are also no (or hardly
any) changes at the geometric side of the datalddse.3D polyhedrons do fit in Oracle
spatial SDO_GEOMETRY type (as well as 2D polygoas @racle does call this a geometry
subtype and the name for a polyhedron is a ‘solitlis is available since Oracle version 11.
Perhaps one additional attribute could be addedridter’ (if equal to -2 then this is a normal
2D polygon, if equal to -3 the this is a normal B@lyhedron, if larger or equal to O then this
specifies the diameter of a ‘multicurve’).

It is expected that spatial indexing (the R-tre®macle) could remain two dimensional (as the
x- and y coordinates are by far the most selectittywever, it may be of interest to
investigate the performance effect of using a taiegensional index, when large quantities
of 3D data are loaded in the database as in case@fse urban area.

4. 3D SAMPLE DATA FOR THE PROTOTYPE

In this section the test data is presented foretbedected cases. Besides (2D) cadastral parcels
and related administrative (legal) information, leazase also includes terrain elevation,
reference topographic data and 3D models. The fdatahe selected 3D cases are from
Nizhegorodskaya Oblast, which has been selectegilas region in this project. The
following three different cases have been selefdethe prototype:

1. Case 1 is the Teledom building (near the televismwver) building, 9/1 ul. Belinsky.
The building has interesting overhangs (possiblevalmeighbour parcel with shops
and also possible above public road/ footpath);Fsgere 3.

2. Case 2 is the apartment complex, 66a Ulitsa Newztto This case provides a more
"normal” 3D configuration with property rights f88 units for housing and 7 units for
non-residential purposes; see Figure 4.

3. Case 3 is a short underground gas pipeline of loesure, located at the address:
Nizhniy Novgorod, Nizhegorodskiy district, from Riswov str. to Verhnevolzhskaya
naberezhnaya, 7 (see Figure 5). The pipeline csdasd parcel with cadastral number
52:18:0060085:21, on which complex of museum bungdiis located. Pipeline got
two exits on surface (hatches), for which two (vergall and hardly visible in the
Figure) land parcels are allotted 52:18:0060085drt)52:18:0060085:216.
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Figure 3. Teledom building placed on DTM draped with topographic map for orientation

Figure 4. The apartment complex 66a Ulitsa Nevzor ovykh
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Figure5. Top: Cadastral map fragment including the pipeline, bottom: two different 3D views

5. PROTOTYPE DEVELOPMENT

For the development of the prototype first the e8akfunctionality will be built, which will
result in a ‘proof-of-concept’. The functional facwf the pilot is on visualization and user
interaction within a 3D viewer and less on validatiand calculation. The requirements are
organized into functional (Table 3) and techniegjuirements (Table 2). The priorities are of
these requirements are categorized using the MoSQ@wdthod: M (MUST have); S
(SHOULD have this if at all possible; C (COULD hatlas if it does not affect anything
else); and W (WON'T have this time but WOULD likethe future).

The prototype will be developed based on the exjs@2D portal with link to a new 3D
viewer; see Figure 5. The main technical componehtbe prototype are the database, the
webserver and the 3D web browser. For each compamehfor the interaction between the
components, there are many different technical teols or platforms possible. For the
database Oracle 11g is used as it supports thégurgn data (sub)type, including validation.
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Table 3 Priorities of Functional (F) and Technical (T) Requirements

Category Requirement Priority
F-Visualisation | Visualisation of layer with 3D cati@l objects M
F-Visualisation | Visualisation of layer with the 3€rrain M
F-Visualisation | Visualisation of layer with 3D reéece objects M
F-Visualisation | Visualisation of underground obgect M
F-Visualisation | Separate layers for different typ€8D cadastral objects M
F-Visualisation | Rendering the terrain with rastapiimage S
F-Visualisation | Visualisation of Layers with resutif calculations C
F-Visualisation | Separate layers for different type8D reference objects C
F-Visualisation | Adjustable transparency for eagteta C
F-Interaction Intuitive 3D navigation (zoom/panata in 3D) M
F-Interaction Select and highlight 3D cadastrakobj M
F-Interaction Display attributes of selected 3Dasdchl object in browser M
F-Interaction Search 3D cadastral object by IDrimwser M
F-Interaction Select and highlight found 3D cadasibject in browser M
F-Interaction Unselect S
F-Interaction Zoom and pan to selected 3D object 5
F-Interaction Switch on/off layers separately S
F-Interaction Choose between visualization optionshe terrain C
F-Validation Calculate volume of 3D cadastral objec S
F-Validation Validate geometry S
F-Validation Check for 3D overlap between 3D caddsibjects S
F-Validation Calculate 3D overlap between 3D ca@hsibjects C
F-Validation Calculate intersection of 3D cadastiajlects with terrain C
F-Validation Calculate projection of 3D cadastrjext on terrain C
F-Miscellaneousinterface in Russian language S
F-MiscellaneousSupport of different geo reference systems C
F-Miscellaneousimport/export CityGML W
T-General Limited programming workload (use exigtiaols/code) M
T-General Free software development toolkit avéldébr 3D browser M
T-General Technical components must fit in existexhnical environmen M
T-General No installation needed on client (plugplet is ok) M
T-General 3D web browser supports Microsoft Inteilorer 7 & higherl M
T-General 3D web browser supports Apple Safari 3
T-General 3D web browser supports Mozilla Firefox S
T-General 3D web browser supports Google Chrome S
T-General 3D web browser launchable via click irseng 2D map browser S
T-General Technical components are supported lyeacbmmunities S
T-Database 3D cadastral objects modelled as potghed M
T-Database 3D objects stored as SDO_geometry iad®©ia S
T-Database 3D linear cadastral objects also matiabe3D multicurves C
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Existing system (copy) Prototype
2D Web portal 3D Web browser
MapXtreme Mouseclick Webserver
Webserver on 3D-symbol
7} 7}
v
Oracle 11 Oracle 11

Figure 6. The 3D viewer asextension of the current 2D portal (notethe two depicted Oracle databases
could beimplemented as a single database)

For the webserver and 3D web browser and the itiers, various solutions have been
investigated and assessed based of the priorifigbeorequirements; see Table 3. It was
decided to use the open source viewer XNavigatois Viewer is developed at the University
of Bonn and the source code is available (httpiftseforge.net/projects/xnavigator/).
XNavigator uses OGC’s Web 3D Service (W3DS: htiypwW.w3ds.org/) for visualizing in
3D. W3DS is designed for efficient 3D data transmord uses X3D (or VRML) as data
format. X3D is a standard for 3D on the web (httpsw.web3d.org/about/overview/) and is
the successor of VRML.

The server application will be implemented in J&&aB) and will run on a Java Application
Server (GlassFish, Tomcat ...). The server applinatdl have 3 main layers: 1. collecting
data from the database, 2. business logic, and 3D3V service. Eclipselink
(http://www.eclipse.org/eclipselink/) will be usdd collect data from the database and
automatically transform these data to objects. gselink can automatically transform
sdo_geometry into JGeometry objects; see Figure Ir¥. proof-of-concept (fast
implementation) the 3D geometry will be preparedX@® files. So the server application
(business logic part) does not have to transfoerggometry (via JGeometry) to X3D.

A pilot environment is created for the existing 2&astral portal, so it can be modified. Only
the data of the pilot area has to be included enptitot environment. At each location where
3D information is available in the prototype, a $phis added to the 2D cadastral map of the
pilot environment. The symbols have an attributstaining an URL to launch the 3D web
browser. To show the corresponding 3D-objects iatltitation in the 3D web browser, the
URL must contain an identifier or an X,Y locatidrhe first time that the 3D web browser is
used, the installation of a Java applet in the lrelvser will have to be accepted.
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Figure 7. Technical architecture of the 3D Cadastre prototype

6. CONCLUSION

In this paper the designed conceptual and techmcalels for 3D cadastre in the Russian
Federation have been described and documentede@heical model is reflected in the PDF

document and XML data of the survey plan for théahregistration. The database schema
does not need to be adapted because of the setectedcal solution (polyhedron-based or
multicurve with diameter-based), which fits in Aeaspatial SDO_GEOMETRY type (as

well as 2D polygons do).

Further, the prototype functionality has been dbsdk Based on the priorities of both various
functional and technical requirements a designther prototype has been described. After
completion this prototype can be used to illustrabel test the possible future workflow

around 3D parcels in Russia: accepting newly remst 3D parcels, and correctly storing
them into the database for possible future acddss.initial test data, including selected 3D
cases, is from Nizhegorodskaya Oblast, which has Belected as pilot region in this project.
The experiences from the pilot will be used to prepthe guidelines for the future 3D

registration: both the legal aspects and the teahmiorkflow.
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ANNEX A. EXAMPLE XML ENCODINGS OF 3D PARCEL

To clarify the XML format for the registration ofreew 3D parcel, below two examples of 3D
Parcels:. 1. LADM class 'LA_LegalSpaceBuildingUinit'CityGML using gml:Solid (Annex
A.l) and 2. LADM class 'LA_LegalSpaceUtilityNetwork CityGML using gml:MultiVurve
(Annex A.2). In Annex A.1 the solid is defined bgven faces and illustrated in Figure 18.
Note that (see the red text in the XML below) theyGML generic class is used and the 3D
parcel is a LOD4 geometry (high accuracy and pakyindoors).

A.1 Polyhedral (solid) example 3D parcel
<?xm version="1.0" encodi ng="utf-8"?>
<C tyModel xm ns="http://ww.opengis.net/citygm/1.0"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schema- i nst ance"
xm ns: xli nk="http://ww. w3. org/ 1999/ xl i nk"
xm ns: generic="http://ww.opengis.net/citygm/generics/1.0"
xm ns: gm ="http://ww. opengis. net/gn"
xsi : schemaLocation="http://ww.citygm .org/citygm/1/0/0
http://schenas. opengi s. net/citygm/1.0/cityGVL.Base. xsd
http://ww. opengi s.net/citygm /generics/1.0
http://schenms. opengi s. net/citygm /generics/1.0/generics.xsd">
<gm : name>TU Del ft exanple 3D Parcel for Cadastre</gmnl:nanme>
<gnl : boundedBy>
<gnl : Envel ope srsDi nmensi on="3" srsNane="urn:ogc: def:crs: EPSG 7. 6: 7415" >
<gnl : | ower Cor ner srsDi nensi on="3">84936. 169 444962.883 0.0 </gm : | ower Cor ner >
<gmnl : upper Cor ner srsDi nmensi on="3">86082. 217 446807. 742 90. 0 </ gmnl : upper Cor ner >
</ gm : Envel ope>
</ gm : boundedBy>
<ci tyQoj ect Menber >
<generic: GenericCtyoject gnl:id="Parcel _1">
<creati onDat e>2011- 04- 01</ creat i onDat e>
<generi c: cl ass>LA Legal SpaceBui | di ngUni t </ generic: cl ass>
<generi c: | od4Geonet ry>
<gni : Sol i d>
<gnl : exterior>
<gnl : Conposi t eSur f ace>
<gnl : surf aceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gnm : pos>85514. 91 445173. 489 0. 0</gnl : pos>
<gmnl : pos>85511. 709 445170. 399 0. 0</ gmnl : pos>
<gml : pos>85510. 892 445172. 368 0. 0</ gnl : pos>
<gn : pos>85514. 066 445175.521 0. 0</gm : pos>
<gn : pos>85514. 91 445173. 489 0. 0</gnl : pos>
</ gm : Li near R ng>
</gm : exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
<gnl : sur f aceMenber >
<gnl : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gml : pos>85514. 066 445175.521 10. 7</ gml : pos>
<gml : pos>85510. 892 445172. 368 10. 7</ gnl : pos>
<gm : pos>85511. 709 445170. 399 10. 7</gm : pos>
<gm : pos>85514. 91 445173. 489 10. 7</gm : pos>
<gnl : pos>85514. 066 445175.521 10. 7</gm : pos>
</ gm : Li near R ng>
</gm : exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
<gnl : sur f aceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gmnl : pos>85510. 892 445172. 368 0. 0</ gml : pos>
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<gnl : pos>85510. 892 445172. 368 5. 4</gml : pos>
<gml : pos>85510. 892 445172. 368 10. 7</ gnl : pos>
<gml : pos>85514. 066 445175.521 10. 7</ gnl : pos>
<gn : pos>85514. 066 445175.521 0. 0</gm : pos>
<gn : pos>85510. 892 445172. 368 0. 0</gm : pos>
</ gm : Li near R ng>
</gm : exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
<gnl : surfaceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gnm : pos>85514. 91 445173. 489 0. 0</gnl : pos>
<gmnl : pos>85514. 91 445173. 489 10. 7</ gnl : pos>
<gml : pos>85511. 709 445170. 399 10. 7</ gml : pos>
<gnm : pos>85511. 709 445170. 399 5. 4</gm : pos>
<gn : pos>85511. 709 445170. 399 0. 0</gm : pos>
<gmnl : pos>85514. 91 445173. 489 0. 0</ gml : pos>
</ gm : Li near R ng>
</gm :exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
<gni : sur f aceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gmnl : pos>85514. 066 445175.521 0. 0</gmnl : pos>
<gn : pos>85514. 066 445175.521 10. 7</gm : pos>
<gn : pos>85514. 91 445173. 489 10. 7</gm : pos>
<gmnl : pos>85514. 91 445173. 489 0. 0</ gnl : pos>
<gmnl : pos>85514. 066 445175.521 0. 0</gmnl : pos>
</ gm : Li near R ng>
</gm : exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
<gnl : sur f aceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gml : pos>85511. 709 445170. 399 0. 0</gmnl : pos>
<gm : pos>85511. 709 445170. 399 5. 4</gm : pos>
<gm : pos>85510. 892 445172. 368 5. 4</gml : pos>
<gmnl : pos>85510. 892 445172. 368 0. 0</ gnl : pos>
<gml : pos>85511. 709 445170. 399 0. 0</gmnl : pos>
</ gm : Li near R ng>
</gm :exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
<gmnl : sur f aceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gnl : Li near Ri ng>
<gm : pos>85511. 709 445170. 399 5. 4</gm : pos>
<gm : pos>85511. 709 445170. 399 10. 7</gm : pos>
<gmnl : pos>85510. 892 445172. 368 10. 7</ gnl : pos>
<gml : pos>85510. 892 445172. 368 5. 4</gnl : pos>
<gml : pos>85511. 709 445170. 399 5. 4</gnl : pos>
</ gm : Li near R ng>
</gm :exterior>
</ gm : Pol ygon>
</ gm : sur f aceMenber >
</ gm : Conposi t eSur f ace>
</gm : exterior>
</gm : Sol i d>
</ generi c: | od4CGeonet ry>
</ generic: GenericCi tyCbj ect >
</ cityOnj ect Menber >
</ G t yModel >
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Figure 8. The seven faces of the 3D-LADM/CityGML solid visualised (In FZK viewer)
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A.2 MultiCurve example 3D parcel

<?xm version="1.0" encodi ng="utf-8"?>
<Ci tyModel xm ns="http://ww. opengis.net/citygm/1. 0"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schena- i nst ance"
xm ns: x| i nk="http://wwm. w3. or g/ 1999/ x| i nk"
xm ns: generic="http://ww. opengi s. net/citygm/generics/1.0"
xm ns: gm ="http://ww. opengi s. net/gm "
xsi : schemaLocation="http://ww. citygnl.org/citygni/1/0/0
http://schenas. opengi s. net/citygm /1. 0/cityG\WBase. xsd
http://ww. opengi s. net/citygm /generics/1.0
http://schenas. opengi s. net/citygm /generics/1.0/generics. xsd">
<gm : name>TU Del ft exanple 3D Parcel for Cadastre, utility network/ nulticure</gm:name>
<gnl : boundedBy>
<gmnl : Envel ope srsDi nmensi on="3" srsNanme="urn: ogc: def:crs: EPSG 7. 6: 7415" >
<gnl : | ower Cor ner srsDi nensi on="3">84936. 169 444962.883 0.0 </gm : | ower Cor ner >
<gnl : upper Cor ner srsDi nensi on="3">86082. 217 446807. 742 90.0 </gm : upper Cor ner >
</ gm : Envel ope>
</ gm : boundedBy>
<ci t yObj ect Menber >
<generic: GenericCtyoject gm:id="Parcel _2">
<creationDat e>2011- 06- 21</ cr eati onDat e>
<generi c:class>LA Legal SpacelUtilityNetwork</generic:class>
<generi c: | od4Geonet ry>
<gml : Mul ti Curve>
<gnl : cur veMenber >
<gm : Li neString>
<gnm : pos>85524. 91 445173. 489 0. 0</gnl : pos>
<gn : pos>85521. 709 445170. 399 0. 0</gm : pos>
<gmnl : pos>85520. 892 445172. 368 0. 0</ gnl : pos>
<gmnl : pos>85524. 066 445175.521 0.0</gmnl : pos>
</gm : LineString>
</ gm : cur veMenber >
<gnl : cur veMenber >
<gm : Li neString>
<gml : pos>85520. 892 445172. 368 0. 0</ gnl : pos>
<gnl : pos>85520. 892 445172. 368 5. 4</gm : pos>
<gn : pos>85526. 892 445177. 368 10. 7</gm : pos>
<gmnl : pos>85525. 066 445173.521 10. 7</ gml : pos>
</gm : LineString>
</ gm : cur veMenber >
<gnl : cur veMenber >
<gm : Li neString>
<gml : pos>85524. 91 445173. 489 0. 0</ gnl : pos>
<gn : pos>85523. 91 445176. 489 10. 7</gm : pos>
<gm : pos>85522. 709 445173. 399 10. 7</gm : pos>
<gml : pos>85521. 709 445171. 399 5. 4</gnl : pos>
</gm : LineString>
</ gm : cur veMenber >
</gm : Ml tiCurve>
</ generic: | od4Geonet ry>
</ generic: Generi cC tyoj ect >
</ cityOnj ect Menber >
</ Ci t yModel >
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