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SUMMARY

This paper presents the developed prototype angdlémmed pilot of the on-going project on
3D cadastre modelling in the Russian Federatiore &im of this project is to provide
guidance in the development of 3D Cadastral registt and to create favourable legal and
institutional conditions for the introduction of3D cadastre. The Russian Federation has a
strong drive towards a 3D cadastre for better tegien of complex buildings, or other types
of constructions, and subsurface networks (e.goJesaand pipelines). After the recent
completion of the design of a 3D Cadastral modwed, jproject is currently in the phase of
testing this design via a pilot based on the deexoprototype system. The test data,
including selected 3D cases, is from Nizhny Novgofabout 400 km east of Moscow),
which has been selected as pilot region in thisjepto The selected 3D cases are
representative 3D cadastral objects related todimgs (units) and pipelines. The initial
prototype focuses on the presentation of 3D infdlonaof cadastral objects. Therefore a web
browser based solution has been developed, in whel8D visualization and interaction is
implemented with the BS Contact plug-in from Bitragement (www.bitmanagement.com).
This includes functionality to: display and interagth the various pilot objects in 3D (rotate,
zoom, select, etc.), connection of 3D actions toisteyg 2D cadastral portal
(maps.rosreestr.ru/Portal), display administratidata (show id, cadastral number),
alphanumerical selection on multiple attributes rfjewname, id of cadastral object, address,
etc.), ability to configure ‘hide / show’ privacyata (depending on user), show / hide layers
(including reference data such as 2D cadastral megographic map, or areal photograph),
offer link to photograph of selected 3D buildingtarface in Russian language, etc. The pilot
will further be used to evaluate the possible fetworkflow around 3D parcels in Russia:
accepting newly registered 3D parcels, and cogestbring them into the database for
possible future access. The experiences from tloé \pill be used to prepare the guidelines
for the future 3D registration: both the legal agpend the technical workflow.
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PE3IOME

B naHHOW nokmage mpezacTaBieHa pazpaboTKa MPOTOTHUNA W TUIAHUPOBAHHOE MHIIOTHOE
ucnoyiHeHue no mojenupoanmio 3D kamactpa B Poccun. Ilensio nannoro mpoekra siBisieTcst
PYKOBOJICTBO, BHeIpeHHWe W  pa3ButHe 3D KamacTpoBOro ydera W CO3JaHUS PEXAMA
OJIaroNMpUsATCTBOBAHUS TMPABOBBIX W WHCTUTYIIMOHAIBHBIX YCIOBUU s BHeapeHus 3D-
kamactpa. Poccuiickas @enepanusi cuiabHO crpeMutcs BBectH 3D KamacTp Ul JTydImei
pEerucTpaluu KOMIUIEKCOB 3JaHUM, WIH JPYTUX THIIOB KOHCTPYKIUH, a Takke MOJI3eMHBIX
cereii (mampumep, kabeneit u TpyOompoBo o). [locie HemaBHEro 3aBepIeHUsT pa3padOTKH
3D- kamacTpoBOil MoJieiH, MPOEKT HAXOAWTCS B CTAaJUU TECTHPOBAHUS dYepe3 MUIOT Ha
OCHOBE pa3pabOTaHHBIX MPOTOTHIIOB CHUCTEMBI. TecT JaHHBIE, B TOM 4Hucie u30paHbix 3D
cinyuaeB, u3 Hmwxkuero Hosropoma (okosio 400 kM k BOCTOKY OoT MOCKBBI), B KauecTBe
BBIOPAHHOTO THUJIOTHOTO PErrMoHa B ATOM Tpoekte. OTaenbHbIE ciy4yau mpeacTaBisitor 3D
KaJacTpoBble  OOBEKTHI, CBsI3aHHBIE C JoMaMH (J4acTsMu) ©  TPyOONpPOBOJIAMHU.
[lepBoHaUaNBHBI MPOTOTUM TIOCBAIIEH Mpe3eHTaruu 3D-kamacTpoBoit WHpOpMAINUU WITH
00BekTOB. PazpaboTanHoe pemeHre Ha OCHOBe BeO-Opaysepa u Bce 3T0 B 3D-Bu3yanuzanuu
U B3auMmojeiictBun  Ha ocHoBe BS  Komrtakr mmarmn w3 Bitmanagement
(Wwww.bitmanagement.com).9to Bkmo4aeT B cebc (YHKIIMOHAIBHBIE BO3MOXKHOCTH:
POCMAaTPUBATh U B3aUMOJICHCTBOBATH C MUJIOTOM C pa3InYHbIMU 00bekTaMu B 3D (oBopoT,
MaciTaOupoBaHue, BEIOOP U T.1.), CBSI3b ACUCTBUI JIJIs 3aMeHbI cylecTByomux B 2D unu B
3D kamacTpoBbIx moptaioB (Maps.rosreestr.ru/Portaliicruieii atMUHHCTpaTHBHBIE JaHHBIC
(mokazath |ID, kamacTpoBbIii HOMEp), anb(a-uucIOBOM BBIOOP O HECKOJBKHM aTprOyTam
(amst Brazernbia, WACHTHOUKATOP WM KaaacTPOBBIA OOBEKT, apec W T.J.), BO3MOXKHOCTh
HACTpOWKH "CKpbIBaTh / TIOKa3bIBaTh' KOH(HICHIIMAIbHBIC JaHHBIC (B 3aBUCHMOCTH OT
MOJIb30BaTeNs ), MOKa3aTh / CKPBITh CJIOM (B TOM 4YKCJIe UCXOJHBIC JaHHBbIC, Takue Kak 2D
KanmactpoBas kapra, Tomoyiorndeckue rpadpuueckie KapThl Wi adpo(OoTOCHMKH), Ipeiaras
cBs3ath (poTorpaduro wiam BeIOpaHHOTO 3D-37aHMS, HA PycCKOM si3bIke MHTepdeiica U T.1.
nuiaoT OyAeT MCHONb30BaH NS JaldbHEeWIed OleHKH BO3MOXKHBIX Oyaymmx pador mo 3D
ydacTkaMm B Poccuu: pHHSTHE HOBBIX 3aperucTpupoBaHHBIX 3D MOCHUIOK, W BBOJ WX B 0azy
JMAHHBIX TMPABUIBHO IS  BO3MOXHOTO Oyaymiero  jpoctyna.OmeiT  mwiota Oyner
CIOCOOCTBOBATH MOATOTOBKH PYKOBOJISAIIUX MPUHITUAIIOB ist Oyayment 3D-peructpanun: Kak
JUTSI TIPABOBBIX ACTIEKTOB, TaK U I TEXHUYECKOTO IOKYyMEHTOO00pOTa.
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1. INTRODUCTION

This paper presents the 3D Cadastre prototype al@vent and the set-up of the pilot in the
Russian Federation. The context and scope of ttogeqd have been published earlier,
including a selection of typical 3D cases to beisteged (Vandysheva et al, 2011a and
2011b). After the initial analysis of the Russiagitlation, an inventory of possible use cases
in Russia, the examination of 3D Cadastre solutioregher countries, and the design of a 3D
Cadastral model, the project is currently in thagghof the development of a prototype and
putting this to practice in the context of a pildte project is based on experience of the
Netherlands (Stoter and Van Oosterom, 2005) anef @tbuntries (van Oosterom et al, 2011).
Our analysis showed that the cadastral law in tlssRn Federation is quite generic
concerning 3D situations: it neither explicitly niems 3D, nor does it prohibit 3D volumetric
parcels for registration. The Russian Federatiaahatrong drive towards a 3D cadastre for
better registration of complex buildings, or othgpes of constructions, and subsurface
networks (e.g. cables and pipelines).

The current cadastral parcel registration syste@Dipolygon-based, in the terminology of
the LADM (ISO DIS 19152, 2011). The database castdine full history of the parcel since
its creation. The scale of the cadastral mapsrdiffem 1:2,000 in urban areas up to 1:10,000
in rural areas. The Russian Cadastre registers thangland parcels. According to article 1 of
the Federal Law ‘On State Cadastre for Real Estht’'Russian cadastre (maintained by
Rosreestr) registers five types of objects: 1. Lgatcels), 2. Buildings, 3. Apartment Units,
4. Other structures (bridges, pipelines etc.), &ndJnfinished objects, i.e. objects under
construction (buildings, bridges, pipelines, etthe implementation of this model, both the
administrative (legal) and spatial parts, is realizia the two existing databases of Rosreestr.
The spatial and legal information on parcels can doeessed online by the public
(http://maps.rosreestr.ru/Portal/). Rosreestr faltgder the authority of the Ministry of
Economic Development of the Russian Federation.

The design of the 3D Cadastral model is based @S 19152 Draft International Standard
(DIS) Land Administration Domain Model (LADM) as r@ference model. This already
includes a 3D spatial profile. In an earlier phakthe project it has become clear that there is
no need to change the legal/administrative pati®imodel (Vandysheva et al, 2011b). It was
decided that the 3D registration is based on tvpegyof objects 1. 3D polyhedron volume
(flat planes) and 2. 3D multicurve with diametenr{ed surfaces around pipelines). The 3D
volume parcels have their own geometry, similanabe current 2D database (via polygons).
So, the advantages are clear: relatively easy imgréable with current technology (database,
GIS/CAD), and similar to polygon approach in 2D.ribg data entry careful checks have to
be implemented to validate that 3D volume parcedsagell formed and non-overlapping. The
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3D polyhedrons do fit in the Oracle spatial SDO_GHEETRY type (as well as 2D polygons
do) and Oracle has good functionality to valid&ie 3D volume parcels. Oracle does call this
a geometry subtype and the name for a polyhedransalid’.

It is crucial to have guidelines describing how tBB parcels must be submitted for
registration. These guidelines have been desciib@dandysheva et al, 2011b) and are based
on experiences in other countries especially thee@sland ‘Directions for the Preparation of
Plans’ (Queensland Government, 2008). The actuading of the 3D Parcel, as part of the
initial registration/survey plan, will be done ihet XML standard format according to the
integration of LADM-3D (ISO, 2011) and CityGML, énOGC standard for 3D city objects
based on GML (OGC, 2007); see Figure 1. This smutllows combining a 3D cadastral
object (e.g. LA_LegalSpaceBuildingUnit from LADM)itl its physical counterpart (e.g. part
of building CityGML).

After this introduction, this paper now continueghwthe explanation of the prototype in
Section 2. The set-up of the pilot is describe&attion 3. The paper ends with concluding
remarks and future work in Section 4.

<?xm version="1.0" encodi ng="utf-8"?>
<C tyModel xm ns="http://ww.opengis.net/citygn/1.0" ...>
<gn : name>TU Del ft exanpl e 3D Parcel for Cadastre</gm :nanme>
<gnl : boundedBy>
<gmnl : Envel ope srsDi nmensi on="3" srsNanme="urn: ogc: def: crs: EPSG 7. 6: 7415" >
<gni : | 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 tyOoj ect Menber >
<generic: CenericCtyoject gm: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>
<gml : Conposi t eSurface>
<gni : sur f aceMenber >
<gni : Pol ygon>
<gnl : exterior>
<gmnl : Li near Ri ng>
<gml : pos>85514. 91 445173. 489 0. 0</ gnl : pos>
<gn : pos>85511. 709 445170. 399 0. 0</gm : pos>
<gnl : pos>85510. 892 445172. 368 0. 0</ gm : pos>
<gnl : pos>85514. 066 445175.521 0. 0</gm : pos>
<gml : pos>85514. 91 445173. 489 0. 0</ 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>
</ generic:| od4CGeonetry
</ generic: GenericC tyCbj ect >
</ ci t yQoj ect Menber >
</ Ci t yModel >

Figure 1. Example XML encoding of 3D Parcel as LADMclass 'LA_ LegalSpaceBuildingUnit' in
CityGML using gml:Solid (defined by gml:linearRing’ s, not all displaced).
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2. 3D CADASTRE PROTOTYPE

The prototype has been designed to optimize the exgeerience during dissemination (and
does not support other tasks such as initial negish, validation and data management).
Subsection 2.1 discusses the data preparation,e&idos 2.2 explains the prototype
architecture, while Subsection 2.3 shows the manctfonality.

2.1 Data sets

The test data consist of three cases from Nizhelgéeya Oblast, which has been selected as
pilot region in this project. Besides the 3D caddgtarcels and related administrative (legal)
information, each case also includes terrain elenat2D cadastral parcels, 2D reference
topographic data, 3D reference models (buildingsd digital photographs. The following
cases have been created: Case 1 is the Teledodingufivhich has interesting overhangs),
Case 2 is the apartment complex (a more "normal'c8bfiguration for housing and non-
residential purposes) and Case 3 is a short urmlerdrgas pipeline crossing a number of
parcels. In the prototype for every case two XMledi are created: one with legal
(administrative) data, such as rights and owners @are with 3D geometric data (in X3D
encoding ISO/IEC, 2007, ISO/IEC, 2008).

The data, both administrative and spatial, have Ipgepared in various formats and by using
a range of tools: Google SketchUp (sketchup.googie), Microsoft Excel (administrative
data), X3D-Edit (savage.nps.edu/X3D-Edit), an XMditeg tool (for example oXygen,
www.oxygenxml.com), ArcGIS/ArcScene from ESRI (wweari.com), FME from SAFE
Software (www.safe.com), and several own scriptsfmverting XML-based files. For each
floor of a building there is a component-object,iahhcontains the following: floor plan
(group-object with 3D polylines), 3D cadastral altge (solid group-objects) with
‘apartment_nr’-attribute, and walls (solid groupeadt). The 3D objects are created by using
Google SketchUp and georeferenced via the topographp. The SketchUp file is converted
to X3D (via Collada and X3D-Edit). Finally, the X3fide is extended for use in the prototype
with touch-sensors (tooltips), plane-sensors, $wi¢ default calculated viewpoints (looking
east, south, west, north), references to the ottensets (terrain elevation, parcels,
topographic map) and JavaScript (for event hanflling

2.2 Prototype development

As indicated above, the functional focus is on &imation and user interaction within a 3D
viewer. The prototype has been developed as exiens$ithe existing 2D portal with a link to
the new 3D viewer; see Figure 2. The main technocehponents are the database, the
webserver and the 3D web browser. In the prototigge3D geometry is prepared in (static)
X3D files (for geometry) and corresponding admmaigve information in additional XML
files. In the future production environment theséXX3D files will be generated
dynamically from the databases. At each locatioer&tB8D information is available in the
prototype, an icon is added to the 2D cadastral. nhiapshow the corresponding 3D-objects,
the user has to click on the icon. The first tinmattthe 3D web browser is used, the
installation of an X3D-plugin (BS Contact from B&magement, www.bitmanagement.com)
in the web browser is needed.
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Existing system (copy) Prototype
2D Web portal 3D Web browser
MapXtreme Mouseclick Webserver
Webserver on 3D-symbol
A A
v \ 4
Oracle 11 Oracle 11

Figure 2. The 3D viewer as extension of the currerD portal.

2.3 Functionality

In Figure 3 the interface of the prototype is shpwhich consist of 3 parts: 3D viewer (left),
selection (lower right) and result display (uppght). Within the 3D viewer, the 3D objects
can be rotated, inspected and manipulated. Thergptelow the viewer can be chosen to
switch certain layers on or off (topographic malpof plans, walls, ground parcels and
DTM), or to switch between the identify-mode and thove-floor-mode.

When the cursor is positioned over a 3D parcelttloéip will give some information about
the object (cadastral number). If you click on a@bcel, the detailed information about this
parcel will show up in the result display in thepep right part of the window. Note that for
the pipeline this information is different (see trig 4) than for the building unit. The lower
right part is for specifying administrative selecis (based on owner, type of right, size, etc.),
the results will be shown in the upper right pantl &highlighted in the 3D viewer. Any
combination of attributes can be used to speciéy gblection and dropdown lists show all
available options to choose from for each of thebattes. The button ‘clear selection’ can be
used to reset the selection, removing the highhghtrom the 3D viewer and clearing the
results. When in the move-floor-mode, the mouse lmamsed to drag out any floor of the
building, showing the 3D parcels inside the buitdisee Figure 5.

Via a configuration file (also XML) it is possibl® specify the text of the labels in the
interface (e.g. provide English or Russian labeisyl to hide certain attributes (e.g. for
privacy reasons, depending on the user).
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Figure 3: With data from Case 1 the interface of tle prototype is shown: 3D viewer (left), selectiodc(wef
right) and result display (upper right).

Search results

Real estate_object name m
Cadastral_nr_real_estate_object [2180000000520
Registration_nr_techical_passport [f252-01/7542009130
Cadastral_nr_parcel [Fzisoosooes2r
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3d object ID53

52:18:0000000: 132]

| Real_estate_object_name -
Figure 4: Case 3, the pipeline (the purple line, atts above ground near arrow and is partly below gound,
but this is only/better visible in interactive modeby looking above and below the surface). When the
pipeline is selected different attributes are disglyed (compared to apartments); e.g. length and diaeter.
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Figure 5: Case 2, Floor_01 dragged outside the bdihg. Note the tooltip which contains the identifie of
the object during move-over (apartment P7) and alsmote that the floor plan is dragged simultaneously
with the 3D parcel (for reference purpose, but thidayer can be switched off)

3. PILOT IN THE RUSSIAN FEDERATION

Conducting the pilot contributes to three main godlhe first goal is to provide the
stakeholders with a better understanding of theetitsnof a 3D Cadastre in Russia. The
second goal is gaining insight within the projeearh about opportunities, pitfalls and
limitations of a 3D Cadastre. The third and finalabis getting experience on the actual
implementation of a 3D Cadastre. The pilot conss$tsne day “active” pilot and two weeks
“passive” pilot (both planned for April 2012). Thetive pilot will be performed with a small
group of participants from relevant stakeholdemnfrRosreestr and affiliated organisations.
At end of the day, an extensive evaluation withphgicipants will be held. The participants
have the chance to use the prototype, for examplelemonstrate to others or when
participants are interested in exploring the pobds further. They also will have the
opportunity to provide input on desired future depenents. The participants of this part of
the pilot are also from outside Rosreestr: utiitynpanies, notaries, real estate agents or
general public. The pilot will be evaluated afthe ttwo weeks of “passive pilot”. The
evaluation is based on the experiences of thecgaatits and on the experiences of the project
team.
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The developed prototype is one of the main toolstlie pilot. However, not all desired
functionality can be tested with the prototype, ethihas its focus on selection and
presentation. To incorporate also other aspediseoimplementation of a 3D cadastre, mock-
ups of possible functionality will be used; seeuregy7. This is in particular the case for the
registration of 3D data. The spatial informationsigoplied by cadastral engineers. These
engineers are not employed by Rosreestr and avat@rentities. The information is being
validated by Rosreestr: is the geometry corred,alr required attributes present and other
required checks. After the new information has bealdated, the spatial information is
approved and entered in the cadastral registrafidier this, the legal information about
ownership, encumbrances and other aspects arellitikéhe parcel(s). The outline of the
workflow for registering new 3D objects is presehie the figures below. Figure 6 presents
the overall workflow.

Login to online portal

Register new Retrieve 3D

object reference object
"

Specify Find reference

particulars oTect
"
Upload CityGML Download CityGML
file file
¥

Check status of previously
> registered object

"
Automated validation

" "
MNon-validated Validated object in
object cadastre
-
" "
Error report Certificate

Figure 6. Overall workflow of the web-based registation of new Cadastral Objects
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Rosreestr registering information
<O X (3 [ lemrowses roregeter —Te )

Project 1
[=] Project 2
[2) measurement ts GML

‘@l
Figure 7. Mock-up of the web-based registration ofiew Cadastral Objects.

4. CONCLUSION

The aim of the "3D Cadastre Modelling in Russiabj@ct, a cooperation by Russian and
Dutch partners, is to create favourable (legaltitutgonal, and technical) conditions for the
introduction of 3D cadastre in Russia. To gain exgmee a prototype has been developed for
sample 3D cadastral objects from the pilot arednéliprodskaya Oblast. The experience and
tools for proper description of 3D cadastral olgestill be transferred to future data providers.
It is important to realize that in the future thespible sources of 3D cadastral objects will
originate from different sources than used in thaetgiype (however, this will not influence
the workflow within Rosreestr):

» Direct survey in 3D (not tested in the current pob);

« Start from existing floor plans and upgrade these3D volumes (as applied for the
Nizhny Novgorod cases in the prototype, but proegssaore or less manually, while in
the future more automation is possible);

* New buildings are often architecturally designedAJ directly in 3D, with limited
additional effort (and clear guidelines) it sholdd possible to specify 3D cadastral
objects for registration (this could be first tekte.g. Skolkovo area).

The next step in the project is now to actuallydumt actual pilot and based on the collected
observations and experiences then update the medelvith clear descriptions for the
various 3D situations that occur in practice:

« What to do with wall or ceilings?

* What to do with disconnected (multi-part) 3D cadashbjects?

* What horizontal and vertical reference system ®(uswhat RF area)?

* What to do with pipelines crossing multiple par@els

* What to do with curved surfaces (non-horizontaticat)?
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* What to do with partial (un)bounded objects?

 When can 3D Cadastral Unit exist (specific ruleshot; e.g. relation to construction or
connection to Earth surface)?

The results of the pilot are multiple. This incladdie gained knowledge within the project
team concerning the technical, organisational agdllimplications of an information system
as it is implemented in the pilot area. Another amtant result is formed by the experiences of
the stakeholders with the prototype and the betteterstanding of the benefits of a 3D
Cadastre in Russia. Therefore, after a successai| the next step is to apply the proposal
for ‘favourable legal and institutional conditiorts’ an operational real-world situation, but in
a limited and controlled, environment; e.g. in tBkolkovo area. In the future, after the
current project, the final step would be to builte tproduction environment with more
functionality: including a validator, DBMS data sige, on-the fly creation of the XML/X3D
data stream from the database, and extend the &iewito also show the neighbour units in
3D (check their mutual relationship; e.g. Teledobowe shops). The validator should
automatically check the 3D cadastral objects agjéinesformal rules, before the new objects
are accepted and stored in the DBMS. In the prpwotiiis was difficult to built (and therefore
omitted). However, in the production environmemgper data management tools can be used
to implement some of the checks by using the corgeometric data type in the Oracle
DBMS: a solid type. Also, checks for potential darté with other 3D objects (or columns
implied by 2D surface parcel) can be implementdtieftly in this environment. Some of
the tasks of the validator include:

» Check spatial aspects (flat faces, partition otepao overlap or gaps, etc.);

» Check consistency between spatial — legal/admia; cautd

* Check legal/admin attributes, proper transfer giits between involved parties.
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