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Introduction
N/ CUITENT STEUAION: -eeeeeoooereereeeeeeeoeeseeess oo . A qu_ern Ignd
U Vertically growing cities administration
0 Complex infrastructure systems (LAS)
Is needed

U Subdivision of three-dimensional (3D) space
U Overlapping property rights

v/ Current research trends:

U 3D /4D Cadastre

U Land Administration Domain Model (LADM I1SO 19152)

U adoption of automation

U low-cost but reliable procedures

U VGI, Crowdsourcing techniques

U usage of modern IT tools and m-services
Smartphones & Multi-sensor systems

VGI / Crowdsourced geo-data-future
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VGI in Real World Mapping Applications
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§ OpenStreetMap (OSM)

U 3D data capturing
U Huge potential & CityGML LoD1
U 3D projects & OSM-3D, OSM Buildings, Glosm, OSM2World etc.

§ Google 3D Warehouse (shared repository)

U User-generated 3D models

U U_s_er_s _V\_/i_th_certain.level_ of 3D modelling skills

CityEngine, Sketchup etc.

- l
e Archive3D7, Shapeways8 f3[| {WWWWWW
- etc. : o=y
. Opnqueimages [ model Kit | i 3D Model

. ..

g Maker (Google Earth)
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3D Aspect of LADM (1/2)

v LADM ISO 19152

U Spatial domain standard

U flexible conceptual schema for 2D/3D Cadastres ﬂf 7_,'52?;33:;
(1 based on a Model Driven Architecture (MDA) R

eeeee

v/ 3D LADM-based country profiles:

U Russian Federation, Poland, Korea, Malaysia, etc.

Vs Linking LADM with physical models:

U Application schemas
U Technical models
(CityGML, IndoorGML, BIM/IFC, LandXML, InfraGML, etc.)
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3D Aspect of LADM (2/2)

Land Administration Model (LADM ISO 19152)

_________________

Physical object = 3D Cadastre > Legal aspects

—{ 3D representation of the property/building ]

@ 3D data collection: G Existed 3D data - BIMs, IFC, CityGML files,
I | IndoorGML, InfraGML and LandXML

Main issue & cost U Other data sources - Lidar data, Laser
Objective & cost-effective surveys VGI data — and innovative

procedure | 3D reconstruction methods

| I LAdudolliT |
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VGI / Crowdsourced Data and Reconstruction Techniques for 3D Cadastre

Input Data: - Aerial imagery A-priori known

. . — building =
-Lidar Data (point cloud / DSM) shape?
. NO
—  Very Dense Point Cloud YES
o Model-driven
&?ﬁ:ﬁ;ﬁ:ﬁ?&ﬁ?ﬁ; ~ Hybrid Methods « Approaches
(Parametric Methods)
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The potential use of crowdsourcing for 3D cadastral surveys

Model-driven Methods: Data-driven Methods:
O robust U flexible - no need prior knowledge
0 high computing speed about building structure
U cost effective U textured models
U topologically correct model output U very dense point cloud
U less sensitive to noise ( high computational cost
U no need for specific 3D modelling skills G sensitive to noise
U prior information about building shape U require specific 3D modelling skills
0 Limited model library (0 Topological errors

3D Cadastre - Key N DI :

VG| data — Main Error Element Bestfitted solution

Occlusions Volumes of buildings -
preserve property rights

——» Model-Driven
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Proposed Framework (1/2)

v/ Innovation:

U Low-cost equipment & IT tools ™
U Crowdsourcing techniques '
U Mobile services (m-services)
U Web services

U Open-source software (OSS)
0 LADM [SO 19152

| Active participation of the
oo > right holders minimize
5 surveys cost and time

A fit-for-purpose 3D crowdsourced cadastral surveying approach based on
standardized data model as LADM, might be of significant value to speed up
processes for establishing 3D cadastres
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Proposed Framework (2/2)

J : Proposed Framework :

Technical Aspects Crowdsourcing Procedure

‘ __________________________________________________
1
1
1
1
1

'\ Cost-effective LADM-
l - based technical solution
Server-side Client-side U Acquisition
' U Registration
3D modelling
U Visualization

LADM-based Open-sourced mobile
DBMS application for Android
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Database Management System (DBMS) Server-side (3D land parcel)

O VersionedObject
VersionedObject VersionedObject
O ; i ©0bjectClass®
— w0bjectClassy ‘?“?blﬂft.c'““ Administrative:LA_BAUnit
PartyuLlA_Party Administrative:LA_RRR e HeRNiiE .

" — LA Spatialllnit iPolygons

G_) q) #0bjectClasss FeatureDataset3D:LP_BoundaryFaces
O (®)) LandParcel3D ]

o @ aFields

CFiald» + hMLE-l'_-L:I.'IEFEEEEEFIr!gEZEEFIFIEldT'.IF-E:':ML
E foo] + Adress: esriFieldTypeString = LP_has_BF == + LP_fesriFieldTypelnteger
] +< «RequiredField? - “PquWEdF_IE'dJF'_ ..
(4% + OBIECTID: esriFieldTypeOID S O e iy pediD

E U : ; + Ehape: esriFieldTypeGeometry

D aAttributelndess “Polygons tPoint® + Shape_#rea: esriFieldTypeDouble
8 + OBIECTID 1D FeatureDataset3D::LPBaseParcel FeatureDataset3D:LP3D_Points + Shape length: esrifieldTypeDiouble

U (D 1 TFieldn aFigldy wAttributelndexs

G_) + LP_p:esriFieldTypelnteger + LPB_p:esriFieldTypelnteger AR IR
_": (j) uRequiredFields + LPF_p: esriFieldTypeinteger aSpatialindex®
e D) LF has B + QBIECTID: esriFieldTypediD cRequiredFields il e

(_) —EE 1| Shape: esriFieldTypeGeometry + OBJECTID: esriFieldTypelID 1

S 8 + EShape Area:esriFieldTypeDouble + Shape: esriFieldTypeGeometry Srpe o
< < + Shape_Length: esriFieldTypelouble CAttributelndexs T _nas_|

q) e Attributelndex® + DBJECTID DX

(dp) | + | DBJECTID_IDX wSpatialindexy
§ m— uSpatiallndex® + Shape_|DX

= + Shape IDX

o 3.*

o [ n—

(<D} LPE has P— |

C e T e e = [+ [abel esriFieldlypestring [0..1]
I I I aRequiredField» + surfaceRelation: esriFieldTypestring [0..1]

+  OBIECTID: esriFieldType0iD + wolume: esriFieldTypeDouble [0..%]
wAttributelndexy tRequiredField®

+ OBIECTID DX + =sulD: esriFieldType0ID




Cadastre in a digital world -Nordic and Global Perspectives

F I G FIG Commission 7 Annual Meeting and International Seminar
24 - 28 September 2018, Bergen, Norway, Europe

Database Management System (DBMS) Server-side (3D building unit)
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3D — Crowdsourcing Self-developed Mobile Application Client-side

Vv Self-developed open-sourced Mobile Application o 7 10 2050

U 3D cadastral data acquisition 30C Collector ¥ @ [o] *
1 3D modelling of real properties (LoD1)

Land Parcel & Property Unit & Model-driven approach
U 3D visualization above & below the terrain

lficensedicor DeveloperUsel@nly,

v Software tools:

Visual Studio 2013 (IDE)

Oracle JDK 8 (Java Development Kit)

Android SDK Manager (for APl level 19),

add-in ArcGIS Runtime SDK for .NET (100.0.0) of ESRI MRS TIal f /N
add-in Xamarin 4.5.0 =y

the SharpKML library &%, ~ \
the programming language of C#, Source: ar it ¥ noTIaIRERat ot B
the Server of ArcGIS Online (Cloud of ESRI)

coaaaaccc
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3D — Crowdsourcing Self-developed Mobile Application (2/2)

7 .l ©1%1d 21:05 = il 4 21:05

@ [& D [ £

Adress:
Area (m?
'BUILDING UNIT

Area (m2):

e -
Source Esri, Dlgrtal YrootnpiZetat and tnv Esri Source Esri, Dngltal YnootnpiZetat and tnyv Esri  Source: Esri, Dlgﬂal YrnootnpiZetat andé tnv Esri

Edntor@@—) — B D S <—-9—>
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Proposed Procedure for 3D Cadastral Surveys (1/2)

@ Provision of the available basemap with the areas under cadastral survey

U recent orthophoto overlaid with buildings floor plans & Higher geometric accuracy

L or g o

U Orthophoto or aerial photo with the areas under cadastral survey &

geometric
accuracy

@ Crowdsourced 3D cadastral information/data acquisition

0 Demarcation / digitization of the property boundaries

U Insertion of additional geometric information: building height, floor .

U Insertion of additional descriptive information: rights holder’s personal :
data, type of rights, etc. ’

O Verification images and legal documents

U 3D Parametric reconstruction of the building
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Proposed Procedure for 3D Cadastral Surveys (2/2)

@ Crowdsourced 3D cadastral information/data acquisition

i Help needed?
» U Provided either by volunteers
B ' or by professionals

U Demonstration videos of the
mobile/web applications by
NCMA

@ Compilation of preliminary crowdsourced 3D building models by right holders
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Case Study: Building of the School of Rural&Surveying Engineering NTUA

v Acquisition of Crowdsourced 3D cadastral information/data:

U The room-outline coordinates

U The building area code, address i e w_gnd_ergrgg"dﬂoor

i The room holder name, role, type of rights |Fri—p=T " ”" Hﬁfjﬁ L ]

U The room floor, height, use, area size, = —_—
volume

v Basemaps:
( Orthophoto at the scale of 1:1000

1st Floor

U Floor plans, at a scale of 1:200, of
e the underground floor
e the ground floor
o the first and
o the second floor - ST wooeommarion RN O

2nd Floor
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DigitalGlobe

(—. LAND PARCEL BOUNDARIES ‘_) —) (— BUILDING UNIT BOUNDARIES 9 q
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Case Study (3/4)

Q ¥ % .l 100x@ 11400 Q ¢
3DC Collector %' @ [a] £ 3DC Collector ¥ ¥ D [ £

Q¥ « il 100 12:02
3DC Collector * ¥ D [a] KL

Licensed|For|DeveloperiUse Only;

= -
; A -

LicEnsed For. @U@&U@@ Only = =

CNES/Aifbus DS,Ea.. YmootnpiZetaianod tnvEsri  CNES/Airbus DS, Ea.. YmootnpiZetaiamo tnv Esri  Earthstar Geographi.. YmootnpiZetal ano tnyv Esri

START REGISTRATION PROCEDURE START REGISTRATION PROCEDURE START REGISTRATION PROCEDURE

3D Visualization of the declared properties
- LoD1 (Parametric Modelling)
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Case Study (4/4) '
_ F 7
v/ Result evaluation : \, 1/ ' ; Underground
. : : T e Fl
U Comparison with the reference data:  EEErSs /. "']o-rmm P

§ Maleum dewatlon O49m 3DC Collector # %' @ [ £ B 3DCCollector €% D [aa £

§ Minimum deviation: 0.03m —
§ Average deviation: 0.17m

U Qualitative 3D models
§ correct 3D position
§ small shape defects

U Recording time per property:
§ 5-7 min fast

CNES/Aubus DS Ea.. YnooranZarm ano tnv Esn _Earthstar Geographl YnocmptZerul ano tnv Esri

(1 Easy-to-use !
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Conclusions

v Modern Approach - 3D Cadastral Surveys:

1 3D Crowdsourcing Techniques - Citizens’ participation —
gross errors minimization
U Cost and time effective solution / automation
usage of modern low-cost IT tools, m-services, e oo
parametric modelling techniques !
( Land Administration Domain Model (LADM I1SO 19152) |
U Available cartographic infrastructure i

Technical framework for the initial registration of 3D crowdsourced cadastral
data and the creation of a standardize cadastral database
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Conclusions

A cost effective solution is required for the initial implementation of a EU desired
3D Cadastre

@ Advantages:

U Efficient and Transparent system

Reliability

Guaranteed protection of properties

Reduction of financial resources

Management of complex areas — multi-dimensional overlapping property rights
Citizens participation to the data collection procedures

ccCcccc
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Thank you for your attention!
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