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1.  Introduction  

1.1  Purpose of the document  

This document is the Software Installation and User Manual (SUM) for the 
Sentinel -2 Level -2A Prototype Processor,  which is labelled Sen2Cor for Sentinel 2 

(atmospheric) Correction.  

The prototype implementation for the Level 2A processing of Sentinel -2 imagery 

over land is a combination of state -of - the -art techniques for performing 

Atmospheric Corrections (AC, including Cirrus clouds and terrain correction ) , 

tailored to the Sentinel -2 environment and a Scene Classification (SC)  module.  

Sen2Cor performs a pre -processing of Level -1C (L1C) Top of Atmosphere (TOA) 

image data, and applies a scene classification an a tmospheric correction  and a 

subsequent conversio n into an orth o- image  Level -2A Bottom -Of-Atmosphere 

(BOA) reflectance  product. Outputs are an Aerosol Optical Thickness (AOT)  map , 

a Water Vapou r (WV)  map and a Scene Classification map together with Quality 

Indicators data. Details of the products and its contents is provided in [L2A -PDD] 

of section 1.3 . 

Level -2A (L2A)  product s are re -sampled as L1C product s with a constant GSD 

(Ground Sampling Distance)  of 10m, 20m and 60 m according to the native 

resolution of the different spectral bands. If applicable, Level -2A products are 

provided for each MSI channel at  coarser resolution (i.e. 20 m and 60 m) as 

well.  

A large database of look -up tables (LUTs) has been compiled using an 

atmospheric radiative transfer model based on libRadtran 1. The LUTs are 

generated for a wide variety of atmospheric conditions, solar geome tries, and 

ground elevations and are calculated with a high spectral resolution of 0.6 nm. 

This database has been subsequently resampled with the Sentinel -2 spectral 

responses, in order to obtain the sensor -specific functions needed for the 

atmospheric cor rection.  

1.2  Document structure  

The configuration and user manual consists of the following chapters and 

sections:  

 

Chapter, 

Section  

Description  

1 this chapter  

2 Introduces the Sen2Cor system. What is the general purpose 

of the application, how is it structured, what are the 

processing schemes. It lists the general system architecture 

modules and functionality and gives a brief overview on its 

functionality and operation.  

                                           

1 https:// www.libradtran.org   

http://www.libradtran.org/
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3 Introduces the two different environments (runtime and 

development) of the sys tem in general and the source code 

distribution.  

3.1  How to install the processor software and the according 

runtime environment.  

3.2  How to configure  the processor software and the according 

runtime environment.  

3.3  How to run  the processor software in  the according runtime 

environment.  

3.4  Describes the setup configuration and operation of the 

software development environment, set up on top of Eclipse 

and PyDev. Contains also a detailed overview on all used 

third party tools.  

  

With these sections the configuration and user manual enables developers to 

upgrade and maintain the software and users of the software to operate the 

system within  their specific hardware environment.  

What this document will not provide is the scientific background of the 

application. This is pa rt of the corresponding ATBD [L2A -ATBD] , see below . Also 

the configuration of the processor has been moved into [L2A - IODD]. In order to 

avoid redundancies and inconsistencies between the different project documents,  

this content will thus not be repeated here. If it is necessary for the 

understanding of the operation, this SUM will refer to  the according chapters of 

[L2A - IODD], [L2A -PDD]  and [L2A -DPM].  

1.3  References  

The reference list of all project related documents with their full version numbers 

and issue dates is given in:  

[L2A -GLODEF]  S2PAD Project Glossary , S2PAD -VEGA-GLO-0001, version 

3.3, 31.03.2014  

[L2A - IODD]   Sentinel -2 MSI ï Input Output Data Definition  

[L2A -PFS]  Sentinel -2 MSI ï Product Format Specificatio n 

[L2A -PDD]   Sentinel -2 MSI ï Level -2A Product Definition Document  

[L2A -ATBD]  Sentinel -2 MSI ï Level 2A Products, Algorithm Theore tical 

Basis  

[L2A -PERF] Sentinel 2 MSI  ï Performance Tests on 64 and 32 bit 

Python  

 [L2A -DPM]   Sentinel -2 MSI ï Level 2A Deta iled Processing Model   
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2.  Functionality and Operation  

Sen2Cor  is a prototype processor for Sentinel -2 Level 2A product formatting and 

processing. The processor performs the tasks of a tmospheric - , terrain and cirrus 

correction and a SC of Level 1C input data. Level 2A outputs are: Bottom -Of-

Atmosphere (BOA), optionally terrain -  and cirrus corrected reflectance images, 

AOT- , WV- , SC maps and Quality I ndicators, including cloud and snow 

probabilities. The Level 2A Product Formatting performed by the processor 

fol lows the specification of the Level 1C User Product.  Details are given in [L2A -

PFS].  

The Sentinel -2 Multi -Spectral Instrument (MSI) consists of 13 spectral bands 

with three different resolutions (10m, 20m and 60m)  as shown in Figure 2-1. 

The instrument covers a 290 km swath. The Level -1C image product, which 

serves as the input for the Level -2A processing consists of a series of n tiles, 

each with a 100 km square. Each  tile consists of thirteen compressed JPEG -2000 

images, each image representing one single band. The thirteen bands have three 

different resolutions (10m, 20m and 60m) which lead to different image 

dimensions of the Level -1C input product. These details ar e given in [L2A -PDD] 

and [L2A - IODD].  

 

Figure 2 - 1  ï Sentinel - 2 Spectral Bands and Resolutions  

2.1  Level - 2A Processor Architecture  

It follows a high level description of the processor architecture:  

The Sen2Cor application is designed by the following ten essential modules 

(classes):  

1.  L2A_Process:  the general operator module, which coordinates 

the interaction between the other modules  and creates the 

skeleton L2A product structure of the metadata.  
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2.  L2A_Schedule: a scheduler module, coordinating the parallel 

execution of 1..n processing modules, working on tile base 

(L2A_ProcessTile) . 

3.  L2A_ProcessTile: a single processing module, executing the 

tasks of scene classification, atmospheric correction and the 

creation of m etadata on tile base.  

4.  L2A_SceneClass:  performs the coarse classification of the input 

images into their different contents like clouds, snow, water, soil 

etc. and provides statistical analysis.  

5.  L2A_AtmCorr:  transforms the input from top of atmosphere 

(TOA)  to bottom of atmosphere (BOA) representation and 

performs the atmospheric correction of the input .  

6.  L2A_Config:  a helper class  providing the configuration 

parameters to all  other modules  listed above.  

7.  L2A_Tables: a helper class , managing the conversion of the 

JPEG-2000 based input data to an internal format (and vice versa) 

and providing a high performance access to the data for the 

processing  modules (see section 2.4.1 ). It uses its own  private 

L2A_Config instance.  

8.  L2A_Manifest: a class specialized for the generation of the 

manifest on product level.  

9.  L2A_XmlParser:  a utility class for parsing the metadata and GIPP 

files on demand.  

10.  L2A_Library:  a collection of common tools used by all classes on 

demand.  
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Figure 2 - 2  ï High Level Processor Architecture  

 

Figure 2 - 3  ï Scene Classification Module  

 

Figur e 2 - 4  ï Atmospheric Correction Module  
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2.2  Workflow  

Figure 2-5 below shows the main processing workflow. After reading and 

processing the input parameter and data the main processing module triggers 

the creation of an internal temporary database, which is then used by the SC 

and the AC module to retrieve and to store the data and intermediate products. 

The processing can act in  a loop, dependent on the number of different product 

resolutions to be generated.  

 

Figure 2 - 5   ï Processing Flow, Overview  

2.2.1  Scene Classification (L2A_SceneClass)  

The SC algorithm allows to detect clouds, snow and cloud shadows and to 

generate a classification map, which consists of 4 different classes for clouds 

(including cirrus), together with six different classifications for shadows, cloud 

shadows, vegetation, soils / deserts, water and snow. The algorithm is based on 

a series of threshold tests that use as input top -of -atmosphere reflectance from 

the Sentinel -2 spectral bands. In addition, thresholds are applied on band ratios 

and indexes like the Normalized Differen ce Vegetation -  and Snow Index (NDVI, 

NDSI [3]). For each of these thresholds tests, a level of confidence is associated. 

At the end of the processing chain a probabilistic cloud mask quality map and a 

snow mask quality map is produced. The algorithm uses the reflective properties 

of scene features to establish the presence or  absence of clouds in a scene. 

Cloud screening is applied to the data in order to retrieve accurate atmospheric 

and surface parameters, either as input for the further processing steps  below or 

for being valuable input for processing steps of higher levels.  Figure 2-5 below 

shows the results of a SC (right side) based on modified AVIRIS test  data ( left 

side). Twelve different classifications are provided.  
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Figure 2 - 6  ï Scene Classification  

 

The generated classification map is specified as follows:  

Table 2 - 1   ï Classification Map  

Label Classification 

0 NO_DATA 

1 SATURATED_OR_DEFECTIVE 

2 DARK_AREA_PIXELS 

3 CLOUD_SHADOWS 

4 VEGETATION 

5 BARE_SOILS 

6 WATER 

7 CLOUD_LOW_PROBABILITY 

8 CLOUD_MEDIUM_PROBABILITY 

9 CLOUD_HIGH_PROBABILITY 

10 THIN_CIRRUS 

11 SNOW 

Associated quality indicators on snow  and cloud probability are generated from 

the results. These Quality indicator s calculate  the probability (0 -100%) that the 

earth surface is obstructed by cl ouds or optically thick aerosol (ice or snow).  

The SC processing consists of six  different steps:  

1.  Snow detection;  

2.  Cloud detection ;  

3.  Cloud shadow detection;  
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4.  Cirrus detection ;  

5.  Classification map generation . 

¶ The processing is shown in the flow diagram below.  

 

Figure 2 - 7  ï Scene Classification , Processing Flow  

Details of this algorithm, especially on the different threshold conditions are 

given in chapter 3 of [L2A -ATBD] and chapter 2.5 of [L2A -DPM]  

 

2.2.2  Atmospheric Correction (L2A_AtmCorr)  

The AC processing  consists of a set of four different subtasks, (AOT, WV and 

terrain retrieval (optional with terrain and cirrus correction, having three 

dif ferent user products as output: AOT and WV tables on pixel level and the BOA 

corrected reflectance images for all ba nds measured. Figure 2-8 below shows the 

processing flow for the atmospheric correction module.  
































































