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Outline of the presentation

1. Radiometric calibration status (Optical / Thermal / Microwave)

A Resourcesat-2A (Three-tier imaging natural resource monitoring)
A EOS-6 (Ocean Color Monitor sensor)

A INSAT-3DS (Geostationary meteorological mission)

A EOS-4(C-Band Full polarimetric SAR Mission)

A EOS-6 (Scatterometer)

2. Readiness for new missions / Projects

A NISAR

A TRISHNA

A P-band SAR
A NADIR portal
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Resourcesat-2A status

W Continuation mission to Resourcesat-2.
W Launched in December 2016
W Operational Period: 8+ years (planned 5 years)

Cpaybod  usa U3 AWE | Sa
Spatial Resolufion (m) 5.8 23.5 5é JANICAL § .
Swath (km) 70.0 in MX mode 141 740 - .
and Mono mode
T40Km

Spectral Band [microns) 0.52-0.59 0.52-0.59 0.52-0.59 ' :

0.62-0.48 0.62-0.68 0.62-0.68 “ sk .

0.77-0.84 0.77-0.84 0.77-0.84 \

1.55-1.70 1.55-1.70
41Km
Quantisation (bits) 10 10 12 (VNIR) a8 AWIFS-(A) & (B) GSD: 56m
14 (SWIR) N
Data Rate (MBPS) 105 105 105 LISS-3* GSD: 23.5m
", LISS-4 GSD : 5.8m
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Cross Calibration RS2A Sensors with Landsat 8/9 OLI

RVUS Calibration
. 7 = 1.1
site ﬁ e 29-Jul-23
g{) 0 1.05 m 1-Mar-24
E = A 18-Apr-24
v v & < 29-Jun-24
Reference sensor: Target Sensors: RadCalMet TOA E -
L8/L9 -OoLI RS2A-AWIFS, L3, L4 Hyperspectral Resgurcesat © 0.95 & "
Spectra a -
k1 W 4 3 0.9 [ ] .
Avg TOA Avg TOA Spectral Difference . -
Reflectance from Reflectance from [ Correction using 0.85
L1-TP data Level2 data SBAF from RSRs Bz B3 B4 BS
\ / RS2A-L3 Bands
s 1.1 1.1
Calibration Ratio="2524
Pra/La |
01.05 o 1.05 u n
. ) < . g | - 0 .
S g ) .. )
L8/L9 RS2A = 1 =
509 . 5095 * 20-Jul-23
-Jul- :20: :36: © © ® 1-Mar-24
29-Jul-23  18:20:43 18:36:10 S o v oula S oo n haar2s
01-Mar-24 18:20:00 18:37:15 A 18-Apr-24 29-Jun-24
18-Apr-24  18:20:31 18:36:13 08 085
-Apr- :20: :36:
& B2 B3 B4 B2 B3 B4 BS
29-Jun-24 18:20:11 18:34:43 RS2A-L4 Bands RS2A-AWIFS Bands
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o o Io T

Tilt condition of either + 20A0 r

Oceansat-3 (EOS-06), launched in November 2022, aims to maintain the continuity of services provided by Oceansat-2 while offerlng enhanced
payload specifications and expanded application areas.

External Time Delay and Integration (TDI) technique is employed to enhance the SNR requirements.
Two imaging modes d Local Area Coverage (LAC) mode and Global Area Coverage (GAC) mode.
AthrBu@h a payload steering mechanism to avoid sun-glint

Band
definition

(nm)

40271 422

4387 448
4851 495
50571 515
5501 560
5611 571

6151 625
6651 675
6771 685
7051 715

7751 785
8601 880
9901 1030

OCM-3 spectral bands and applications

Applications

Yellow Substance Absorption

Low Chlorophyll, Yellow Substance

Moderate Chlorophyll, yellow substance

High Chlorophyll, Chlorophyll Species, TSM, Algal blooms
High Chlorophyll, Chlorophyll Species, TSM, Algal blooms

Phycoerythroblin pigment (PE), Trichodesmium bloom
detection

Algal blooms, TSM
Algal Blooms, Baseline for Chlorophyll Fluorescence
Chlorophyll Fluorescence for high concentrations

Atmospheric Correction, Baseline for
Chlorophyll Fluorescence

Atmospheric Correction
Atmospheric Correction

Atmospheric Correction

IGFOV at Nadir (m)

Total lens assemblies and
DHA

Optics focal length (mm)
Optics fnumber
Field-of-View (°)

Detector format (pixels)

Pixel size and pitt (um)
Transmission bits

SNR at referenceadiance

FRONT VIEW

Parameter Value

366 (LAC), 1100 (GAC)

13

20

4.01 5.35
N43.5
4k x48

(useful: 3.8 k x 48)

10

12 (LAC), 16 (GAC)

0650
0500

fi B1O at B6bm
fi B183 atB.1km

Scatterometer-3 Specification

Inner Beam / Outer Beam

Frequency
Swath / Polarization

One way 3dB foot print
at Equatorial Azi. x
Ele)

Scan Rate

Antenna Diameter
Wind speed range
Wind direction range
Wind speed accuracy
Wind directionaccuracy

Wind vectorcell size

13.51 GHz
1400/1800knm(HH/VV)
29.5km x 20 km / 38 km x 22 km

16 rpm

1.4m

3to 30 m/s

0 to 360

1.8 m/srmsor 10% whichevers higher
200rms

12.5 km x 12.5 km and 25 km x 25 km
(LRSca) and 5 km x &m (HRSca}

WGCV-55, 8-11 July 2025
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Lunar calibration of OCM3

OCMS3 Observed Lunar Irradiance

0.0035

]
© o ©
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Irradiance W/m2/um
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0.0045
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B10O

B13 T[
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Imaging parameters

Moon Lunar Phase Angle Central Lunar location
Product Generation width/Height (approx) (x,y)
28/23 5 deg 2766, 7174
33/22 2767, 7319

Two lunar images were processed by in-house developed MCAL software and
the MCAL output, in netcdf format, was input to GIRO software for further
processing.

Percentage Disagreement wrt ROLO

PDA (% wrtROLO)
=
=]

pral

B1 B2 B3 B4 BS B6 B7 B8 B9

OCM3 Band No.

—— PDAITr2

Two moon images of 7Jan2023 show close match with that of reference
lunar irradiance

The PDA is less than 10% for Band 1 to Band 11 of which B1,B5,B6 B7,B8
and B9 match within 5%

The deep space threshold to identify moon pixels is the maximum dark
count from deep space region

PDAIT3

WGCV-55, 8-11 July 2025

Desal, et. al., 2023
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Ocean based vicarious calibration CE&

10 1 D
. OCMS3 2 / \
SN s 6SV RT Code
o €] = _ N OCM3 TOA radiance
c 56 L A Geometric conditions
5 257 \ Q A Atmospheric model
ggg: ‘g-:& TCO and WV
O £, 3 A Aerosol Model
- E ® A AOD Simulated TOA radiance ]
0 - - - ———————— 3 A Spectral Response
400 500 600 700 800 900 1000 o Function
12 Wavelength (nm) N \ /
1 - - - S - - S — — m e e S — m — m e e e e m e —— = L L.
O 0.8 A
N . OceanVCal coefficients
o
~ 0.6 1
£ _
ic? 0.4 1
S 05 : A The OCM3 scenes (qualified matchups) show close agreement with
o 6Sv2.1 simulation.
0 A A The visible bands having small deviation, while the NIR bands having
e s @ a6 e 9 100112 1S moderate standard deviation.
Kavaratti site using 6SV2.1 RT moddufie. 2023 Feb. 2024 cruise measurements.
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Post launch calibration of OCM3 & verification through SVC C E f S

12
"T‘ : > ® 412nm ,03 6
g " .: ® 443nm *,-o_' a o
T 9 @ - A 490nm z| z 3 1
mfn , 4 510nm " » 2 N
£ Lo & A
S . Al * 555nm go \\
% 6 ; - L+ s566nm -4 ‘ P 0 e e, — ——
e -~ 3 \' .
< &L * 620nm < 400 ‘500 *,/nrrf‘ \'{n \4M
; e 670nm 02 2 &
(EJ 3 L () 681nm ; : g 4
o </ 710nm E
@® 780nm § -6
o - - - ® 870nm Wavelengths(nm)
0 3 6 9 12
Simulated TOA (mW cm—=2 sr~! um-1)
The scatter of simulated and OCM3 measured TOA —eo—Top_28Feb2024% -—e—Top_28Feb2024% —o—Toa_300ct2024% Toa_300ct2024%

radiance over Kavaratti site.

. . 0 :
The mean vicarious calibration gain coefficients and its standard deviation in percentage varlatlons to_ the gain faCto_rS (%) across 412 to 1010 nm derived
over the bright target using Satellite Data Inversion (SDI) model

............ It is observed that out of thirteen channels of OCM, 490, 510,

Galn 0952 00998 00988 0998 00962 1.007 1.005 0984 1.004 0969 1.070 1088 | 620,670, 681, 710, 780, and 870nm bands are found to be much

251 260 387 438 492 534 573 567 571 535 579 576 stable as compared to the remaining 1.e. 412’_443' 555_’ 566 and
1010 nm. Because these bands are having relatively less
The percentage of relative difference is higher (~6%) for the chlorophyll channels (2-4) and || variations associated with the gain factor 1.5% with respect to

its reference band (5) shows ~7%. The NIR channel of OCM3 showed 4 to 5% relative || their mean while others are in between 2 to 3% except 412 nm for
absolute difference between the simulated and measurements with 0.98 coefficient of which it is 4.7%

correlation. The vicarious gain coefficients corrected TOA radiance of OCM3 radiance are
closely matches with the simulation.

WGCV-55, 8-11 July 2025 Babu, et. al., 2025 Anurag, et. al., 2025 Slide 10



Absolute Calibration EOS6-OCM3 using RVUS (2023-24)

Viewing angle

A RVUS site as imaged by OCM3 on 24 Oct 2024. 0 « Solar angle

A 3kmx3km area was used for calibration which corresponds to 3x3 pixel in
GAC Image

300... ’ / - . \ . \\60

A Calibration Ratio calculated using 17 cloud free observations of OCM3 270
data from J u2B @ D e 240

A Only observation with view angle <25~ considered for analysis

180
] 0.5 2
RSR weighted . 1 . 15
RadcalNet Rvus || 4O Ozoneand Sun and View #AOD @ Water Vapour o 1.8
Gnd Reflectance Water Vapour Geometry B
0.4 16 &~ 1.1
£ o
14 © =
EOS6-0CM3 L1C 0.3 ) 12 E 6:5 1.05 +—9 T T T
GAC Radiance fa) . T 5 - + L '|' l '|' -[ T
Image 2 [ ] r1 g. 9 1 T T
w | @ @© = J-
Conversion to per 0.2 1 Y 038 2 E -|— -[
pixel TOA ® B ] o] -
reflectance o o ° [ ] o ©° [ ] ° 0.6 ‘a ('__U 095 J_ J_ J. J_
7 01 ¢ . e L J 04 = S
Mean Reflectance * | 0.9
of the RVUS Date * L * * * L 3 ¢ . 0.2 J_ T
A ¢ ¢ * ¢ & o
representative Predicted TOA 0 T T T T T T T T T T T T T T T T 0
area Reflectance [\ ™M [x) m ™ < < < < < < < < < < < < 085 T T T T T T T T T T T T 1
3 8 8 3 88 83 8 8 38383 8 8 3 8
T S S S 5588888888838 83838¢8§ § Bl B2 B3 B4 B5 B6 B7 B8 B9 B10B11B12B13
" . . __ Pocm3 B B B ::I' ::I' 8 8 8 8 B B g S ::I' 2 2 2 OCM3 B d
T s 2342323222328 388433 anas
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INSAT-3DS

A Launched on 17-Feb-2024 using GSLV-F14 rocket, from Satish Dhawan Space Centre (SDSC/ISRO)

A Improvements to mitigate the issues related to the blackbody calibration and mid-night sun-intrusion

A INSAT-3DS replaced INSAT-3D at 82 °E

19 - Channel Sounder (18 IR + 1 VIS)

Ch.

I ¢

Nc

Detector Principal Purpose
No. (mm) (cm?) | absorbing gas
1 14.68 | 681 CO Stratosphere temperature
2 14.36 696 CcO, Tropopause temperature
% 3 14.06 711 CO, Upperlevel temperature
; 4 13.69 | 731 CO, Mid-level temperature
S 5 1335 | 749 CcO, Low-level temperature
6 12.63 792 H.,O Total precipitable water
7 12.01 | 833 H.O Surface temp., moisture
8 11.00 | 909 Window Surface temperature
6-Channel Ima © 9 9.72 | 1029 Os Total ozone
) ger g 10 7.43 | 1347 H,O Low-level moisture
Channel | Spectral Band | Spatial Resolution | SNR @ 100% or s 11 | 703 | 1422 Hz0 Mid-level moisture
(um) at Nadir (km) NEAT@300K 12 6.51 | 1537 H,0 Upperlevel moisture
VIS 0.55-0.75 1 km SNR>150 13 460 | 2174 N,O Low-level temperature
SWIR 155168 Lk SNES150 o 14 4.55 | 2200 N,O Mid-level temperature
g 15 448 | 2235 CcO, Upperlevel temperature
MIR 3.80-4.00 4 km L4K E 16 416 | 2404 cO, Boundarylevel temperature
Wwv 6.5-7.1 8 km 1.0K@230K N 17 401 | 2493 window Surface temperature
TIR-1 103-11.3 4 km 0.35K 18 3.76 2659 window Surface temperature, moisture
TIR-2 115-12.5 < 035K Visible 19 0.695 | 14367 visible Clouddetection during daytime

WGCV-55, 8-11 July 2025

SAT : INSAT-3S IMG
TIR1 Count 10.8 um
L1B FULL DISK

971
MOSDAC,SAC
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INSAT-3DS Imager Counts and MODIS Radiance for VIS & SWIR Channels

2
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INSAT-3DS Counts

3DS Counts & MODIS VIS Rad. for Aug-2024
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3DS Counts & MODIS SWR Rad. for Sep-2024
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INSAT-3DS Imager

Date TIME (GMT) Lat Lon 6S VIS 6S _SWIR VIS SWIR gain_vis gain_swir
ey B B 20-03-24 '0659' 23.354 71.440 9.71 2.08 8.21 1.88 1.18 1.11
20-03-24 '0659 23.354 71.440 9.83 2.08 8.21 1.88 1.20 1.11
8 3% 2037 254 20-03-24 '0659 23.349 71.448 8.86 1.88 8.21 1.84 1.08 1.02
20-03-24 '0659 23.341 71.449 9.06 2.03 8.21 1.84 1.10 1.11
28 20 o4 20-03-24 ‘0659 23.348 71.416 8.92 2.01 8.34 1.86 1.07 1.08
5 ¥ 20-03-24 '0629' 23.343 71.443 9.63 2.05 8.60 1.94 1.12 1.06
23 20-03-24 '0629' 23.343 71.434 9.42 2.06 8.60 1.88 1.09 1.10
11 % 20-03-24 '0629' 23.337 71.422 8.56 1.73 8.73 1.95 0.98 0.89
18 20 22 20-03-24 '0629' 23.334 71.442 9.60 2.26 8.41 1.97 1.14 1.14
. S 20-03-24 '0629 23.325 71.438 9.06 2.00 8.41 1.81 1.08 1.11
12 20-03-24 '0629' 23.317 71.435 9.56 2.08 8.67 1.79 1.10 1.16
20-03-24 '0559 23.333 71.418 9.20 2.02 8.41 1.84 1.09 1.10
- 20-03-24 '0559' 23.325 71.416 8.62 2.09 8.41 1.84 1.03 1.13
20-03-24 '0559' 23.325 71.416 9.07 2.21 8.41 1.84 1.08 1.20
20-03-24 ‘0559 23.329 71.430 8.68 1.89 8.21 1.77 1.06 1.07
20-03-24 '0559 23.326 71.403 9.69 2.10 8.87 1.80 1.09 1.16
20-03-24 '0559 23.323 71.424 9.59 2.05 8.28 1.77 1.16 1.15
- i i i 9.24 2.04 8.42 1.85 1.10 1.10
6S VIS 6S SWIR VIS SWIR  Gain Vis Gain_Swir
1.3
1.2 Gain - . . .
1.1 ’\’\/\‘ \_____\/\/ Gain derived from reflectance measurements over Little Rann of Kutch on 20Mar2024
N \/ (observations filtered between 0600 to 0700 GMT and over homogeneous regions)
0.9
gi Gain for VIS and SWIR bands derived from Imager
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 TOA radiance and simulated (6S TOA radiance).
VIS G_SWIR

WGCV-55, 8-11 July 2025 Team: Babu, Sanjib Kumar Deb, Saurabh Tripathi Slide 14



Vicarious Calibration Results for INSAT-3DS and INSAT-3DR

Time Point
(GMT) Lat Lon

Date INSAT _3DS  Gain VIS Gain_SWIR INSAT 3DR Gain_VIS Gain_SWIR

01-01-25
01-01-25
01-01-25
01-01-25
01-01-25
01-01-25
09-01-25
09-01-25
09-01-25
09-01-25
09-01-25
09-01-25
09-01-25
09-01-25
09-01-25

6
630
630
630
630
630

630
630
630

23.30797
23.31562
23.322
23.32983
23.32588
23.33204
23.32345
23.32075
23.31793
23.32055
23.32095
23.32187
23.32197
23.32488
23.32667

mean =

Yi(1.5x0-X}<X;<(1.5+0+X)

Saurabh Danish HussainSanjibK. Deb

WGCV-55, 8-11 July 20

71.43459
71.42627
71.42082
71.42383
71.42832
71.42765
71.42242
71.4181
71.41345
71.41247
71.41513
71.4209
71.42087
71.42188
71.42433

Mean

Std
Mean+(1.5*Std
)

Mean-(1.5*Std)

INSAT_3DS
FINAL_Mean
Stdev

1.11
1.18
1.21
1.24
11
1.41
1.06
11
1.17
1.18
1.14
1.14
1.12
1.12
1
1.15
0.09

1.29
1.01

Gain_VIS
1.14
0.05

0.84
1.13
1.09
1.14
0.89
1.29
0.93
0.95
1.01
11
0.97
1.03
0.96
1.06
0.87
1.02
0.09

1.16
0.88

Gain_SWIR
1.02
0.08

Mean

Std
Mean+(1.5*Std
)

Mean-(1.5*Std)

INSAT 3DR Gain VIS Gain_SWIR

FINAL_Mean
Stdev

1.05
1.15
1.21
1.27
1.07
1.39
1.07
1.09
1.14
1.14
1.11
1.09
1.11
1.09
0.97
1.13
0.10

1.28
0.98

1.12
0.06

0.78
1.08
1.04
1.10
0.85
1.22
0.87
0.86
0.93
1.01
0.89
0.94
0.95
1.05
0.86
0.96
0.12

1.14
0.78

0.96
0.09



Radiometric Vicarious Calibration of GEO Satellites: INSAT-3D and -3DR

Cal | b I’atl O n 69°22'40"E 89°33'0"E 69°43'20"E B89°53'40"E
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Reflectance 5
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. E0S-04 MRS Gamma-Naught Over Yellapur Forest =#=HH _Veg_Mean
Study area:
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Cross Calibration using SCATSAT-1
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Calibration using SCATSAT-1
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Comparison with other sources

Comparison with TAO/TRITON/RAMA and OMNI Buoy data )
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Density scatterplot of comparison between EOS-06
Scat wind speed and wind direction with buoy data.

Collocated data from May 2023 to December 2023
were used for this comparison.

EOS-06 offers wind vector with accuracy of:
A 1.32 m/s and 18.8 deg wrt. buoy

A 0.96m/s and 16.9 deg wrt HY2D
A 1.25m/s and 14 deg wrt ECMW Density scatter plot of EOS-06 Scat winds with ECMWF analysis winds
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Spatial variation of mean Bias and RMSE for wind speed and

direction between EOS-06 and ECMWF Analysis winds

wind Speed

Latitude
Lotitude

o 60. 120, 180, 24. Joo. 3450,

Wind Direction

Lotitude
Lotitude

o 0, 120, 180, 240, o, 0
Longitude
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Having a larger (1.4m) antenna EOS-06 offers better measurements over low wind conditions and over icy regions
The less swath edges appear in EOS-06 as compared SCATSAT-1 indicate reduced cross-scan bias

Larger heterogeneity is captured by SNR of EOS-06 over low wind regions near equator.

EOS-06 has stable sigma-0 measurements from March2023-Till date over all calibration sites.

The biases like look bias and pass bias over calibration sites remains within +/- 3dB for all beams and is stable till date
Over ocean the sigma-0 remains stable across the swath.
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NISAR: Pan-India CR network-status

U SAC In-house designed and developed Corner reflectors Estimated calibration

deployed at nine locations across India. parameters
for IITK CR (EOS-04
(l EOS-04 and NovaSAR data acquisitions over five locations in " 3.9 1 s RS-1 FP 4 Oct 2024)

North India was done during 5 June i 30 June 2025 to monitor

the temporal stability of CR response. W 39.52 42.69

Cross-pol response 40ct24 FRS1 NISAR CR
40ct24 1 NI
Point Target Relative Power (FRS-1HH) CR 40ct 24 150cm Gapolresponss 40cta4 FRETMBRARCR)

60

0

Normalized Recaived Power

o Rk %

100 50 100 50
Elipticity Angle (Degrees) Elipticity Angle (Degrees]
Orientation Angle (Degrees) Orientation Angle (Degrees) A

Temporal stability
analysis
of CR performance

HH W  HH W

4 October ITKanpur 933 928 1.2 1.58
2024

5 February Bopal, 926 921 1.21 1.62
2023 Ahmedabad

U Peak power of the CR was found to be almost same for both the

e P : polarizations as well as the peak power observed in the EOS-04
| FRS-1 data acquired almost one and a half years back, over
Pan-India locations having permanently deployed another site ( Bopal, Ahmedabad) on 5 Feb 2023.
Corner Reflectors U  This proves the consistency in the performance of the reflector
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Antarctica passive targets maintenance and reorientation as per NISAR C E £ S

U Out of five CRs installed in Antarctica, three were reoriented for NISAR by 44™ Indian Scientific Expedition team from SAC during Jan-April 2025.
U Maintenance and DGPS survey of four CRs was carried out. Reflector located at far-range could not be surveyed due to logistics constraints.
CR Maitri (NISAR) IcesheetMaitri (NISAR) Icesheet Maitri (NISAR) Bharati (EOS-04)

Status of the
CR before
maintenance _

Status of the 5%
CR after :

maintenance |
(2025)

Bharati CR response in 5 March 2025 EOS-04 FRS image
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