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Cucrema atmocdepnoit koppekunu (ATCOR) siBisieTcss ofHUM U3 CaMbIX H3-
BECTHBIX U TOYHBIX KOJOB aTMOC(HEpHON KOPPEKIUH JUIS 3eMJIH Ui CIEKTPaTbHOTO
nuanaszona 0,4-2,5 wm. OHa reHepupyeTr IpoayKThl TpedyemMoro ypoBHsI 2A U BKIIIO-
YaeT JONOJHUTEIbHbIE (DYHKLNHU, TaKHe KaK CO3JaHHME KapThl Kiaccupukanuu, oOHa-
pYXKEHHE U yJaJeHUe ABIMKH/TIEPUCTHIX 00JIAKOB, TOMOTPapUUECKYI0 KOPPEKIIHIO, Te-
HEBYIO KomIieHcanuo U T. 1. [losBuBmmce 6omee 25 met Hazaa, ATCOR mocrossHHO
COBEpPILEHCTBYETCI U €€ (YHKIMOHATBHOCTH pacTteT. CTpyKTypa, MpoleccyalbHOe
odopmiieHre, U KOMMEpUecKuil xapakTtep cuctembl muH (Interactive Data Language,
IDL) noGyauno Hac BHEAPUTH HOBYIO KOHCTPYKILIMIO CUCTEMbI, OCHOBAHHYIO Ha SI3bIKE
Python, koTOpEIit HE 3aBUCUT OT YCIOBUN JTUIICH3HH.

B ar0i1 cTatbe MBI gaauM 0630p TpeOOBaHUI, HOBYIO CTPYKTYpPY CHUCTEMBI, BO-
MPOCHI TMepelayll MPOrpaMMHOT0 OOecreueHusl, U HCXOMAbl MpH pa3paboTke U ocy-
LIECTBJICHUHU.

Knrouesvie cnosa: armochepnas xoppekuusi; ATCOR; uznyuaromas nepegava;
OIITUYCCKUEC NAaHHBIC.
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The ATmospheric CORrection (ATCOR) system is one of the most known and
accurate atmospheric correction codes for land for the 0,4-2,5 pum spectral range. It
generates the required Level 2A products and includes additional features such as
generation of the classification map, haze/cirrus detection and removal, topographic
correction, shadow compensation, etc. Started more than 25 years ago ATCOR is
continuously improving and the functionality grows. The structure, procedural
implementation, and the commercial nature of the bus system (Interactive Data
Language, IDL) motivated us to implement a new system design based on the Python
language, which is independent of license conditions.
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In this paper we give an overview of the requirements, new system structure,
software transfer issues, and outcomes of the design and implementation.

Keywords: atmospheric correction; ATCOR; radiative transfer; optical data.
INTRODUCTION

Atmospheric correction (Level 2A or L2A acronym) includes the following derived
products: bottom of atmosphere (BOA) reflectance (albedo), aerosol optical thickness map,
water vapor map. Additional functions, among them cirrus detection/removal, haze
detection/removal, shadow removal, approximate bidirectional reflectance distribution
function (BRDF) correction, ozone correction, smile correction, and generation of quality
layers are the special features of ATCOR [1, 2]. This variety of functions in the ATCOR
system is performed on an operational basis. The initial choice of the IDL bus system [3]
was motivated by no appropriate alternative for research and development software at the
end of the 1980th. Nowadays the ATCOR development and support with the IDL language
may require more cost than with the use of modern object oriented approaches and freely
available programming languages with rich development libraries.

The aim of the project is to transfer the software system into a modular and highly con-
figurable structure with several base elements for further development and support. The base
elements are the module (the module estimates a specific feature like water vapor), the data
(orthorectified top of atmosphere radiance L1C, or L2A product consisting the raster data as
well as the corresponding metadata and sub products), input/output modules, and the scena-
rio. The scenario is the particular way to process the input L1C data given the developed and
validated methodology. The methodology is based on the physics of a process, while the ap-
plication may vary according to the instrument and the L1C product. The new system is to
be operated in the ground segment for a variety of optical multi- and hyperspectral missions
with small, medium, and wide field-of-view sensors, and for the airplane mode (EnMAP,
MERIS, Landsat 8, Sentinel 2, DESIS, Hyspex) as well as the software installed locally on
the user side.

SYSTEM NEW STRUCTURE

The base requirements for the new atmospheric correction system are: modularity
(ability to include/skip a module), setting the input parameter set for each module, ability to
process small or wide field-of-view, smile, and airplane sensor data, ability to process large
volumes of data, data with different ground sampling distance (GSD in Sentinel 2), parallel
execution of modules, selection of L1C data reader and L2A data writer according to
customer requirements, to extend for L2A products for water area, reflectance retrieval
function selection for a specific wavelength region (visible, shortwave infrared; thermal
emissivity and temperature), object oriented paradigm of software.

The parts of the new system are super classes defining: a module (performs analysis of
data), input and output products (define input L1C and output L2A data, sub-, and auxiliary
products), input/output classes (L1C reader and L2A writer), and classes defining all
necessary metadata. The newly defined modules or products are the offsprings of these base
classes. The new system has the following processing modules:

e  decirrus — cirrus detection and removal [4];

e dehaze — haze detection and removal [5];
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e slopasp — slope and aspect data fast calculation;

e dtm — digital elevation model module (prepares the necessary data derived from
the elevation map);

e rt— radiative transfer calculation module (to estimate the optical properties of the

atmosphere: path radiance, direct/diffuse, irradiance/transmittance, spherical

albedo of the atmosphere, direct transmittance sun to ground);

masking — classification module;

at_estimation — aerosol type estimation module;

ozone — correction for ozone influence [6];

aot — aerosol optical thickness estimation module (based on dense dark vegetation

approach);

sc_Ip — path radiance scaling;

wv — water vapor estimation module [7];

wv_smile — water vapor estimation module with account of sensor smile [8];

reflectance — BOA reflectance calculation;

reflectance_smile — BOA reflectance calculation with account of sensor smile [8];

brdf — empirical BRDF correction;

quality_layer — to calculate quality layers for cloud, water, and snow;

energy balance — calculation of the radiation and heat fluxes, leaf area index,

fraction photosynthesis, etc.;

e log - logging facilities module.

A module has inputs (L1C, L2A products, sub products, etc.) and the estimated data
are stored in the appropriate class (the L1C/L2A product, sub-product, metadata, etc.). Any
processing module can be extended by the developer or a new module included in the chain
and run. Each module has test functionality for a self-check. The input and reference data are
stored and used.

The rt module has an option for the radiative transfer parameter set calculation: use of
lookup tables (LUT) or high resolution database (MODTRAN 5.4.0 based; fast, for
operational run), or a run of a radiative transfer code (time consuming, for research to be
done in 2017). A set of predefined atmospheres and aerosol types (rural, urban, maritime,
desert) for the pressure/temperature/humidity profiles, refraction, etc. are handled for the
retrieval of the atmospheric properties. The in-house radiative transfer code developed in
DLR [9] is planned to be integrated in 2017.

The data and metadata are stored in the following classes:

e l1c_product — the input (L1C data) for the atmospheric correction;

e |2a_product — the final result of the atmospheric correction (L2A) containing the
bottom of atmosphere (BOA) surface reflectance/albedo, estimated aerosol optical
thickness, water vapor, and classification maps;

e ele variables — the class defining the sub-products and metadata related to elevation
map and topography properties;

e mask_lists — class defining masks for the land and atmosphere classes, etc.;

e rt variables — defines the optical properties of the atmosphere calculated by a
radiative transfer code or taken from a LUT.

The sensor class defines the properties specific only for a particular sensor such as the
time of acquisition, wavelength grid, physical properties, and the properties relevant for all
optical instruments such as visibility/AOT grids, thresholds, correlations, atmosphere
properties, etc.

106



A special attention should be paid to the class names scenario. This class defines the
specific workflow of the processing chain with regard to input L1C data. Since a processing
module defines a specific analysis of the data and the physical process is independent of the
data structure the scenario is in responsibility to prepare the data and appropriately apply the
module. The scenario has to assume one of several ways of the L1C data analysis
(small/wide field of view, large data volume (Hyspex instrument), different GSD for bands
(Sentinel 2), several data cubes, or in the far future — multitemporal data).

Introduction of a new sensor requires only two steps: a) preparation of the LUT (auto-
matic) and writing the scenario. The programming language of the new system is Python 2,7
with the standard libraries GDAL, numpy, scipy. PyCharm was employed as the integrated
development environment.

CHALLENGES ENCOUNTERED

It is to be noted that the IDL and Python are too different development systems and are
not comparable (IDL is a vector processing oriented system). Nevertheless, the issues found
with the use of Python can be interesting for the reader.

Programming functions and primitives produced unexpected differences in the results.
With the difference reasoned by «unknown unknownsy the ATCOR system transfer required
almost each programming function/primitive to be tested, validated, and runtime analyzed.
Double check of the programming functions/primitives between the IDL (ATCOR) and Py-
thon (new system) implementation allowed localizing such issues. Stricter typization in IDL
IS an advantage to do more accurate development.

Several groups of these issues can be outlined:

1. Interpolation accuracy. The IDL and Python linear interpolation function pro-
duce different results leading to a selection of an erroneous value and error prop-
agation.

2. N-D interpolation time. The N-dimensional interpolation in IDL is one order
faster than in Python.

3. Regression calculation time. Linear regression is employed in AOT and water
vapor estimation modules increasing their runtime in Python.

4. Function call time. Each function irrespectively of the complexity requires time
to be called. Here, the IDL function call is two times faster.

5. Matrix operations time. These operations are slow in Python resulting in a run-
time increase of the smile mode.

6. IDL functions implementation in Python (i.e. BOXCAR filter). There are specif-
ic IDL functions not implemented in Python. Reimplementation and run in Py-
thon is not so efficient compared to IDL.

Convolution time. Convolutional operations are two orders faster in IDL.

8. XDR data load and unpack time. This operation is not efficient in Python and a

load of LUTSs is several orders slower in Python.

9. Automatic N-D data tiling and process threading on CPU cores. This is the main
feature of the IDL making the runtime of an IDL program much faster.
Unfortunately, Python requires very careful design of processes threading.

10. IDL efficient swapping. IDL never stops with a high load of a data, while Python

throws exception related to memory issues and stops.

These issues made new system two times slower for the standard and 5 times slower
for smile atmospheric correction comparing to the IDL implementation. Nevertheless, the

~
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requirements on the runtime are fulfilled. The accuracy of the derived L2A products is 1-to-1
to the IDL ATCOR given ground truth data.

CONCLUDING REMARKS

The atmospheric correction system is migrated into Python, validated, and run in the
DLR ground segment. As a chain it is integrated into DLR satellite data production as the
L2A processor. The new system is employed for the Sentinel 2, Landsat 8, DESIS, and
EnMAP L2A data production.

Current development activities are on the comparison of atmospheric correction codes
(CEOS-WGCYV Atmospheric Correction Inter-comparison Exercise). Current research activi-
ties are on the new methods for fully automatic shadow compensation in optical data. In the
following next years the new modules are to be developed and integrated: atmospheric cor-
rection for airplane mode, correction over water/Angstrém estimator.
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