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1.Introduction

The satellite measurements are strongly affected by molecular and aerosol scattering, and
absorption by gases, such as water vapor, ozone, oxygen and aerosols. Molecular scattering
and absorption by ozone, oxygen and other gases are relatively easy to correct because of
the stable concentration of these constituents in both space and time. The most difficult
task is to estimate the distribution of aerosols and water vapor as these are highly dynamic
in both space and time. Signals recorded from the satellite or airborne platforms in the
visible and near infrared region are a combination of surface, atmospheric contributions
and sensor errors. Thus, to enable quantitative studies of the earth surface, atmospheric
perturbations need to be removed from the observed signal. The process of removing
atmospheric contribution is commonly referred as atmospheric correction or atmospheric
compensation. Products which are corrected for atmospheric perturbations are called
Surface Reflectance (SR) or Bottom of Atmosphere (BOA) products.

Surface reflectance is the fundamental land surface parameter of interest for any remote
sensing based application. This is because the retrieval of any biophysical parameter
demands for the use of precise surface reflectance products as the input. Moreover surface
reflectance products are also necessary to apply a quantitative remote sensing model or set
of classification rules to standardized scenes in different regions or years.

Atmospheric correction of optical remotely sensed data can indeed be categorized into two
major classes: 1. Relative atmospheric correction based on image processing. This correction
is simple to apply and does not require atmospheric data. This method extracts information
on atmospheric properties directly from images when ancillary data on atmospheric
conditions are not available. The best known and most widely used technique, based on
images, is the Dark Object Subtraction (Pat S. Chavez, 1988). 2. Absolute atmospheric
correction. On the other hand, this correction is based on the physical process of Radiative
Transfer (RT) and is, therefore, very complex and it requires a great amount of information
regarding sun-surface sensor geometry, atmospheric condition at the time of data
acquisition, and radiometric specifications of the sensor. RT is the physical phenomena of
electromagnetic radiation propagation through a medium. The equation of radiative
transfer describes mathematically all sorts of interactions (absorption, emission and
scattering). Radiative Transfer Codes (RTC) are developed to solve the Radiative Transfer
Equation (RTE) inverting differential equations, in general these models are capable of
performing computation over any kind of "radiance-medium interactions” problem. Several
Radiative Transfer codes are available, developed for analysis of atmospheric interactions
in particular ranges of the electromagnetic spectrum. Usually RTCs are created on purpose
for specific applications. The most known are the Line-By-Line Radiative Transfer Model
(LBLRTM) based on the Fast Atmospheric Signature CODE (FASCODE) (Clough et
al.2005), Spherical HARMonics (SHARM) (Lyapustin 2005),Radiative Transfer 3 (RT3)
(Evans et al. 1991), the MODerate resolution TRANsmittance code (Acharya et al. 1999)
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and the Second Simulation of the Satellite Signal in the Solar Spectrum (6S) (Vermote et al.
2006). All codes listed above solve Transfer Equation in the scalar form, except 6S which
can solve it in both scalar and vector form. This means that 6S in vector mode is capable of
taking into account the light polarization contributions. Recent studies have shown that
neglecting this effect could lead to an error up to 10% between simulated and measured
radiance (Kotchenova et al. 2008, Sromovsky 2005, Mishchenko et al. 1994). There are also
several commercial packages for atmospheric corrections, among others, Fast Line-of-sight
Atmospheric Analysis of Spectral Hypercube (FLAASH) model and Atmospheric
Topographic Correction (ATCOR) model are very popular. The 6S model is widely used
today because it has very good accuracy, freely downloadable and can be run online.

To realize Surface Reflectance (SR) products from RS2A LISS3 & AWiFS sensor data,fully
automated atmospheric correction procedure was developed using 6S radiative transfer
model. This procedure employs MODIS atmospheric data products to arrive at the surface
reflectance products. Atmospheric input parameters requiredfor SR products include
atmospheric water vapor, aerosol optical depth at 550nm (AOD) and ozone. The
atmospheric correction tool can generate the correction coefficients based on adaptive grid,
using which surface reflectance is derived on a per pixel basis. The atmospherically
corrected surface reflectance values derived using the Lambertian approximation.

2. Algorithm and Methodology

Algorithm description

The atmospheric “perturbation” of a surface reflectance signal depends on the type and
characteristics of atmospheric particles interacting with incident solar radiation. Different
gas molecules (N2, 02, 03, H20, CO2 etc) scatter radiation according to Rayleigh’s law
(molecular scattering) and absorb them. The atmospheric correction requires inputs that
describe these variable constituents that influence the signal at the top of the
atmosphere.6S model can simulate the solar radiation on the ground and in the atmosphere
from 0.2 pm to 4.0 um spectral range under a variety of conditions of both ground surface
and atmosphere. Assuming a uniform Lambertian ground surface and if gaseous
absorption can be de-coupled from scattering as if the absorbents were located above
the scattering layers, the equation of transfer for homogeneous target of reflectance as
viewed by a satellite sensor (under zenith angle of view Ov azimuth angle of view ¢v)
and illuminated by sun (0s,ps )
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Where reflectance p defined as




where L is the measured radiance, Esis the solar flux at the top of the atmosphere,
and ps =cos(fs) where 0s, is the solar zenith angle.

In equation(1), pTOA- Apparent Reflectance measured at the top of the atmosphere , pR+A
corresponds to the intrinsic reflectance of the molecule+aerosol layer, TV(0s),
[respectively TT(0v)] to the total transmission of the atmosphere on the path between
the sun and the surface, (respectively between the surface and the sensor). S is the
spherical albedo of the atmosphere i.e., the normalized irradiance backscattered by
the atmosphere when the input irradiance at the bottom 1is 1isotropic. Tg is the
gaseous transmission, for the solar radiation.

Inputs

Atmospheric correction using 6S code requires the following input parameters (1)
geometrical conditions, (2) the atmospheric model for gaseous components, (3) the aerosol
model (type and concentration), (4) spectral condition, and (5) ground reflectance (type and
spectral variation). Below table (Tablel) lists the options chosen for arriving at the
geometric, atmospheric and sensor parameters needed to run the 6S models.

Table 1.Parameters used in 6S

Parameter Specific Input Required General Input Chosen
Geometrical Conditions Date and Month User’s
View and Sun angles (in °)
Atmospheric Model Water vapor(g/cm2), ozone(cm- Uw and UO3
atm), Continental Aerosol
AOQOD at 550nm Model
Spectral Condition Lower and upper wavelengths of User’s preference
the spectral band in pm
Target and Sensor Sensor Altitude in Km
Altitude Target Altitude: sea level
Ground Reflectance Homogenous ground

No Directional effect

The geometrical parameter which includes the sun and view, zenith and azimuth angles
were derived from the image itself. Accurate atmospheric parameters are crucial for
transferring top-of-atmosphere (TOA) radiance or reflectance to surface reflectance
products. MODIS atmospheric products were used to generate atmospheric parameters.
AOD (Aerosol Optical Depth) values are obtained MODO04 which is provided at a grid of 0.1°
x 0.10.While the ozone and water vapour values were derived from MODIS joint
atmospheric product, namely MODO07_L2 which is defined on 0.05° X 0.05° grid cells that
cover the entire globe.




Implementation of algorithm

Using the above mentioned inputs, the 6S code was used to obtain the correction
coefficients which are further used to derive the surface reflectance from the measured
radiance values. For each input file the 6S code generates three correction coefficients
namely xa, xb and xc. The equation to obtain ps from these correction coefficients is given
by

p, = (ca*L— xb)/[1.0 + xe (xa = L — xc)]

Where xa, xb and xc are the coefficients obtained from the 6S model, where, xa 1s the
inverse of the transmittance and xb is the scattering term of the atmosphere and xc is the
reflectance of the atmosphere for isotropic light entering the base of the atmosphere. The
number of times the 6S code is called for the generation of surface reflectance products
typically depends on the grid size. The software provides an option for 3 flexible grid sizes
namely, 100 X 100, 200 x 200 or 300x 300. The correction coefficients are stored as an
image of 3 layers (xa, xb and xc). Finally surface reflectance was calculated pixel by pixel
using the output coefficients, by applying the same values of output coefficients for all the
pixels falling in the same grid. The output coefficients are computed for each band. The
flowchart in Fig. (1) Illustrates the procedure followed to arrive at the surface reflectance
products.

The 6S coefficients are generated for each input pixel by taking satellite/sun
azimuth/elevation values, Aerosol Optical Depth (AOD), Water vapor and Ozone. All
software modules are developed and tested using Java programming language. The
calculation for each pixel is independent of each other and can be carried out in parallel. So
multi-threading concepts were used and the same was implemented on multi cores CPU
machine to achieve high throughput and reduced turnaround time (TAT) of product
generation.
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Figure 1.Flowchart depicting the atmospheric correction procedure

3. Results and Validation

Figure 2 shows the visual appearance of Atmospheric uncorrected and corrected FCC images in
which haziness due the scattering effect is nullified and the contrast is increased. The accuracy
of the 6S atmospheric correction algorithm was validated using ground radiometric
measurements over IMGEOS cal-val site, Thar desert and Gulmarg-snow.

In addition to making comparisons with ground observations, the accuracy of SR data was also
assessed using near synchronous Landsat8-OLI surface reflectance products over
heterogeneous targets covering entire dynamic range of the sensors like water bodies,
vegetation, desert sand, river sand, snow etc. Regression analysis is carried out between
Landsat8-OLI AND RS-2A considering all types of targets of many dates during various
seasons. The figures 3-4 show the regression plots between the same. It is found that slope
values are close 1 and offsets are close to 0.0 which indicates the good agreement between
surface reflectance derived from RS2A and Landsat8-OLI



Figure 2.DN image (left) and SR Image (right), A) RS2A-L3 C) RS2A-L3 D) RS2A AWiFS
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Figure 4.Regression between RS2A LISS3 and 1.8 OLI
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4. Product Format Specification

e Number of image bands : 4

e Image File Format : Geo TIFF

e Projection : Lambert conformal conic for AWiFS
UTM for L-3

e Datum : WGS-84

e Spatial Resolution : 56m for AWiFS, 24m for L-3

e Radiometric resolution : 16 bits per pixel

e Correction Level : Terrain corrected

e Datatype : Unsigned 16 bit integer

e Scale factor : 0.0001

e Valid range : 0-10000

e Image background : 0

e Meta Data : Available in Text file

e Thumbnail Image : Available as Jpeg file

e Geometric Accuracy : As per Terrain corrected Product specification

5. Product Contents

PRODUCT ( ZIPfile) contains the following files:

e Image bands ( BAND2.tif, BANDS3.tif, BANDA4.tif, BANDS5.tif)
e BAND_META. txt

o *JPG

o *TXT

6. Limitations

Known issues

e Missing/void/Improper/invalid fill values of aerosol values can cause a box(blocky)
artifact in SR products even after using climatology products and spatial
interpolation methods from surrounding grid values(not direct measurements of
AOD). In this version, Quality flag in the quality layer is not provided for
interpolated values, and to indicate used aerosol value is valid or not.
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AOD availability over high reflecting targets like snow/dessert is very difficult by
any of Earth observing satellites. Even though AOD values exist at certain places,
those values are not validated and many gaps exist in the datasets. 20 years of
MODIS MODO04 AOD datasets are processed to fill the gaps. Still gaps/voids exist at
some places. A constant AOD value of 0.01 is used for SR processing in this case to
avoid holes in Final SR product. Hence the realization of SR products over these
regions is not up to the mark.

Low speckling noise may exist over pure water bodies in the NIR and SWIR (B4 and
B5) bands due to high AOD values.

Caveats and Constraints

1.

SR products will be generated for RS2A LISS3 and AWiFS scenes with a lag time 5

days of acquisition.

SR generation depends on the availability of auxiliary atmospheric data(AOD,

Watervapor and Ozone). Atmospheric data is retrieved from satellite observations of

the MODIS instruments aboard the Terra which has same local pass time with

RS2A. More information pertaining to the source of auxiliary data and

characteristics are given in table2.

Atmospheric coefficients are calculated on a grid basis that is spatially coarser than

the resolution of the input image.

Geometric and Radiometric accuracy of products is similar to that of standarddata

products (Level-1) generation.

Uncertainty in SR products may exist due to following reasons:

e Lower solar elevations (solar zenith > 70 degrees) at high latitudes may leads to
longer atmospheric paths (scattering is more). higher AOD, Low sun angles

e Scene covering Coastal regions where land area is small relative to adjacent
water

e Scene with extensive cloud cover(more than 60 % )

e Saturation of bands may occur due to Hyper-arid or snow covered regions.
Saturated pixels can show high SR value(~1) or can roll over to the low end of
the valid range(~0)

Cloud and Cloud Shadow flags are provided in the Quality layer band. These flags

assigned on the basis of band thresholds and spectral indices of TOA. The accuracy

of these flags is only 50-60%. There are certain issues to identify cloud pixels over
bright targets like desert sand dunes, building tops, salt pans and snow regions

(Commission or Omission errors).It is challenging task to identify shadow pixels

over low reflectance targets like water and hill shadows. Cloud/Shadow flag will be

updated with new version.
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Table 2. Auxiliary data

Aerosol optical depth (AOD)-Dark target deep MODO04_L2(daily product)-10km spatial
blue combined resolution

Water vapour(WV) MODO7_L2(daily product)-5km spatial
resolution

Ozone MODO7_L2(daily product)-5km spatial
resolution

6. Data Products Access

Surface reflectance products are to be ordered from Bhoonidhi using the following URL

https://bhoonidhi.nrsc.gov.in/

Stepl:User has to select the satellite-sensor-product combination tagged with “BOA” under
Priced data category as in the screen below

w of Bhoonidhi& yfafa nrsc

ISRO's EO Data HUB werdt 5o T E

Search-Results Cart

Area of Interest
Location
Polygon
Shapefile

Map Sheat
Events

Targets

Date range

[ [§
i
&
(5]

25 December 2021

Product Standard

Satellite-Sensor

Resolution Low {25m - 100m) Resolution
Source Optical

[ Open_Data
Pricad
q BesourceSat-2 AWIFS BOA ::>
ResourceSat-2_AWIFS
ResourceSal-2A_AWIFS_BOA
ResourceSat-2A_AWIFS

Advanced Filters [

N 5402 51" E 417 02 5o"

de: 41.0497

Welcome TEST




Step2: The scenes are fetched for the user provided area of interest and date range and the
satellite-sensor selected. The selected scenes are to be added to the CART by the user

Search-Criteria
BFootprints

Search Details
Bearch -

Search ID (SID):

Show| 50

ResourceZat-2_AWIFS_B0A

Cart

®Add these products to Cai

25 December 2021 to 19 January 2022

polygon User's AQI is represented in red

20220124 000000071

Search:

Dop: 30-Dec-2021
Pricing: Priced

Dop: 30-Dec-2021
Pricing: Priced

Scene: 055512,

Pricing: Priced

Sat_sen: RS2_AWIF.

Dop: 2%-Dec-2021
Pricing: Priced

Dop: 27-Dec-2021
Pricing: Priced

Scen
Dop: 27-Dec-2021
Pricing: Priced

: 055470_100

Dop: 25-Dec-2021
Pricing: Priced

Scene: 055484_105_
Dop: 28-Dec-2021
Pricing: Priced

IENEEEEREE

Welcome TEST

Sat_sen: RS2_AWIF_-
15

Dop: 30-Dec-2021 ~

Sat_sen: RS2_AWIF_-_S_BOA

Sat_sen' RS2_AWIF_-_S_BOA
Scene: 055512_115 51_C

Sat_sen: R52_AWIF_-_S_BOA
Scene: 095512_115_61_A

S_BOA
A

_-_5_BOA
Scene: 055498_110_49 D

Sat_sen: R52_AWIF_-_S_BOA
Scene: 055470100 49 D

Sat_sen: RS2 AWIF - S_BOA
57 B

Sat sen: R52_AWIF - 5 BOA
Scene: 055441_114 .58 C

Sat_sen. RS2_AWIF - S BOA
A

9]

I3

e, e[, o] H. o]«

&M

Bhoonidhi

Meta Data Information

Brightness : 0 Contrast: 0

Product Id: R2W30DEC2021055512011500051P SAN STLCOOGTDC

SCENE DETAILS COVERAGE DETAILS
Satelite: RS2 Top Left Lat  29.313519
Sensor. AWIF Top Left Lon: 927777

Date of Pass: 30-Dec-2021 Top Right Lat:  29.317104

Imaging Orbit No: 055512 Top Right Lon: 97.7254
Ground Orbit No: 055512 Botlom Right Lat: 25.326039
Path: 115 Bottom Right Lon: 97.642
Scene No: 51 Bottom Left Lat: 25.322581
Sensor Specification: RS2_AWIF - 5 BOA Bottom Left Lon: 92.5684

Scene Specification: 055512_115_51_C

Roll: 0.000000

N 207 31 E80" 1

Lafitude: 20 5320 Longitude: 80 2120
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Step3:For the selected scenes in the priced CART, the product specification is to be provided
and the Proforma Invoice (PI) is to be generated. SR product details will be shown to the
user while providing product specification.

® - Bhoonidhi £¥s yfAfa

J
% Hl{=Fa A
e ISRO's EO Data HUB O Tt TR

Search-Criteria Search-Results %
¥ Priced~
Product RS2_AWIF_-_S_BOA v Pricing Indian v
24January 2022 B 24 January 2022 | B Get SID(s) Details for
Product Type ST Standard W Dispatch Mode: FTP v

Select Search ID (SID)

20220124_000000029

20220124_000000064 o
20220124_000000050 ‘ Fripessing et H_Geo Physical v Datum WGES 84 v
7 Enhancement SR_Surface Reflectance v Product Res 56.0 v
Show | 20 v Search: jecti ori
Bijerar L_Lambert Conformal Conic ¥ Broaty Nomal v
Resampling C Cubic Convolufior No of copies
Sat_sen RS2_AWIE - S BOA ) C_Cubic Convolution v 1 v
Scene: 055526 120 58_A .
Dop: 31-Dec-2021 Format T_GeoTIFF v Quality Quality Check v
SID: 20220124_000000064 |
[ Cost
Showing 110 1 of 1 entries Previous 1 Nexd
T Cost type scene (Rs)
Select Product Specifications
No of scenes 1 Unit Rate 1420.00
Priority Charges 0.00 IGST/ ST/ 0.0/00/0.0
SGST
Discounts 0.00 Final 1420.00

Add Product Specifications

N 19° 28" 00" E 187 15' 26"

ade: 19,4667 Longitude: 182672

Welcome TEST Abot

Once the Pro forma Invoice is generated the work order for the same can be generated
using “PI Actions” link to place order ..

User will get a FTP intimation on the completion of the products generation . The
products will be disseminated within 1 hour if available in Ready Archive or else with a
delayed timeline of 1- 3 days
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