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• Pixel Collection Process 
• Validation data set 

– data set for validating the different cloud detection 
algorithms 

• QA approach and matrices 
– 1. confusion matrices overview 
– 2. compilation of statistics 
– 3. semi-transparent clouds 
– 4. Assessment of images 
– 5. land-water  

• Assessment 
 

 



Validation Data Set Pixel Collection 
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PIXEL COLLECT TOOL  

Pixel type: clear sky land 
Surface type: barren/ desert 
Climate zone: dry  
Season: summer 
Day time: day 



Validation Data Set 

• 61 input products 

• 53000 pixels 
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Surface characteristics 

• Clouds 
• Totally cloudy (opaque clouds) 

• Semi-transparent clouds 

• Other turbid atmosphere (e.g. dust, smoke) 

• Clear surfaces 
• Clear sky land 

• Clear sky water 

• Clear sky snow/ice 

• Other clear cases 

• Other 
• Floating Ice 

• Glint 

• Cloud shadow 
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Semi-transparent clouds 

• Thick semi-transparent cloud  

• Average or medium dense semi-transparent cloud  

• Thin semi-transparent cloud 
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Semi-transparent clouds 

• Over water 
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Semi-transparent clouds 

• Over ice 
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RR Algorithms and Flags 
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Algo 1   
Discriminant Analysis trained with SEVIRI & 

MODIS 
x x x 

Algo 2   Discriminant Analysis trained with SEVIRI x x x 

Algo 3   Discriminant Analysis trained with MODIS x x x 

Algo 4   Multi-spectral and multi-textural thresholding x x x x 

Algo 5   Neural Network      x x x 

Algo 6   Self-Organizing Feature Maps        x x x x 

Algo 7   Dynamic threshold on the Blue band x x x x x 

Algo 8 Classification of Cloud Optical Thickness x x (x) (x) x 

01/03/2017 ProbaV Cloud Workshop 9 



Example images for first assessment 
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Matrices for the assessment 
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Cloud conservative algorithm 

• A CLOUD classified pixel is quite sure a cloud 

• Less clouds are classified as CLOUD 
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Clear-sky conservative algorithm 

• A CLEAR classified pixel is quite sure a clear 

• More clouds are classified as CLOUD 
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Assessment 1 – Confusion Matrices 
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ProbaV Cloud Workshop 

Assessment 1 – Confusion Matrices 
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Assessment 2 – Compilation of statistics 

 

01/03/2017 ProbaV Cloud Workshop 25 

89.8 89.5 

85.6 

91.7 91.6 
88.8 89.0 88.4 

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

algo 1 algo 2 algo 3 algo 4 algo 5 algo 6 algo 7 algo 8

P
er

ce
n

ta
ge

 (
%

) 

OAA 

85.2 
83.5 

92.2 

95.9 
93.2 

95.4 

81.7 

93.5 

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

algo 1 algo 2 algo 3 algo 4 algo 5 algo 6 algo 7 algo 8

P
er

ce
n

ta
ge

 (
%

) 

PA Clear 

92.7 93.4 

81.4 

88.9 
90.5 

84.6 

93.6 

84.8 

50.0

55.0

60.0

65.0

70.0

75.0

80.0

85.0

90.0

95.0

100.0

algo 1 algo 2 algo 3 algo 4 algo 5 algo 6 algo 7 algo 8

P
er

ce
n

ta
ge

 (
%

) 

PA Cloud+Semi 



Assessment 2 – Compilation of statistics 
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Assessment 2 – Compilation of statistics 
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Assessment 2 – Compilation of statistics 
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Assessment 3 - Semi-transparent Clouds 

• How do the semi-transparent clouds behave.  
• Clear-sky conservative: (semi-transparent) clouds are flagged as CLOUD 

• Cloud conservative: (semi-transparent) clouds are flagged as CLEAR 
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Assessment 3 - Semi-transparent Clouds 
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Assessment 4 – Cloud flags in images 
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Algo 1 



Assessment 4 – Cloud flags in images 
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Algo 2 



Assessment 4 – Cloud flags in images 
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Algo 3 



Assessment 4 – Cloud flags in images 
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Assessment 4 – Cloud flags in images 
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Algo 5 



Assessment 4 – Cloud flags in images 
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Algo 6 



Assessment 4 – Cloud flags in images 
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Algo 7 



Assessment 4 – Cloud flags in images 
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Algo 8 



Assessment 4 – Cloud flags in images 
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Algo 1 



Assessment 4 – Cloud flags in images 
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Algo 2 



Assessment 4 – Cloud flags in images 
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Algo 3 



First impressions - images 
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Algo 4 



Assessment 4 – Cloud flags in images 
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Algo 5 



Assessment 4 – Cloud flags in images 
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Algo 6 



Assessment 4 – Cloud flags in images 
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Algo 7 



Assessment 4 – Cloud flags in images 
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Algo 8 
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RGB Algo 1 CLOUD 

  

Algo 2 CLOUD Algo 3 CLOUD 

 

  

Algo 4 CLOUD + SEMI Algo 5 CLOUD 

  

Algo 6 CLOUD + SEMI Algo 7 CLOUD 
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RGB Algo 1 CLOUD 

  

Algo 2 CLOUD Algo 3 CLOUD 

 

  

Algo 4 CLOUD + SEMI Algo 5 CLOUD 

  

Algo 6 CLOUD + SEMI Algo 7 CLOUD 

 



01/03/2017 49 

 

  

RGB Algo 1 CLOUD 

  

Algo 2 CLOUD Algo 3 CLOUD 

 

  

Algo 4 CLOUD + SEMI Algo 5 CLOUD 

  

Algo 6 CLOUD + SEMI Algo 7 CLOUD 

 



RGB 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo1 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo2 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo3 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo4 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo5 



Algo6 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo7 



PROBAV_L2A_20140321_044547_1_333M_V001  

Algo8 



PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 

RGB 



Algo 1 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo 2 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo 3 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo 4 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo 4 SNOW 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo 5 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo 6 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo7 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo8 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Algo8 SNOW 

PROBAV_L2A_20140321_044547_1_333M_V001 Subset3 



Assessment 4 – Cloud flags in images 
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1  well detected 
2  slightly, partly wrong 
3  mainly wrong 
4  problem 

Algo 1  Algo 2 Algo 3 Algo 4 Algo 5 Algo 6 Algo 7 Algo 8 

opaque clouds 1 1 1 2 1 1 4 1 

small cumulus clouds 1 1 3 1 2 3 1 2 

semi-trans water 1 1 3 2 1 3 1 1 

semi-trans land 2 2 2 1 1 3 1 2 

bright surfaces 2 3 2 1 2 2 2 1 

turbid water 2 3 1 1 2 1 2 3 

sun glint 3 3 3 2 1 1 2 2 

inland water 2 3 1 1 3 1 3 1 

coastline 3 3 2 1 2 1 3 1 
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Assessment 5 – water - land separation 
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Overall Assessment 

• Algo 4 and algo 5 show very high values in 
the statistics 
• Algo 5 is slightly more cloud conservative 
• Algo 4 is leaving out thick and bright clouds from 

the cloud mask.  

• Algo 1 and algo 2 are very similar  
• algo 2 is more clear-sky conservative and flagging 

clear surfaces as cloud while having a good 
detection of semi-transparent clouds.  
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• Algo 3 and 6 are the ones detecting least clouds, but have very little commission 
errors, e.g. at coastlines or in inland waters or bright surfaces.  

• Algo 7 is most clear-sky conservative and therefore detects small clouds, cloud 
borders and semi-transparent clouds but is flagging many clear pixels. Further, it 
shows artefacts at cloud borders over water.  

• Algo 8 provided too late for final assessment 
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Additional criteria for assessment 

• Need for ancillary data 
• Land use classification 

• Snow occurrence 

• Other sensors 

• Multi-temporal or single temporal algorithm 

• Processing time 

• If cloud conservative or clear-sky conservative is preferred depends 
on sensitivity of L2 algorithm 
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