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Innovations in Land Administration
3D Cadastre, AI4LA and Digital Twins
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DIGITAL TWINS

‘Digital replica of the physical living environments that supports decision-making through the seamiless integration of a myriad of
gata and analytics techniques.

As such, DT s not a mere geometric (2D and 3D) representation of static assets but a dynamic/live model that represents their past,
current, and future states.”

https://www.utwente.nl/en/digital-society/research/themes/digital-twin-geohub/
Physical City

Virtual City
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Digital Twin Geohub
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DIGITAL TWINS

Real-time

data 0

Continuous
data update

2D/3D city model
2D/3D Cadastral User
model requirements
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DIGITAL TWINS

To answer major societal guestion to solve
wicked problems
with strong geospatial relationships:

« Land rights, equality
3D valuation/taxation
« Urbanization

« Climate change

 Disaster management

* Improved living condition

« Pandemics

(»
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DIGITAL TWINS Real World

Cloud Computing
3D Database Data 2D maps

from Al open data

Sensors and platforms

3D point
clouds

Thematic Orthophoto
maps

Geo-Information Images and LiDAR . UNIVERSITY
extraction " | OF TWENTE.
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* How Digital Twins can help?
How photogrammetry and RS can help?
* How geospatial innovations can help?
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

EU H2020 — ICT - 2015 sxc  UNIVERSITY OF TWENTE. m #
Research and Innovation Action +

Duration: 48 monthS 2016'2020 - g;LSHTngLAISS-CUHNEIVERSITZiT
Consortium: 8 partners

Budget: 3.9 M Euro
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Publish and Share
LADM geocloud services/Common User Interface

UAV Orthogenerator Boundary Delineator SmartSkeMa

| UNIVERSITY
www.its4land.com OF TWENTE.



DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)
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Taking off..

UAV (drones) 4LA Al4LA
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

* LA needs are less vertexes and regularized closed vector polygons
* Fully Convolutional Networks (FCN)
* Discrete raster probability output
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Aircraft/aerial image UAV image Cadastral boundaries
2017 RGB 2019 RGB Reference dataset
0.29 m spatial 0.11 m spatial resolution

resolution 9 km? area coverage

50 km? area coverage November

March/April

. | UNIVERSITY
https://2023.ieeeigarss.org/view_paper.php?PaperNum=3925#top OF TWENTE.



DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Multitask Learning

Lint, Ledge: cross entropy + dice

INPUT RGB IMAGE interi i
interior mask Lint, edge: enforces edge = contour(int)

Backbone

. /) OUTPUT POLYGONS

* U-Net
 Frame Field Learning ' _- |

Lint align  align spatial gradients with

e Active Contour Model | Leago i rame ek

[La//gn: aligns field to ground truth tangents

L alignoo: aligns field to ground truth normals Red: distance to ground truth
L smooth: enforces smoothness of field Blue: regularizers

UNIVERSITY
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Model Dataset | PoLiS loU

With FFL | UAV 2.81 0.84
Aircraft | 8.64 0.79
No FFL | UAV 4.75 0.81

Extracted 0-1 (complete
=== Reference |
Polis difference overalap) ¥ : N U N IVE R S ITY
Reference Predicted Predicted 0 F TWE NT E

UAV Aerial



DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Pooling indices

A A YIS
Y Pl \ UL AR
Lt l.‘.“" . o i . P
@ 0 e T e L
N Wi s A0 T
o2 7 AL “
[ ] Conv + batch normalization + RELU

PAN/MS Image [ IMax pooling ] upsampling [ ] softmax
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3D Cadastre DIGITAL TWINS FOR

PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Challenges with
dynamic objects
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Challenges due to vegetation

Temporal challenges

UNIVERSITY
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Basic classes of the LADM (ISO 19152:2012)

Change from a nursing house
to a residential apartment (Zaken, 2015)
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DIGITAL TWINS FOR

PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

Legend

Price (yuan per squ meter)
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Ying, y. (2019). Assessment of 2D and 3D methods for property valuation using remote sensing data at the neighborhood scale in Xi’an, China.
Li, r. (2019). Developing a 4D property valuation model based on geospatial data at city scale (Xi’an, China).

Zhang, J. (2019). Developing a comprehensive framework for property valuation using 3D and remote sensing techniques in China

10752 km?
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)

279663 images
850X 680 pixels
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DIGITAL TWINS FOR
PEOPLE, LAND AND URBAN SYSTEMS (PLUS)
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DIGITAL TWIN

(,-, UNIVERSITY

Ghodsvali, Maryam. "3D modelling of underground space for urban planning and management-providing basic planning insight." Master's 0 F TW E NTE
thesis, University of Twente, 2018 ITC .



DIGITAL TWIN - ENSCHEDE
URBAN HEAT ISLAND
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DIGITAL TWIN - ENSCHEDE

URBAN HEAT ISLAND « Body Temperature = Ext. T°® +
INnt. T® + Sweat + clothing
 Male 35yo0, 1.75, 75kg, cloths =0.9,
KNMI - Koninklijk Nederlands Meteorologisch Instituut Wa | k| N g at 4k m/h
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Moderate Heat Stress

Elevation Radiation
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Extreme Heat Stress (LV])
SkyView 4
Factor

- Slight Cold Stress
i |

\ / \ No Thermal Stress
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METHOD

A standardized Physical Equivalent
Temperature urban heat map at 1m spatial
resolution to facilitate climate stress tests in

PETgun=-13.26+1.25T,+0.011Qs — 3.37In(uy>)+0.078T,,+0.0055Qs In(u15)+5.56sin(¢) —
PET 0.0103Qs In(u;2) sin(¢)+0.0546By+1.94S

PETshade, night=—12.14+1.25T, - 1.47In(u3)+0.060T,,+0.0155,/Q4+0.0060(1 - Syf)a( T, +
the Netherlands 973.15) 4

(Koopmans et al., 2020)


https://www.knmi.nl/home

DIGITAL TWIN
PET CALCULATION FOR UHI MITIGATION

P
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DIGITAL TWIN - ENSCHEDE
GROUND WATER TABLE MONITORING & TREE ROOTS DEVELOPMENT

UNIVERSITY
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DIGITAL TWIN
GROUND WATER TABLE MONITORING

MEASUREMENTS

REAL TIME DATA

MONITORING OF:

DECISION MAKING:

e A0, PUMP ACTIVITY

CONTROL

DIGITAL PHYSICAL on e
TWIN WORLD >>> o | e

CONSIDERS 3
CONSIDERS: i

1l

SUPPORTS:

INFORMATION

TO CONTROL

UNIVERSITY
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DIGITAL TWIN
GROUND WATER TABLE MONITORING
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DIGITAL TWIN - ENSCHEDE
TREE ROOTS DEVELOPMENT

o

Neerslag \g,
1:"" |'! ‘,!E
gy e

Opperviakkige
afvloeiing

Aanvulling vochtvoorraad

e —
Aanvulling grondwater ———.
- S —

Rechtstreekse verdamping

[Handbook of Trees 2022]

Verdamping via bladeren

Verdamping bovenste
bodemlaag

Grondwatertafel

De meeste bomen verliezen hun penwortel
reeds bij het verplanten in de kwekerij

De beschermingszone strekt zich minstens uit tot 1,5
tot 2 m buiten de kmmmmjrctw, wat nog

is dan de wortelprojectie.

Hoogte, H

"
| Kroondiameter, D

R Y

V15a2m
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DIGITAL TWIN - ENSCHEDE
TREE ROOTS DEVELOPMENT

Crown Diameter
———————

IRoot Depth

— mh———y
1.5-2m Minimal root diameter = 1.5-2m

——]
Protection zone diameter

ROOT

Optional 2
LOD ROOT.sprd ROOT.vol ROOT.vtype

(Ortega-Cordova, 2018)

ROOQOT.realistic

The available tree points per neighbourhood in Enschede



DIGITAL TWIN
WASTE MANAGEMENT

Random accumulation of waste in
each container location

Accumulated waste

Saturation of each container
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Test Map

Kilberry

Eastclyffe
Lisdogan
Park

Arcadia

Sunnyside

Muckleneuk

Lukasrand

Fari Community Maps Contributors, Esri South Alrica, Esn, HERE, Garmin, Foursquare, METVNASA, USGS

Average container Saturation

0.2

Brooklyn

Hatfield

Hilicrest

containers need collection

o
"] ]

Persequor

Brummeria

7 23 June 2023 14:49:21
arcgis,com/FpPKDLI3ngeltEzbfarcgis/rest /services/Col lection Point
wl.arcgis. com/FpPKDLI3n8eBLEzh/arcgis/ resl fservices Rt Field_Waste M
C:\UsersiloquelOneDrive - University of Ll
Twente\Research\GDBYscratch \Network_template,xml

Real time start time; 2023-06-23 14:49:29.387155

Extension Available

SRC: <geoprocessing spatial reference uu}e‘;t cbject at BxBBBB862502F5808885

Ketwork created

Ci\Usersi\loqueiOneDrive - University of A
Twente\Research\GDAYscratoh. gdbiNetwork /Hat Field _Network ¥
------------- ELAPSED TIME: 9:88:38.4476G59=====

Values set to 8 .
== === ELAPSED TIME: ©:95:47.824888=====

Similating 12 hours

EmMG " FeUw T T ge L NERS i -

178.5 &

Kg of waste
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DIGITAL TWIN
GENERATIVE DESIGN FOR WALKABILITY

3D View of Base Walkability Score of Second Neighbourhood, Lozenets

based on Comfort Dimension
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Perceived
Walking Time
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Legend:

Workflow
Implementation

Health Care Category
School Category

- Grocery & Food Vendors Category
Office Ca
Public Transportation Category
Parks Category

Retail & Entertainment Category

High Walkability Residentials (70 - 100)

Average Walkability Residentials (40 - 69)
o = _ Linear Scale (in km)
D.ECISIOH Low Walkability Residentials (0 - 39
making Process

B DPcdestrian Street Network

¢ Kumalasari, D.; Koeva, M.; Vahdatikhaki, F.; Petrova Antonova, D.; Kuffer, M. Planning Walkable Cities: Generative Design Approach towards Digital Twin Implementation.
Remote Sens. 2023, 15, 1088. https://doi.org/10.3390/rs15041088

» Kumalasari, Dewi (2022) Generative Design for Walkable Cities: a case study of Sofia. (Master's thesis, University of Twente).

e Generative Design for Walkable Cities: A Case Study of Sofia, Kumalasari, D.; Koeva, M.; Vahdatikhaki, F.; Petrova-Antova, D., SCSD 2022 0 F TW E N T E
ITC b



DIGITAL TWIN
UAV FOR DT

L

Khawte, Sharvi Samir (2022) 3D modelling of slums based on UAV data. (Master's thesis, University of Twente).
Digital Twin Creation for Slums in Brazil Based on UAV Data, Khawte, S.; Koeva, M.; Gevaert, C. M.; Elberink, S. O.; Pedro, A. A., 3D
Geolnfo 2022

Attributes

Construction material EDIF
AREA_M2
Number of floors
House number
DSM values
DEM values
1D_3Dbuilding
Additional information

UNIVERSITY
OF TWENTE.



Al FOR 3D BUILDINGS NEEDED FOR DIGITAL TWINS

D Train area Test area

* Kenzhebay, Meruyert (2022) Planar roof structure extraction from Very High-Resolution aerial images and Digital Surface Models using deep learning. (Master's thesis, University of Twente). U N I V E R S I TY
* Golnia M. (2021). Building outline delineation and roofline extraction: A deep learning approach (Master's thesis, University of Twente).
»  Wufan Zhao, Claudio Persello, Alfred Stein, Building outline delineation: From aerial images to polygons with an improved end-to-end learning framework, ISPRS Journal of Photogrammetry and Remote Sensing, Volume 175, 2021 0 F TW E N T E
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Al FOR 3D BUILDINGS NEEDED FOR DIGITAL TWINS
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Al FOR 3D BUILDINGS NEEDED FOR DIGITAL TWINS

CE—
7 e
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§0 % Building /|:
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2’ pr=cteasen footprints / | ations/ /RGB Images

= Innerplanes

DATASET

A
See e acrial image PREPARATION

DATASETS I

(80 %) (5%) (15%)

SO 2: TO PREPARE THE DATASET

'TRAINING VALIDATION | TESTING

Innerplanes S
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Al FOR 3D BUILDINGS NEEDED FOR DIGITAL TWINS

o Ty R
odge pe0.33, odge

rr".:)( SIS, regor

MODEL TRAINED ON MODEL TRAINED ON MODEL TRAINED ON ROt
ENSCHEDE SOFIA ENSCHEDE+SOFIA

GROUNDTRUTH
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DIGITAL TWIN
SOLAR POTENTIAL ESTIMATION

ICP algorithm

Vo=t f 2

Integrated point cloud

Dense image matching point cloud

Solar radiation Slope calculation Roof orientation

*  Amiranti, A. Y., Koeva, M. N., Kuffer, M., van Altena, V., & Post, M. (2020). Investigating standardized 3D input data for solar photovoltaic potentials in the

Netherlands. The International Archives of Photogrammetry, Remote Sensing and Spatial Information Sciences, 43, 639-646. 0 F TW E N T E
[ ]

* Amiranti, A. Y. (2020). Investigating 3D input data for solar photovoltaic potentials in The Netherlands (Master's thesis, University of Twente). ITC



DIGITAL TWIN

ASSET MANAGEMENT
















DIGITAL TWIN
ASSET MANAGEMENT

Data collection

® (Cameras on Service Trucks
* Semi-Automatic Recognision

o

ITC
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DIGITAL TWIN
SOLAR POTENTIAL ESTIMATION

List of stakeholders

Greenpeace Indonesia

Ministry of Finance

Andit Board of Indonesia

State electricity company of Indonesia (PLIN)

IESE Indonesia

Ministry of State-owned (BUMN)

Ministry of Natonal Development Planning Agency

BRIN Indonesia
IPB University

Irradiation per window

Figure 29 Output on map table (Figure source: Author



DIGITAL TWIN

DIGITAL (T)WIN IT

Explore the possibilities of Digital Twins

Learn more about digital replicas of the physical living environments
that supports decision-making through the seamless integration of a
myriad of data and analytics techniques.

Workshops on Digital Twins & infrastructure

Create your Digital Twin city through
gaming

Panel discussion and speed dating for
fruitful collaborations

Interact with Digital Twins through gaming
Attend open panel discussions

Jointly discuss the possibilities with Digital Twins

Free & open *

ITC

UNIVERSITY
OF TWENTE.
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