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1.Introduction 2

M Earth Observation Data ->LULC data
B CORINE Land Cover (CLC), Urban Atlas (UA), etc.

B The increasing demand for LULC data at fine
spatial and temporal resolutions cannot be met
by authoritative agencies such as a NMA

B Using citizen-sensors as a source of information
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1.Introduction 2

H2020 LandSense Project
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Objective: a framework to update an authoritative LULC database
by integrating citizen-observed data (VGI) coming from the

LandSense Engagement Platform.
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B Study Area

Main Land Use classes:

] Study area Agriculture

—— The city of Toulouse |l Forestry

P Residential, industrial or commercial
Air transport
No use or unknown

T,

portail, GEOFLA

Sources: Gé

Toulouse pilot area in the south of France
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1 2.Data Description 3

— 'E B Authoritative LULC data

(2016) produced by IGN-

' -=8 France.
I and Cover T m vector data, non-
CS1 Without vegetation CS2 With vegetation :
CS1.1 CS2.2 overlapping polygons
Anthropized il el Non-woody describing LULC
Natural surface Woody vegetation ) '
surface vegetation
B The nomenclature is
NrthAanhata N Aadacteal TAnAAran hin AAArAce R TIWZ.Y. VA |NSP|RE-C0mp|iant,
US4 11 contains 17 LU classes
us1 us2 US3 Logistics 2 and 14 LC classes.

uUs5s uS6

Residence  Other usage 12_1
1o @ Updated on a three-

> year cycle.

Primary Secondary Tertiary transport
production  production production networks and

infrastructures
= US6.1
US6.3

Page 6




2.Data Description

B Multi-source VGI - Tools

W /n-situ campaigns: PAYSAGES mobile app (available in the Apple Appstore and the Google Playstore)

B Web campaigns: Paysages web application (https://paysages.ign.fr/)

PAYSAGES web PAYSAGES wiki

i

PAYSAGES
Wiki
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i ! 8
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-3 3
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CONTRIBUER
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1 2.Data Description 3

Multi-source VGI

Legend
I:I Study area
*  In-situ LU classification
¢ Web-based LU classification
Eﬂ Web-based changes detected &
- Web-based changes edited

25

5

10 Km

Multiple observations of LULC change detected
via the web-based application (Web-based
changes detected)

Single observations of change edited by the
users via the web-based application (Web-
based changes edited)

Single observations of LU classification
obtained from the web-based application
(Web-based LU classification)

Multiple observations of LU classifications
obtained from the mobile application (In-
situ LU classification)

Page 8



1 2.Data Description 3

B Multi-source VGI
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Classification of change detection observations

Multiple observations of LULC change detected
via the web-based application (Web-based
changes detected)

Single observations of change edited by the
users via the web-based application (Web-
based changes edited)

Single observations of LU classification
obtained from the web-based application
(Web-based LU classification)

Multiple observations of LU classifications
obtained from the mobile application (In-
situ LU classification)
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1 2.Data Description 3

B Multi-source VGI

3000

2500 | 2431

2
m

Frequencies per class
<]
(=]

:

167
- 31 30 23 19 10
u I I — — —

LUS Lu3 Luz Other Unknown Luz23 LU235 .

Distribution of LU classification chosen by contributors to
distinguish the combined classification LU235 (Residential,
Commercial and /nadustrial)

Multiple observations of LULC change detected
via the web-based application (Web-based
changes detected)

Single observations of change edited by the
users via the web-based application (Web-
based changes edited)

Single observations of LU classification
obtained from the web-based application
(Web-based LU classification)

Multiple observations of LU classifications
obtained from the mobile application (In-
situ LU classification)
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The spatial density of locations using heatmap visualization

304 locations were visited in the field and 369 observations
were collected.

Multiple observations of LULC change detected
via the web-based application (Web-based
changes detected)

Single observations of change edited by the
users via the web-based application (Web-
based changes edited)

Single observations of LU classification
obtained from the web-based application
(Web-based LU classification)

Multiple observations of LU classifications
obtained from the mobile application (In-
situ LU classification)
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2 3.DST-based Framework 4

M |ssue
_I_
LU2
(a) (c)
_I_
* %k LUS
U3 * % LU2 n

B Each feature (OCS-GE polygon) is

characterised by zero, one or more
observations coming from
different data sources

Citizen-observed data correspond to
different types of geometry and
have different values of change
information

How to merge them -> Dempster-
Shafer Theory (DST)
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2 3.DST-based Framework 4

B Dempster-Shafer Theory (DST)

DST offers tools to combine several sources of information such as the Dempster’s rule of combination.
It can manage different types of values to make a final decision, generating confidence related to each

value.
Hypotheses
O={H,, H,,..., H }
‘ Pignistic probability:
Assign masses of VPP € 28, PP(A) = zm(B) |A N B 1 1
belief m(P) pa) Bl 1—m(e)

Sources of information % Decision

Conjunctive Dempster’s rule:
D e M (P)¥M(PY)

1= pypreg M (P¥my (P")

VP € 29 m,(P) = P’ and P" € 2°
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B Workflow

W Data Preprocessing

B Agreement calculation

W Spatial overlay
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1 3.DST-based Framework 5

B Workflow Yy Yy D D
Authoritative LU | | Source| |Source| |Source| |Source D
ata source
database (t1) 1 2 3 4

B Data Preprocessing

Agreement calculation
¥

B Mapping LU labels to OCS-GE nomenclature [ Spatial overlay Pre-processing
v
Data filter

Label for change features 0OCS-GE LU nomenclature I Nomendatljre mapping I
Residential LUS ]
Industrial LUZ Define @and m

v
g:;iitmfmre tﬁg Dempster-S+hafer fusion Data fusion
Destruction LUG Results
Construction in progress LUB.1
No change None
I do not know (skip) None No Changery ™ ndate

Decision
Update
Enrichment Change

» Authoritative LU
database (t2)
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1 2 3.DST-based Framework 4 >

B Workflow — s — —
Authoritative LU | | Source| |Source| |Source| |Source D
ata source
database (t1) 1 2 3 4

B Data Preprocessing

Agreement calculation
v

B Mapping LU labels to OCS-GE nomenclature [ Spatial overlay Pre-processing
v
. . Data filter
B Data fusion via Dempster-Shafer Theory I
Nomenclature mapping
] Deﬂne ® and m Defineé)andm
v
Dempster-Shafer fusion Data fusion
® = {LU1.1,LU1.2,...,,LU2,LU3,LU4.1.1, ..., LUS5,LU6.1, ... LU6.3} .
Results

m(P) = Agreement * Area(Ds)

Area(OCS—GE) ~@w No update
B Data sources combination Decision

Update

B DST-derived results: the criteria of — T

Enrichment Change
[ |

maximum of pignistic probability '

» Authoritative LU
database (t2)
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T 3.DST-based Framework 5

B Workflow — s — —
Authoritative LU | | Source| |Source| |Source| |Source D
ata source
database (t1) 1 2 3 4

B Data Preprocessing

Agreement calculation
v

B Mapping LU labels to OCS-GE nomenclature [ Spatial overlay Pre-processing

)
Data filter

B Data fusion via Dempster-Shafer Theory I

Nomenclature mapping

T
y

B Decision Step Define @and m

v

Dempster-Shafer fusion Data fusion
¥

Results

+ Decision No Changg No update
Decision

Update

T

Enrichment Change
[ |

» Authoritative LU
database (t2)
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3 4.Results and Discussion >

B Manual validation

Google street view imagery

Imagery from 2016 and 2019 for each feature
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3 4.Results and Discussion >

B DST results

100
140

120 . s e " * ., |9
0 . 0 ~
& 100 & Ground truth
= >,
g 80 2 U2 LU5 U6l LU63  Total
3 % S DST-derived solution  LU2 17 1 i 0 19
5 L LUS 0 47 3 i 51
g o0 nE LU6.1 0 7 19 0 26
3 3 lU63 0 1 0 0 1
Z 40 Total 17 56 23 i

60
20

Confusion matrix for features having two or

0.0 0.2 _ 0.4 0.6 0.8 . . . .
Confidence value more contributions with a confidence

The overall accuracy and the number of LU polygons threshold greater than 0.05 (OA=85.6% )
considered by confidence threshold values for 144
features having two or more contributions

Page 19



3 4.Results and Discussion >

B Updating the authoritative land use database

IN\ B
Legend

[ ]Study area

B Lu2 (185) ]
U Lu3 (166)

B Lus11 (1)

B Lus14 (1)

LU5 (2791)

I Lu6.1(263) ]

LUB.3 (2)

|
The LU polygons updated with the corresponding new LU labels. (LU2-

Industrial, LU3-Commercial LU4.1.1-Road transport, LU4.1.4-Water transport,
LUS-Residential LU6.1-Construction zones, LU6.3-Not currently useq)

3409 LU polygons under
consideration.

The decision is classified
into three cases: no update,
enrichment, and change.

25 LU polygons (0.1 km2) were
classified as no-update.

409 LU polygons (7.36 km2) were
classified as change.

2975 LU polygons (5.75 km2) as
enrichment.
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B Examples

M (a) change from LU6.3 (Not currently
used) to LUS (Residential)

B (b) noupdate (LU4.1.4 - Water
transport)

B (c) LU235 (Industrial, Commercial and
Services, and Residential) to LU5
(Residential)

c(1)
|:| LU polygon

.Web-based changes edited . Web-based changes detected

* [n-situ LU classification o Web-based LU classification
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4.Results and Discussion

M Error Analysis

B Knowledge gap of the volunteers
regarding the authoritative land use
nomenclatures

M Partial change caused by inaccurate
or modified polygon geometry

b(1) b(2) | b(3)
| ] LU polygon " lweb-based changes edited [l Web-based changes detected
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3 4.Results and Discussion >

B Advantages

The proposed workflow integrates authoritative LULC data with heterogeneous VGl
based on Dempster-Shafer theory.

B Taking into account information coming from different and heterogeneous data.
B The scalability of the framework.

B Disadvantages

B The spatial distribution of VGI.

B The quality of the VG| would also need to be taken into account in the framework.

B The geometry of the LULC polygons is not modified.

Page 23



:

Conclusion

B The proposed framework integrates authoritative LU data with heterogeneous
multi-source VG| based on Dempster-Shafer theory.

B Multi-source VGI to update the authoritative LU database with an overall
accuracy of 85.6% .

M By taking advantage of the scalability of the proposed framework, potential or
existing data sources could be designed or directly added as inputs to the fusion

Process.
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Thanks for your attention!




