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New Year Greetings to all the readers of P2P.

Since the publication of last P2P in July, 2023, NRSC has made
significant strides in many areas. The notable among them
is compliance to data dissemination guidelines of IRS data
dissemination as per the Indian Space Policy 2023 for ‘free
and open’ data access. All EO data collected at NRSC  will be
available to users for download through the Bhoonidhi Portal
(https://bhoonidhi.nrsc.gov.in). The portal enables access to
extensive archive of remote sensing data from Indian and foreign
remote sensing sensors acquired since 1988 at NRSC and its
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ground stations in India and abroad. Portal will open up current (up to 3
months) data from Resourcesat-2/2A series, RISAT-1A CRS and MRS
(EQS-4) series data as ‘free and open’, 24 hours after acquisition, for
direct downloads. Data older than 3-months since its acquisition as well as
Resourcesat-1, Oceansat-1&2 , Scatsat-1, IMS-1 , SARAL , IRS-1A, 1B,
1C, 1D, P2, P3, RISAT-1(CRS, MRS mode), EOS-6 needs to be ordered
and shall also be available for downloads.

The otherimportant achievements shall include the realization of S/X/Ka Tri-
band feed, designed and developed in-house for data reception in all three
frequency bands. Feed was integrated with existing 7.5 m S/X band Antenna
system (AS-06) at IMGEOS and performance of the newly developed feed
has been found to be satisfactory.

On the web services applications front, Bhuvan geoportal has expanded
its international services to Pacific Island Nations with the Hon’ble Prime
Minister of India inaugurating the Bhuvan-DWEPIC (Data Warehouse for
Empowering Pacific Island Countries) portal in May 2023 for satellite
data visualization, thematic information, terrain information and disaster
management datasets, etc. Launch of Bhuvan-OMAN geo portal (in August,
2023, release of Night Time Light over India (2012 — 2021) atlas and
conduct of Hackathon at International Indian Science Festival (IISF), Noida
were other significant achievements.

Disaster Management Support was provided for Major flood events that
occurred in the country, tracking of Michaung cyclone, Monitoring the
GLOF scenario of the South Lhonak Lake, Sikkim, signing of MoUs with
DoLR, Ministry of Rural Development (WDC-PMKSY 2.0), 2; Ministry of
Housing & Urban Affairs (MoHUA) for 'AMRUT 2.0; with NHAI (Green
Cover Index) were signed during this period, launch of National Information
System for Climate and Environmental Studies (NICES) phase - Il and NICES
portal, completion of Space based Information Support for Decentralised
Planning (SIS-DP); Remote Sensing enabled Online Chemical Emergency
Response System (ROCERS) for chemical emergencies for the state of
Kerala and completion of airborne LIDAR data acquisition in Ganga basin
covering @ 15000 km? for flood modelling were notable achievements in
the applications area. NRSC conducted two short term unique courses on
Data Acquisition and Data Processing of EQ satellites in association with
Centre for Space Science and Technology Education in Asia and the Pacific
(CSSTEAP) in addition to regular training and outreach programmes.

National Database for Emergency Management (NDEM) is conferred with
Geo-Spatial excellence award for spatial technology, during the recent
GeoSmart India 2023 and Director, NRSC is conferred with 2023 Asia
Pacific Region Excellence Award in Space. NRSA/NRSC entered into its
50th year and shall continue to strive towards excellence in serving the
geospatial community especially for the up-coming satellite Mission(s) viz

NISAR, RS-35 / 35A. Dr. Prakash Chauhan, Director, NRSC
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1 Glacial Lake Outburst Floods in Sikkim

4 IFECER 2023 @ fGfgHA T=g # Sawas & uRumTEey
eIt wra gy, e gfarn g fgreg 3ia & ST Jar
& o uftad, femeg @1 o ok el M @ & e g1 &
AT & uftads e € | gféror g e & et g & arg
TTART I I (AT 3T AT AT BT GITH) SR ST
T EEE & BT 4Gt &l AIeE § H Igerd gu | 34 ufada
& rear, A # U H e gig o Rl g & (Fa-
1.1) T8 T | g SHUASTUE/ G We-/ T a1 i ATl
& PHRUT &l HahelT ¢ | 3G UIROTHEEY Gl I T, TS bl ThaTT
T, Site SfQ &1 T gat |

S8 & 4 SragsR 2023 (0200 S9) @S9 g AR TIQ i
HeTail dt SRR fAeft, 0600 a9t 3T & REe-1T & gag aan
Iuug fora o) SR &3 ol STauR He | 369 gfar e
&Y deenret (R & 3MTehete &ea  Hag el | & a1g § Uga 31k
T1G & Hlfeldh IUUG [SFa] T IUINT e SN o UehIT & THTd U
IYTR- YR @ T STiford foa 7 |

Tfea-1 (28 AR 2023) 3R fR@e-17 (17 fader 2023 3 4
STaEa 2023) T U STe-Yd forat & udn Ter § % gfeor e
il H 9% ol Heral ¢, [SHe TRUTHEEY Tif9ER & Held & B0
T TER & H 167 gaedR T 62 gaedR d ol Seaia-a HHt
(fRd-1.2) 3 2| 3G 7elrdl, 5 3MFeer 2023 &l 10:30 591
e fREEde-21 fog-1V o (5.8m) & H9-Ha oiifgee 3=a
a9 IuTg BT A A g 9% Fi TrgR (AR Fe F A

The floods in Sikkim state on 4th October 2023 resulted into
devastating impacts including changes in the water spread area of
South Lhonak glacial lake, calving of glacier and changes in river
course near the lake outlet location. There were several changes
in the river width due to landslides along the downstream of South
Lhonak lake up to Chungthang dam site (confluence of Lachen
and Lachung rivers) and beyond. In addition to these changes,
the Chungthang dam collapsed due to a sudden surge in water in
the river (Figure1.1). This could be due to incidents of GLOF/cloud
burst/flash floods. It also resulted in washing away of bridges,
damage to the roads, loss of lives etc.

As soon as information was received on the events of dam collapse
and flood events on 4th October 2023 (at 0200Hrs), there was an
opportunity to capture the microwave satellite image from ISRO's
RISAT-1A at 0600 hrs. This helped in assessing the immediate
status of the South Lhonak lake. Satellite-based rapid study was
conducted on the impact of outburst of the lake using pre & post-
flood temporal satellite images over the area.

Pre-flood images from Sentinel-1 (28th Sep 2023) and RISAT-1A
(17th Sep 2023 & 4th Oct 2023) depicted that there are snow debris
in the South Lhonak lake, resulting in a significant decrease in water
spread area from 167 ha to 62 ha due to calving of glacier materials
from the glacier snout (Figure1.2). Further, cloud-free optical high
resolution satellite data of Resourcesat-2A LISS-IV image (5.8m)
acquired at 10:30 hrs on 5th Oct 2023 indicated the melting of

Cartosat-2E Satellite Image of 10 May 2023

Before

Flood Event

fod 1.1: grerT a9 (A) &1 g-T 13 STaeeR 2023 3 3UUE fam R 3@ T1(a1g & a15)
Figure 1.1: Collapse of Chungthang dam (A) seen on satellite image of 13th Oct 2023 (post-flood)

Cartosat-3 Satellite Image of 13 Oct 2023
g N After
C gl ) Flood Event
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1.5 et o1 & e o gk o, St araa= | gfg & @R floating ice sheet (about 1.5 km length from the glacier snout), which
2 gohaT ¢ | ST &d TTHIT 130 gaea’ Uil T, S 28 fader may be due to an increase in temperature. Lake area was found to
2023 & Jd-9eT 3uUg 21 il go & 37 g w9 g | fafdm be about 130 ha, which is a reduction of 37 ha when compared to
I 9% 9T qﬁ 3R aTE it e i TS o dIerE @ fa-1.3 pre-event satellite data of 28th Sep 2023. Pre and post-event lake

¥ e a2 length and widths at different locations are shown in Figure1.3.
RISAT-1A, 17 Sep 2023 Sentinel-1A, 28 Sep 2023 RISAT-1A, 04 Oct 2023 (0600 Hrs)
Area: 162.7 Ha (Approx.) Area' 167 4 Ha (Approx ) Area: 60.3 Ha (Approx.)

1’??1?1 2: ﬁm@w@a%wﬁaﬁ?m%mﬁwaﬁa %ﬁ%mmﬁwﬁaﬁ%
Figure 1.2: Pre & post-event satellite images over South Lhonak Lake showing reduction in water spread of lake area

Sentinel-1A image of 28-Sep-2023 Resourcesat-ZA LISS IV image of 5-Oct-2023
- T i : o _

e 1.3: ﬁw@w@ammﬁm ‘aw@rq%?r ﬁ?&ﬁ?ﬁ%ﬁﬁﬁmaﬁ?ﬁ@éﬁ@ﬁ%
Figure 1.3: Satellite images over South Lhonak Lake showing pre and post-event lake length and width
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Paddy stubble burnt area progression over Punjab & Haryana-Kharif 2023

IS 3TR g Tsat H e S ST @ sided e & fog
e arafae o1l 3uug (SUOMI-NPP VIERS) e afera
fr srafefaat et wanT fomar e o1 | Y 3aR ST @l gagyert
el HTEh Xd bl SUANT ohich HTEeh fohar a1 o1 | fielt (MIRBI-
fie gapRe o $299) gadhich o FANT F¥ah Yore iR glamn
Tt 3 folg Wi 2023 B ATk 91 URTeH g8 &ell 3T gHeht
TrTigen/aifaren st &t fAiar TR @i strerer forar mmar o, s
STt &1l T STHIA T & feq g1 "Ud Sae] 31TE STR Sei & g
I TG R R |

15 e @ Y& 8IaR 30 AdeR, 2023 &t 37af¥ I & feig 20 Hiex
resolution 3R 5 &7 & 3iaRTel arel dfeer-2 sfiehe! @l fazeayor
e T | oTa 31X BT @ Pt @ dra & HERE: 29.19
ARG BT 3T 11.95 TG SaeaR B T STHIA T 7T o |
ST SR gRETon # (30 FIER %) Fel HUS ST arelt srafefiar
R 30,884 37X 2801 UTE 7T | USTTa 3TR gRATIN o1 et STt &t
HAY: 18.09 TG §aIR (Pl TG &t H 62%) 3fX 3.27 A
I (T 1A &d & 27%) T T | (e 2.1)

Near real time satellite (Suomi-NPP VIIRS) based active fire
locations were utilized to assess the in-season farm fires in Punjab
and Haryana states. The non-farm fires were masked out using
LULC crop mask layer. Continuous monitoring and assessment
of the actual paddy stubble burnt areas and its weekly/fortnightly
progression was carried out for kharif 2023 for Punjab & Haryana
states using the MIRBI (Mid Infrared Burn Index) index which
utilizes a combination of two SWIR bands to estimate the burnt
area.

20m resolution and 5-day interval Sentinel-2 data starting from
September 15 to November 30, 2023 were analyzed. Total kharif
rice area of Punjab and Haryana was estimated to be 29.19 lakh
ha and 11.95 lakh ha respectively. Total farm fire locations over
Punjab and Haryana (till 30th November) were found to be 30,884
and 2801 respectively. The total burnt area of Punjab and Haryana
was found to be 18.09 lakh ha (62% of total rice area) and 3.27
lakh ha (27% of total rice area) respectively (Figure 2.1).
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Figure 2.1: Farm fire and rice stubble burnt area progression over Punjab & Haryana in kharif 2023 season
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Algal blooms mapping using E0S-04 C-band SAR over the Arabian Sea

Tl s ("=ar") ferddt STeita I & 91 gHa H Sare i sraret
H IS T g & | Farer ol 7 €9 T Sa-fawrert ugrdf & &1 71
ST @ 3R €l T ® Tged Yarel SIRienrail & SRoT gt @l
T fafRiy Afemfenor sadht faive § | ag g, @, o il diat &1
& B & | RaTel & W YRR FraAraaei A (er-ga dare) 3
AT SR (el Jarer) & | g <l A=A, UTet BT I ATIAM, =i
FATY 3R THg Iy ded Tal o 7oA o fog Iuer uRfeIfar € |
F AT ST Y & oIy T gid & 3 Tl Sitad & g
T HEe Yol @Y §id S1d ¢ | GER FehR & STel foieg, gif-eheeh
Srarer ot gl ST 8, SR STel (el @l 1Y ST 37 9ed 3d
£ T 3R FG GHIEEl & A T & O fare (e
=H - Tt 6t R eawge § | HeEnR # Sarel & Afea
3R ARt & T YR e qod oSt il § | 38feY, 39
ST I ILRT -00T-04 Hi-de fGAfesws o TR (SAR)
2 &1 STGNT e I fasigq, faT o od aur "HigH fo eman
goft " & e wX "goft Higw # w1 e {3 g’ e =nfey |
3RS GIR H LaTel @l AR 3R AR & sqeh! & & St
AT ¢ | -T8I01 3UUE-04 C-s'e SAR R F 9 wradt 2023 &l
3RS TR o HIR QTell ot HisTert ol e o | 9-Seqor Iuwrg
04 3 BTE Whel HERA 3R qa AE-Thel farvarat &l R
foa 3R aTget aret A1 & R iffihet SeT ol FATIRIT e
fen (R 3.1) |

JaTet ST Wi €9 & TASIAE ¢, TET SHTHGA LA T ¢
3fR THUSTR foa & Saret &t Aieigrht fomrs gt 8 1 3 arfersar O
g9 &d & Bl Tgd ¢ ST A1 Y SIS Rl qYT 91 Saieie
e IR ¥ Gafga B | I feiss (Yarat & Amd #) thed,

Algal Bloom (AB) is the rapid increase in the population of algae
in an aquatic system over a short period of time. AB’s are known
to be mainly composed of bio-toxins and are characterized by a
distinct discoloration of water due to a large number of pigmented
algae cells. The colors range from green, red, brown and yellow.
The major types of AB’s are cyanobacteria (blue-green algae) and
red tides (red AB'’s). The suitable conditions for the formation of
AB’s are sunlight, high water temperature, calm winds and high
levels of nutrients. Some algae are helpful for aquaculture and are
an important food source for marine life. The other type of algae,
also known as harmful algae, often change the smell and color
of the water bodies. For an effective management of coastal and
marine resources, monitoring of AB’s is essential. Remote sensing
is the best way to map and monitor AB’s in the oceans. This study
aimed to use the E0S-04 C-band Synthetic Aperture Radar (SAR)
data to examine its potential in mapping and monitoring of the
AB’s in the Arabian Sea due to its unique characteristics of high
resolution, day and night and all weather capability. The EQS-04
C-band SAR sensor captured the signatures of the AB’s over the
Arabian Sea on 9th February 2023. EOS-04 captured the fine scale
mesoscale and sub meso-scale features and supplemented the
optical data during cloudy days (Figure.3.1.).

The blooms which are biogenic in nature, show strong wave
damping capabilities, and appear as dark signatures on the SAR
images. They are mostly associated with swirling eddies spread
over the area which are associated with either biogenic slicks and/
or convergent current shears. The biogenic slick (in this case,
algae) tends to accumulate at the surface along the lines of fronts,

EO05-04 data on 9 Feb 2023, 01:32 Hrs UTC
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Figure 3.1: Algal bloom signatures identified in EOS-04 C-Band SAR data (Left) are matching with the features in E0S-06 OCM3 data
(Right) on the same day.

Subset of OCM3 RRS RGB image on 9 Feb 2023 matching
with Scene-1 of EOS-04
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TSt 3T &ie AR ! 1etl 3 W1 Tag WX SHI eaT ¢ | 38fery, 39
ferRwaTail o SN AETEhe i IU-HHIEhe THgl ufshanet &
ST & g Uiet & &9 § fopar ST Gendl ¢ | 271 SaTedl & vael
fRreror & &ROT 3 gy fog d @y 9 § fo@rE usd €1 eRa
YR # wRadl 71g 7 STerTet g (Tt-viara) & Sufefa qet T R,
=g Afaeeent sm et ST € | 31eaae & | aren & Iufeafa
SAR 2eT # fg@rs ved ¢ ifes gaTEegR adt & medt Iufefy
T2 & - 2881 @ -24 el Sehte IS FI FHaR FLal ¢ | Tal Y
TTQ T &l &E 397 2-4 km @97 ~18 km 8 Sit Sarg &d § 39
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(OCM-3) esiist fofai # gt 712 | SAR # fg@a aret #eieshe
TG OCM-3 et & 1y ffd ofiR 3R & Al @1 W1 & | 39-Ti
ISR EEe T Felled A 3= FRiha-T (Chl-a) digar
et Sarer it Sl 4fy &t | 30 TR, e ga- A4l el
TG @ S AT (SqH) ot Iufedfa &1 sremae e | of-Tgr
IUUG-04 TEUSTR Ydgah i &7aT of gRitan ¢ | "faeryor & qem
favieg A H Taug gatevl | $3iUd-4 TEUSTR Sfd &l 39giT
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eddies and current shear. Hence, these features can be used as
a proxy for studying the mesoscale and sub-mesoscale marine
processes. Due to strong damping of these algae, they are clearly
visible even in optical images. In the Arabian Sea, the presence
of AB’s are observed in the month of February, which are called
Noctiluca blooms. E0S-04 SAR images in HH polarization in
Medium Resolution Mode have been used in this analysis. The
Bloom signatures are visible in SAR data as dark signatures of
meandering eddy features covering the large areas with the
backscatter range in between -28 dB to -24 dB in the study region.
The detected eddies diameter range is 2-4 km and ~18 km
which are depict the sub mesoscale and mesoscale eddies in the
bloom region. These meso and sub mesoscale eddies might be
generated due to horizontal density gradients in a process known
as baroclinic instability. The backscatter intensity changes across
these eddies is due to intense convergence and divergence zones
due to swirling motion of eddies. Similar bloom-induced signatures
of eddies are also seen on EOS-06 Ocean Color Monitor (OCM-3)
RGB images of the same day. The mesoscale eddy features in
SAR are matching in position and size with the OCM3 data. In-
situ Biogeochemical Argo floats confirmed the bloom signature by
showing high Chlorophyll-a (Chl-a) concentration. Thus, the study
showcases the potential of EOS-04 SAR sensor in studying the
sub-meso scale eddy associated bloom signatures.
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f4@sR 04-08, 2023 % R ARARTTH-gfeor, STTTe A FEI-SIgHyy Hfregor
ISRO-DMS Training at RRSC-South, Bengaluru during Dec 04-08, 2023
04-08 fEER, 2023 & R ST YoT GG &g - gaIvT, TITRUEH!, F7Tee # "31uer waee & fog siafker gem o-gor' = 5 fgada
et ufRieror sy SnfSia fovam |

UfRIeror wrisEA | gferolt Tsat Feted, dffierg, S, Y UeRl, YA SR AT @ eI 36 W 3 W forar | ey,

FHYHTAEITHY, FTEHUASIUHE], PGSR, T59 9F IwT 91 (qffemg iR ), 9ff R, S faun (Fes ik afierg),
STEEYRR- SEINETTSR, B! 61, dISTa 1R LAefUes Tl & feial 3 ufieror § 9 foran |

e TfKE, SHR A 7T ARIVEES & T 04 fG@eR, 2023 i UfRieqor SHrishH & IgTe fhar ik Fgemes, TreregEt A 08 fGger, 2023
I GHTY Tl ht STI&TAT Gt |

5-day Regional Training programme on “Space Enabled Geoinformation for Disaster Management” was organized at Regional Remote
Sensing Centre — South, NRSC, Bengaluru during December 04-08, 2023.

About 36 participants from southern states of Karnataka, Tamil Nadu, Kerala, Andra Pradesh, Puducherry and Goa attended the training
program. Officials from NDRF, KSNDMA, KSNDMC, KSRSAC, State Landuse Boards (Tamil Nadu & Kerala), Land Records, Agriculture
Department (Karnataka & Tamil Nadu), ICAR-IIHR, Coffee Board, BEL and Academic Institutions attended the training.

Scientific Secretary, ISRO along with Chief General Manager inaugurated the training program on December 04, 2023 and Director, NRSC
chaired the concluding session on December 08, 2023.

\




I
Pixel 2 People

4

fel-areie weert (N'TL) ghfad semT &t diteran a1 wfafafee st
%@qﬁwﬁmmwﬁﬁﬁﬁr%ﬁamﬁﬁwﬁa@m
2 mﬁwwﬁ@ﬁwqﬁﬁ%ﬁw%waﬁ?sﬁwwﬁ%
AT @2 Gahaer U ¢ | .81 aﬁn@auﬁaa‘e‘@mm
2 sﬁﬁwﬁﬁﬁﬁﬁ%ﬁﬁ%ﬁmﬁﬁwwwm
21 VIIRS-DNB @ 15 aé-8ave § =fdq =% Aa T.2.
Tet 3ag (VNP46) 7T Gdet T 0 Soelts & forg Sqersd 2 |
TEITe 3dTG o fafes mﬁ%ﬁqqﬁaﬁﬁﬁwﬁﬁﬁmw
3 R wea SRR, Tad i TaaH feRoT wer (S13TREITm)/
3Teael, TG feturar, TR, A, @A, areafa, Safid ai iR
TG e €1 VNP46 3G T8 (F3€) | &fF, mfaes affy,
i GiEs el € | 27 Terde 1 [Eevol &1 G 2e1 3a@ig
(ARND) dIR & & feiq aridiies €0 & Gaifera feran St €, ot
e fSar-2, Troies &) eI el g 3R TahaE e e,
ST SR TafEaT 33 & o aTe @ (e aRTve ergA- TAT) % g
ST frRaifSdht fsaTg B Hem ST 8 |

1) arfies affrst &1 Wi o g / a9 / S ar gRhig waf
fareteor

2) Tehel U] IUTG o T1Y FHIHIT feRetwor — Igaardt
3) YR H Ufd-ahleli= T - a9 2023

1. Tt Gffisr 1 9@nT #e g / 9 / o ar guda vaf
IECERE memﬁwﬁﬁﬁaaﬁaﬁwﬁaaﬁ
%ﬁﬂwaﬁé]@H%VNP%Maﬁ?@Hﬁaéqﬁaﬁaqmﬁm
TIeRT B AT (SoL.) Bt FaRewoT 3 forq sraiT fobart Trlr 2 | & 2012
T 2021 &t 37afe & foiq S1fe IR / 759 / SielaR gRiehig v
fawetyor forar T | g7 Rl @ AMfedEet (Teay) “siaRe &
WR H Wfd-eprelis et (NTL) &1 geenia uRads | ueRid feman
T o, oI o7ae Uiee & HIeAH ¥ SUAsT ST TR | 39 Ueed
ﬁﬁwﬁ’fwwm%w ST FefTerall el s fomar e ek g8
wmﬁw%mw%aﬁ?sﬂ%aﬁﬁﬁ@wwa%m%aﬁa&
fereprer % Gy & AR e 0 o o 2 1

T gt Tl H Seekeg gfg it wafi gt TR, S R RA H
i A, Tedeyl, STaERaAT e @ 2l et 21 -
T TR & Tdaiiaul & faq Ues 99 Uide sifiefedd (fesime)
3R faefEr foa T € iR 38 Y& Uicet https://bhuvan-appl.
nrsc.gov.in/bhuvan_ntl/ & ATeaH & @1 ST §h1 € |

Night Lights over Bharat

Night Time Lights (NTL) represent the intensity of artificial lights
which can be related to many dimensions of developmental
activities on Earth. There are several indicators which depict the
economic and ecological resilience. NTL can provide important
insights and can be considered as one of the indicators to monitor
these activities. Black Marble NTL products (VNP46) derived from
VIIRS-DNB @ 15 arc-second are available at NASA portal for free
download. The NTL product has been meticulously corrected for
various factors, including view geometry, surface bidirectional
reflectance distribution function (BRDF)/albedo, lunar irradiance,
aerosol, cloud, snow, vegetation, geometric and aurora effects.
The VNP46 product suite includes daily, monthly and annual
composites. These datasets are further processed in-house to
generate Analysis Ready NTL Data products (ARND), which
enables data analytics with improved Turn Around Time (TAT).

Three major activities have been carried out:

1) Nation / State / District-wise Decadal Trend Analysis using
annual composites

2) Regression Analysis with GDP — Nation-wide

3) Night Time Lights over Bharat - Year 2023

1. Nation / State / District wise Decadal Trend Analysis
using annual composites: From VNP46A4 Annual composite,
normalized Sum of Lights (SoL) was calculated by aggregating
the total radiance divided by total geographic area at different
administrative units. Decadal trend analysis was done pan-India
/ State / District-wise for the period 2012 to 2021. These results
were showcased in an Atlas entitled "Decadal Change of Night
Time Light (NTL) over India from Space (2012-2021)". The same
is made available through Bhuvan portal. The atlas has been
disseminated to user community and ministries, and has been
shared on YouTube.

Significant increase ingtrend was observed in most of the states,
indicating economic development, urbanisation and infrastructure
development over India. A web portal was designed and developed
for visualization of Night Time Lights. The same can be accessed
from Bhuvan portal through https://bhuvan-app1.nrsc.gov.in/
bhuvan_ntl/
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Approx. 43% increase observed from 2012 to 2021
with respect to base year 2012, then 5% decrease
observed in 2020 with respect to 2019, which could
be due to COVID-19 pandemic and 9% increase
observed in 2021 with respect to 2020.
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Figure 4.1: Decadal Change of Night Time Light (NTL) over India from Space (2012 - 2021)
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NTL Radiance and GDP Correlation
« Study of Socio-economic parameters relation with NTL
 NTL data analysis financial year wise from monthly data

* Analysis shows high correlation with Yearly GDP of India and
NTL (Avg. NTL radiance)

* R2 Score: 0.91 (Correlation: 0.95)

e 4.2: TSI - SIS Teday, g ugfl
Figure 4.2: NTL — GDP Correlation, Decadal Trend
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2023 & R faaeor & fog g &t foam man 7 1 38 fagererserm
& fu u.g.9.%. aRe & Ao 3R & fagmo & gfed ferar man g |

A IR TSI Hivih THT IA1g STAUI46T2 &
TNt &1 IYFNT aah a8 2023 & oY I foman ST ¢ 1 afed-
e fafr &1 9givT s T 31aaa &l g2 & aIg T 3G U
Tee 3MeeYe & | Ig IUTG faaretl-2023 o g faror & forg g
I U o T | 38 HAETieRiuT o felq gaeTReadt ufRek # Ao
MHR % Gee & HfGd HaTHt Teid a1 T g |

Fracie: FEMTR &, TG &dl 3k T Tl % e,
TEIUe Siehel ot o digrdT STadifend ol T8 ¢ | faeet! Tetamt &,
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yaTeR &l & ST&Y & 9 &, Tgrel &, eI & ok Afgat #
forgit oft TR <R <ltera g gt TS a1 =gAaH <o uTE TE g |

2. Regression Analysis with GDP - Nation-wide : NTL is often
used as a proxy for socio-economic parameters, as more lights
typically mean increased activity, infrastructure development and
economic growth. Various regression analysis were carried out
using quarterly datasets of nation-wide GDP data (2012 onwards)
with NTL data. Panel Regression was implemented, and Machine
Learning techniques like LASSO and GLM to train the models and
carry out comparitive analysis. The overall observation indicated
good correlation with R2 score above 0.91 in all the techniques.

3. Night Time Lights over Bharat - Year 2023 : Pan-India NTL
mosaic composite product is generated for the year 2023 using
daily observations of VNP46A2. The composite product is a robust
output after removal of noise component using box-plot method.
The product was given to press for distribution during Diwali-2023.

High intensity of NTL data was observed over the metro city
regions, urban areas and along national highways. The National
Capital region, Hyderabad, Bengaluru, Chennai, Kolkata, Mumbai,
Pune, Ahmedabad, Jaipur and many urban cities exhibited high
intensity of NTL. The forest areas, hilly regions, desert regions and
rivers had no or minimal intensity NTL as observed in Jammu &
Kashmir, Ladakh and North-Eastern regions.

Observations: In the metro regions, urban areas and along national
highways, high intensity of NTL data is observed. The Delhi Capital
region, Hyderabad, Bengaluru, Chennai, Kolkata, Mumbai, Pune,
Ahmedabad, Jaipur and many urban cities exhibit high intensity.
The forest areas, hilly regions, desert regions and rivers are having
no or minimal intensity as observed in the Jammu & Kashmir,
Ladakh and North-East regions.
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ST, Wepr<l i, Mewes, TTaTRUsH! &l eregerar # fodie 14 38R 2023
@I G Ga¥ GG ohg; 3T, 7S el H 3R Farerd & ugifaeiat & fag
% foRIY Ue faeia SR &1 ST foma e |

A special One Day Workshop with the officials of Ministry
of External Affairs (MEA) was convened at RRSC North on
14™ December 2023 under the chairmanship of Dr. Prakash
Chauhan, Director NRSC at Regional Remote Sensing Centre
North, New Delhi.
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RAT- ATt Sl WY Toid BRA Iehudl [ - 2023
Asia-Pacific Regional Space Agency Forum Excellence Award - 2023

; 'APRSAF Excellence Award
T omEifcd uRa-ufefee d59a @9 Tl BRA
(THSRTEUU®-29) & 299 T & R FARE & R
22 fadar 2023 @t "siaRke & 2023 TR Ufafths dse
IHET REHR T AT fohar T 8 |

Dr. Prakash Chauhan, Director NRSC has been conferred with
the “2023 Asia-Pacific Region Excellence in Space award”
on 22nd September 2023 during the Awards Ceremony of
29th Session of Asia-Pacific Regional Space Agency Forum
(APRSAF-29) organized at Jakarta, Indonesia.
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435 e AR FICTUT e THITHTRIA STSUTEIY Sy Hioe - 2023

43rd Indian National Cartographic Association International Congress - 2023

"gad RIS dd iR g-wnfie srfemaen & fag fefSea
FrETh H $AfSh g8 " fawa W 433 ST SiaRTga Fiow 06 &
| 08 T 2023 F SR SR, TSI 7 SRS bt 775 oft | i
1 AT 2T ~RieTet FIETATIthe TEIHTR (SMETTHY) g foam
| T T SR gHh ASTET S Yo¥ §ae gy (TTSRGEHT), T R
§eiT Gor GaeH - UfSH( SIRSTRTEH!-ulEH), ShegR & &t 17 ot |

4 437 INCA International Congress on the theme “Emerging
Trends in Digital Cartography for Sustainable Ecosystems
and Geospatial Economy” was held at Jodhpur, Rajasthan,
during 06 — 08 November 2023. The congress was
organized by Indian National Cartographic Association
¥ (INCA) and hosted by National Remote Sensing Centre

M (NRSC), ISRO at Regional Remote Sensing Centre — West
(RRSC-West), Jodhpur.

Ffeaw diaree oifw frte Afg-shemdua feaw - 2023
Indian Society of Remote Sensing-GIS Day - 2023

SETHIIRYY-SHeMEud fgaw-2023-fgAi 15.11.2023
! IS fed & foig 91-Ueor R HoRes, THeRayst
BRI & AR |

ISRS - GIS Day-2023 - Lead talk by Director, NRSC on
Earth Observation for Societal Benefits on 15.11.2023

BISRS
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Comparative assessment of different Deep Learning Architectures for Inventory of Horticulture
Plantations Using Very High-Resolution Data

oA RASH H GaR (FrEfsre) ariieor fafd &1 SwINT #’d gy
3, Fefl, g, TRAA I TG Fell IR JRIYU B! b
gef(z7ded)a fwfor frr mar &1 el ok sifedee ¥ @l
R NYURd YRURe aiffeor fafe & ey 65-75% aafieneor
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T o R F Al wieqor el B HA FA AT Feide-2 3R
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3Nfg & HROT 39 JHRIYUT & o, Y. STR. Q. Hdfawal W quisha
3R wnfae faRivarett # s aRad=siear Se 72| Tv@ e
I ITANT T gY IREIRITAT bl fefUd @< aret TR 1500
Y (TAISE) UfRIEoT T SR f&T 7 | 37 wiigfer 221 & Iudh
Yo <1 ST, Hied ATa: -, e i3 3R T, d . (Tt
FraegRe Hedd)faemiad Ry T SR W gekiueT wEe &
Faffertor & forq Ses fsaTgH o Fedien faar ma (9@ 5.1) |

o, g, TREA R dd-a1s S A aeTaT geRia &
Tiffencor & fog Studte Afed 3 319 3 Aled! ¥ Sga< UG faar |
Sctd dt3 & T WhR (0.92) 3R 371E.37.3(0.85) Fod 319w
o1, 39k 91 TH.ELTA(0.86, 0.78 T -€(0.84, 0.74) |

Inventory of major fruit and plantation crops like mango, banana,
citrus, coconut, etc. have been addressed in the CHAMAN project
using hybrid classification approach. The tradiational classification
approaches based on pixel and object levels showed about 65-
75% classification accuracy, while the post classification editing
was tedious and time consuming. Recently, the machine learning
techniques especially deep learning showed potential applications
in remote sensing image classification. In the present study,
semantic segmentation-based DL models were explored for
mapping of horticulture plantations like mango, citrus, coconut
and oil palm. Very high-resolution images (VHRS) from Cartosat-2
and Kompsat-3 satellites covering different test sites across
the country were used for representing overall diversity. Large
variability in spectral and spatial characteristics were observed on
VHRS images for these plantations due to tree spacing, density,
canopy architecture, age etc. About 1500 annotated training
samples, representing the variability, were generated using visual
interpretation. Three DL models namely U-Net, Deeplab v3 and
FCN (Fully Convolutional Network), were developed using these
training data and their performance for classification of major
plantation crops, were evaluated (Figure 5.1).

Deeplab model outperformed other two models for classification
of selected horticulture plantations like mango, citrus, coconut and
oil palm. The F1 score (0.92) and 10U (0.85) for Deeplab v3 was
highest followed by FCN (0.86, 0.78 and U-Net (0.84, 0.74). The
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ford 5.1: I fI¥igH e 3fR S 1T & ITe STt geiauT HHfae
Figure 5.1: Horticulture plantation map derived from high resolution data and Deep Learning
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superior performance of the Deeplab model is largely due to the
atrous convolution-based architecture, which effectively captures
scale variations thereby enhancing its generalization capability.
The complexity of Deeplab v3, with its increased number of
parameters, further aids in more accurate discrimination between
different types of plantations by capturing both spatial and spectral
patterns as manifested on the VHRS images. The results indicated
the utility of DL models for improved assessment of horticulture
plantations. Future studies will focus on improving the model
generalization capability for regional / national level applications.
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o Yag Slihel GOT9T W HUEuEesudl oy ureTshn 1 Rure
Report on CSSTEAP Short Course on Remote Sensing Data Processing
TASTRUGH! GRT 09-20 STEEHR, 2023 % GRIF I19 G819 &, Mg gfasr, -, WeTR 7 geg §de 3Tiehel gH1ea 1R Sguaesydt
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NRSC organized a CSSTEAP short course on Remote Sensing Data Processing from October 09-20, 2023 at Knowledge Resource Area,
IMGEQS facility, Earth Station, Shadnagar.

There were 12 foreign officials representing countries Kazakhstan (2), Indonesia (3), Sri Lanka (3), Bangladesh (2), Mongolia (1), and
Tajikistan (1) and one participant representing the Indian Industry attended this Course.

Dr. Prakash Chauhan, Director NRSC inaugurated the Course on Oct 09, 2023. Dr. Radha Devi, Director ADRIN presided over the function
as guest of honor.

The RSDP course has 34 lectures each of 45 min duration and 16 lab session each 90 min duration. The lectures encompasses basics of
remote sensing data processing. Latest technologies such as use of Al/ML in data processing is demonstrated.

Live satellite data acquisition scenario was demonstrated at the IMGEQS Visitors’ Gallery to the participants

An Industry visit to INCOIS was organized on October 17th, 2023 wherein the participants were made aware of the data processing aspects
pertaining to ocean applications.

Course valedictory session was conducted on October 20, 2023. The valedictory address was delivered by Dr. Prakash Chauhan, Director,
NRSC and Certificates were given to the participants.
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6 Automatic Detection of Brick Kiln in High Resolution Satellite Imagery and Change Analysis using Deep
Convolutional Neural Networks
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T & IRomH @ fran € | 9 fafy fafve et & e vl
&1 off el @ "eedl @ (Re-2) | Rie-6.1 eR 6.2 T gg @y g &
T fafe gqe fodl &t atent-aren A & a1y oft HRIeraras
TSR et ¢ | ST Afed 1 IuanT &9 & & # ge el
& Iuf@fa & TG99 & aRada fowavor (Ferds R THRE
Rad gt & foiq foan STrar @ | Serrietes aRade &l Ta SeTeddl,
It 2009 § 2019 T € Wl @l G # gfg, WA & UfEH e
F I 24 T S & U fol@ & [{d-6.3 & @y ¢ | wavmers
RO TEISTR 3UE foa g & STANT e 3¢ WGl MR o felg
ST 3R fafer ol grasiierdn @ vefid e<d g 1

The brick kiln is a thermally insulated furnace in which clay blocks
are baked (or burnt) into bricks. The brick kiln is generally an
unorganised industry whichis growing in numbers with time to meet
the demand of increasing urbanisation. The emission of gaseous
and particulate pollutants from brick kilns adversely affects soil,
plants, animals and people in the surroundings. Hence, brick kilns
need to be closely monitored by local administrations to implement
industry regulations. In the present study, a deep convolutional
neural network (DCNN) based approach is implemented for
detecting brick kilns in high-resolution (HR) remote sensing images
to overcome the limitations of the manual survey. The experimental
results show that the DCNN-based method can precisely detect
brick kilns in heterogeneous HR imagery. Figure 6.1 shows the
results of brick kiln detection in BHUVAN imagery. The method
can also detect brick kilns of different structures (Figure 6.2). It
is evident from Figures 6.1 and 6.2 that the method performs
efficiently even with varying radiometry of the input images. The
DCNN model is further used for change analysis (both positive and
negative changes) concerning the presence of brick kilns in the
area of interest. An instance of positive change, i.e. increase in the
number of brick kilns from 2009 to 2019, is evident in Figure 6.3
in a portion of North 24 Parganas district, West Bengal, India. The
experimental results demonstrate the effectiveness of the DCNN-
based method for brick kiln monitoring using HR satellite imagery.

@ 6.1: Wﬁmﬁ%‘c’ﬂ%wm
Figure 6.1 : Brick kiln detection in BHUVAN imagery.
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& 6.3: 99 (a) 2009 3 (b) 2019 H H=r &y 71y fawii & s aRad fageiyor
Figure 6.3 : Change analysis between images captured in the year (a) 2009 and (b) 2019

e 6.2:%%3%63‘3 A T AT I 7T |
Figure 6.2 : Brick kilns of different structures are detected
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“STeraTy S TETERoT ST & AT AP G HoTTedt (ATSEw) 7S dica &l 3gied
Inauguration of “National Information System for Climate and Environment Studies (NICES)”
web portal https://nices.nrsc.gov.in

ot T Gy, ITeAE TEd Ud |iud, fafe favmT grRT 3eR) qeaer # oft widq eaeer- aSiae "id, 381, T W die, fHeRs,
TSR &t SUfRIf Ta o1 363 ol o eRman!, Fgees- Grediensir, fewme-sersy, faws- srEanseian, fAewe- Tsds a o
fafery srfafdat &t smreh Iufedfa & 26 sraesr, 2023 @ ATHY JTHIEE & Igle 3T | T8y, IO A AZEY S &l 9% HH & folg
IuTE 3 gY o it foRm At Foa ot @i fahaT | 3wgi Seerd foa % A1e8T JeaTse &1 ded Sierarg Y9t Uee ofiR Srgy & fag
Te TP ¥ TG &R o folq g =iy |

STy 3R TATaROT 3TeErgH o forg AT AT Wt (ATSEE) S YERI 2012 H THRTEE, S53aTg 7 6 7T ot | 36 I5%d WRAT 3R
317 et Degor SUURH & ST 1 SN e Ueh AT AP STerarg ST ST § | TS8d U TediiTers Targ ¢ foms aumen Seoi afi
HSa STITYS & H1e YT SR ! HSTgd 9 3 forq 31/ 3113 3, fafers Frefrera, axanrdt faammt ofk e Geari &t wnfie feram man € |

TF & WH R i Iargl, savaes siar] uRadert agqq (ECVs), Siearg G4t seli=ar, Aee Iuaivr ST, Tahrid! TR,
A8 HIftie =gereiex 3TU=e, Meedra nafaferar anfg Ft I=rensr g arel fied 3R fEe-fie! wewhiH & &9 # & e 3 fog Aredd w@de
Je@rze (https://nices.nrsc.gov.in) F1E TS € |

s Tfta, 363 qEaTerd 3 Sferaryg darstl, 35 4lbdieds Hed 3fX ATSag HRIhH ol (@ifchd fohaT | 36 STermar, g, sEansdiud,
qoY; feRIe TEdteiieT; fowre, Wﬁ?ﬁmﬁr%%ﬂwﬁsﬁwmmmaﬁiwmnﬁ%@ﬁ%ﬁqw
g &l TRl &1 | fA3ses, SEamEaruy ik F

=T, Terdieaet 7 off AT FHRIEHH & IugnT
F TR A Tl ft | SR, THIRTEE! 3k 3u-
fAgme, SHUEY 3 AISEY FREH SR A3Ed
g9H3e & SR H Higw ISR UGH i g
JaHEE P UeRid foar |

NICES website was inaugurated by
Sri. S. Somanath, Chairman ISRO and
Secretary, Department of Space at ISRO
Headquarters on 26th October, 2023,
in the presence of Scientific Secretary,
ISRO, Shri Shantanu Bhatawdekar,
Director, NRSC, Dr Prakash Chauhan, , :
Other ISRO centre Directors, Director, — er=s, saﬁ et wferd-gas; fee- é@“rﬁaﬁ fAgeres-gramued; 3 fHowe-<digay
NCPOR, Director, INCOIS, Director, IITM, CES Website Feloace b C?W%EESWEEWW Seientiic Seortary SO
DII’ECtOI’ NESAC and other dIStIﬂgUIShed ensite nelease by Lnhairman In the presence o cientific Secre ary
quests in virtual mode. Chairman ISRO Director, EDPO; Director, NRSC; DD, ECSA.

congratulated NICES Team for their work and outlined the future direction. He mentioned that NICES website should
aim to serve as a national platform for climate-related initiatives and research.

The National Information System for Climate and Environment Studies (NICES) was initiated in 2012 at NRSC,
Hyderabad. It aims to create a comprehensive national climate database using data from Indian and other Earth
Observation satellites. NICES is a collaborative effort involving ISRO/DOS Centres, various Ministries, Government
departments and national Institutions to strengthen the information base with in-situ observations and model outputs.

NICES website (https://nices.nrsc.gov.in) is created to serve as a Gateway and single-window platform offering
geophysical products, Essential Climate Variables (ECVs), climate stories, ground instrument data, technical
publications, NICES monthly Newsletter updates, outreach activities etc. at one place.

"Scientific Secretary, ISRO Hq. spoke about Climate services, its long term importance and NICES programme;
Director, IITM, Pune; Director NCPOR; Director, INCOIS and Mr Sanjay from COPC spoke on the occasion about
NICES products and their importance for climate related activities. Director IIRS and Director LPSC also talked about
utilisation of NICES programme. Director NRSC and DD, ECSA briefed about NICES programme and NICES website.
Website was also demonstrated.
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7 Characterization of Chambal landscape dynamics for sustainable development

TRuET uRaer "gRa-F : 3fes wataRola @ ok AeaEyu
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TaER" 1 R R B P 3R qHiawer & Gy
3R 3 &1 WS ST § | aifeh T StShifaet wt Heted
W%wamaaﬁ@waﬁ?ﬁwamwwaﬁaﬁwm
ﬁwﬁm@mmﬁmr@waﬁz%@mw
wﬁﬁmﬁﬁm@ﬁwﬁmwﬁwﬁaﬁ
RIS &l ThEaT, q‘q‘%ﬁmaﬂ%aﬁrw&@%n@a

forg g 71U uiw dewhu H Hatfad fRa o @1 8 | 99 dewh,
A, Toh IYATThd] IRASHT & 9 H IRARTIH-T gRI
A 3fi e fang e aRewdl # & U @, 56! 76, el 3k
g uIRkfefad da & @nfae 3k sy TR = @R gl veifadl @
Teh ST THE ¢ | a0 e H fUoe weee waneil & v,
uftesa giawrsii &t admm fefd @1 siered o 3R Ieeal &t e
P & T yaoH gEa&y R foia a1 & forg i eren-eren w53,
I 2009-10, 2015-16 3R 2021-22 & FRE JfF Iw=/ A
arraRor 7 St aRadal & g2 37X Ged 6t ugad A & foig
o-w1feieh FeififeRat o1 U= fomar 77 | 9 SuRiT- 9ff syraror
% §T9, TRETE R AHRIAF TR TG a6 FRa, g ufF
&R0T, ST &l 3TN, I &R, G &l GagARNerdT, :nﬂwrama
T @, ARG, SR AH 1 FY gl 7 TURor 1g & a1
I AT & foIg STefarg et iR eraferd wermdt ot U e
% forq weafaa wrareal @ faeror famar mar | geg 9adt e
TTEaS! | GehRISE ANTGH & Tfeh Te- A Gifedeha €9 § Hgeaqul
FALETIT @l gHg & AU Afeg-aiis Sitemg* wifed! @1 Iugi
e gledic favemor famar e @ | aRads & udl @A 3R g9
YR T &d & glewmie [aeayor & udr =« ¢ & a &l 7,
M FRIEAS gledie (ffd-7.1T) St gva aif & U wgd

The FAO project "Green-Ag: Transforming Indian Agriculture for
Global Environmental Benefits and the Conservation of Critical
Biodiversity and Forest Landscapes” aims at harmonization
of India’s agricultural and environmental sector priorities and
investments. With this, the achievements of national and global
environmental benefits can be fully realized without compromising
India’s ability to meet its food and nutrition needs, while also
strengthening rural livelihoods. The Green-Ag project is being
implemented by FAO, New Delhi in five landscapes selected for
their high ecological importance. Chambal landscape in Madhya
Pradesh - one of the landscapes selected and studied by RRSC-C
as a user project - has a unique set of endemic and globally-
threatened species in its riverine, ravine and forest ecosystems.
The present study used geospatial technologies to identify trends
and patterns of temporal changes in land use/land cover at three
different times, i.e., 2009-10, 2015-16, and 2021-22. This
was done in order to assess the impact of past management
practices, the present status of the landscape features and
decide on management interventions to achieve the objectives.
Along with land use / land cover, factors with negative ecological
impacts on the landscape (like land degradation, fire frequency,
forest degradation, flood susceptibility, moisture stress, sand
mining, waterlogging, conversion of ravenous land to agriculture
areas, etc.) were analyzed along with the climatic data for the
current challenges and proposed actions to achieve the expected
impacts. Hotspot analysis has been carried out using the Getis-
Ord GI* statistic to understand statistically significant clustering
in the spatial pattern of remote sensing amenable disturbances
/ positive contributions. Change detection and thereby hotspot
analysis of the study area signifies that in forest areas, common
negative hotspots (Figure 7.1a) are due to one step decrease in the
canopy density class, which is found all over the areas, especially
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Figure 7.1: (a) Negative hotspots (b) Positive hotspots (c) Flood susceptibility and (d) Fire frequency in the study area
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around the buffer areas of the forest settlements. This is because
of the dependence of the people of the settlement areas on the
surrounding forest to meet the growing demand for timber, fuel
wood, fodder, etc.

In most agricultural areas, positive changes are dominant wherever
canal irrigation facilitates the double and triple crops (Figure 7.1b).
Waterlogged areas observed in the study area are mainly from
unlined canal seepage and other irrigation network. Severe sheet
water erosion is observed in degraded/scrub forest and moderate
sheet water erosion is seen in open forest areas. Reforestation
and afforestation of the degraded forest and enrichment planting
or gap filling in the open forest areas are some solutions to prevent
water erosion. A total of 2.7 sq.km of area come under high-risk
flood susceptible areas, followed by 189 sg.km of moderate-risk
areas, 452 sq.km of low-risk areas, 357 sq.km of very low-risk
areas, 7.1 sq.km of extremely low-risk areas (Figure7.1c). Hence,
holistic watershed management and improvement of drainage
and embankments are requisites to prevent floods and thus, the
conservation of agriculture and the environmental sector.

Fire frequency analysis (Figure 7.1d) for the last fourteen years
during fire season (Jan-May) signifies that there is an inverse
relation between the total rainfall, especially during the initial
phase of fire season, and the incidence of fires. Moisture stress
in forest areas reveals that most areas come under the dry
(41.03%) and moderately dry category (23.06%) as per the 2021-
22 classification. Dry areas increased in the study area during the
study period, and proportionately, moist regions were reduced.
The study area has a unique set up of ravinous lands, especially
along the Chambal and Kuno rivers. In many places, gullies and
ravines are converted to agricultural land, which may lead to the
devastation of the unique ecological setup of the area and niches
of endemic and endangered species thriving here.

The study analyzed the present and past status of the landscape
features through qualitative and quantitative measures, hotspots
of positive and negative changes, drivers of changes, vulnerability,
and threats to the system for landscape planning to ensure that
its negative environmental impacts are mitigated, and positive
contributions are enhanced. This will help in deciding on the
management interventions to achieve the objectives of sustainable
development goals.

TAIRUEE & a8y H1 G
Chairman's Visit to NRSC

1. @, 99Ty, ST, 3U A1 05 SHadt 2024 i TTSTRUGHT &l GRT fohar q 1e Tiifafes &t aite &t |
Dr. S. Somanath, Chairman, ISRO visited NRSC on 5th January 2024 and reveiwed the ongoing activities.
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Non-Timber Forest Produce (NTFP) Tree Species Classification using Deep learning and OBIA
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Non-timber forest products (NTFPs) are any products or services
other than timber produced in forests. NTFPs create large-
scale employment, helping to reduce poverty and increase the
empowerment of tribal and poor people living in the fringe areas
of the forests. In traditional forest communities, many NTFPs may
be used for subsistence, while others are the primary or only
source of income. One of the major lacunae that Tribal Welfare
Departments and Forest Departments in India face is the absence
of accurate data regarding the availability of NTFPs in their
jurisdiction, which will help them with allocation and collection
regulation. In this context, automatic extraction of NTFP trees will
be of great use for assessing the potential of each forest land and
planning the utilization of the resources in a sustainable manner
without overharvesting. In the present study, an attempt has been
made to automatically segment NTFP tree species using combined
approaches of object-based image segmentation, object-based
image classification, graphic analysis of spectral reflectance curve,
and deep learning. The study was undertaken in the forest areas
near Nagpur city, i.e., Seminary Hills and Umred-Pauni-Karhandla
Wildlife Sanctuary.

Four NTFP tree species were selected for automatic extraction:
Tectona grandis, Hardwickia binata, Dendrocalamus strictus and
Madhuca longifolia. Pléiades Neo Satellite data of 30cm ortho
pansharpened reflectance image along with multispectral bands
with 1.2m spatial resolution was used in the study. The collected
ground truth data identified on the satellite image helped to pick
up significant features of each tree species that are unique for
their identification, like the color, crown shape, crown size, overall
textural patterns, etc., to train the deep learning model. Object-
based image analysis was performed for classification of tree
species in the forest. First, a multi-resolution segmentation was
performed, followed by decision tree classification of objects.
For this purpose, a Graphic Analysis of Spectral Characteristics
(GASC) was also performed to arrive at invariant spectral features
required for classifying segmented objects. These GASC invariants
are different for different species and are generated by forming
linear equations of more significant band values.

Furthermore, a deep learning network is developed using open-
source tools and Python programming language to extract various
tree species from satellite images automatically. The DeeplLabV3+
architecture is used to detect the object boundaries. DeepLabV3+
semantic segmentation model replaces the pooling layer with void
convolution to avoid the loss of detailed information and obtain
a more extensive receptive field range. In addition, Conditional
Random Field (CRF) are added at the end of the model to optimize
the boundary segmentation. The fine-tuned encoded semantic
information, along with the recovered object boundary, are given
as input to the model. The DeepLabV3+ has been extended to
work with four classes in this study. Xception65 architecture is
used as the backbone architecture. The loss calculation is done
by binary cross entropy function, and the classification is done
by sigmoid activation function. Training Dataset consisted of 353
image chips of size 512 x 512, 8-bit rescaled RGB composites,
which were generated with high-resolution fused products. Also,
multi-polygon class information is provided for each tree species as
classified raster input. The class and color information is provided
as a CSV file. This mask for each image was generated using
object-based segmentation results combined with the ground truth
data. The data augmentation is done both during model training
as well as internally by the architecture. The entire dataset was
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divided into 60-40 ratio for training and validation respectively.
The network was trained for 100 epochs. Each epoch is trained
with one image per batch. The DL model gives a better result
(0.806654) in terms of loU when the image augmentation is done.
Figure 8.1A & Figure 8.1B shows the input Pléiades Neo Satellite
data and corresponding classification results of the Deep Learning
model for Tectona grandis and Hardwickia binata respectively.
Figure 8.2A & Figure 8.2B shows the input Pléiades Neo Satellite
data and the corresponding results of Object based image analysis
(OBIA) and feature extraction by incorporating Graphical analysis
of spectral reflectance method classified result for Dendrocalamus
strictus and Madhuca longifolia respectively.

for-8.1: AF feew & & <iu @f (SIqer) qaitent ol SUIT ek feiehTett T Sae i Hfed ofR grefafear famrer | . 3ge wigey faar
Gearee et o, TR dfew & forg Gafe arffed e Y. 3de witgey it Seerse et 3. grefaferan fammer & fog gafea
ffepa foret
Figure 8.1:Tectona grandis and Hardwickia binata extracted in Seminary Hills area using Deep Learning (DL) techniques.
A. Input Pléiades Neo Satellite data. B. Corresponding classified image for Tectona grandis. C. Input Pléiades Neo Satellite data.
D. Corresponding classified image for Hardwickia binata.

[ Dendrocalamus strictus

B Madhuca longifolia

e-8.2: T. IS Ui geet awasia STHARIG H STEU &1 SUGNT &hias fHepTell T SSiehel e feeaed iR auichHa qRrea+ &S & fererere

fereroroT it nfAet sheeh iR forsemor o, 3rRe Uit ddea a=ieiia ST aRug 7 STaET w1 SUIT seah AehTell T HEehT A Ihifer 7R auisHia
Rraa &S & Rreetes fazeryor &l <nfie e hier Ao
Figure 8.2: A. Dendrocalamus strictus extracted using OBIA and feature extraction by incorporating Graphical analysis of spectral reflec-
tance method in Umred Pauni Karhandla Wildlife sanctuary. B. Madhuca longifolia extracted using OBIA and feature extraction by incorpo-
rating Graphical analysis of spectral reflectance method in Umred Pauni Karhandla Wildlife sanctuary.
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Space hased Information Support for Decentralised Planning — Update:

739 3R 749 Gfaer geiae 1993 # amadt st genst (PRIs)
TR YOEd &R W WE-9EE 3R e WSk fear man g
T YERd ®R R fadgiea e & fog temndt T deensit
(PRIs) &1 §eg #3 & 3539 ¥ U UTUASTRUATH PrashH 3R
TARTRTTH! gRT T4! & §ai dhgl 3R WRigR Tl & Areay
T fadrgigea arsiT & forq sfaRey smamia gemT werar (SISDP)
gREST daR 6 71 ot S 2007 82009 3R 2019 & 2023 d
&1 RN 7 3fafes MR & e gfaret fAier 3qe UgH wee
& forg @ & @ fomam T | fog-Sidt ufEsmn & deg 3w A
faShmira Aot 3R Sit-TTaw uge! 3 foig sfdfey smeTfd gom
TR & 919 ardt ot G&arl (PRIs) 3R fRauren! o g
TAAIE |

TR SR & foiq 2.5 Hiex faviga &t 3=-favga suug fam (HRSI)
3R 1:10000 T9M  (UegUerdl, 31UaTg, Id, Teh, aal) W
e ATt S v foraRor o6t 3R 3 forg R foam e § 3iiR
EEEiit-g (3ru=e) o wifern wRoT 7 Srgfid fovar 7 € ofiR yeraa
TR R faehrareres g, Tiafafeat & wafag ok fme, g
3fX qaTaRor Afedt H SIGUF, WplaE GEeHl & regad, uiE
TS o 3R i e enfg it sraxadhdrelt & Qi & &
forg et o § wefa €1 fAgeid-g (Iwur-11) & ded Fdas
I-faHe IUUE STT & T1Y ST i 3TUSE FAT 37d T @l 71T
TR T, TAIfaifead, Sramifie ad, @i eo 3nfg & fog 3fi
"ITANT H ST TR "Uga H S W e Higd wed g ast
IUedTSt g1 Uge 3T & fig OGC WMS dareti & &9

The 73rd and 74th Constitution Amendments 1993 emphasize
self-governance and planning at the Panchayat level by the
Panchayati Raj Institutions (PRIs). In order to strengthen the
Panchayati Raj Institutions (PRIs) for decentralized planning
at Gram Panchayat level, the Space based Information Support
for Decentralized Planning (SISDP) project was formulated by
ISRO NNRMS program and NRSC through Regional Centres and
Partner institutions from States. It was implemented in two phases
(2009 to 2007 and 2019 to 2023) in the country to provide basic
planning inputs derived from space technology. The goal of the
SISDP project is to empower the Panchayati Raj Institutions (PRIs)
and the Stakeholders with space-based information support for
decentralized planning and g-Governance initiatives in the country.

The major deliverables - high-resolution satellite image (HRSI)
of 2.5 m resolution for the entire country and thematic maps
at 1:10000 scale (LULC, Drainage, Rail, Road, Slope) - have
been generated for country and updated in the recent phase
of SISDP-U (update). These are well structured to meet the
requirements for developmental planning, implementation and
monitoring of activities at Panchayat level, research in land and
environment models, natural resources studies, land management
plans, decision making etc. Updating the database with latest
high-resolution satellite data under SISDP-U (Phase Il) is now
completed. The same is hosted on https://bhuvanpanchayat.nrsc.
gov.in for visualisation, analytics, dynamic search, planning tools
etc. and also as 0GC WMS services for direct utilisation by all

.?1 -;-.-g nrsc

ARABRIAN
BEA

PEEfiucs of Indian Land Use Land Couon

| snapshats of LULE at 1:10k Scale - Level IV (B9 classes ) |

[ Depiction ot ax inaia LA ot Lavel 1 (7 clamsay) |

Space based Information Support for Decentralized Planning Diverse classes of Land Use § Cover anound Varanasl, UP

Prrpaera by ; Brgmaal § rmiers . 0 PG
A e Fa v bestaptas

o 9.1: HTETEEI-g Ui & ded MR JiH SUanT/Iff Fa ST & U Fres
Figure 9.1: (a) A glimpse of Indian Land Use / Land Cover data under SISDP-U project
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# https://bhuvanpanchayat.nrsc.gov.in W g fémr mar g |
TS AP Tk Al 2022 & FTET Ugel! IR 9L 3% o el 78
YA R fawgid 21 &t Uil @ @Y Seers & folq Sues &dn
TR

TAA fAwaTTd a1 UaEd WR dt ST @l @Y R & fag
TSt ag W WA € ST Terguerdt & fiig 89 et & @1y &R
IV aiferor UG &edl ¢ | I 321 &l SHdT & 37elal oe
HelTerdl, Rignfie) ofiT gt HMR, g onfe S weerarait
& g1 g1 foean 7T 2 | a1 3R Qaret @bl uHeSE) & amfEd 3R
A WEe 7 ey & w9 H oft qehiged faar o e ¢ | S,
ISG-ISRS 31ife S ufieror 3R sEemenat & Hellerdl, T drg-
TG, TIR-eerl Gire 3fik Rianfag) & wfawnfia & forg amar
fAator frar ST <RI 2 1

consumers, with focus on “Ease of Use” and “Ease of Access”.
For the first time, large scale thematic data for entire country is
also made available for direct download from the portal in sync
with the new National Geospatial Policy 2022.

Present thematic data is well structured to support Panchayat
level planning, providing upto Level IV classification with 89
classes for land use / land cover. The thematic data are shared
with Ministries, Academia and Researchers like [IT Kanpur, DAE
etc., apart from being open to public. Data and services are also
being integrated as mashups into Gramanchitra and Matrubhoomi
portals of NIC. Capacity building is being done for participants
from Ministries, State Line Departments, NGOs and academia via
overview trainings and workshops like GeoSmart, ISG-ISRS etc.

SISOP |Space baved Informaton Suppon o Decentralined Planning)

Space Bases information Buppont for Decsnirained Planving [SEE0P) propc was Kaomalsted by RNEARLASRY for mpporing inbepration of Space bawsd inkaemarion ik civaiopmantsl planving o 110K scals
Eamcuion i Son by KRSE and a Regoral Conien wit. parinarihg, dom Siste Hemols Seraing Camios Line Sepacmants and Azademia
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Figure 9.2: Bhuvan Panchayat portal dashboard

i

T p——

E; s gkt Space Based Information Support for Decentralized Planning

fd-9.3: 979 TeTad T¥4 37R AT YT
Figure 9.3:Bhuvan Panchayat visualisation and planning tools
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YoX YAgA GeH TS M- STUTaaTe Ufdfshar Jomet (ROCERS)

Remote sensing enabled Online Chemical Emergency Response System (ROCERS)

SIS T T Gty A & g srameasas ofi sifs
IYFOT § | WaATR WA & A QF e 3R 36 gUF
RT3 fog STenfiies nfafaferat & e afg o @ry, gatawoer geeor
sfaftan 7 gar ox # gran g o o fafvm sueon &
IGGNT B A X AT &1 I TuTe & Sfld, STaTdehre
yfdferan Ug9= ol Gad 9 goffad ger & fAuen & fog off srafas
Hecd {31 S € | greilfes, WRd | idTet 719 drere, Jre 2011 |
3 ST H TRAIS 3R GHfRIAT SHE geeHTsi 3 Herdt st
T 37X STTIET XA 7Y I9d At 37 fAvia werr Suetor
SUASIT et ST P ST 2 |

T TS 3 Gl e aTfvifodes ohg ¢, fodes 14 el # @ 9 St
H TH.QUE. & RIS € | 39% flT ST SUHon 37R dehrian!
& T STUGT VY & FTe Ul Bt ATk § | gleiifos, gd &
ST <l Y& 9 ERETT /g Ps UIH & [y 7TY &, AAfer 39 Fardt
FATY TG 3T ST e o el 31Te &2, (T GaR Wiefiveh),
SfaRey STYTR I Herdl, 99 Sit.eTR.TH. & d1Y-|1e &I
g wfifsrar nfdfafeat # arafas a7a ggrar & gfawe ugd gaht
€, S fafe uftg & 6 Sgax vyl gamEsh ariigr &
g1 CHEMREC (Emafes STraTdentel Widifshar &g) o gIT STt
TSR € |

39 i TP goT Fagd dg, R.SHELTeR. (3fu e
TRHATY] Y dhg;) 3R TH.QE. (FREM 37 Ser), el ht
geanmeres ArigRt & 91y ROCERS (fte @fd gam aifers=
YR MaTaeTa Ufdfehar omelt) A1 & ded TMrEfe T
feafal & forg e T59 WHR g U@ AFaR arafas a9
R 3R favla gweda et fwfaa @ 7 g1 e | we

Disaster management plays a key role in sustainable development.
With rapid increase in industrial activities for exports and imports of
hazardous chemicals and their isolated storages, the Environment
Protect Act has mandated the use of different instruments
for ensuring safety in the country. As part of their operation,
emergency response management is given utmost importance to
meet even the lowest probable incident. However, accidents like
the Bhopal gas tragedy in India, and Chernobyl and Fukushima in in
other countries have reiterated the need for advanced preparation
and availability of decision support tools for effective emergency
management and disaster mitigation.

The state of Kerala is a commercial hub of the country, with 9
of its 14 districts having Major Accident Hazardous units (MAH)
installations. This calls for effective measures for disaster
management with latest tools and techniques. Though multiple
efforts were earlier initiated as a mandate for safety and security,
further efforts are on by CHEMREC (Chemical Emergency
Response Center) to sustain and update with inclusive participation
of expertise from different domains like ICT (Information
Communication Technologies), space-based information support,
WebGIS, etc. along with location-based intelligence and disaster
management techniques, which have come closer to near real-
time support in emergency preparedness and response activities.

Towards this, an online real time monitoring and Decision Support
System for chemical emergencies is developed under the name
ROCERS (Remote sensing enabled Online Chemical Emergency
Response System) for State Govt. of Kerala, with a collaborative
participation of NRSC, IGCAR (Indira Gandhi Centre for Atomic

ROCE

About ROCERS -

Remote sensing enabled Online Chemical Eme:
System for management of Radiological or Chel

Online Chemical Emergency Response System

guidance and dispersion predictions in the event of radioactivity release using Numerical Weather Predictions, Short/ Long
Ol

7
/
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/1" National Remote Sensing Centre
R | indian Space Research Organisation
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rgency Response System (ROCERS) is a WebGIS based Decision Support
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Indira Gandhi Center for Atomic Research, Kalpakkam
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Rd-10.1: SRNEELIRTE Ted SvErE
Figure 10.1: ROCERS portal dashboard
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AR SR TRl & ST ST, e, et S Research) and FAB (Factories and Boilers), Kerala. The system is
3 FY WA AT @l IR e arel ardides 79 98 enabled with real time sensors monitoring hazardous chemicals like
3 19 Tg voTTel @& 2 | ROCERS (https://rocers.fabkerala. Ammonia, Chlorine, LPG, etc. around major hazardous industrial

gtov.in) ot TITOAT HgH SeTRa ey (Fmerer) ok garqEm clusters in Kerala. ROCERS (https://rocers.fabkerala.gtov.in) is
Yonferdt % TEROT ¥ Y- ﬁ%ﬁﬁﬁ;ﬁmﬁ%ﬁ established with integration of weather-based simulation and

St %“ " 3 . forecast systems along with geospatial decision support systems
%Wiﬁ %’1% am; a%n'z Havﬁ ?m agﬁﬁ > ﬂ?ﬁ using state-of-the-art angular frameworks along with leaftlets

and host of open source libraries and real time communication
i< BT ST fepar T R protocols. "

% S @ie o drfas NN HER & A § fefs %a Multiple industrial clusters are now operationally providing
?ﬁ'{ T3 TH. 32T WG &% % & 3 T 9 3 31 oI release data and AWS data through real time sensors and are
# Ige fawr o @ €| T & Ty, 991 afda, g dg undergoing expansion to other major clusters around the state.

& YT HEINEYd SR SLUH.IR.HY,, S.eME.UH.uA., $.37.T4,, Live demonstration was carried out for Chairman, ISRO, Scientific
TH.UHL- He 3R SR, & 3w & Ty, g Secretary, CGM, Regional Centres and Directors from DSRQ,
TSd UGH foham T | DISM, EQS, FAB, Kerala and IGCAR.

la= ROCERS

L T bR RS 3 TATER

G L@

Bemsor (D W of Alerts.
Asant )
Asond a8ty
K004 T
AO1Y5 s
AT L
Azm 2

MT!‘ 1PM I StaSlon: AIDDEZ - NHD EAST HIGHR - Dose 166TIE.7S ppm ai 12200 PM 1. Sinion: AXIGO4 - NH) WEST HIGHR - Dose 1887 Sppm at 12200 Pl 4 StaSion. AKDT1E - CL2 NORT HIGHR - Dose bl ppm ot 12222 P

Latest Sensors data received on Thu Jun 01 2023 Santor (AZN >

|
‘ s L i i L L .‘l.l.;l_'_-.’.. ' - l'. 18! . ] |
fd-10.2: RNHIZIRUH areafds gHg YU e qqg! # Iux et fomn @ g
Figure 10.2: ROCERS real time app showing sensors data across the industrial clusters.

.

f9d-10.3: THYUH, 3, SESHUIYSR, FHedgH ST SRSTRTGE, TIIRUTH! & 3 31ege, 363l ol efigd diea UK faharFigure
10.3: Team from MAH, Kerala, IGCAR, Kalpakkam and RRSC, NRSC presented live portal to Chairman, ISRO
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11 USI-STeTaTy 3R 3-ATehfd & ATIGS! T SUART H¥ah HIthl & T (SRTerehT MR Jaer) & g

Discrimination of coffee types (Arabica & Robusta) using pedo-climatic and terrain parameters

TRA & P IAGH &dl # QY Steraryg iR o-enapfa & fefd
&, ST hitht it gt vy ferert It aRfeehT 3fR TJareet ot Tl & ferg
3Tt WX ¥ I ¢ | dgk JHRIYYT UGG, IUST e, e
31 T[T YA SR HY-TelgrR JaTg g FA & g Hith
YRl & fqawor 3R faer  smawas 81 RfEH gl witht ¢,
31fIeps e § SR AeeT &t JorT 7 35 I TR 7ed & | gadt
3R, Ater § 1f¥es drehd ¢ 3R S Ao @& sam & suam
forar ST 81 R & & forg At TRl & SugeRTal STefary
3R 93- 37T M o ATUGEl WX AR et § | 39 Fams (1000-1500
Hte¥), 1500-2000 At & awi & @y g A 79 g 31k
150 ¥t & 250 et Afcdag & & auEE ard &, e &9 3
SRfSeRT PHTTh I & AT Sugerd €, STafeh 7 Sarg (500-1000
Hiex), 150 T & 250 Tt & st dToEE & 1Y T 31T, aRfefaEt &
1Y B AT o [l e ST & |

TAHM NG H, G TAAT NI &ell, SefX ATeeh, PrATedh 3T
T AT, TG & (oY TRATHS AT qFe! &1 ITANT
e Rgde fag-1V ik &9 emfaq ey g 21 (2.5 Hiew)
T STINT H¥eh Itk AT JIR o 1 | 3o fadg Iuwrg St
SR SIFAIAA el IG! T &t SeR 3R FReHe et o ferg
FAR: 15,270 BICA 3R 8485 FITT AT | X 1Tk H SR
3R JeT It Gl Tl o AT Serarg ofiR games & fRfat
UG &, STaIfeh AXhIS dTeeh H SRIehT it &l Telt & fog Suge
2131 areae &l & foy witht yeRl & @ifae S 399 @ &
AT ST ZeTTeh ohi RIS ol it ST ATA{Ie o 1Y Tehigd
T T | wnferes faeryor & gand fireran € % SeR aree # srfae
I T T T 44.3% T, TS 1G ASeel HIA 30.7% TR
fafSr i TR 25.1% ot | TR aIgs § RfGw gag wye
HIth! TSR o, ST FHA B! §d 5 99.8% T 31U W FHIfes o1 |
HIh UHR & AFOE & &d TaI_ 9 83.5% & dgdR &t 3fa
Gelerdr fe@rs | 39 & weft St Sages &l & foig SEvoTel @
o & & foiq 31 ot faweivor wifd R g (Re-11.1) |

India’s coffee growing regions have diverse climatic and terrain
conditions, which are well suited for cultivation of two dominant
varieties of coffee i.e., Arabica and Robusta. The distribution
and extent of coffee types is essential for improved plantation
management, yield estimation, pests and disease forecasting and
for providing agro-advisory services. Arabica is mild coffee, more
aromatic and has higher market value compared to Robusta. On
the other hand, Robusta has more strength and used in making
various blends. The suitability of coffee types for particular region
depends on climatic and terrain parameters. Regions with high
elevations (1000-1500m), gentle to moderate slope with rainfall
of 1500-2000mm and temperature, ranging between 150C to
250C, are ideally suited for growing Arabica coffee while medium
elevation (500-1000m), fairly level to gentle slopes with warm
humid conditions with temperature, ranging between 150C to
250C are best suited for Robusta coffee.

In the present study, coffee map was derived using Resourcesat
LISS-IV and PAN merged data (2.5 m) using visual interpretation
techniques for two selected study areas viz., Belur taluk, Karnataka
and Yercaud taluk, Tamil Nadu. The total coffee plantation area
estimated from high resolution satellite data was 15,270 ha and
8485 ha for Belur and Yercaud taluks, respectively. The climatic
and terrain conditions are well suited for cultivation of both Arabica
and Robusta coffee in Belur taluk whereas Arabica coffee in
Yercaud taluk. Long-term climatic parameters like precipitation &
temperature and terrain characteristics like elevation and slope were
integrated with coffee plantation map for generating spatial extent of
coffee types for the two study areas. The spatial analysis indicated
that Arabica coffee was dominant in Belur taluk occupying about
44.3 % followed by Robusta coffee with 30.7 % and mixed coffee
type 25.1 %. Arabica was the most dominant coffee type in Yercaud
taluk occupying more than 99.8 % of the total coffee area. Field
validation of coffee type map showed reasonable accuracy of better
than 83.5%. Further analysis in progress to extend the methodology
for all the coffee growing regions for the country (Figure 11.1).

Belur Taluk

Yercaud Taluk

Arabica 6758.9 ha.
Robusta 4698.8 ha.

Mixed 3811.2 ha.

Arabica 8483.2 ha.
Robusta 1.2 ha.

Figure 11.1: Spatial Distribution of Coffee plantation derived from LISS-IV and Cartosat -1 data
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o YdgA SNiehsT SASUgul W GIqauacisqul @ UTeasha
Report on CSSTEAP Short Course on Remote Sensing Data Acquisition

3T 21-fdeR, 2023 & R THSIRYEE! gRT 99 dE1eH §d,3mfSam giaar 9-3g, e # gog Y9 siiwer sfiugs W
GEUECIUdl oY UTeashH a1 SIS foha 77T |

3G UTSTshH H olliohd (2), SSRfRIET (4), Siterat (2), Siemesr (1), FdTe (1), Je (2) 3R Tergsi fieiem (2) =it i ufaffiea #a
aret 14 facRit sifeerd 2 |

21 3WTE, 2023 I Sge Td STafSrd fondr T | <. e dig, fAewe , THemRugsl/diuguadSudt 3 Sgre Wi fear iR ufasfiat
1 W@ foa |

SRS UTSIshA § Tclish 45 fiFe & 31afd 3 35 e &R s 90 fiFe & 3afd 3 15 JivT=ien 9e € | IR & go¥ agd et
ST faEen ot 7ot a1 efie & | Ui ol Ueh efieiet IR Ui <ht shriwoett fears g |

QAT T SIS | AT S 24, 2023 T 3T 30, 2023 @I STUNT GIY ! GG i T8 |

01 f&dR, 2023 o GAIT Tdl TSI fFar T | Vg AIor Mher &, S, gt g faar 1 3fik H19= 9Ivor <. U

e, FHewe, TeRuad/dioguadisudt gri fear man | ufaswnfiat @l . yer e, Meue THeReEd/dieguad Sl # wHel §
T Ud g g Y |

NRSC organized a CSSTEAP Short Course on Remote Sensing Data Acquisition from August 21- September 01, 2023 at Knowledge
Resource Area, IMGEOS facility Earth Station, Shadnagar.

There were 14 foreign officials representing countries Kazakhstan (2), Indonesia (4), Sri Lanka (2), Bangladesh (1), Nepal (1), Bhutan (2)
and LAO PDR (2) attending this Course.

An inaugural session was organized on August 21, 2023. Dr. Prakash Chauhan, Director NRSC/CSSTEAP delivered the inaugural address
and welcomed the participants.

The RSDA course has 35 lectures each of 45 min duration and 15 lab session each 90 min duration. The lectures encompasses basics of
remote sensing data capturing systems. The participants were shown the working of the Antenna at one of the terminals.

An Industry visit to AMP and INCOIS was organized on August 24, 2023 and August 30, 2023 respectively.

A valedictory session was organized on September 01, 2023. The felicitation address was delivered by Prof Stein, ITC, The Netherlands
and the valedictory address was delivered by Dr. Prakash Chauhan, Director, NRSC/CSSTEAP. The participants received Certificates from
Dr. Prakash Chauhan, Director, NRSC/CSSTEAP.
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Groundwater Exploration using High-resolution Electrical Resistivity Tomography (HERT)

TIRITST FA&T0T qehriieh &1 ITANT -5l TH-AT0T § Hafad 5
el @l Geifdd o & forg fomar S 2, s Sreteqd (Teho)
F TR, TeE, A R Srel ol afidha- e g | &g
TR, ggm H @fie ok ga g, Ty SR ST e
foit 59 fafvm sdefaes wudel § gafta €1 wfaafear adeor
SHA @ S8 Seiagie & SIRA sTuEad | fafvm ugrdt & "rem 9@
fagga- 9T & vatg & HRT e wfad # o & g w
H § | I-favigT Tg-goiaeie WRRIfar Hiex &1 IuanT -5
AT, WA 3Tega 3R QRIS Steryd (Sferaaer qehiny)
e S e erqwit & fag fmam mar 81 &.g.9.%.-ufgw &
Iuersy gEIUEOI(Afed: IRIS SYSCAL Pro) # fafam afve,
Tl THt-21.HT. Pack, TR SReR, Sdfaedhe had, SadelS,
S e1fe gia & St o et 12.1 A lgwman man g1

2 <t 7 wfdfra (AfSHT) / SHmTG! Geeor SR W <t e
# geiaers (25 § iU Sagis) P SUINT &e g SITd ¢ ST U
Hee!-BIX el T IS B 8, fIaH 31 geiaeie & S g 3
T 81 HECI-R el T Seragie feafe gfie § ST g §
it foreet Tfed T gare ifieer 3@ (dicae wwfer gfie) §
STeT e & 13 g1 Ueh geiaeiie fafei gfie & wry, vl A1 &
forgafea ar soaeie & waTfeld 99 & SUANT {3 ST & | 1Y
EEAERACERE W%mgﬁa@gmw%ﬁﬁéﬂmﬁﬁ%
ST U SeTRE T 2 9 3R, 3-SR, @%(agcha)

feya, ya-foya, ga(dia)-ga onfg | @ol sfafd=me & oer
ferega- R (e) 3R v Toaais ol FRifd ot e Hiex g
e foraT SfTell & | AeR-TeiaT Geolt gad 31feies ZemTet faar ST
arer SfAfa=arg & St &fdst iR SeateR ST srerde deamet o
e ¢ | 38 e #, 9 v seagis 3t faga- o st
%ﬁﬂ@ﬁ@%%l@#ﬁ%gﬁ?ﬁﬁ@%ﬁa 10 Hex % R R e
72 TS & 1Y, S H Fel 710 HieX d% TagoT arrs (Tel. )
I IS TS ST Hebell ¢ | Aa-Telai I G0Nt & STa90T i 3Tfeehad
TTERTS et YAEIUT TS T 0.2 AT & AT 710 Hiex HIeIvT s o
AT 142 Hex | ya-fGya (Tat. 1 0.35) iR ya-ya (T &1 0.9)
TROT ST HTA=ATE &1 SUART F¥eh STUTH 3 TS I STl
foran ST gepdn & | AT T wfaRifdTeTETer Sl arsifae ufaifedr
Tl Beht ¢ 1ag T STt uRiedr wemeel 7o € SeHE
WE & Ioacieid! AT Fd WRAFURRIY Jed UgHeaT |
"ol e iR "arafas” wfaRifedr & s ue Sifed gay
& fSrgen (TR sreRmoT wftkan grT foar ST € 1

SIS 7T (STeqR S, Tsrea) H forar T uferifear aagror-
TARITRAT THET0T IR STIRI(Sad) (T 1, Te.2, Tel.3 TITA.4)
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The resistivity survey technique is used to address many issues
related to groundwater exploration including assessment of strata,
depth, thickness and boundaries of aquifer. The subsurface
resistivity is related to various geological parameters like mineral
content, porosity and degree of water saturation in the rock. High-
resolution Electrical Resistivity Tomography (HERT) survey works
on the principle of variations in electrical resistance caused by the
flow of electric current through various materials in the subsurface
via electrodes connected to the ground. High-resolution multi-
electrode resistivity meter is used for various applications like
groundwater exploration, mineral studies and palaeochannel
aquifers investigation. The instrument available at RRSC-West,
Jodhpur (model: IRIS SYSCAL Pro) mainly consists of switching
unit, external AC-DC Convertor, power generator, electrical cables,
electrodes and jumpers.

2-D electrical imaging / tomography surveys are usually carried
out using a large number of electrodes (more than 25 electrodes)
which are connected to a multi-core cable with a constant
spacing between adjacent electrodes. The multi-core cable is
attached to an electronic switching unit connected to a portable
computing platform with display to automatically select the
relevant four electrodes for each measurement. The selection
of current and potential electrodes while taking measurements
is based on various electrical arrays configurations like Wenner,
Wenner-Schlumberger, Dipole-Dipole, Pole-Dipole, Pole-Pole etc.
The position of current and potential electrodes are switched by
resistivity meter according to the array configuration. The Wenner-
Schlumberger array is the most commonly used configuration
which is sensitive to both horizontal and vertical subsurface
structures. In this configuration, two potential electrodes are used
that lie between two current electrodes. A total of 72 electrodes
fixed at 10 m spacing between any two consecutive electrodes,
total survey length (L) of 710 m can be planned in the ground. The
maximum depth of investigation for Wenner-Schlumberger array is
0.2 of total survey length (L) i.e. 142 m for 710 m survey length. A
higher depth of investigation may be achieved by using Pole-Dipole
(0.35 of L) and Pole-Pole (0.9 of L) array configurations. The
measured resistivity is not the true resistivity of the subsurface, but
an apparent value that is the resistivity of a homogeneous ground
that will give the same resistance value for the same electrode
arrangement. The relationship between the “apparent” resistivity
and “true” resistivity is a complex relationship which is determined
by inversion process.

Resistivity survey carried out at Agolai Village (Jodhpur District,
Rajasthan) — Resistivity survey has been carried out along four
traverses (L1, L2, L3 and L4) as shown in Fig.-12.1. Individual
2D and combined 3D tomograms were generated for groundwater
exploration (type of aquifer materials, depth of groundwater level
and its quality). The boundaries among saline agolian soil, alluvium
(soft sediments) and rhyolite (hard rock) were demarcated in the
tomogram for L1 traverse as shown in Figure 12(d). Low resistivity
layer (< 3.27 Qm) at the top (0 - 20m) shows saline aeolian soil
layer. Below of this layer, slightly higher resistivity layer (3.27 —
36.05 Qm) shows alluvium layer which may be source of potable
water. At the bottom of the tomogram, high resistivity zone (36.05 —
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ST.eseg. 2. (Y-S fa9T) € Uahfad fereiaiT a1 & d9exr url 215.6 Qm) is interpreted as Rhyolite mineral zone. The strata of 2D
T | 3, TO.5.37X.8l. dedle 9-Hdg & A Suas @feet tomogram resembles with litholog data collected from GWD (Ground
TTARITRET % SYR W @fs g9eq Ea AT (TEHHR) THHRY Water Department). Hence, HERT is a non-destructive technique to

=1 T A T AT e 2 find out mineral composition and aquifer information based on the
o g resistivity of materials available beneath the ground surface.
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Figure 12.1: (a) Resistivity Survey carried out along four traverses (L1, L2, L3 and L4) at Agolai Village, Jodhpur (b) & (c) 3D
tomogram generated after inversion process (d) 2D tomogram generated for L1 traverse (e) Ground Litholog data of Agolai village
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13 Automation of S-Band Uplink from Antenna System-2
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Integrated Multi-mission Ground Station for Earth Observation
Satellites (IMGEQS) is equipped with Four, Two Axis Dual Band
(X&S Bands) Antenna Systems (AS1 to AS4) and one Tri-Axis Tri-
Band (S, X & Ka Bands) Antenna System (AS6). These Antenna
Systems have the capability of RHCP and LHCP data reception. To
meet the requirements of NovaSAR mission uplink and Downlink,
Antenna System AS-2 was upgraded with Up-Link components.

NovaSAR Satellite carries S-band Synthetic Aperture Radar (SAR)
and an Automatic Identification Receiver payload. NovaSAR-S
mission provides medium-resolution (6—30 m) imagery. It delivers
all weather medium resolution earth observation data day and
night. NovaSAR provides medium-resolution SAR images and
Automatic Identification System (AIS) data to aid in ship detection.
The satellite applications include Forestry monitoring & mapping,
Land use & Ice cover monitoring, Flood & Disaster monitoring and
Maritime missions. It will be operated from SSTLs (Surrey Satellite
Technology Ltd) Spacecraft Operations Centre in Guildford, UK.

The payload data of SAR image is transmitted to ground station
in X-band at a frequency of 8200 MHz through LHCP (Left hand
circular polarization) using 8-PSK modulation. This X-Band
downlink carries 600 Mbps (symbol data rate) downlink imaging
payload data with 2/3 4D-TCM coding technique in two different
modes, Direct Broadcast mode at 400 Mbps and nominal
Automatic Repeat Request (ARQ) mode at 500 Mbps.

The S-Band uplink in ARQ mode at 500 Mbps is used to request
image file downloads, and also repeat downloads of any corrupted
packets. The spacecraft is capable of simultaneous capturing of
image using payload and downloading of existing stored payload
data. It also supports Near Real Time imaging i.e. transmission of
data blocks with short delay from image capturing.

The LHCP signals in X Band received from NovaSAR satellite are
down converted to 720MHz IF and then interfaced with SSTL
X-Band demodulator. S band signals are down converted to 70
MHz IF and then interfaced with TTC Modem of SSTL.

The uplink signal from Amergent modem is up-converted by
Transmission Up converter and is fed to SSPA though riser box
amplifier. The amplifier is used for leveling, if required, so as to
maintain input signal level to SSPA. This high power SSPA offers
output power of 100 watts across the standard 2025 to 2125 MHz
satellite uplink band. The RF Mute switch after SSPA will be used
to Mute or Unmute the SSPA output power level. The output of
SSPA is fed to a Polarization switch which is used for selecting
polarization of transmitting signal between RHCP and LHCP
transmission/tele-command. This transmission signal is then fed
to diplexer transmission port, which sends transmission signal
through diplexer to feed elements for transmission. All the Up-Link
Sub-systems are configured and monitored using the S-Band Up-
link M&G Software. This Software is operational and supporting all
NovaSAR passes at IMGEOQS.

The S-Band Uplink M&C software is designed as windows-based
GUI application to perform up linking of NOVASAR passes from
the AS2 antenna system in a fully automated manner without user
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arferert-13.1: AEER AR A U9 32138 Table 13.

1: NovaSAR Imaging Modes and Data Rates

SHISAT HIE Imaging mode  fa9aw Resolution  yHTt fa=ame Swath width
THTATT ScanSAR 20m 100km
THAT Maritime 6m-13.7m 400 km
fRT8T Stripmap 6m 13-20km
THTATY [A¥gd ScanSAR wide | 30m 55 km/140.28km
AS2 ( ‘_>S&Xb d M | X-Band 1st Down :
_‘ Foed System [l < e converter :
] iﬂ s-ope H:}Fys‘ohxi‘iiivs;f;"ﬂﬁ i
ystem Servo System Down converter 5 —g 8 converter
=~ ‘g /;':_\ Demodulator
RF Uplink MN—1 :
Unit converter }‘7] ’[I : \‘]— Al:n":;g‘:t
i : NovaSAR Rack
] : I:I_,( Spectrum
: Analyzer

Rd-13.1: 379 3R sreA-foie rffa=ama & @19 1e@-2 Gt
Fig.13.1: AS-2 Antenna System with Up & Down-link Configuration.

gl S-Band UpLink V1.0 08-Mow-2021
View Exit

Date: |29-11-2021

Litilities

S - band UpLink M&C Software

Time: |333:05:13:40

1O Frea:3a60 | MHz [ LLRE UpLink Uit ]
POL SW:RHCP | A State: To Antenna
i Ouiput Power: dBm %
I ' RF SW{Unmute |
Module Curmrent: |37 42 amp
LO Freq: [175  |MHz AL swir | _ 3742 | -
Atn: 80 |aB Gan:[20 ]
Antenna Schedule: Me=s=age Log:
Sat | Orbit | DataOn | DataOff | Status 05:08:37.748 |0 Uplink control unit configured for pass M... | ™
05:08:37 951 o TLT configured for pass NWS_17472
NVS 17479 17:05:06 17:10:47 Upcoming 05:10:49.032 |0 Starting un muting of SSPA for pass - M.
NVS 17480 18:42:43 18:46:10 Upcoming 05:10:49.838 |0 SSPA configured for pass NWS_17472
05:10:55 447 o Pass NW5S_ 17472 started =

Rd-13.2: T9-d8 afeie Aife iR e giveaam
Fig.13.2: S-Band Uplink Monitoring and Control Software
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intervention. Before 2 min 30 sec of Data On time, transmit up
converter, RF uplink unit, SSPA (Solid State Power Amplifier) unit
and Test Loop Translator (TLT) are configured for NovaSAR uplink
configuration. SSPA output power will be muted till the EL angle
reaches to 5° for safety reasons and unmuted when the elevation
angle reach 5°. If the SSPA output power becomes less than the
threshold value then software gives alert to the user to check
the SSPA power. This software updates when there are changes
in the schedule of current day as well as for next day. Only the
restricted users can change the configuration of sub systems. It
has provision for manual configuration of the sub systems with
password protection.
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At NRSC, Balanagar, a server (Atlas) will host Mission Interface
which allows users to request images from NovaSAR. This server
will communicate with the main NovaSAR System (MPS) in
Guildford via a web interface. Atlas shall enable users, through a
web-based GUI, to designate imaging targets providing coverage
of the area of interest, and determine appropriate satellite passes
for image download. These requests shall then be transferred
to the main MPS in the UK. Once accepted, the request shall
be acknowledged and ground station scheduling files shall be
automatically sent back to ISRO to instruct the ground segment to
track and download the payload data requested from the NovaSAR
satellite. The main NovaSAR Mission Planning System in the
UK generates ground station schedules for all NovaSAR ground
stations.
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National Database for Emergency Management (NDEM) of National Remote Sensing Centre (NRSC), ISRO receives Geospatial Excellence

Award 2023
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14 Design and Development of UAV for Atmospheric Studies
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e 14.1: 31idfRes &9 @ fef@a Hresiodt
Fig.14.1: In-house developed Quadcopter

Aerial Services and Data Management Area of NRSC is enhancing
the capabilities of its Unmanned Aerial Vehicle (UAV) platform
through sensor integration which includes loT based sensors for
various applications in remote sensing and atmospheric studies.

Based on Earth and Climate Science Area (ECSA) requirements,
a UAV is designed and developed to carry sensors such as
Radiosonde, gas and air quality sensors to measure meteorological
parameters and gas concentrations and at various locations and
altitudes.

The sensor also measures meteorological parameters, including
atmospheric pressure, temperature, wind speed, and relative
humidity. The end use of the sensors on board the UAV is to measure
meteorological and air quality parameters at different locations in
space and time for environment and human health related studies.

Design & Development of UAV: A UAV with 10 kg payload carrying
capacity is finalized to carry sensor such as Radiosonde, miniature
gas and Air Quality (AQ) sensors and to cater to endurance
requirements of nearly one hour.

The development of the quadcopter included the following activities:

a. Detailed endurance Vs Payload carrying capacity calculations,
b. Assembly of the quad frame along with motors and flight controller,

¢. Configuring and tuning the flight controller using Mission Planner
(open source) ,

d.Interfacing of Flysky receiver and telemetry module with flight
controller,

e. Calibration of accelerometer, radio compass ESC and motor
tests.

Airframe: For structural requirements and to restrict, Maximum
Takeoff Weight (MTOW) to less than 25kg to keep the UAV Class
to ‘Small’ Category, EFT 410p Quadframe is used as the airframe
(Figure 14.1). The arms made of high-quality carbon fibre material
and metallic landing struts adding to the robustness of the platform.
The arms are the primary load bearing members and have a
provision for folding thereby minimizing the size and facilitates ease
for transportation.
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Fig.14.2: Altitude and Pressure plots from Radiosonde instrument
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Motors: Hobbywing X8 motors with integrated Electronic Speed
Controller(ESC) and propellers compatible with EFT 410p were
used. This system is capable of carrying a load of 5-7kg per motor
and provides the thrust of up to 16.1kg per axis.

Flight Controller: Pixhawk 6C coupled with M8N GPS module is
the flight controller and is based on the Pixhawk FMUvGC open
standard, which includes high-performance, low-noise IMUs on
board, designed to be cost effective while having IMU redundancy.
The flight controller has STMicroelectronics based STM32H743
microcontroller which contains the Arm Cortex-M7 core running
up to 480 MHz, has 2MB flash memory and 1MB RAM allowing
for complex algorithms and models. The Pixhawk Flight Controller
can be programmed to use the opensource ardupilot or px4 based
autopilot systems which means there is a flexibility of changing the
autopilot if needed.

Telemetry: 3DR telemetry modules are used for real time data
communication with the quadcopter. These telemetry modules are
based on standard RS-232 interface and are used to communicate
between the flight Controller and the Ground Control Station. The
Communication between the two entities is based on the Micro
Air Vehicle Link (MAVLink) standard protocol which defines the
industry standard for communication and commands between
the two. Flysky FS-i6s 10 channel transmitter was used for flying
the quadcopter. This module is based on the Automatic Frequency
Hopping Digital System (AFHDS) technology which offers superior
protection against interference while maintaining lower power
consumption and high reliable receiver sensitivity.

The configuration of quadcopter is given in Table-1.

Test Flights: After lab tests and calibrations, test flights were
carried at Kollur and Shadnagar, near Hyderabad upto an altitude of
120m AGL.

Sensor Integration & Data Acquisition:

Radiosonde instrument (iMet-4 RSB) was integrated with the
quadcopter and atmospheric data was collected up to an altitude
of 110m AGL near Kollur and Shadnagar near Hyderabad. The plots
of the data acquired from the Radiosonde instrument like altitude,
pressure are given in Figure14.2.

The trajectory, altitude, pressure data acquired from the sensors
onboard the UAV are validated with insitu data by the ECSA team.
The UAV and sensors are inducted and operational.

ferent-1: gTeeigR fa=are Table-1: Quadcopter Configuration

. No. Category
1 TATHR SUFRET 410 FTethm
Airframe EFT 410P quadframe
5 raq 3=, 222x6s, 16000mAh LiPo 924 & &1 X8 Wied
Propulsion Electric, Tattu2x6s, 16000mAh LiPo batteries with X8 motors
3 ESIRAGREED M8N Sirdrue wiega & a1 gl 64T
Flight controller Pixhawk 6C coupled with M8N GPS module
4 FTEATAT HTA HATL 3DR 433Mhz 500mw FZHTT Fiege
Real time communication | 3DR 433Mhz 500mw telemetry modules
5 ey =T FATSERTE 2.4Ghz 10 ==t IO T TSRt
RC control Flysky 2.4Ghz 10 channel transmitter & receiver
6 | T TUTTeAT ZITERT X8 100 KV(4400rpm) HTaT SOTTeAT hiFIT(HTeT, SHUH, qIa)
Power system Hobbywing X8 100KV (4400rpm) power system combo (Motor, ESC, propeller)
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All-India Agriculture Products with New Sensors

23ITH-04 (ARITETHTE-17)

AT TR T T HEH H T S T §at H AR SIA: Hi
3R fShET FHedToT Hellerd ht 3TaRgehdl & 3MYR W A YR
WA Y T &d & MY HM & folg T ifua ugfd faefad
3R ToheTTYde FafRid TS § | S & ST 2023 @ EOS-04
MRS HV 2T &1 ST 3R SFT&d 7l AWIFS et ot 31feehas
NDVI HifSie 3FTE & 3id d% @ a1y 7 &d H 9ga | T
TelohaTeTa EfSehIvT UGfRid o=l ¢ | Tehriich bl el TR I8 ¢ foh
T i g & HROT T fUoe # TRt dertdhet URaaH § 3
AR Fax Gleaerstl/adt 9H g &l gerr # fomar o1 ore (Sit)
e 2 ¢ | Sl deRiee @l Refiar sfRfen faQvar (smRaiHh)
Tk 3R JeT & S TR TG Ugfd & MR WX 1ehiaid o
T | S 3R AT & |1 Tt et # 85-89 ufdwrd & |
P FEHAT UIE TS | ATV T TETe 3R THTRTE! 3ifdher
T el 7 ST Thia T S SRSl &t 37 9eTdT § | I8
TR IR T 2023-24 7 o (oY TG FIR FA & ol q Hrasomedt
I GheraTga e @] foRaT T & St ok o 15.1 & R mar g |

I A §d H Wleld AT $3NTE-04 2T Sl IuAT
T Y @ e # ufdifia aread S wEe & Fer 9d @
(TEeT) S ht &= H, 3earg & aenford IcdTe & fofq eifaher
T 99 & TanT ¥ Us Tl faenf@a fomar man € | uremRay
e & 10 T (T AT 3 2700 TRT) I ITANT fa 71T 8 |
T i e ol Fgedqot g e1afe (S & e1aeer 2023) W Fifeid
THITRYY TITT 37X Tt TeT e e 3fiX Srdigeen 7 o1=1 ga-
VRO TROT ol TaTferd foharl T | Ideh 17 Tt o fafere siua

E0S-04 (RISAT-1A):

Early estimation of in-season kharif sown area at National-level:
An innovative methodology has been developed and demonstrated
successfully for early estimation of all-India kharif sown area
based on a requirement from the Ministry of Agriculture & farmers
Welfare. The use of EOS-04 MRS HV data from June to August
2023 and the maximum NDVI composite of August month AWIFS
data demonstrates a synergistic approach in arriving at the kharif
sown area by end of August. The basic premise of the technique
is that the temporal backscatter changes in crop pixels due to
crop growth have higher Coefficient of Variation (CV) compared
to other land cover features/fallow lands etc. CV thresholds were
optimized based on Receiver Operating Characteristic (ROC)
curves and Youden’s J Score statistical method. The accuracies
reported are between 85-89% in selected districts after testing
and validation. Automation of methodology and its integration into
NRSC Data Processing chain further enhances its applicability. The
methodology has been successfully applied to generate a product
for kharif 2023-24 season at national scale as depicted in Fig.15.1.

Automated mapping of kharif rice area: Towards pre-harvest
acreage estimation of transplanted rice crop in kharif season using
EOS-04 data, an algorithm has been developed in collaboration
with Data Processing chain for automated generation of the
product. 10 cycles of MRS data (2700 scenes of each polarization)
have been used. Fetching of temporal MRS HH & HV data over the
critical growing period of the rice crop (Jun to Oct 2023) and other
pre-processing steps were automated in DP chain. The iterative

nrsc }”\

Using EOS-04 and AWIFS data: 2023

I Knharif sown area mapped from
AWIFS data

[ Additional Kharif sown area mapped
from EOS-04 .
[T Forest .
I Built-up
[
B Waterbodies

Source: \-,‘

Kharif Sown Area: EOS-04/AWiFS
Forest, Built-up, Waterbodies: AWiFS (Annual LULC) ‘

e 15.1: @AW T4 & &1 AHCA
(TeEEl-uuTstt o drogetel- it grr dge &9 & fAffa)
Fig.15.1: Kharif Sown Area Map
(Generated jointly by AID-ASAG & PSDD-DP)

harif Sown Area(by end of Aug) Map generatec

nrsc }1
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Kharif Rice Crop Map of India generated
Using EOS-04 data: 2023

[ Rice crop

[TForest & -
[ Built-up ‘
Il Waterbodies R
oooooo K c_“
Rice crop: EOS-04 x
Forest, Built-up, Waterbodies: AWiFS (Annual LULC) i\

fd-15.2: YRA BT 2023-24 WIS & @AW TG HEel JH
(TSATEET-TUaTsT 3R diogelel- St gry dgea & & ffi)
Fig.15.2: Kharif Rice Crop Map of India 2023-24 season
(Generated jointly by AID-ASAG & PSDD-DP)
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JATE & TET 9 HAIE0T &l R efvehior g1 & faferm gat
H G HIHH & G 9T ol et Wil & & T SAfeh AT 3T
Tte fifafea wem e 8 | fd 15.2 § wqd 2023-24 @O®
Hray & fory 3ifeer WRdIg a1ael & BHe ol AFfd SRV &
e STV ST S1g IR & gor ot $fid aear ¢ |

$37g-06 (Sfwrde-3)

EOS-06 321 & |y 3ifeer HRAT 1Y g & Wi &1 Arfaraor:
FaaR 2022 H 3M<de-3 & Y& 7 4 13- 3N HeR
HifAex (M) et & T el TR IR F Suani o forg w2
AT et € | Il 7o ®9 8§ Tg STt o forg s
o1, 1400 fert el gqent faeqa ugt 360 Hiet & HIe faHgd W 2
T3t & U IR R R I HaS UG wT ¢ | I8 IR-9R R &
T T T e bl AR At 3 folg Tyt €, fokiv vu &
e BT T4 $! feafa & @dw aiga & SR |

TP ®R R @A &Y TQ &d 6l W 6l ardiaes q7d FFRE
& forg weaw G oiifodhe ofi ger adir et & |1y I Hifeidh
23NTY-06 2T & HglohaTeD IUANT & T Teh HIAVUTRA iam
Jar forar mar ¢ (R 15.3) | ot 15.4 § Tt & o6 @d%
Y 1Y &t S TN Tgar & Aol gUR gid &, fRv s §
TG T & TR af (7 & 757 Jelrs) & g, STgi aige
R TR T 8 | $3MTF-06 2T & THIHor T W Ja18 &
1 e UaT T & forg A2 -fade awt gt W feikar &t &4 fhan
ST T § | el THeTTane, I STRITEt $3YE-06 3R 37 IuUg
ST I 1 T ISTH ATelt HIRANOT SFe AT TR TR @A a1
Y &d S W &t arEafae gag @ IR & forw ues erfua
ZPeIvT Vg e & |

SWTg diveaiR fGed g9 (Tegelst), Sy & ggaim € &
T A T (TREe), quagstt & & fomar 7 |

approach to paddy mapping, corresponding to different staggered
sowings every 17 days, provide a more comprehensive and
accurate representation of the total rice cultivation area during the
kharif season in different regions of the country. The all-India rice
crop map for the 2023-24 kharif season presented in Figure 15.2
indicates the successful application of the methodology and the
generation of tangible results.

E0S-06 (Oceansat-3)

Mapping All-India Sown Area Progression with EOS-06 Data: The
launch of Oceansat-3 in November 2022 has opened up several
possibilities for agriculture applications at regional scale, with its
13-band Ocean Colour Monitor (OCM) data. Although primarily
built for ocean applications, its wide swath of 1400 km enables
whole India coverage once in 2 days, at a coarse resolution of
360 m. This frequent revisit time is crucial for continuous crop
monitoring, particularly in the cloudy conditions during kharif
season.

A methodology framework has been designed for synergistic use
of high temporal EOS-06 data with medium resolution optical
and microwave data for near real time monitoring of kharif sown
area progression at national scale (Fig15.3). Cumulative area
graphs in Fig.15.4 demonstrate a significant improvement in the
early detection of kharif sown area, particularly during the initial
period of kharif season (June to mid-July), where cloud cover
poses serious challenge. The integration of EQS-06 data can
reduce the dependency on coarse-resolution rainfall data for early
detection of kharif sown area. Overall, the methodology framework
leveraging high temporal EOS-06 and other satellite data sources
demonstrates an innovative approach to near real-time monitoring
of kharif sown area progress at a national scale.

Work carried out at Agri Informatics Division (AID), ASAG in
collaboration with Product Software Development Division
(PSDD), DPA.

100 -
Sentinel-1 &2

000 - 0 Sentinel-182+ E0S-06

Ares (in Lakh h=)

JUNISTWK JUN 26K JON AWK JUNRWK JULLAWK  JULZd WK JULSrd WK JULAR WK AUG 15T WK AUG 26 WIK AUG 3 WK Abﬁl(hwq

R 15.3: $3TG5-06 221 1 g TG A1 77 & 1 T R 3 g A1 K 2

% TTY Uehiehd o 71T §

Fig.15.3: EOS-06 data integrated with Sentinel-1&2 for improved kharif sown area

detection

fod-15.4:33T0g- 06 2T i Thig fohy fomT 3R 35
ST s |1q 77 et bt rerdt wrorfet
Fig.15.4 Cumulative progression of kharif sown area

with and without integrating E0S-06 data



I
Pixel 2 People

Publications:

1. Allahudheen, S., Bhuvana Chandra, A., Nayak, Rabindra K., Dadhwal,
VK., Krishnapriya, M. & Lakshmaiah, M.V. (2023). High-resolution
GEOS-Chem model for Indian monsoon region: Seasonal cycle and
budget of tropospheric CO2. Atmospheric Environment, 309, 1-15.
https://doi.org/10.1016/j.atmosenv.2023.119913

2. Ahmad, L. & Saran, Sameer (2023). Anthropogenic evidences as
precursors to forest fire trigger in Western Himalayan Region.
Environment, Development and Sustainability. https://doi.org/10.1007/
$10668-023-03312-y

3. Arun Murali, C.M, Chowdary, V. M., Kesarwani, Mohit & Neeti, Neeti.
(2023). Integrated drought monitoring and assessment using multi-
sensor and multi-temporal earth observation datasets: a case study of
two agriculture-dominated states of India. Environmental Monitoring and
Assessment, 195, 1-24. https://doi.org/10.1007/s10661-022-10550-6

4. Banakara, K.B., Sharma, N., Sahoo, S. Dubey, S.K. & Chowdary, V
M. (2023). Evaluation of weather parameter-based pre-harvest yield
forecast models for wheat crop: a case study in Saurashtra region
of Gujarat. Environmental Monitoring and Assessment, 195, 1-13.
https://doi.org/10.1007/s10661-022-10552-4

5. Bhattacharyya, Pratap., Padhy, Soumya Ranjan., Khanam, Rubina., Nayak,
Amaresh Kumar,, Dash, Pradeep Kumar, Reddy, C.S., Chakraborty,
Abhishek., Mandal, Debashis., Swain, Saubhagyalaxmi & Baig,
M.J. (2023). Marine estuaries act as better sink for greenhouse
gases during winter in undisturbed mangrove than degraded ones in
Sundarban, India. Marine Environmental Research, 191, 1-9. https:/
doi.org/10.1016/j.marenvres.2023.106147

6. Dilip, T, Kumari, Mamta., Murthy, C. S., Neelima, T. L., Chakraborty,
Abhishek & Uma Devi, M. (2023). Monitoring Early-Season Agricultural
Drought using Temporal Sentinel-1 SAR-based Combined Drought
Index. Environmental monitoring and Assessment, 195, 925. https:/
doi.org/10.1007/510661-023-11524-y

7. Dollin, Jen., Hagare, Dharmappa., Maheshwari, Basant., Packham,
Roger., Reynolds, Jason, Garg Abha., Harris, Harshitha., Issac, Annie
Maria., Meher, Alok Kumar & Shivakumar, Sunil Kumar (2023). A
reflective evaluation of young water professionals' transdisciplinary
learning. World Water Policy, 9(3), 315-333. https://doi.org/10.1002/
wwp2.12121

8. Girach, Imran A., Ojha, Narendra., Nair, Prabha R.., Subrahmanyam,
K. V., Koushik, Neelakantan., Nazeer, Mohammed., Kumar, Nadimpally
Kiran., Suresh Babu, S., Lelieveld, Jos & Pozzer, Andrea (2023).
Influences of downward transport and photochemistry on surface
ozone over East Antarctica during austral summer: in situ observations
and model simulations. EGUsphere. (Preprint) https://doi.org/10.5194/
egusphere-2023-1524

9. Guha,Arindam, Baranval, Nikhil Kumar., Misra, Ashish., Singh, Swati.,
Shivashankar, M., Garain, Santosh., Mazumder, Subhobroto., Pathak,
S. & Vinod Kumar K. (2023). Space based Earth observation approach
for exploring hydrocarbon prospects in an intracratonic rift basin-A
study in north Cambay basin, Gujarat. Advances in Space Research,
72(11), 4752-4777 .https://doi.org/10.1016/j.asr.2023.09.011

10.Harika, L., Kumari, Mamta., Neelima, T.L., Chakraborty, Abhishek &
Anil Kumar, K. (2023). Monitoring Rice Phenological Stages Using
Temporal Sentinel-1 SAR Data. Journal of Agricultural Physics, 22(2),
185-198.

11.Issac, Annie Maria., Harshitha, M. S., Vijay Lakshmi, Thatiparthi.,
Hagare, Dharmappa., Maheshwari, Basant., Dollin, Jen., Packham,
Roger & Spencer, Ricky. (2023). Transdisciplinary approach for
planning the expansion of irrigation infrastructure at a regional
scale. World Water Policy, 9 (3), 371-387. https://doi.org/10.1002/
wwp2.12120

12.Issac, Annie Maria., Harshitha, M. S., Vijay Lakshmi, Thatiparthi.,
Hagare, Dharmappa., Maheshwari, Basant., Reynolds, Jason K., Rao,
Lakshminarayana., Tuppad, Pushpa., Prasad, Shiva., Ynag, Shuging
& Sivakumar, Muttucumaru. (2023). Geospatial data and web based
tools for managing irrigation infrastructure expansion projects. World
Water Policy, 9(3), 88-403. https://doi.org/10.1002/wwp2.12130

13.Jain, Nirmala., Roy, Priyom., Martha, Tapas R., Sekhar, Nataraja P &
K.Vinod Kumar. (2023). Causal analysis of unprecedented landslides
during July 2021 in the Western Ghats of Maharashtra, India.
Landslides, 1-11. https://doi.org/10.1007/s10346-023-02165-w

14.Kannemadugu, Hareef Baba Shaeb. , Syamala, Prijith Sudhakaran.,
Taori, Alok., Bothale, Rajashree Vinod., & Chauhan, Prakash (2023).
Atmospheric aerosol optical properties and trends over Antarctica
using in-situ measurements and MERRA-2 aerosol products. Polar
Science, 38, 1-7. https://doi.org/10.1016/j.polar.2023.101011

15.Kesarwani, Mohit, Neeti, N. & Chowdary, V. M. (2023). Evaluation
of different gridded precipitation products for drought monitoring: a
case study of Central India. Theoretical and Applied Climatology, 151,
817-841. https://doi.org/10.1007/s00704-022-04304-0

16.Kumar, Tanumi., Das, Prabir Kumar., Dey, Mansa., Bandyopadhyay,
Soumya., Chandrasekar, K., & Das, Anup Kumar. (2023). Modelling
biophysical parameters of Indian Sundarbans mangroves using
fully polarimetric L-band Synthetic Aperture Radar data and ground
observations. Journal of Coastal Conservation, 27, 62.https://doi.
0rg/10.1007/s11852-023-00994-4

17.Kumari, Mamta., Chakraborty, Abhishek., Chakravarthi, V., & Roy, P
S. (2023). Spatio-temporal trend of crop phenology, SPEI, and their
interactions over different agro-ecological regions of India. Theoritical
and Applied Climatology, 154, 291-309. https://doi.org/10.1007/
s00704-023-04557-3

18.Mani, Jugal Kishore., Varghese, A. 0., Sreenivasan, G. & Shrivastava,
Ashish. (2023). Discrimination of pearl millet in the rainfed
agroecosystem using multitemporal sentinel-1 SAR data. Proceedings
of the Indian National Science Academy. https://doi.org/10.1007/
$43538-023-00218-1

19.Martha, TR., Roy, P, Jain, N., & Vinod Kumar, K.(2023). Rock-Ice
avalanche induced flash floods - Beginning of a new normal in Indian
Himalayan region. Himalayan Geology, 44(2), 64-70.

20.Paul, Arati & Chaki, N. (2023). Dimensionality Reduction of Hyper
spectral Imagery. Springer Cham. https://doi.org/10.1007/978-3-031-
42667-4 (Book)

21.Paul, Arati., Chauhan, S & Dutta, D. (2023). Mobile based image
interpretation and geotagging using artificial intelligence and open-
source geospatial technology. Applied Geomatics, 15, 795-805.
https://doi.org/10.1007/s12518-023-00522-x

22 .Priyadarshi, Niraj., Pathak, Suparn., Chakraborty, Debasish.,
Chowdary, Vemuri Muthayya., Srivastav, Sushil Kumar., Kamalakannan,
Chandrasekar., Chockalingam, Jeganathan & Bandyopadhyay,
Soumya. (2023). Estimation of natural vegetation phenology metrics
using time series EVI over Jharkhand state, India. Journal of Spatial
Science. https://doi.org/10.1080/14498596.2023.2281926

23.Sindhu, K., Singh, Amanpreet, Durga Rao, K. H. V. & Mahammood,
Vazeer. (2023). Hydrodynamic modelling approach for scientific
assessment of flood prone areas at basin scale. Modeling Earth Systems
and Environment. https://doi.org/10.1007/s40808-023-01820-4

24.Singh, Swati., Chauhan, P, Roy, P Martha, T. R. & Das, I. C. (2023).
Characterisation of Ejecta Halo on the Lunar Surface Around
Chandrayaan-3 Vikram Lander Using OHRC Imagery. Journal of
the Indian Society of Remote Sensing, 51, 1919-1922. https://doi.
0rg/10.1007/s12524-023-01774-1

25.Singh, Swati., Sarkar, S.K., Manche, Shivashankar., Guha, Arindam
& Vinod Kumar, K. (2023). Earth observation approach for targeting
stratiform deposit of manganese in central India. Advances in
Space Research, 72 (4), 1094-1108. https://doi.org/10.1016/j.
asr.2023.03.044

26.Singhal, Jayant., Kumar, Tanumi., Fararoda, Rakesh., Das, Prabir
Kumar., Paliwal, Rakesh., Chintala, Sudhakar Reddy, & Rajashekar,
Gopalakrishnan (2023). Forest Characterization using C-band SAR
Data- Initial results of EOS-04 Data. Journal of the Indian Society of
Remote Sensing. https://doi.org/10.1007/s12524-023-01790-1




I
Pixel 2 People

27.Sudhakar, K., Rao, Shanmukha D., Gangwar, Saurabh., Radhika, T,
Kumar, Mani V., Ramani, A V., Aparna, N., Sarma, Manju M & Krishna,
Gopala. (2023). RPC's Generation with Rational Function Model
based on Line of Sight Model for IRS -1CG/1D. International Journal of
Computer Applications, 185 (38), 29-35.

28.Wable, Pawan S., Jha, Madan K., Chowdary, V. M. & Mahapatra,
Smaranika. (2023). GIS-Based Multi-criteria Decision Analysis for
Identifying Rainwater Harvesting Structures Sites in a Semiarid River
Basin. In: Impacts of Urbanization on Hydrological Systems in India.
Springer, Cham. https://doi.org/10.1007/978-3-031-21618-3_1

Conference Papers:

1. Biswal, Anima, P Srikanth, Bhavana Sahay, V M Chowdary & K
Sreenivas. (2023, November 28-30). Spectral characterisation
of terminal heat stress in wheat crop in India. 1SG-ISRS National
Symposium, Pune, India.

2. Choudhary, Karun Kumar, Abhishek Chakraborty, Claus Zenhe4, Sachin
Prakash, Dhananjay Barman, VM Chowdary, K Sreenivas, Rajeev
Jaiswal & Prakash Chauhan. (2023, September 19-21). TROPOMI-
SIF as a proxy of Gross Primary Production in Jute Ecosystem:
Initial results from ESA-ISRO Collaborative Study. FLEX Fluorescence
Workshop 2023, ESA-ESRIN, Italy.

3. Kumari, Mamta, Abhishek Chakraborty, Karun Kumar Choudhary &
V.M. Chowdary. (2023, November 28-30). Machine Learning based
Crop Discrimination & Biophysico-chemical Parameter Estimation
using Airborne Hyperspectral data. ISG-ISRS National Symposium,
Pune, India.

. Laxman, B., Choudhury, K.K. & Chowdary, V.M. (2023, November

6-8). Extraction of canopy parameters of Sweet Orange (Citrus
sinensis) Trees using UAV based multispectral Data through Object
based Analysis. 43rd INCA International Congress, Jodhpur, India.

. Pandey, Varun, Karun Kumar Choudhary & V. M. Chowdary. (2023,

November 6-8). Synergistic Integration of Optical, Microwave,
Weather, and Pheno-phase Information Towards Developing a Robust
Wheat Yield Proxy. 43rd INCA International Congress,, Jodhpur, India.

. Priyadarshi, N., Pathak, S., Chakraborty, D., Srivastav, S.K.,

Chandrasekar K, Chowdary, V.M. & Bandyopadhyay, S. (2023,
November 6-8). Remote sensing-based fractal dimension algorithm
to identify land cover class from time series EVI data. 43rd INCA
International Congress,, Jodhpur, India.

. Raju, Parichay S., Abhishek Chakraborty, Bhavana Sahay & V. M.

Chowdary. (2023, November 6-8). Automated Mapping of Rice
Stubble Burnt Area Progression in Punjab. 43rd INCA International
Congress, Jodhpur, India.

. Singh, Swati, Nikhil K. Baranval, Tapas R. Martha & I.C. Das. (2023,

November 7-8). Delineation of Basement Structure of Alluvial Mega
Fans using satellite gravity and multispectral data. 2nd EAGE/Aqua
Foundation Indian Near Surface Geophysics Conference & Exhibition,
New Delhi, India. https://doi.org/10.3997/2214-4609.202375056

. Tapete, D., Jaiswal, R.K., Licciardi, G., Sacco, P, Gupta, PK., Raju,

PV .& Choudhary KK. (2023, July 16-21). Scientific Research and
Applications Development Based on Exploitation of PRISMA Data
in the Framework of ASI-ISRO Earth Observation Working Group
Hyperspectral Activity. IGARSS 2023 [EEE, Pasadena, California.

TRAINING CALENDAR - 2024

2024 M|T|W| T|F|8|8 | M T|W|T|F SIM|T|W|T|F|S8|85 | M|T

1 2 3 4 3 ] 7 8 911|111z 28 | 29 | 30 | 51
January " NgsTa

1 2 3 4 ] 1] b b 9 3| 2 [ 27|28 |29
February DMSP
T 2] 41516 |7 |¢ Y Nl A Al

March

T |2 |3 |45 [6]7]38 12 R R IED
Aprl i DIP-

I
1|2 | 3 4 5 6 10 6 | 27 [ 2/ | 29|30 31
Way -BSF i
1 2 3 4 5 [ T M B[ [ 2722930

Tune

1 2 3 4 5 [ 7 H ER BT Y] el I T
July GIS - BSF m’l

B4
i ] 3 4 5 [ ?|8|9 45 26]27|28|29 300031
At Msws G0l of Agril AGIS-BSF |
1 2‘3 | 4 | 5 | [ 2023 (4|35 |26 |27 [ 28 | 2030
September | BS
1 4 5 ] 7 ] o m |1 415 16 | 17 | 18 [ 18 23| 24|25 | 26| 47| 2B
s  Photogr - BSF |
1 2 3 4 5 [ T ] 142 | 13 17118 [ 10 [ 20 |21 |22 | 23 | 24 | 25 a0
MNovember B-6
1 2 3 4 5 [ 7 s 9 m]un 5016 [ 17 [ 18 [ 19|20 | 21 | 22 | 23 28 1 2% 30| 3
December NHP
Customised Courses BHUVAN Courses | Epeclai Courses ised Caurses Holidzy




I
Pixel 2 People

THET Aieh-Yageh-23Td-06 3META SHTH, 2afe: wad-1g 2023 T99 qiEy Aee
FCC mosaic - Sensor - EOS-06 OCM Global Area Coverage, Duration : Feb - May 2023. Time Composite Mosaic

FARIhel Aol : Yageh-2311TH-06 ¥ &d wavs], 3afe fGder 2023 Afde affi
Chlorophyll mosaic : Sensor - EOS-06 OCM Global Area Coverage, Period September 2023 Monthly composite
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