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Atlas « Cartographier 'anthropocéne » : découvrez la collection - Portail IGN - IGN
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Select data
comparable in time
to detect changes
and put it on the map
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BD TOPO®
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du territoire francais

La BD TOPO" est une description vectorielle 3D (structurée en objets) des
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Volunteered usability metadata
on the discovery and reuse of data
to map changes

To support the production of such maps
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SUBDENSE (2023-2026)

"building changes, on city regions, over the past decades’

To support studies and discussions related to densification
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OpenStreetMap .

Zollner, J. M., Werner, M., Luo, X., Rieger, C., & Herfort, B. (2026, July 25). Towards a Real-Time
Monitoring System for the Road Network Based on OpenStreetMap and Remote Sensing Data:
OSM Road Monitor. OSM Science 2026 at State of the Map 2026 (OSMScience2026), Paris,
France. https://d 0i.org/10.5281/zenodo.21563625

+ ‘homo,ggneous API GeoChange Ontology ﬂ
+ ‘open’ licence

Based on GeoSPARQL (geography), OWL-Time and PROV-0 (provenance)
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Bernard, C., Pinheiro, P., & Viry, M. (2026, July 23). Detection and Semantic Annotation of Changes
in OpenStreetMap Data. OSM Science 2026 at State of the Map 2026 (OSMScience2026), Paris,
France. ; i
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- heterogeneous API
- not always ‘open’

5 Ordrance
Data products  Services  Customers
#A » Digitale Geodaten p Digitale Landschaftsmodelle ’!'2“"

Digitale Landschaftsmodelle b PRty Sy v

Digitale Landschaftsmodelle (DLM) beschreiben die topographischen Objekte der Landschaft und das Relief der OS MasterMap Topography Layer

Erdoberfliche im Vektorformat. Die Objekte werden durch ihre rdumliche Lage, Attribute und o )
2u anderen Objekten definiert. Jedes Objekt ist einer Objektart zugeordnet und besitzt deutschlandweit eine eindeutige T L 1 ke
Identifikationsnummer. . Wy
Der Inhalt der Digitalen Landschaftsmodelle wird durch die ATKIS-Obj Weitere D y i
erliutern Regeln zur Erfassung und Objektbildung. =
—
Die Bundeslinder erstellen das ATKIS Basis-DLM, durch das BKG werden das DLM250 und DLM1000 gepflegt
-
Darstellung als Sortlerung Reihenfolge v ¥ = -
-
Digitales Basis-Landschaftsmodell (Ebenen) (Basis-DLM) ~ese
Das Basis-DLM beschreibt die Preis: ab 50,00 € zzgl. USt. < ¢!
topographischen Objekte der Landschaft a \ =
im Vektorformat (Ebenenstruktur) A R AL

Produktdetails

completeness when going back decades ago

About News iy Shop Q

Product overview  Techakcal information  Ges thi

OS MasterMap Topography
Layer

The O MasterMap Topography layer i presented seamessly with moee than S00 Millos
workd objects — 3l uniquely identified - including roads, buldngs, parks and waterways al
and maintaieed by Ordnance Sorvey within one of the workd's rgest spatial databaset

Topograply ~ Dewrbosd  PremiunPan  Puble Sector Plin

This prodect 1s updated every six weeks

View Technical Information

+ relation between changes in data and in real world is partly documented
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Abstract: Densification is a widely used concept, but there is a lack of terminology and

tools to facilitate ions among data policy makers and citizens. This

paper proposes a model of building changes based on building surveys undertaken in
past decades to connect discussions about densification with shared evidence. A specific
challenge is o process buildings in city regions and areas in a replicable way across different
building data sources. Another challenge is to manage the quality of the representation,
Le., how well the maps represent changes to buildings and how well they can support

ssions of densification. Building data and real buildings are different things that
sometimes change in an independent way. Addressing these factors requires different
forms of expertise, i.e., expertise about the realitics depicted in the areas studied, about
local data sources, and about advanced matching tools and state-of-the-art densification
concepts. We present a collaborative dashboard through which to engage corresponding

experts in the production of building change maps and the clarification of related concepts.

Keywerds: building change conceptual model; metadata; data matching; collaborative
platiorm; densification; quality metadata

1. Introduction

As the demand for housing in European metropolitan areas continues to increase,
ensification, defined as a netinerease in the dwellings within pre-existing built-up areas [1],
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is expected to mitigate urban sprawl and promote sustainable transport [2]. Empirical

evidence on de tion process

implies that there is immense densification potential in
relatively low-density suburban areas actoss Europe. Examples from Germany show that
densification happens to a high extent in core cities [3], while the potential in suburban areas
remains unused, leading to concerns about the environmental implications in already dense
urban contexts, as well as ongoing land take in the suburban realm. Research on the social
effects of densification also reveals that it can provide housing for various socio-economic

groups through more affordable housing and fostering socially mixed neighbourhoods [4,5].

However, land policies ing urban can have undesirable side effects, such

as insecure neighbourhoods and low social mixing [4] or a loss of urban green space [6],
and there is potential resistance to such densification. Against this backdrop, a desper

ISPRS In

. Gev-Inf, 2025, 14, 155

hitps: / /doLoeg/10.3390/ijgi 14040155




Contents lists available at ScienceDirect
Landscape and
“ﬂw - Urban Planning
= Landscape and Urban Planning
EL SFVIFR Journal homepage: www.alsevier.com/locate/landurbplan
Research Paper

Densification in European city-regions: From observed patterns to actors
and policy constellations
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HIGHLIGHTS

Small densification « Reproducible geospatial approach reveals densification across three countries.
MFH = Multi-temporal building data enables cross-national densification analysis.

» Densification on project level links urban form to actor and policy constellations.
» Results show region-specific actor constellations and land policies.

» Approach supports actor-targeted policies for sustainable densification.

ARTICLE INFO ABSTRACT
Keywords: Urban densification is widely promoted as a strategy to limirt land-take and provide housing, yet its sustainability
Geospatial analysis and effectiveness remain debated. The impacts of densification depend heavily on the form of densification, but
g::;*"‘m“‘"‘ systematic knowledge about these forms and the policies and actors shaping them is still limited. To better
Land policy understand this relationship, we present an appmau:h m measure densification on the level of urban form through
- multi-temporal building dara, which for ve research. We derive information on
building change, housing formy and project size which allows us to identify densification parterns. Through ag-
and i the ob: d patrerns are di d against the backdrop of actor constellations and

institutions of land policy. To test the approach, we apply it to three city-regions in Germany, France and En-
gland. The interpretation of the spatial results reveals distinct patterns, which are found to be in line with
knowledge on actors and policy across the regions, which we retrieve from existing literature on land policies in
the context of densi large-sized of di hed housing in the Liverpool region
are found, d to large- to medi fzed projects in Strasbourg and incremental densification in
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Usability metadata fragments =
text edited through md files on a git

github

To describe data, its relevance, how to
use it, derived building changes maps

To clarify concepts (density,
densification, urban area, built up area,
vacant plot, roof-stacking, ...)
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lable Documentation

Collaboration : improve and reproduce

Motivation — Investigations - Conclusion



= 94 km? total area
* Population: 610k
inhab. In 2023

Reproducibility in another EU country

Motivation: Rapid urban densification in lasi, Romania, 2011 2024
driven by residential and functional changes A TR | )

New challenges:

- Existing building footprint datasets are outdated or
incomplete |

- Limited availability of reliable historical building
footprint data for densification analysis

-
JE%

New residential buildings

Motivation — Investigations - Conclusion
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Processes for generating buildings footprints datasets ey

2024: FLAIR-HUB2BF process  2011: Collaborative Annotator and Edits

Collaborative validation with
students from Faculty of
Hydrotechnical, Geodesy and
Environmental Engineering

Classification: no change,
modification, construction,
demolition

PR 5 Ground Datasets: Automatic Generation,
FROM ORTHOPHOTOS TO BUILDING FOOTPRINTS OVER A DECADE

sl el uroii bt b e e Collaborative Annotation, and Manual Correction
et LT * Metadata description for data and processes
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Processes for generating buildings footprints datasets ey

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIX-B4-2026
XXV ISPRS Congress 2026 “From Imagery to Understanding”, Commission IV, 4-11 July 2026, Toronto, Canada

From Orthophotos to Building Footprints over a decade: Model Inference-Based Approach for
Urban Densification Analysis in Iasi, Romania

Loredana-Mariana Crenganis’ , Ana-Maria Lughinl , Constantin Stoian”, Ana-Maria Olteanu-Raimond?,
Arnaud le Bris®, Juste Raimbault®, Julien Perret’, Bénédicte Bucher’, Nicolas Gonthier®

2 Univ Gustave Eiffel, Géodata Paris. IGN. LASTIG, F-77454 Marne-la-Vallée, France, LASTIG — Saint-Mandé, France —
(ana-maria.raimond, amaud.le-bris, juste.raimbault, julien perret, nicolas.gonthier, benedicte bucher)@ign fr
! Department of Terrestrial Measurements and Cadastre, Faculty of Hydrotechnical, Geodesy and Environmental
Engineering, Technical University Gheorghe Asachi of Iagi, 700050 lasi, Romania -
(loredana-mariana.crenganis, ana-maria.loghin)@academic. tuias

Keywords: semantic segmentation, transferability, building footprints extraction, data matching, urban densification

Abstract

Urban densification in post-socialist cities involves fine-scale spatial transformations that are difficult to quantify in data-scarce en-
vironments. This study proposes FLAIR-HUB2BF, a model inference-based workflow for automated building footprint extraction
and multi-temporal change analysis, applied to the city of lasi, Romania. The methodology extends the SUBDENSE conceptual
framework by integrating the FLAIR-HUB deep learning model for semantic segmentation of very high resolution aerial orthopho-
tos from 2011 and 2024, followed by binary mask extraction, instance segmentation, and Douglas-Peucker polygon generalization.
The approach demonstrates good spatial transferability of the FLAIRHUB model which was trained on France to generate buildings
(for 2024) and less good temporal transferability (for 2011) due to the quality of orthopothos in 2011.
To support rigorous evaluation, the first open benchmark building footprint datasets for Romania in 2024 were produced through
manual photo-interpretation correction across four morphologically distinct urban neighborhoods of Tasi, and assessed against ISO
19157 spatial data quality standards, achieving commission and omission rates of 1.95% and 2.39% respectively. Quantitative eval-
uation using complementary GMA (Geometric Matching of areas) and MCA (Multi-Criteria Algorithm) data matching algorithms
confirms moderate-to-high spatial accuracy for 2024, with MCA surface agreement rates reaching 91%. The proposed workflow
bli a transferable, lucible, and open methodology for building-level urban monitoring applicable to other Romanian
and European cities facing similar data constraints.

isprs-archives-XLIX-B4-2026-25-2026. pdf

Motivation — Investigations - Conclusion |



https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf
https://isprs-archives.copernicus.org/articles/XLIX-B4-2026/25/2026/isprs-archives-XLIX-B4-2026-25-2026.pdf

< i

= 94 km? total area
* Population: 610k
inhab. In 2023

|dentifying patterns in building changes maps
2011-2024: Densification

Change pattern:
industrial to

OQ ; .1.::.\'\,-:\\“_\ i
Change pattern: : i =
: Y residential

‘?ch% \ g
% residential to
. , commercial
Work in progress...
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First finding : it is feasible to engage experts in the co-
production of usability metadata to detect and put

changes on maps

Second investigation : a pedagogic exercise in a SDI

curriculum

Motivation — Investigations - Conclusion
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_-- Géodata

Z=< Paris

Latest news from the school

Master’s degrees

Master 1 Geomatics

M1 Geomatics

Click here to find out more >

Master 2 Geographic
Information: Spatial
Analysis and Remote
Sensing

M2 IGAST

Click here to find out more -

Find out more about Geomatics

Master 2 Carthagéo

M2 Carthagéo

Click here to find out more -

Master 2 Information
Systems Technologies

M2TsI

Click here to find out more >

B &

How to support the school Résultats d'admission

Development,
Environmental
Management and
Geomatics

M2 DDMEG

Click here to find out more ->
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1 day work with our master students
to understand "next generation SDI" :

Produce usability metadata to

help scientists (urbanists, ecologists, ...)
who study changes

Votivation — Investigations - Conclusion
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Use interoperability standards —
GeospatialUserFeedback-
and software (Geonetwork).

< Déploiement de GeOrchestra sur le Réseau

Document tabs

GUFnumero1 {

Auteur : https://orcid.or - 2-5797-517

Comment: [.]

Target 1: Aerial pictures 1950-1960 on Commune 56730,
Target 2 : Aerial pictures on Commune 56730, consultées le
11/03/26,

Target 3 : ModeledChanges.shp,

}

Motivation — Investigations - Conclusion


https://orcid.org/0000-0002-5797-5170
https://orcid.org/0000-0002-5797-5170
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https://orcid.org/0000-0002-5797-5170
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GUF_TSI{
Author: TSI_GéodataParis2025,
Target 1: Aerial pictures 1965 on PNR des Bauges from

BDOrthoHistorique,
Target 2: Aerial pictures 2024 on PNR des Bauges from

BDOrthoHistorique,

Target 3: field_boundary_between_1965-2024,
Coment: We observed a shift in the boundary between
forested areas and cultivated areas (primarily vineyards)

around Montmélian (the Bauges Regional Nature Park)
based on historical aerial pictures from the IGN (1950 to

2024).

}
Motivation — Investigations - Conclusion
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First finding : it is feasible to engage experts in the co-
production of usability metadata to detect and put
changes on maps

Second finding : it is a good pedagogic exercise for master
students, to understand the stake of interoperability, discover
different data products, understand how their competences
are useful for sustainability

Motivation — Investigations - Conclusion
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Perspective :

« Continue working with our master students on
preparing GeospatialUserFeedback related to
comparable data, detected changes

« Extend to the 1945-2025 time period

Work with EuroSDR community !

Motivation — Investigations - Conclusion
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