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§ Sentinel-2  
• 10 spectral bands (+3) 

• 10-20 m spatial resolution

• wide swath width  (290 km) 

• high revisit time (~5 days)

PCs: 1-2-3: 30/08/2015
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Challenge 1: data granularity
spatially and temporally fragmented EO data

facilitate the 
exploitation of 
multi-temporal 
and multi-satellite 
datasets



January 1January 2January 3January 4January 5

All observations, 
only 1 of the 2 S-2 
missing



January 1January 4 January 1

Re-project to
Equi7Grid



Equi7Grid
European 
Coverage

Compatible 
with other 
available 
data cubes 
(S-1)



Challenge 2: Noise and data gaps

































Noise and data gaps



Noise and data gaps

Atmosphere BRDF effects Soil brightness variability
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Sedano et al. (2014)

Smoothing applies in a post hoc sense, where there is a need to optimally interpolate past events in a
time series.

Smoothing estimates a state based on data from both previous and later times.

Definitions of „smoothing“ & „filtering“
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Filtering is relevant in an online learning sense, in which current conditions are to be estimated by
the currently available data.

Filtering involves calculating the estimate of a certain state based on a partial sequence of inputs.

Definitions of „smoothing“ & „filtering“



Noise removal & gap filling

Atzberger & Eilers, 2011



Noise removal & gap filling

Principle of a curve fitting 
procedure based on a 
double logistic function 
(Beck et al., 2006)



ü No periodicity assumed  (e.g., Fourier/ Wavelets)
ü Data points can be irregularly spaced
ü Only one smoothing parameter

ü Interpolates automatically
ü No boundary effects
ü Fast leave-one-out cross validation

Whittaker smoother (Eilers, 2003)

Smoothing data by striking a balance between fidelity to the data 
and smoothness of the fitted curve: 

§ Fidelity of curve is measured by the sum of squares of 
deviations where yi = observed time series and zi = smoothed time series

§ Roughness of data can be expressed with differences, 
e.g. 1st, 2nd, 3rd

§ 𝝀 (lambda) is a number chosen by the user
§ Find zi (= smoothed time series) by 

minimising Q for a given lambda

𝑄 = 𝑆 + 𝜆 · 𝑅

§ Effect of Lambda: 
Ø the larger 𝝀
Ø the stronger the influence of roughness R
Ø the smoother z will be 
Ø at the cost of the fit of the data getting worse



Impact of 𝝀 and number of iterations



Data 
acquisition & 
atmospheric 

correction

Cloud 
detect. 

& 
masking

Temporal 
composite
(7,10, 30-

day)

DATACUBE 
of EO 

products

Application
Microservices built on the 

datacube

Temporal compositing workflow

No smoothing or filtering 
applied 
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Sentinel-2 image footprint



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image January 2018
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image February
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image March
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image April
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image May
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image June 
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image July
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image August
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image September 
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image October
Monthly composite



LAEA5210 grid
with 100km tiles
in the EPSG:3035 projection

True Color Image November
Monthly composite



LAI: 0    5

Monthly Leaf Area Index



Data 
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atmospheric 

correction

Cloud 
detect. 

& 
masking

Function 
fitting 

DATACUBE 
of EO 

products

Application
Microservices built on the 

datacube

Smoothing and gap-filling workflow 



1 km

0.5 km

100 km

Sentinel-2 granule “32UND”
Time series
- starting 01-01-2018  
- ending 31-12-2018
Cloud cover max  50% 

Smoothed and gap-filled NDVI time series – regularly spaced “Every Sunday”



Original Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018 Cloud cover max  50% 

Original data Gap-filled data

Gap-filled Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018

0.5 km

0.5 km

No data



Original Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018 Cloud cover max  50% 

Gap-filled Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018

No data

0.5 km

0.5 km



5-daily (gap-filled) images

Data Cube: Spectro-temporal Features…



Sentinel-2 Level 2-A processor (2016) 

First data processing 
infrastructure for Sentinel-2 data



Sentinel-2 Level 2-A processor (2017) 



Sentinel-2 Level 2-A processor (2018)

On-demand
smoothing and gap-filling



Sentinel-2 Level 2-A processor (2018)



Near real time access
Essential Climate Terrestrial Variables 

Richest metadata catalogue
Global coverage

1500+ per day
Regular processing of EU

pre-DIAS example

Sentinel-2 Level 2-A processor (2016-2018)



Global coverage

Operational (24/7)



Layers Short name Source/Model Packaging Format Resolutions Geolocation accuracyApplication note
L1C, TOA Reflectance BXX 10,20,60 m
L2A, BOA Reflectance BXX 10,20,60 m
True Color Image TCI 10,20,60 m Red=B4; Green=B3; Blue=B2; 0-250
Scene classification SCL 20,60 m See Sen2Cor documentation for pixel coding
Aerosol optical thickness (550 nm) AOT 10,20,60 m 0-1, AOT = DN / 1000
Water vapor WVP 10,20,60 m 0.4-5.5 cm, WVP = DN / 1000
Quality Indicators for cloud probability CLD 20,60 m 0-100
Quality Indicators for snow probability SWM 20,60 m 0-100
Visibility VIS 20 m
Customised RGB image RGB tif any resampling possible
Topographic normalisation BXX_TN Joanneum tif
Time series (smoothed and gap-filled) BXX_TS BOKU tif

Bio-physical indicators
Broadband hemispherical-directional reflectance factor HDRF Weighted sum of the L2A data Valid for all pixels, DN 0-1000 albedo = DN / 1000
Leaf area index LAI Valid for cropland, DN 0-8000 LAI = DN / 1000
Fraction of Vegetation Cover FCOVER Valid for cropland, DN 0-1000 FCOVER = DN / 1000
Fraction of Absorbed Photosynthetically Active Radiation FAPAR Valid for cropland, DN 0-1000 FAPAR = DN / 1000
Vegetation indices VI Raster calculator A list of pre-defined indices is under definition 

Auxiliary Data
Digital elevation model DEM CGIAR 90 m jp2 10,20,60 m Elevation = DN - 10000

Metadata
L2A processing parameters GIP_TL.xml /granule/granuleId/AUX_DATA
Level  2A  Tile  metadata  XML  file Directly exposed via the data portal and APIs

as L1C, TOA Refl.

DN 0-10000, representative of reflectance values from 
0 to 1, R = DN / 10000Sen2Cor v 2.4

DN 0-10000, representative of reflectance values from 
0 to 1, SR = DN / 10000

tif

10 m (bands 
at 20 m are 
resampled 
to 10 m)

PROSAIL & 
Neural Network

Individual bands 
of entire tile or a 
spatial subset jp2

List of products



Remote sensing of the Earth surface

• Land surfaces can be characterized by:

• Categorical variables (e.g., land cover, …) 

• RS application: land cover and use and change mapping

• Continuous variables (e.g., leaf area index, albedo, …)

• RS application: hydrology, climatic modelling
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https://gcos.wmo.int/en/essential-climate-variables/

Global Climate Observing System

https://gcos.wmo.int/en/essential-climate-variables/












Spectral signature of land surface objects
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Credit: University of Maryland

Real

Artificial
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June - September





Field observations vs Sentinel-2 LAI



Reflectance –
LAI 18/07 –

05/08 
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How can we estimate LAI from remote 
reflectance measures?



Estimation of Leaf Area Index 
from the Weighted Difference Vegetation Index 

s i
i r

s r

r
WDVI = -r r r

1 ln 1 WDVILAI = - ( - )
WDVIa ¥

Calibration 
required!

Clevers, J.G.P.W. Application of a weighted infrared-red vegetation index for estimating leaf Area 
Index by Correcting for Soil Moisture. Remote Sens. Environ 1989, 29, 25–37.
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Soil line slope





PROSPECT+SAILH („PROSAILH“) Model (Jacquemoud & Baret, 1990; Verhoef, 1984)
 

Leaf variables:  
 
- N 
- Chla+b 
- Cw 
- Cm 

canopy structure:  
 
- LAI 
- HOT 
- ALA 
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Radiative Transfer Model 



ESA SNAP Sentinel-2 L2 Biophysical processor 

Source: ATBD_S2ToolBox (esa.int)

Radiative Transfer Model and ANN 

https://step.esa.int/docs/extra/ATBD_S2ToolBox_V2.1.pdf


ESA SNAP Sentinel-2 Toolbox

ATBD_S2ToolBox (esa.int)

https://step.esa.int/docs/extra/ATBD_S2ToolBox_V2.1.pdf
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Thank you for your attention

Francesco Vuolo
& team contribution

francesco.vuolo@boku.ac.at

University of Natural Resources and Life Sciences, Vienna (BOKU) 
Department of Landscape, Spatial and Infrastructure Sciences  
Institute of Geomatics


