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DISCRIMINANT ANALYSIS

Multispectral Cloud mask
images

Training set
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METHODOLOGY

Training data set - Cloud mask SEVIRI - MODIS -
SEVIRI&MODIS

Surface mask — GlobCover - GLCC - Proba-V

Classification methodology — Linear Discriminant
Analysis - Quadratic Discriminant Analysis - Principal
Component Discriminant Analysis - Cumulative
Discriminant AnalysiSy K-NN - Support Vector

ion (nonlineari

= 5 < ‘:—‘\_

Proba-V Round Robin Workshop



METHODOLOGY

Training data set - Cloud mask SEVIRI - MODIS -
SEVIRI&MODIS

Surface mask — GlobCover - GLCC - Proba-V

Classification methodology — Linear Discriminant
Analysis - Qtiadratic Discriminant Analysis - Principal
Component Dis@hginant Analysis - Cumulative
Discriminant Analy K-NN - Support \ector

BYaYald~ alal

Proba-V Round Robin Workshop



TRAINING CLOUD MASK — SEVIRI

SEVIRI onboard Meteosat Second Generation (MSG)

Geostationary

15 min repeatition time

3Km ssp. spatial resolution

60° around 0° latitide and longitude (one hemisphere)

Grid 3712x3712
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TRAINING CLOUD MASK — SEVIRI
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TRAINING CLOUD MASK = MODIS

MODIS sensor onboard EOS Terra and Aqua satellites

Polar
1Km spatial resolution (products MOD35, MYD35)
2276 files co-registrated with the full Proba-V data set

Fusion with Proba;V: Each MODIS pixel mapped into one
(closest) Proba-V pixel in space. Time difference less than
- ...
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TRAINING CLOUD MASK — MODIS

136
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TRAINING CLOUD MASK —= SEVIRI&MODIS

Retains only pixels where cloudy or clear labels of
SEVIRI and MODIS agree
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SURFACE MASK - GlobCover

2005 ESA initiative jointly with JRC, EEA, FAO, UNEP,
GOFC-GOLD and IGBP

Data from MERIS sensor onboard ENVISAT
Coverage January - December 2009
300 m spatial resolution

Grid 55,800x129, oJ_ pixels: [-65°,80°] latitude; [-180°,180°]
longitude
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SURFACE MASK — GlobCover

Water

Vegetation |
Bare b
Urban
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CUMULATIVE DISCRIMINANT ANALYSIS CDA

Class 1
Class 2

B True negatives
[ ]True positives
N False positives
[ False negatives
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CUMULATIVE DISCRIMINANT ANALYSIS CDA

False psitives

True negatives
True positives
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CUMULATIVE DISCRIMINANT ANALYSIS CDA

One variable:

Empirical cumulative functions of reflectance

F x) F x) . 4 '
ctear®) Fownuy™) iy clear and cloudy conditions, respectively

6 = argminC(X; 6)
0

C(X;0) =min (max (1 . Feicar (6), ﬁCloudy (9)) ) maX(FClear (0),1— ﬁCloudy (9)))
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RESULTS - Training data set
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RESULTS — Training data set (silver standard)

Training size 3.000.000 1.012.707 1.987.293 | 3.000.000 1.149.659 1.850.341 | 3.000.000 2.624.951 375.049

Test size

643 642
RED

NIR 81,1 81,0 81,2 76,8 76,6 76,9 | 55,9 55,9
SWIR

BLUE-RED 80,7 80,7 808 | 81,4 813 814 | 643 64,2
BLUE-NIR

BLUE-SWIR 809 80,7 810 | 814 813 814 | 643 64,2
RED-NIR

RED-SWIR 80,9 80,7 810 | 75,8 75,7 75,8 62,3 62,3
NIR-SWIR

BLUE-RED-NIR 81,1 81,0 81,2 81,4 813 814 | 643 64,2
BLUE-RED-SWIR

BLUE-NIR-SWIR 81,1 81,0 81,2 81,4 81,3 81,4 64,3 64,2
RED-NIR-SWIR

BLUE-RED-NIR-SWIR | 81,1 81,0 81,2 81,4 81,3 81,4 64,3 64,2

P.C.1

300.645

P.C.1-2 809 809 809 | 769 769 769 | 70,7 71,4 658 | 79,7

P.C.1-2-3

P.C.1-2-3-4 809 809 809 | 769 769 769 | 741 754 644 | 789

MAX-MIN

p—

Proba-V Round Robin Workshop

22

60.291

79,0

80,1

79,0

79,0

62,7

80,1

80,1

80,1

77,6

77,6

24.038

78,2

80,0

78,8

78,8

62,1

80,0

80,0

80,0

77,6

77,6

36.253

79,6

80,2

79,2

79,2

63,1

80,2

80,2

80,2

77,6

77,6

ESA, March 15t 2017



RESULTS — Training data set (silver standard)

BMbE-RED-NIR-SWIR spéetral bands
Clea Qudy success percentages-coincide (by construction)
SEVIRI&MO SK best pestormance (NOT conclusive!)
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RESULTS — Test dataset (gold standard)

Water

(326 scenes) 78.2 73.0 86.5

Vegetation
(921 scenes)

Bare land
(83 scenes)

Urban
(9 scenes)

Ice/snow

(10 scenes) 100 - 100 90 - 90 100 - 100

Global
(1350 scenes)

80.1 64.1 89.9 79.0 77.5 79.8 81.3 69.3 88.5

BLUE-RED-NIR-SWIR spectral bands

Clear and Cloudy success percentages do not {cgncnde

.......
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LESSONS LEARNT - Cloud mask

« pixels with MODIS cloud mask: 281,842,754
« pixels also having SEVIRI cloud mask: 73,617,537
e pixels with coinciding cloud mask: 65,238,704 (88.6%)

« pixels with coinciding clear cloud mask: 257,341,98 (39,4%)

« pixels with coinciding cloudy cloud mask: 39,504,506
(60.6%)

« pixels having MODIS and SEVIRI cloud mask that are clear

according to SEVIRheloud mask: 29,435,399 (40.0%)

having MODIS anehSEVIRI cloud mask that are cloudy

ask: 44,182,138 (60.0%)

eloud mask that are clear
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LESSONS LEARNT - Cloud mask

* Proba-V test pixels with MODIS cloud mask:
43 out of 1,350

* Proba-V test pixels with SEVIRI cloud mask:
6 out of 1,350

* pixels with coinciding Proba-V and
MODIS cloud mask 39 out of 43 (90.7%)
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LESSONS LEARNT —= Surface mask

+ pixels having GlobCover and Proba cloud mask: 296,917,269
« Water pixels according to GlobCover: 114,756,349 (38.6%)

« Land pixels according to GlobCover: 182,160,920 (61.4%)

« Water pixels according to Proba: 103,764,133 (35.0%)

« Land pixels according to Proba: 193,153,139 (65.0%)

pixels agreeing for Water and Land: 279,345,259 (94.1%)
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LESSONS LEARNT = Surface mask
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LESSONS LEARNT = Surface mask
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LESSONS LEARNT = Classification method

* There is still room for improved classification (see the
agreement rate between MODIS and SEVIRI silver
standard, 88.6%, even though obtained with infrared
channels)

 Different methodologies (e.g., regression)

« Cost function; Control of the Type | and Type Il errors

 Nonlinearities (native nonlinear methodologies;

augmention of variables)
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LESSONS LEARNT = Proba-V Gold standard

Proba-V is a unique data set accurately annotated
that meets the «Gold» label for supervised
classification

Pls make data available, with all due credits
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Thank youl!
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