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Recent Operationalized EOS-6

EOS-06 (Oceansat-3)

Launch date: 26 Nov 2022
Orbit: SSPO
Altitude: 740km

Payloads on EOS-06 are :

« Ku-band Scatterometer (SCAT-3)

 13-band Ocean Colour Monitor (OCM-3)

« 2-band Sea Surface Temperature Monitor (SSTM)
« ARGOS by CNES French Space Agency

OCM-3 payload Electro-Optical Flight Module
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Ocean Color Monitor-3

B1-412 nm
B2 —443 nm
B3 -490 nm
B4 - 510 nm
B5 —-555nm
B6 -670 nm
B7 —-765nm
B8 — 865 nm
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B1-412 nm
B2 — 443 nm
B3 -490 nm
B4 - 510 nm
B5 —-555nm
B6 — 620 nm
B7 =740 nm
B8 — 865 nm

*B stands for Spectral Band

B1-412 nm
B2 —443 nm
B3 -490 nm
B4 - 510 nm
B5 - 555 nm
B6 — 566 nm
B7 -620 nm
B8 - 670 nm
B9 - 681 nm
B10 - 710 nm
B11 - 780 nm
B12 - 870 nm
B13 -1010 nm

Number of
Spectral bands

Spectral
Resolution
(bandwidth nm)

40 (Atmospheric
correction bands)

20/40 (Atmospheric
correction bands)

SNR (at sea ref.) 300 650

Major specifications

« Spectral Bands: 13

« Field of View: = 43.5 Deg

« Swath coverage: >1440 km @nadir

» Local Area Coverage (LAC) GSD: 366m @nadir

* Global Area Coverage (GAC) GSD: 1080m @ nadir
» Levels of products: Level-1, 2 and 3

» LAC product bit depth: 12 bits

* GAC product bit depth: 16 bits

* Repeativity: 13 days

* Reuvisit: 2 days

20 (Application Bands) 20/10/8 (Application Bands)

Products are available for free download: https://bhoonidhi.nrsc.gov.in/bhoonidhi/index.htmi
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Spectral
Reflectance

Atmospheric
Variables

System level
Spectral Response
Function

Satellite Radiance

6SV RT Code

Geometric conditions
Atmospheric Model
TCO and WV
Aerosol Model

AOD

Spectral Response Function

Calibration
Coefficient

+ Error Analysis

1

TOA Radiance

Atmospherically

Corrected
Reflectance

For Reflectance
simulation
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® oBY ® RadCalNet
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® Kavaratti

% The MoBY and Kavaratti observations (December 2022 — May 2023) 'T‘:EL 8 OCM3
were used to ascertain the OCMS3 radiometric performance. Tl 6SV2.1
le Lo 3
< The first ocean Vcal has been generated using these data sets. § : :
S 5] E
Q — =
% The observations from Cal-Val cruises, MoBY observations are § : :
further used to strengthen the matchups data sets. g ] :
5 -
In the water OCMa3 rad response is in close agreement S " e &n 28 %
with the ground measurements ViEVBIangH A
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Validity of TOA radiance after 15t Vcal

implementation in operational chain

Second lunar calibration (7-Jan-2023) C E / s

MOBY

26/6/2023

OCM3
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—@=— Seriesl
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8

Series2

9 10

11

12 13

Average Vicarious Calibration Gain (June — August 2023)

Bl
B2
B3
B4
B5
B6
B7

1.00
0.94
0.93
0.91
0.89
0.98
0.96

B8
B9
B10
B11l
B12
B13

0.94
0.93
0.99
0.98
0.99
0.91

Validation results

are consistent

OCMS3 bands

al A\

OCM3

2 4

Bandwise mean coefficients (7th Jan. 2023)

Bl
B2
B3
B4
B5
B6
B7

6 8

1.04
1.06
1.09
1.09
1.00
1.00
1.03

B8
B9
B10
B11l
B12
B13

12

1.03
1.05
1.06
1.01
1.03

1.29
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OCM-3 observations over RVUS

RVUS site as imaged by OCM3
on 18t Jul 2023. 3kmx3km area
was used for calibration which
corresponds to 3x3 pixel in GAC
Image
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Site: Rail Road Valley Playa, Nevada, USA

Geocoordinates: 38.504°N, 115.692°W

ROI: 1km * 1km >> 3*3 GAC pixels

v' Calibration Ratio calculated using 18
cloud free observations of OCM3 data

from May’'23 to Jul’23.

v" Only observation with view angle <35
considered for analysis

Calibration Ratio

PToa ocm3

Ratio =
PToA_RadCalNet

Consistent

response observed

after reprocessing

OZONE/AOD/WV IN RESPECTIVE UNITS

2.5

15

0.5

——WVin g/cm2

== 0zon

VARIATION IN ATMOSPHERIC PARAMETERS

08-05- 16-05- 23-05- 25-05- 27-05- 29-05- 20-06- 22-06- 29-06- 01-07- 03-07- 12-07- 14-07- 16-07- 18-07- 20-07- 25-07- 27-07-
23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
0649 0949 1524 0669 1.023 0927 0341 0527 1.17 0952 084 0533 0602 0711 1956 1.58 1476 0816

eincm-atm 0335 0.285 0.3 0336 0306 0321 0316 031 0335 0293 028 0.8 0279 028 0283 028 0282 0281

AOD @ 550nm  0.129 0.09 0.107 0.089 0.067 008 0.047 0065 0.088 0039 009 0025 0037 0041 0078 0062 0.054 0023

Calibration Ratio

1.1

1.05

0.95

0.9

0.85

BO1 BO2 BO3 BO4 BO5 BO6 BO7 BO8 BO9 B10 B1ll1 B12 B13

Absolute Calibration using RVUS Site

]

OCM3 Bands
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Site: Rail Road Valley Playa, Nevada, USA / RadCalNet / Calibration Ratio
. TOA Data
ROI 1km * 1km . RS2A/L9 (Geo Ref l 11
Sensors evaluated: LISS-4, LISS-3, AWIFS-E Image) - 1.05
Spectra Interpolation to
scene time & to 1 nm 1
i ) Convolution with RSR of 0-95 ® °
Conversion to per pixel TOA RS2A/LO sensor 0.9 o ®
l 0.85
Subset to RVUS rep area Comparison of B2 B3 B4 B5
TOA refl LISS 3 Bands
|
/ Calibration Ratio /
Calibration Ratio
11 Calibration Ratio
1.1
1.05
1 1.05
[ J [ J
0.95 ° ° 1 °
[} [ J
0.9 0.95
B2 B3 B4
- - - 09
Calibration Ratio LISS 4 Bands 5o 83 B4 B5
. P - - i
Ratio = ——22omel Post launch response is consistent AWIFS Bands

Proa_RadcalNet

for all 3 payloads
WGCV-53, 5-8 March 2024 Slide 9




High resolution sensors characterization

Artificial targets for spatial characterization

Bar Target in Cartosat-2S (MX) image

Metal mirror
response

Specially designed
targets

customized targets, @ IMGEQOS

Realised High resolution
Complex,NRSC,ISRO.

551560 1585 1570 1575580 758
Resolution based GCP | _ GCP target in Cartosat-3 (PAN) image
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INTERNATIONAL JOURMAL OF REMOTE SENSING Tavl &F .
2023, VOL. 44, NO. 20, 62986328 aylor rancis

https://doi.org/10.1080/01431161.2023.2265541 Taylor & Francis Group

‘.’) Check for updates

RESEARCH ARTICLE

Towards Accurate Radiometric Calibration of INSAT-3D and
INSAT-3DR IMAGER: Addressing Uncertainty and Error
Sources

Nandkishor Kumawat
and V. Sathiyamoorthy*

2B K. N. Babu?® Mehul R. Pandya®®, Saurabh Tripathi®

Summary of radiometric calibration results of the IMAGER bands

INSAT-3D INSAT-3DR

Band Date Lmeasu Lesnm Gam RE (%) RMSE Lmeasu Lesnm Galn RE (%) RMSE

VIS 08 Feb.2022 11019 12000 109 818 457 10697 11334 106 562 3.2
09Feb.2022 7720 8642 112 1067 418 9520 10087 106 562 3.5
10Feb.2022 9559 10488 1.10 88 438 10502 10898 104 363 207
11Feb.2022 10360 1131 109 840 433 11050 11592 105 468 264

SWR  08Feb.2022 2495 2531 102 142 020 2415 2594 107 690 086
09Feb.2022 2244 2257 101 058 017 2269 2353 104 357 044
10Feb.2022 2378 2410 101 133 025 2320 2468 106 600 066
11Feb.2022 2571 2590 101 073 019 2377 2514 106 545 063

INSAT-3D & INSAT-3DR found to be within 10% Radiometric error
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EOS-4 stability

Stability of quality parameters using the corner reflectors in Shadnagar site for one year period

EOS-4 microwave imaging satellite launched by ISRO on 14-Feb- 2022
imaging Mode Swath ik Oftnadi Polarizaton Resaluton On Orbit
Coverageinkn a1 g Consistency
FRS-1 %5 #20 100-650  #100400  Single, Dual, Imx2m observed with
) 25 0 100650 tonagq  CreuenFul Imxdm respect to
MRS (5-Beam) 160 #115 100650  #100-400 Bmxgm Geometry &
RS 23 #168 100650  #100-400 50m x 8m Radiometry
. .
HRS 10 100-650 S!rlgle, Dual, Imx2m PSLR e et = A Dot
Circular, =
FRS- Fine Resolution Stripmap; MRS - Medium Resolution ScanSAR; CRS Coarse Resolution ScanSAR; HRS- High Resolution Spotlight.
-1
EOS4- MRS Mode PSLR . . ) .= .t
0 " 15 . o . - - - _ ) - . ) = | |
+ Range_Dir = - - & .. - X . e - & . . ) i
5 B Azimuth_Dir B 20 N . & . - N " . . . * > m N )
10 } - . P
3 T =
-15 . . . . . k L]
[ | L 2 | * L - ~ -
20 + h * L 4 * * .30 =
SHNENNESSNSSNESSNSSHSSNESEESNHENEE e EEEEEEE
2 SEIIIIISIEIIZEIIZIIEIICIIZEIICOG30ZZEEEEEIIEIIZ
U I I A A ESiiiiiioiiifiisiiiiAiiiAnstasAnafiRsiiisZzAiii
& RY R c;3 0(}' \v.\\ \V“y ‘é&' @V?' Dt o Pass
AP ,\9? & & & N N
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Corner reflector designed &
developed for NISAR mission

deployed

Size: 1.5m
Shape: STH/ TTH

% Deployed ISRO’s indigenously developed Multi-band Active Radar Calibrator
(ARC) at IMGEOS Microwave Cal-Val Site and tested functional capability in
X,C and S bands using RISAT-2B Series, EOS-04 and NovaSAR

successfully.

Impulse Response Function

O - Active Radar Calibrator

() - Square Trihedral Corner Reflector

'
3

I n?ensiry;(ds;.

—
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.

Rosamond Corner Reflector Array
in L&S airborne SAR imagery
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Signal- Clutter Ratio

Quality parameters for L-band

SCR L. band S band L Band
{in dB) HH vV HH vV Pol Azimuth Range
; - - PSLR | ISLR | SR | PSLR | ISLR | SR
CR1 5260 49 67 55.63 54.92
- . - — — (dB) | (dB) | (m) | (dB) | (dB) | (m)
CR2 7259 | 4892 33.45 32.99 HH | 2725 | -2091 | 247 | 2604 | -21.11 | 2.21
CR3 33.72 48.65 52.06 52.29 Vv | 2821 | 2179 | 26 | 2599 [ -2279 | 222
CR4 4930 48.94 53.84 5318
CRS 48.42 46.95 51.23 50.19 .
Y e T J_ﬁ - Quality parameters for S-band
CR6 65 . 52. 525
CR7 | 4981 | 4819 | 5297 | 5090 S Band
Pol Azimuth Range
. . PSLR | ISLR | SR | PSLR | ISLR | SR
Envisaged computational @B) | @B) | (m) | @B | @B | (m)
methods for calibration HH | -27.05 | -2050 | 242 | -2528 | -19.70 | 223
parameter derlvatlon Verlfled VvV 2684 | <1999 [ 23 | 2289 | <1970 [ 22

using ASAR Data

Results published in

INGARSS-2021
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125 em Square Trihedra

CR Type Size RCS (dBsqm) Azimeth Range
in S-Band Date of Pass Target Type 2 SR T ST
. N esolution - esalution
Square Trihedral | 125¢m 40.2 @B) | @B) | (M) | @B) | @B) | (Ms)
75¢cm 31.326
Square Dihedral | 100em 34 563 10.03.2021 S““‘:;‘:‘ s 2287 | 1854 | ss4 | 2394 | 1825 5.94
. . . 125cm 2 7 . 13, 2
Computational methods for calibration eczegy | SeweTedt | HH) RO S RE) DA 6E
parameter derivation for ‘S’ band data were Spre Trbodest | 52| 1675 | 741 (Do) 43 | e
verified. 26-07-2021 sqm"zi‘,: AR 2224 | 1863 | 688 |-219% | 18m 6.25
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Corner Reflector | Size (m) | RCS (dBsm) Qty Identification
Type

Square Trihedral 1.25 31.947 02 STH

Square Dihedral 1.0 26.309 02 SDH

* Low background to peak ratio is observed.
* Quality parameters like PSLR, ISLR, IRW closely
match with product specifications.

Figure 1 Corner reflectors detected in four bands. Top row: HH, VVV, Bottom row:
HV, VH.

WGCV-53, 5-8 March 2024 Slide 16



NISAR mission pre-preparatory activities

Response of NISAR CR as seen in
NOV&SAR |mage (S'ban d) Co-pol response (Alos2) CR

Normalized Received Power
o I g o
N S [} (-] -
o
3

=)
S o

" 50

el
-100 .50
Ellipticity Angle (Degrees)
Orientation Angle (Degrees)

Cross-pol response (Alos2) CR
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08

107

o
©

0.6

e
=)

0.5

o
FS

04

Ground snap of NISAR CR Response of NISAR CR as seen in
deployed at Bopal calibration site ALOS-2 image (L-band)

Normalized Received Power
o
N

03

T 50

=)
So

02
50 e 0.1
-100 -50

Ellipticity Angle (Degrees)
Orientation Angle (Degrees)

»In-house designed Corner reflector developed specifically for NISAR data calibration was deployed at Bopal and Challakere calibration sites.
»Evaluation of its response was carried out using ALOS-2 and NovaSAR image and was found to be satisfactory
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The CRs deployed at different
calibration sites (Bopal, Ladakh,
Antarctica, Challakere) were
utilized for the monitoring of
calibration stability of EOS-04
data.

The difference between
estimated RCS and the
theoretical RCS for EOS-04 FRS-
1 was found to be within 1.2 dB
for both HH and VV.

The phase difference was found
to be well within the specified
values.

The  polarimetric  signatures
generated using the response of
the point target closely matched
the ideal signatures.
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Response of CR as seenin
one of the analysed EOS-04, FP images

88 Bopal CR (15mSqT) (1) -0.54

W9 Bopal Lake (2) 137
%8 Sabarmati River (3) 0.82
8 GMDC ground (4) 2.41
Ground near GMDC (5) -2.88
Ground behind Bopal cal site -1.70

Point Target Relative Power (FRS1-VV)

& ok &R A
g & 8 8 3 o

Relative Power (in dB)

F N2
Azimuth Range

Point Target Relative Power (FRS1-HH) CR

4

)
S

At peak
response

31*31 pixels
63100 |
72*46 ,
72446 e
12*46

Relative Power (in dB)
. b .
3

o /f
¥/

=
&
B
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ISRO-ASI project

Project: Calibration of optical space borne sensors over pseudo invariant calibration sites.

-- Under Progress

Empirical absolute calibration model using PRISMA

Ref
Radiometer

\

PRISMA SZA
normalization

Coincident
Pairs

Mean
PRISMA

BRDF
model
for VZA

AbSOIUte Reflectance
calibration Prediction
model
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Cross calibration with SBAF generated using PRISMA

SRF of Target sensor Reference
Reference TOA sensor TOA
sensor reflectance reﬂectanceF
5____/;__ S
SRF of Target _,| SBAF generation ‘
sensor l
SBAF correction BRDF correction
Hyperspectral ‘ ‘
sensor l
(PRISMA)F
— Reflectance Ratio
computation
Reference Sensor: Terra-MODIS / L8-OLI /

L9-OLI-2 / Sentinel2-MSI
Target Sensor: RS2A-LISS3, RS2A-AWIFS

Definitions
SRF: Spectral Response Function; SBAF: Spectral Band Adjustment Factor; TOA: Top of Atmosphere
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ISRO-ASI project

Cross calibration of RS2A LISS-3 and Landsat-8 OLI

. Calibration Ratio without RSR compensation
: zs : E;E::L J.p hyp (A)RSROLI (l)d’l 17-Jun-21 04-Aug-21 21-Sep-21 Mean
- e SBAF(1) = J RSRyyy(2)d2
P iy RSBy )
S TRSRy5-5 ()0
00 Calibration Ratio with RSR compensation

17-Jun-21 04-Aug-21 21-5ep-21 Mean

Radiometric response for 0 I
Spectrally similar bands of Q
RS2A-LISS3 and L8-OLI, are
comparable. g ¥

Published in INGARSS 2023 D 5 ——
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........ looking forward for Global collaboration towards interoperability of Data
Products

CAL-VAL TEAMS:
National Remote Sensing Center(NRSC ), Hyderabad, ISRO, INDIA

Space Application Center (SAC), Ahmadabad, ISRO, INDIA

Thank you....
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