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1. General overview of the project

This report describes the first deliverable of [Bigital Landuse Magfor Luxembourg. i the first [Commenté [ws3]: detto

part, the orthophotos of the year 2007 were matally classified and mapped with further

}p#eprocessin\g;tepsDeIiverabIe 1la was sent on Octob#r 9 [Commenté [ws4]: das ist nicht preprocessing
The final report with detdiégd technical descriptions of the whole project will be attached to the

deliverables 1kand 1c (digital land use maps 20énd 2001). [Mis en forme : Couleur de police : Automatique

For all products (2001, 2004 and 2Q0Brkee—status—mapsthe same interpretation-area
consistirmprisingg of 390 kmawasmappednapped The scale forviewing is 1:5.000.

Project Schedule

- Completed inputdatasets (orthophotos, ancillary datas& final definition of AOI): July, 6"
2000

- First interim reportSeptember, 21 2009

- Deliverable 1a and short technical rep@ttober, 3" 2009

Deliverable 1b and 1c, final technical repdtbvember, 16" 2009

Input data sets

A Digital RGB-orthophotos of the years 2007, 2004 and 2001 (resolution 50 cm) “  Mise en forme : Puceset numéros

A Digital colour infraredorthophotosof the yea2007 (resolution 50 cm)

A Settlement outlines (Aper,deliveredrbgCEP® 047 and Aperi metre 20070)
A Ancillary data for validation and assistance

o0 Existing building layer from digital cadastre (scale 1:5.0@@buffering and
validation
o OBS 2000° Layer

0 BD-L-TC (Banque de données topo/cartographiqgue Luxemhourg) Mis en forme : Police :Gras, Soulignement

0 Corine Landcover Data (CLC 2000)

Mis en forme : Italien (Italie)

4 Mis en forme : Police :Gras, Soulignement , Italien (ltalie)

Mis en forme : Italien (Italie)

InterpretationareaArea of interest (AOI);l

Mis en forme : Anglais (Royaume-Uni)

Fotal-aea—390kmzThe AOI had to be generated through a combination of various inputadata N

Mis en forme : Anglais (Royaume-Uni)

processing stepssno predefined settlement layexistsfor Luxembourg. Mis en forme : Anglais (Royaume-Uni)

Urban perimeters from 2004 or, when daile land the urban classes of the OBS 200Gyer wee

Mis en forme : Police :11 pt

mergedogether. Aso, CLC2000 data were usad a suppottb complete the settlement areas.
Furthermore, théuildings from BDL-TC were buffered to get clusters of buildings to find small

Mis en forme : Police :11 pt

settlementdarger than 0,81a. Small isolatedbuildingswere rot included. Mis en forme : Police :11 pt

o A U L

Finally, the AOI was manualy checled with the orthhotos of 2007 to add new buildings (and there
surroundings) on the edges of settlement areas.

In the endanAOI of 390 km2 was mapped.




Final Technical Report
Digital LandUsdse Map from Orthophotok Deliverables 1b+1c (2004+2001)

300

301,

302

303,

304"

305"

306

307

208 |

300,

3107

31

312

313

314

315

316,

317

318

313

320

2 |

522

328

324

325

326

327

328

329.

330,

3314

1332

333

334

335

1336

337

38,

339 |

340

341

342

343

344

345

346,

347"

343

349~

350

351

352

358,

354

355"

356 | 357

358

350

<360,

3671

362

363

364

366

370

374

873

374

875

Fig.1: (left) interpretation area of Luxembourg in yellow, the cells define the working; rigst)
Luxembourg in RGBrthophotomosaics of 2007
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%4[ Mise en forme : Puceset numéros

20071)

[Mis en forme : Police :Gras, Soulignement

Structure of the working units [Mis en forme : Non Surlignage

The procedure of preparing the image data sets was identical for all three years: The squarish 1 km
orthofotos (for 20@ and 20@ as TIFF, for 2001 as compressed EE@Wmat) were assembled to
squarish mosaics of 5 km, which is a suitable size for both automatic classification and post
processing. The working units 364, 387 and 397 had image informatidmdbub share of therea

of interest Finally, the results for 135 working units are part of this delivery.
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\: Mis en forme : Police :12 pt, Allemand (Allemagne)

2. Mapp| ng Proced ure « [Mis en forme : Hiérarchisation + Niveau: 1 + Style de

numérotation : 1, 2, 3, é + Commencera: 1+ Alignement :
Gauche+ Alignement : 0.5" + Tabulation aprés: 0.75" +

Deliverables 1alb + 1c Retrait : 0.75"

All three deliverables have the same technical specifications as mentioned in the report fiabielive
1. Buildings and other artificial surfaces will be classified according to the following technical
specifications:
- Atrtificial surfaces
o0 1.1.Buildings (>25m?)
0 1.2.Other artificial surfaceé>100 m2)
- Non-artificial surfaceg>100m?)
Linear elementémainly roads)were mapped if wder than 3m.

Definition of thematic classes:

A 1.1. Buildings: Buildingsbuildingsof all types of use with a minimum area of 25 m2. The
minimum length of a building site isr. Building edges smallerrd willerenotbe
considered.

An automated smoothing bfliilding outlinescould be offered, but was not part of this
contract.

A 1.2. Other artificial surface3 his class iscomprising asphalted roads, railways and other
artificial surfaces (e.g. parking lots, constructsites, mining areas) with a minimum
area of 100n2 and a minimum width of 8.
Road areas are classified according to tsibility in the orthophotos. Aull
connectivity of roadsan not berovidedwhenif roads areovered oobscured by
vegetatioror ethershadows

A 2. Nonartificial surfaces these-aredhis classncludes all vegetated areas (e.g. gardens,
meadows, pasture, forest) and other-adificial land without vegetation (e.g. cropland,
rocks, waterwithin themapped-aremea of interds

Also the following guaranteequality assessmeswvere met}
A 95% overall thematic accuracy of land use map
A 95% individual accuracy of buildings
A 90% individual accuracy of other artificial surfaces

Pregaration: \ Mis en forme : Police :11 pt
For all three yearshe same area efiterpretatierinterest(390km?) was mapped. ( Mis en forme : Couleur de police : Automatique

1. An AOI (area of interestinterpretation-argchad to be defined from different datasetsdse
Bdatatinput list)

2. The orthophotogvere mosaicketb 5 km squaressin order tobuild working units (see fig.1)
for all three years (2007, 2004 and 2001he results will be delivered reseexactly the
sameworking units (numberedonsecutivelyfrom 300 to 437)

3. Development of a rulesétr the automatic classification in Definiens Developeri7.0
therefore also the NHRand of the 2007 images was used to proxwidetter result especially
regarding the determination of vegetated andvegetated image objects and later
classifcation

Status Map 2007:


http://dict.leo.org/ende?lp=ende&p=thMx..&search=consecutively
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The 2007 land use map was generated through automatic classifieitithe above mentioned

ruleset. Since the 135 orthophoto mosaics vary a lot in the characteristics of landscape and urban

structure, the ruleséiad to be calibrateand adjusted for different groups of working units.

A manual correctigon of theese datasefsad to be done for checking and enhancing the results to [Mis en forme : Couleur de police : Automatique ]
ensure the specified accuracy of 95 % for all three land use classes.

A set of posiprocessing steps (g.applying minimal mapping units) was conducted to finalise the
datasets 2007.

As an additional delivery, each working unit was also split into the three different land use classes and
distributed in a separate ES8Hapefile.

Change Mapping

Mappingof the 2004 and 200limagerywas conducted with a different approa€he 2007 land use [Mis en forme : Couleur de police : Rouge ]
map waghebasis for the 2004 map bfzcs which have not changesere left as in the 2007 map.
fi Askec h a n g e ssiantattiies buildings (due to different ties and angles of image
acquisition) vegetation cover or shadow affects were not supposed to be mapped as changes.

Fig. 2: Change Mapping

Changed areas were replaced by the clasgerpreted in the 2004 images.
Again, the same set of pgstocessig steps was applied to tfiest changemap as in the 200Zand [Commenté [ws1l]:  du hast keine change maps gemacht ]
Use Map.

So far, the dowsdate of 2001 was done by the same principlespjysisingthe finalised and
validated 2004 land use map as basis.

[Mis en forme : Couleur de police : Automatique ]

[Mis en forme : Couleur de police : Automatique ]
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Orthophoto 2001 Orthophoto 2004 == Orthophoto 2007

Fig. 3: Development of Land Use two seleatd areas of Luxembou(gee 'Fig 4) [ Mis en forme : Couleur de police : Automatique
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2-3. Description of delivery

Deliverable 1b + 1c Digital land use map for 20@ and 2001

A 135ESRFShapefiles of the mapping results
<number of working ursit_|ux2003.shp
A 135 ESRIShapefiles of the mapping results:
<numkber of working unit>_lux200.shp
A _ESRFShapefiles with only one class (1.1., 1.2 or 2) for each working unit and year
<number of working unit>lux_04_class11.shp
<number of working unit>lux_04_class2.shp
<number of working unit>lux_04_clasg.shp

Theesedatasets are the result of atomated landseclassification inrun-smoothed form. [Mis en forme : Couleur de police : Automatique

This meangsthe pixel structure follows the outlines of the orthophotdistogether 390 km?
were mapped. The final results are delivered in the piojsdtUREF.|

Prgection: Transverse_Mercator “ ( Mis en forme : Retrait : Gauche : 0.98", Droite : 2.53"
False EaStII’.IQZ 80000,000000 - Mis en forme : Retrait: Gauche : 0.98", Premiéreligne :
False_Northing: 100000,000000 0.49", Droite : 2.53"

Central_Meridian: 0,107629
Scale_Factor: 1,000000
Latitude_Of Origin: 0,869756
Linear Unit: Meter (1,000000)

Datum:LUREF “ [Mis en forme : Retrait : Gauche : 0.98", Droite : 2.53"

“ [Mis en forme : Retrait : Gauche : 0.25"

The attribute tables appear in the followitiqusture:

- ColumnA | Duiique identification number for each polygon [Mis en forme : Couleur de police : Automatique

- ColumnA Gr i d tanddiefade
o A1lf Buildings>25m?
o A 2=i1.20ther artificial surface&>100m?)
o A 3=i2 Nonartificial surfaceg>100m?)

Legendfiles (*.avl, *.lyr) weare addedto thedelivermapping resultsy

Ancillary data:

“ [Mis en forme : Retrait : Premiére ligne : 0"

[Mis en forme : Surlignage

[Mis en forme : Justifié, Retrait : Premiére ligne : 0.49"

[Mis en forme : Anglais (Royaume-Uni)

AA Outline of the interpretation area BSRIShapeile:
(aoi_luxembourghp)

A Structure of working units (5x5 kmosaic} as a ESRBhapefile:
(mosaics_5x5krshp)

“ [Mis en forme : Retrait : Gauche : 0", Premiére ligne : 0"

Quality assessment dataset

[Mis en forme : Police :Non Italique
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>

Point samples a&SRI S

hapefile, 8000 points

(validation20@_sample_3000pointhp)

-ColumnA1—-D i
-Column/referenca

-Colmnimad

Point samples a8SRI S

>

hapefile, n3000points

(validation2001_sample_3000poirgkp)

Attribute tables:

- ColumnA| D#

- Columnkeferencé

- Col umn

~elumteaans

Amanph

[ Mise en forme : Puceset numéros

Mis en forme : Police :Non Italique

Mis en forme : Retrait : Gauche : 0.25"

(
(
[Mise en forme : Puceset numéros
(

“| Mise en forme : Puceset numéros

) U
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3-4. Quality control

Concept of validaion:

The qualitycontrol isbased on point samplesnsisting of aepresentative sample of 3000 points
These points arereated automatically and a@ndomly distributedver the whole naping arealn
general, teamount of validation points depends on the banof classes and the area of each class.
To emphasisthe role of the buildings artiebuilt-up area, these classes are represented much
stronger in relation tthe total area than the nantificial areas.

Deliverable 1a)Results of the pointbased quality control (3000 points)for the 2007 land use ( Mis en forme : Couleur de police : Automatique
map: [Mis en forme : Couleurde police : Rouge

Confusion matrix:

Visual reference interpretation
1.1 1.2 2 sum
11 762 23 15 800
1.2 27 945 28 1000 (
and use ma i : ice : i
J— P > 37 12 1151 1200 \ Mis en forme : Couleur de police : Automatique
sum 801 1005 1194 3000

Accuracy statistics:
Producer accuracy, user accuracy, oait accuracy for each class:

Producer accuracy user accuracy overdl accuracy for
(with 95%confidence intervall)|  (with 95%confidence intervall) each class
i 95,13% 95,25% n
1.1Buildings 93,47 96,79 94,491 96,01 S
. 94,03% 94,50 %

, , @

1.2 Other artificial surfaces 92,581 9548 03681 95,32 94,26 %
s 96,40 % 95,92 % @

2 Nonartificial surfaces 95,501 97,30 95.211 96,62 96,16%

Overall accuracy of the land use m&5,27 %
Overall accuracy of931980 class A1.1 Buildings #@:

1 Definitions of accuracies
A User accuracy (in %)How many % of the objecia the land use map we mappedorrectly?
A Producer accuracy (in %)How many % of all real objects weregistered correctly in the landemagp
A Overall accuracy for each class (in %)tean of producer and user accuracy

11
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Deliverable 1b) Results of the pointbased quality control (3000 points) for the 2004and use ( Mis en forme : Couleur de police : Automatique

map:

Confusion matrix:

Visual reference interpration
11 12 2 sum
11 750 34 16 800
Land use map 1.2 10 977 13 1000
2 8 62 1130 1200
sum 768 1073 1159 3000

Accuracy statistics
Producer accuracy, user accuracy, oat accuracy for each class:

Producer accuracy user accuracy overall accuracy for
(with 95%confidence irgrvall) (with 95%confidence intervall) each class

- 93,75% 97,66 %

1.1Buildings 02,887 94,62 96,521 98,79 95,70%
e 97,70% 91,05 %

1.2 Other artificial surfaces 97.161 98.24 89181 92,93 94,38 %
e 94,17 % 97,50%

2 Nonartificial surfaces 93,337 95,01 06,781 98,21 95,83 %

Overall accuracy of the land use m85,23 %
Overall accuracy of9%#M8& class A1.1 Buildings #f:

Deliverable 1c) Results of the pointbased guality control (3000 points) for the 2001land use | Mis en forme : Couleur de police : Automatique

map:

Confusion matrix:

Visual reference interpretation
1.1 1.2 2 sum
11 755 25 20 800
Land use map 12 12 973 15 1000
2 3 36 1161 1200
sum 770 1034 11% 3000

Accuracy statistics
Producer accuracy, user accuracy, oak accuracy foreach class:

2 Definitions of accuracies
A User accuracy (in %)How many % of the objecia the land use map we mappedorrectly?
A Producer accuracy (in %)How many % of all reallsjects wereegistered correctly in the land use rap
#Overall accuracy for each class (in %)tean of producer and user accuracy

< Mis en forme : Normal, Justifi€¢, Avec puces + Niveau: 1 +
Alignement : 0.25" + Tabulation aprés: 0.5" + Retrait: 0.5"

[Mise en forme : Puceset numéros

acy

12
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Producer accuracy

user accuracy

overall accuracy for

(with 95%confidence intervall)|  (with 95%confidence intervall) each class
. 94,33 % 98,05 % 0
1.1Buildings 93557 95,20 97,031 99,07 SaLE
o 97,30 % 94,10 % 0
1.2 Other artificial surfaces 96,721 97.88 92617 9559 95,70%
. 96,75% 97,07 % @
2 Nonartificial surfaces 06,121 97,8 96,281 97,87 9691 %

Overall

Overall accuracy dhe land usenap:96,30 %

accuracy

[Mis en forme : Couleurde police : Automatique

0f 962080 cl ass

Al.

1

[Mis en forme : Couleurde police : Rouge
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Fig. 4: Land use mapf Luxenbourg 200 Hmapped-from-orthopheotos)



