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| wish everyone a happy new Year 2022. | am happy
to state that even with the resurgence of the Covid-19
and its variants, each one of our employees worked with
dedication and could sail through the odds without any
disruptions towards fulfilling institutional commitments.
We worked towards our core activities of data acquisition,
processing, dissemination, development of techniques
for the various applications to the optimal levels &
continued constant interaction with users

| am pleased to inform that we have now established the Ku
band 9.1 m antenna and data reception chain system to receive
GISAT-2 data at Shadnagar & Ahmedabad. The NovaSAR data
reception chain is now operational at IMGEQOS using the 7.5m
S/X antenna. The data reception stations received the passes
with more than 99.9% efficiency and generated more than 15.0
million products. Our new data visualization and ordering system
Bhoonidhi Vista has been made operational. The GCP library is
now being augmented with high resolution satellite image chips.
We were successful in generating the very high resolution Digital
Elevation Model for Ullarthi Kaval site at Chitradurga using laser
mobile mapping system.

Keeping in view of our mandate to develop new remote sensing
applications for societal benefits, | am happy to see the zonation
and biophysical characterization on Mangroves and development
of Gram Panchayat Spatial development plan projects progressing
well. The citizen centric Bhuvan Lite application having navigation
functionality is now made operational for use. Lightening data
from 31 stations across country is available through Bhuvan from
September 2021.

Keeping in view the open data policy, we have now strengthened
our storage and computer infrastructure. Even with restricted
entry, our outreach programmes has reached 25000 students
in last six months and trained 600 participants in our areas of
expertise through 14 courses. Our vision to make our staff upskill
their knowledge with latest technologies has been made possible
through Design thinking and Al for remote sensing applications
courses. There has been number of programmes such as expert
lecturer talks, knowledge exchange programmes, Azadi ka Amrit
Mahotsav to build a more vibrant human resource ecosystem
amenable for exchange of ideas and building teams. IS0 9001:2015
first surveillance audit was conducted successfully.

| wish each one of you to keep yourself safe and be happy.

Dr. Raj Kumar, Director, NRSC
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In-house Developed Compact Bathymetry System
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o 1.1 Yot & ufEreT 8 qise
Figure 1.1(a): Operational field model of system

Bathymetry is a technique of measuring the depth of water
bodies and it has wide range of applications in water resource
management and hydrology. Generally, the depth of an open
water body is remotely estimated using airborne and satellite
based sensors with wide coverage. These remotely estimated
measurements are validated with in-situ measurements using
field sensors/systems. Unmanned Aerial Vehicle (UAV) borne
Bathymetry LiDAR systems are current trends for bathymetry
application although with limited depth subjected to water quality
(Turbidity). To cater to the requirement of in-situ measurement
system especially for airborne based (Aircrafts/UAVs) bathymetry
systems, a customized and compact immersion type bathymetry
system was developed in-house at NRSC. This system has the
capability to measure water depths up to 100 m and it is capable of
measuring Dissolved Oxygen (DO) and surface water temperature
along with geo-locations in synchronized manner. As a result, it
can be potentially used as a standalone water quality assessment
system for water resource applications. The bathymetry system
and block diagram are shown in Figure 1.1 (a &b).

The system comprises of a single frequency acoustic transducer
(500 KHz), an optical type DO transducer, an integrated temperature
and attitude sensor, a survey grade Global Navigation Satellite
System (GNSS) receiver and acquisition hardware with onboard
removable memory card. Power to the system is supplied through
compact lithium polymer rechargeable battery with endurance of
3.5 hours. The power consumption and physical specifications are
listed in the Table 1.1. Provision for two additional ports is made in
the sensor for the user to add additional water quality assessment
sensors such as turbidity and pH, etc. The unique features of the
system include — customization, portability, attitude compensation

Table 1.1: System specifications

S. No. | Parameters Values
1 Power consumption < 5 watts
2 | Physical dimensions (Lx W) | 11.8 x 9.4 inches
3 | Weight < 4.4 Kg
4 | Water proof IP68

o 1.1(@): yomet @1 @ omRE
Figure 1.1(b): Block diagram of system
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Raw Data sets

Input file (.txt)

Java application

OutputFile
(.csv)

o 1.2: e omeiRa Sfgeme
Figure 1.2: Java based GUI
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Figure 1.3(a): System testing at Assan barrage

and Pulse Per Second (PPS) synchronized onboard data logging.
The measurement data can be monitored and recorded in real-time
on a laptop. A simple java based Graphical User Interface (GUI) is
developed for converting raw data into user friendly data format
(.csv) as shown in Figure 1.2.

The performance of the system was tested primarily for bathymetry
against commercially available bathymetry systems available at
[IRS, Dehradun for inland shallow and deep water body at Assan
barrage and Tehri reservoir in Uttarakhand, respectively. A picture
of shallow bathymetry testing at Assan barrage and obtained
results are shown in Figure 1.3 (a & b).

To test the system performance up to 100 m, deep bathymetry
performance test was carried out at Tehri reservoir with water depth
upto 200 m. The system was installed on a remotely operated

o 1.3@): JoTors T A
Figure 1.3(b): Comparative depth measurements
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o 1.4; () foedht Sorm™ § TSt FrfwTeT wieor
Figure 1.4: (a) System performance testing at Tehri reservoir

o 1.4 Tdemr v wamEE
Figure 1.4(b): Test path trajectory

o 1.4 TeTE R gfed TRie ThEe
Figure 1.4(c): Depth and Dissolved Oxygen profiles
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boat of lIRS, Dehradun, which has an integrated echo sounder of a
similar type. The geo-location trajectory of around 4 km test path
(in dark green color) is overlaid on BHUVAN 3D(htpps://bhuvan.
nrsc.gov.in) and is shown in Figure 1.4 (a & b).

From the depth profile it is observed that the system has
performed consistently within the design specifications, which
can be observed in depth profile (Figure 1.4 c) of 1-500 samples
and 2250-2500 samples where the depth is 100m or below.
Beyond the system specification of 100m depth, the acquired
measurements are not encouraging due to the weak signal return
below the system threshold as shown as flat line in the graph,
which is not correct.

The results were confirmed against physical measurements
in shallow bathymetry test with estimated relative accuracy of
around = 12 cm and similarly for deep bathymetry when tested
against commercial depth transducer relative accuracy of 1.5 m
was obtained.

However, the system provides measurements using single
frequency acoustic transducer, which limits its usage in silt
estimation studies where dual frequency transducers are preferred.
It has potential application as in-situ validation system for space

aerial and UAV borne bathymetry systems.
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UAV Data for Landslide Volumetric Study
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One of the important quantitative analysis parameters of debris
flow is flow volume estimation. The debris flow magnitude can be
defined by the total volume of material moved to the deposition area
during an event. Methods are developed to estimate the volume of
debris flows. These are commonly empirical approaches of the
estimation and generally require large amount of field data. On the
other hand a more precise technique of volume estimation can be
done from the pre- and post- calculation event Digital Elevation
Model (DEM) (if available) based on cut-and-fill assessment.
Accurate high resolution DEMs are required for this assessment.

In recent times, high resolution stereo imagery derived from
Unmanned Aerial Vehicles (UAV) is rapidly emerging as an
important source of data especially in post-disaster damage
assessment scenarios. Post event stereo data collected from
UAV can be used to construct DEM, which may present a precise
estimate of volume of the debris flow. This information can then be
ingested into the modelling algorithms to understand debris flow
characteristics.

Pre- and post- event DEMs for the Puthumala landslide (Kerala)
were used to estimate the landslide failure volumes. UAV data were
acquired over the Puthumala landslide area on 22nd March 2021.
The resolution of orthoimage of UAV is 8 cm and the grid size
of derived Digital Surface Model (DSM) is 20 cm. The positional
accuracy of the image is 1-2 m. This is used to generate the post-
event Digital Terrain Model (DTM). For pre-event DTM, CartoDEM
(2.5m) has been used.

As volume calculation must rely on the actual pre- and post-
landslide terrain surfaces, vegetation that may have covered the
area before failure, orthat was possibly retained during the landslide,
must be corrected for, as it forms part of the photogrammetric
surfaces. In the area around the Puthumala landslide, highly
dense vegetation cover with tall trees was observed. The height
which was observed on the ground around the adjacent area of
landslide, in conjunction with the height of the trees measured
through the manual interpretation of orthorectified multispectral
image acquired from UAV (Figure 2.1a), was used to create a non-
uniform vegetation-height surface. A total of 150 trees with mean
value of around 9 m were used to create this non-uniform surface
using interpolation. Thereafter, this surface was subtracted from
the pre-failure DSM (CartoDEM) to create a vegetation-corrected
DTM (Figure 2.1b). As the trees were already uprooted during the
landslide, vegetation correction for the post event DSM was not
needed (Figure 2.1c). After vegetation correction, the volume of
the Puthumala landslide was calculated by subtracting the post
landslide DSM derived from UAV data from the pre landslide DTM,
using the cut-and-fill operation (Figure 2.1d). From the analysis, it
is seen that the estimated volume loss from the zone of depletion
of the landslide is around ~ 0.9 Mm? where the volume gain in the
zone of deposition is around ~ 1.58 Mm?.
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o 2.1(v): guat g A 3= faved offdf foa, afem H e & FH @ 4
Figure 2.1 (a): High resolution ortho image acquired by UAV, zone of depletion of the landslide is shown in the box

o 2.1(): FEfeH ¥ T  FAK TR 30 &F F e, () Judt ¥ Foa= FH & 4 1 Suhn

Figure 2.1(b): DTM of zone of depletion generated by subtracting tree height from CARTODEM; (c) DSM of zone of depletion, derived from UAV

o 2.1(1): Fe—fre G g RgeT 76 &1 3TAH
Figure 2.1(d): Landslide volume estimation by cut-fill method
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. Extraction of Area Under Long Fallow in Brahmaputra Basin
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Table 3.1: State wise area of long fallow in sq. km.
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3TEUTES 9w Arunachal Pradesh 16.19
3AHFH _Assam 228.04
T91gMeghalaya 0.27
s Nagaland 2.08
fafea Sikkim 0.42
qf¥=q gme West Bengal 1.08
hel Total 248.08

Further to actions identified during Hon’ble Home Minister’s
meeting on flood preparedness in the country, NRSC has
taken up the task of identifying long fallow land / vacant lands
in the Brahmaputra basin (Indian region) using multi-temporal
remote sensing data, which are useful towards ameliorating the
devastating effects of flood in the region over the years.

Brahmaputra river and its tributaries originate from China and
they flow through India and Bangladesh before joining into Bay
of Bengal. Although the river originates in the semi-arid region
of south Tibet, the Brahmaputra river experiences severe floods
on a yearly basis, due to the river’s passage through the wettest
region of India. In order to control the excess flow of the water
into Brahmaputra river basin, various measures are being taken
up like diverting towards low lying vacant areas, reducing inflow
in upstream area, etc.

The extent of fallow lands varies widely within the cultivated
landscapes and accurate mapping of long fallow lands is the
initial step. Fallow lands reflect distinct image characteristics,
which can be mapped using remote sensing data on annual basis.
Using Land Use / Land Cover (LULC) prepared on 1:50,000 scale
under Natural Resources Census (NRC) project, fallow land has
been extracted separately for the year 2011-12 and 2015-16. The
common fallow land polygons obtained for year 2011-12 and
2015-16 were overlaid at 1:35,000 scale onto Resourcesat-2
LISS-IIl imagery of the year 2020-2021. Subsequently, fallow
and non-fallow class were identified by visual interpretation. In
this process, areas which remained as fallow for all three time
periods, i.e. 2011-12, 2015-16 and 2020-21 were considered as
long fallow/vacant land. Figure 3.1a and Figure 3.1b show the
process of updation of common fallow land till 2015-16 using
satellite data of 2020-21.

State-wise statistics of long fallow during 2011- 2021 is given in
the Table 3.1. The total extent of long fallow is 248.08 sq km with
maximum extent in the state of Assam (228 sq km).

o 3.1: Wt gfF & eradq & ufr
Figure 3.1: Process of updation of fallow land

o 3.2: ot o o et Wl w1 AEt
Figure 3.2: Map of long fallow in the study area
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Analysis of Glacial Lake Outburst Flood (GLOF) event in Rumhalg’,,\'kéi ey,
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On 21%t August, 2021, a flash flood was reported in Rumbak
valley situated at a distance of around 30 km from Leh town
affecting Zingchen and Rumchung villages and causing damages
downstream along the river reach. National Disaster Management
Authority (NDMA), requested NRSC to carry out a detailed study of
the cause of GLOF event in Rumbak valley.

The glacial lake in Rumbak valley was identified in the glacial lake
database prepared under National Hydrology Project. Images of
pre and post GLOF event from Sentinel 2A Multispectral Instrument
(MSI) data of 17 August and 27" August, 2021 are shown in
Figure 4.1. Empty lake along with flood path can be seen on the
post event image.

The breached glacial lake drains in to a stream, which traverses for
a distance of about 15 km and joins the Indus river. The GLOF event
is simulated from the glacial lake to a distance of 50 km along a
river reach. DEM and hydrologic inputs are critical for simulating
flood inundation. ALOS World 3D (AW3D) DEM of 30 m spatial
resolution downloaded from Jaxa website was used in the study.
The elevation ranges from 5,258 m at the glacial lake to 3,051 m at
the downstream location near Nimoo Bazgo power plant.

Hydrologic Engineering Center River Analysis System (HEC-RAS)
software was used in simulating the GLOF event. In the absence
of field data regarding volume of water stored in the glacial lake,
volume estimation of water was done based on water spread area
of lake as 0.24 MCM. The post GLOF event satellite image indicates
that the glacial lake got completely emptied during the event,

T 4.1: 390 31 & % TN & 7@ 9 9€ & fF9e 3o vt gu 7 (3 ha)
Figure 4.1: Pre- and post- GLOF event images from Sentinel data showing glacial lake (3 ha)
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o T e ¥ @l o T, 37d: 3o 51 Tifed 997 5@ &t
IO 91 % B9 § A6 TE| GO & faEr # AW3D DEM &
3YGTT F 24 7T T 374 3R 28 fFHf # o & fou S fFar
T NUH-2 TSIETHUH-IV 3TUE Wferasl T2 3TRITT AW3D DEM
(30 m) & WA § SAUSHTE STEI aT¢ 3M@E & 77 4.2
T fearar T %198 B SEl F THE FE W W STahg/Ae 8
T § STl 4 & SSr a8 &9 (6 ¥ 207 § 3R TR =
% TR fF9eT & FROT AW3D DEM ffard e o Ferm &t 2

T SR Ta T | 4 TS Y[SA/Ie A F9 69 7.
T &F & TRAN 3= [F9eT 3uwE e F 3w o w59
e (ISt O ® 1O T2 & FHR0T YW aqrar T
fog 43 ® yfed gaeufd &7 w6 Yfea/gel & dafad @M
& T T gl

fere s (0 fFf) & oy & T T8 T IR TEE 97
@ Mg yo/gfear @ fE, 9 fFdt 3 115 ) & dF wmr
T IR 16 YO & o 57 4.4 § feamr 21 se &
VAR F T U I 16 AWT 438 FgHF ©, S feHTe
e T 8 forrt, 9 forelt 3R 1.5 et W wmoT: 250 FgA, 237
FHE ST 82 FgAS 0T BT B

hence entire volume of water stored in the lake is assumed to be
released as flood. The flood inundation extent was generated using
the AW3D DEM for a time period of 24 hours and for a distance
of 28 km. GLOF simulated flood inundation using AW3D DEM (30 m)
was superimposed on RS-2 LISS-IV satellite image (Figure 4.2). The
propagation of flood wave is getting blocked / retarded at many
locations where the stream width is very narrow (5 to 20 m) and
AW3D DEM is not able to capture the narrow locations due to its
coarse resolution.

4 road culverts/bridges and about 69 ha vegetated area (including 3
ha of agricultural land) was identified using high resolution satellite
image in the flood inundation simulated river reaches, which were
reported (NDMA report) as affected due to GLOF event. Affected
vegetated areas and approximate locations of culverts/bridges are
shown in Figure 4.3.

Simulated flood discharge hydrographs immediately downstream
of the glacial lake (0 km) and at 3 locations of culverts/bridges
(8 km, 9 km and 11.5 km) along the Rumbak stream are shown
in Figure 4.4. The peak flood discharge is about 438 cumecs
immediately downstream of the lake, which attenuated to 250
cumecs, 237 cumecs, and 82 cumces at 8 km, 9 km, and 11.5
km distance from the glacial lake respectively.

o 4.2 SIUSSTTE &I a8 e
Figure 4.2: GLOF simulated flood
inundation

o 4.3; T 9 W Tfad St &E oW yfedr / [t & dfad @
Figure 4.3: Affected vegetated areas and approximated locations of culverts /

bridges on Rumbak stream
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o 4.4: fere 3o & STIYaTE @1 STFT a1g 3TUTE i@
Figure 4.4: Simulated flood discharge hydrographs downstream of the glacial lake
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TeTHT Appreciation
T THeTRETH 7 16 fedsR 2021, FT T UG FSH & STELEUH ARHRAT R a-fiat FH=niar & fou “Suwe fia gdemr
gl H emar fmfor wafererr, e wd sH—gud ge (SEeish) g A W &t W ¥ Werevi T guer ¥
TN AT OF 9 AT
Director NRSC received Certificate of Appreciation from Director General Defence Estate on December 16, 2021 in recognition of
training organised by Training, Education & Outreach Group (TEOG) on “Capacity building in satellite imagery survey techniques for IDES
officers and technical staff of Defence Estate organisation”
4 N
N /
AT T AT W YT JHIOT R0 R g v, THRTRuHHt
Director, NRSC receiving certificate of appreciation from Hon’ble Defence Minister
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af 2021 & N ARG H 4G F FE TAC AT 52 T 14
TSI TG gC 41 o8 2021 F AW TR F N Terwe |
T 3R FRT auf #t T & g g, ue IR0 "R &
TATE, TR, FaRT T8 HeelqX ol & ifad &=t ¥ 4
3T TE | YT YT Herddl FIAeH & aEg TS gHdT & A
F q8d a6 & A& gy fRar

T IFIT K 22 U 24 o F @M (@G F T T
& ) & fou SHqudg TR Adqke ud v e’ &
AT TGS FAT T GeHaint GySHt gRF B8R Awe! &,
9 U, HfAF—1T Fao—1 SR . 7%, g Ui UH 3R
F ST A M| 79 Tedf oS & w7 ¥ 3w 2021
F TN, HHAG—2 T UG IR, YT AFS TS ok &
AU W1 TAUAR. STES & IUAM fFar T

25 T IMlfad & T AWF I ag § @fad mar
T T SR TAF MF H A T TG F T F SO
T [T g AT T A g wIad wEe iy
@S wEe & T A1 o) 4 & fou ym-ar sfws o
fpr o) for 5.1 Faw RS @ sefad AR @9 @
e o 5.2 F &7 T U THFAE FT 290 W | F faam,
TERE TR T4 a1 THfd, FeRe TWER & J999 & AT
T T &7 g 3 3Tie—IeiRd favewer & gfommt @t
=S w7 § I & 2

e HERIC @ ©9 fgwal 3 are o1 amt wadia faveror (sperrs 2021) 5
‘of the Floods (July 2021) in Parts of Western Maharashtra

India has experienced many flood events in the year 2021 where
14 states were affected. One such event of heavy and persistent
rains lashed Maharashtra during third week of July 2021, which led
to flooding in large areas of Raigad, Ratnagiri, Satara and Kolhapur
districts of Maharashtra. Village-level analysis of the flooding was
carried out as a part of the regional node support to the Disaster
Management Support Programme.

The microwave Synthetic Aperture Radar data (ESA Sentinel-1A
Level-1 GRD IW mode HR) made available under the ‘International
Charter Space and Major Disasters’ for 22nd to 24th July period
(peak flood period) has been used in the study. ESA Sentinel-2 MSI
optical data of April 2021 and ESA Sentinel-1 SAR data of July was
used as pre-flood reference data.

Number of villages inundated by floods with greater than 25 ha
inundated area and the agricultural area in each village affected
by floods have been assessed by geospatial analysis. Village-
wise statistics has been derived for area of crop lands (with or
without standing crops) inundated by the floods. Figure 5.1
shows inundated map of Satara district and Figure 5.2 shows the
damage to agricultural area. Limited field verifications through the
support of Dept. of Agriculture, Govt. of Maharashtra and the Flood
Committee, Govt. of Maharashtra have broadly substantiated the
results of the satellite-based analysis.

et Y 9 &
e el BT | ITATIT D HI e
(> 25 ha) (> 0.5 ha)
TR 155 1093 8995
T 222 1139 12800
FreerRr | 174 927 15930
TAME* 64 440 4920
* 510 @1 78 feam

Nu_mber Nl!mber of vi!lages Area
D | O | e | St

(> 25 ha) (> 0.5 ha)
Ratnagiri | 155 1093 8995
Satara 222 1139 12800
Kolhapur* | 174 927 15930
Raigarh* | 64 440 4920
* Part of district

o 5.1: 22 JorE, 2021 T MIfad Ml w <A FawT S H
- a6 3B A
Figure 5.1: Village-level flood inundation map of Satara District showing

o7 5.2: gaw 510 & feegi ® a1g e & FNUT FHY &F
BT YH—AN JhdT
Figure 5.2: Village-wise damage to agricultural area due to flood
inundation in parts of Satara District

villages inundated as on July 22, 2021
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A ¥ GEATEE # WIS B JHAH GfTh-3TET ket M, FeeT 50 | ST T & oo
Soyabean crop damaged at Satara Sugarcane crop inundated at Sainik-Aakhani Takli village,
Kolhapur district
@ A\

FHURT H—ATfTeh TR AT UIee &1 faareT
Release of Yuktdhara Geospatial Based Planning portal

JFN TEes, ST T TfAEREt F@ - A & U UF 3o & ® w1 8, # Auen o T e, #Ee
foepr oTR vemaT T7 AT 57 23 3T, 2021 F1 ot BN 7 Fow, WA I59 T o iy Uy, A Ge o s 15
o (@), Sf % e, |fea, sfafe o o e Tmr sl @ Suffq § frar wan| iide fafi ot areftor faee sl
S AT, IESguAT, W qe E wHe SR TEF F fGEE IS & dsd ST # % g 96 uge ot Yol w3 gl

Yuktdhara portal, which serves as a tool for geospatial planning of MGNREGA activities, was launched by Shri Giriraj Singh, Union Minister of
Rural Development & Panchayat Raj on August 23, 2021 in the presence of Shri Faggan Singh Kulaste, Hon’ble Ministers of State, Dr Jitendra
Singh, Hon’ble Minister of State (IC) for Sci & Tech, Dr K Sivan, Secretary, DOS and other dignitaries. Portal also provides access to geotagged
assets under various National Rural Development Programmes viz., MGNREGA, IWMP, Per Drop More Crop and Rashtriya Krishi Vikas Yojana.
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dt2dt @1 faaia=r Release of P2P

Tiot, THRUEE & fganfies gueR 0F # g Foed fiad W 12 3, 2021 F RV, THRUEH SR TAUEE et 7R
T a2 & Tem #it Iutfa § famifad fear

P2P the biannual newsletter of NRSC was released on August 12, 2021 on Remote Sensing Day by Director, NRSC in the presence of all
NCMC members and members of editorial board.
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oting.of Vacant Sites of Delhi Development Authority (DDA)

feeet v & faifse fgem & for Soer & wE
AT ([AIee T LW F TS TEHAH T FAT
T 70 i ™ol # g wF AR @ @ "0 &
T AFTIFRAT off UF qeAR, Afq SH—{gued IuwE ofiwst
F T4 W T =@l F g, I e e gu ied
et favouer &1 w1 faar T

Fd Heat #, SIS fORR(ET) F SMgT Fd g SR au
F T7 H 9% 2006 & WY A 3= fadqed & sriafi—3ame &
BT UIH F ST IS 471 3T 34T SMiaherie ad 2007,
2010, 2015-2016, 2017 TE 2018-19 ¥ Ham o1 SET 7 281
g i R ™o HMe Iuoe FE | St dug. gmifd St
3. Hafrfa JEEeT () FAYsS & F@Y AdEe T
N ITIM Fa SN 70 fF ISt #t agyst dramet & of
HhA forar T o) R el ®@ dmeT w Sfa—genfia
2006 3TUT MR & Tag ¥ e forar mr wd 9+t BT
gt 3uE efeer wa (B 6.1, 4 6.2) ¥ fiw
ol & IUIE Nfafed o & e R @ e 3we
yfafsa foem @ awg MR wfafsa favau (Aiesiae—ate
TS TAfGag—eT MM W) TEfA & YA F i
forar T o= yHE qfi 3T/ i STENT (TEYUSH)
gforat ga— F1 / eTga o, (i e, awfa, 5o fen
TS 3G F WY a3 U T W FART R T

Fiftga sfafaarl & fou gmy giersdr wiad 75% @I, Safs
goff o7 T A Sk gf wd T & gt & we Tod
FAteRIoT 2T AT F faf A @ gva ord e dwE
FOGAN fRAT WAr, qur ofiteg gferd ffd—3cumel &
o ®F Tg-d fEar AT 3 YR, g fafy (wue) @
AT T THY ST RYTE HT 95% TF U fRAT AT
i ol | T8e 3 au & A 3¢ aeodl &t TeaH &

DDA, which is the nodal agency responsible for planned growth
of Delhi city, had a requirement for carrying out inventory and
monitoring of their vacant sites using geospatial techniques and
accordingly work was taken up for inventory, monitoring and
change analysis in vacant sites using very high-resolution satellite
data.

The work components included, generation of six sets of ortho-
products of very high resolution with 2006 as the base year
covering DDA extent. The other satellite datasets belonged to 2007,
2010, 2015-2016, 2017 and 2018-19. DDA provided vacant site
boundaries for 281 regions. About 70 polygon boundaries of the
vacant sites were also collected using the mobile app with GPS
Aided GEO Augmented Navigation (GAGAN) interface. The vacant
site boundaries have been geo-referenced with respect to the
ortho-corrected 2006 satellite base and satellite image chips of the
vacant sites have been extracted from all the six ortho-corrected
satellite data sets (Figure 6.1, Figure 6.2). These satellite image
chips have been classified using Object-Based Image Analysis
(OBIA) methods. Very broad level classification has been carried
out with five major LULC categories viz., barren / open lands, built-
up, vegetation, water bodies and others.

The overall accuracy computed for the classified images was
around 75% with misclassification observed between barren land
and built-up classes in all the datasets. The results of the OBIA
derived outputs were improved by adopting hybrid approach in
which visual interpretation techniques have been used. The overall
classification accuracy was improved to 95.0% through hybrid
approach.

Y

o 6.1: a9 2006 ¥ % ™o & afigd fd—3de (@T=eye), st 2019 (@@a® ™) ¥ AT a7 # uiafda
Figure 6.1: Classified output of vacant site in 2006 which has been converted to built-up in 2019 (alarm site)
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o 6.2: (37) faw o wfafea 2006 () fuosde sfafeaa 2017 (%) af 2006 & wfafaa @ il T Swe (fad)
Figure 6.2: (a) Quick Bird image 2006 (b) Triplesat image 2017 (c) Green vectors (change) overlaid on 2006 image

fou ws wn—s1 fawfad fFar mar o e o 27 g
Tl (FETF W) F TeE F T (B 6.2)1 3= fG¥ed
3qye ufafear & freeftfa fff a9 v & w=nfod
oo 9gE & fou g ofHn TwdE @ W wE uE
TG (FHToM) St g .eTE. 3o & [GEwad F & ot g
fopeT AT 2, O ATe & AU & 2 SE g w@ad w9 4
T AT ST G ¢

A plugin was developed for identifying the change over the years
on the vacant sites and around 27 such sites (Alarm sites) have
been identified (Figure 6.2). An attempt has also been made to
use deep learning techniques to develop a standalone GUI tool for
automatic change detection of built up features extracted from high
resolution satellite images, which can be used independently by
DDA for subsequent years.

((
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fareq sporaar f&e=r World Quality Day
T—F%, VETR, S Hod ger Sifsheer, oit g aftg $5f & 9rfiedt & 919 THeIRuEd SR § 11-11-2021 &1 f&avg oremn
fea™ AT 7| 9 Ted YA FIIEH A SIS fRAT TIT| TURE & e A ff. wHE aH, feve—dared gwe R
3 fear (FgHITwSTE) 7 “TorEar # FHEE—Ter T Tyt o YT 9 9 W e
World Quality Day was celebrated on November 11, 2021 at NRSC Balanagar with participation from ES, Shadnagar, Outreach, Jeedimetla
and all Regional Centres. Quiz programme was conducted as part of it. Chief Guest of the function Shri. S.K.Verma, Director -Quality Circle
Forum of India (QCFI) gave talk on “Evolution of quality from inspection to total quality management”.
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g nfad we1 dia @ fev wfed ste e fasr A 7

T 7 T, S o9Rd & ot g—um §
T faefm Eon—gem 2 1% & 79
= 9fr &, ST oWa AR & S S § msied w2l
H oI BIUIAT AT GAUT & TR 3R 3u—Tee!
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8
5%

TS (@2 T 1 fF A TF F1 AF) F T SToH
& STAfF—aed F YT IS W g1 qSr 34 i

FF UF GUfhd ST FOTeH [FHE ASHT 96T a1 39 &4 |
RAGT & T TE F TG b J1d St .37 TH, 7 H
AT WS IUUE SfAfSad (FFTEI—3TTE 2018, 0.55 HI.) UH
fEwera aTfweT ¥ 9T U@ IS I, oI, TOM, 3TE TA .
e aut 3cTe, HLETHS o TS T 3TIae il THa
forar TN auiSe HEET EWeAdr &AMt qd9n & TE
ST e AT & T & foU ST W S T
FH & fou fqvovmes  TegEd IR (CUA ) emERd
Tg-—THeE favewnr ugfa @ 3uam fEar W 39 oty
TAE i S IR & sTEed & &t ot TRaerr &l
TF GeA—3o TYEUT 4 T W U IR H 08 —H 07, daiw
F T FE 21 a5 FT A (1992-2013) F A HAST
3TTETE FT ITAM ST 1T, Fifh T8 T Fac 3TGH [T
0 B TeET, dfcw SO WU GEERT @ AfNeeTT T &
fesu off smavas B Wk, A U9 A HIGW STy &
TROTHEIET FH9T:15%, 31% TS 48% 1 3(qdTE o Tl 2|
3T AT &F H ST HWOT TEART & So—fomT Yo
% fou feon—fey stos wwd &1 ot & @ 9 qrE
ST FAT: 3T, T, TS I a¥ & U TF JeH 56
TR &F T 3TUATE HIAT 1 AT S W (7 7.1) | sasa
AT & MFGA & [oU WAfod 2o T8 T& o9 i 3T 04,
Tde &1 M o9 3Ta & fafne aree 2|

| at:e.[l«Re\source Development Plan for the Union Territory of Diu

The Union territory of Diu is an island, isolated from the mainland of
Gujarat in the western part of India. It is a marshy low land, which
remains covered by the tidal water of the Arabian sea. Groundwater
salinity in this region is affected by ingression of coastal salinity
and inherent salinity in the sub-surface aquifers. The cavernous
nature of the Millolite limestone with conduits extending right into
the sea, makes it highly vulnerable to sea water intrusion. The
region frequently experiences droughts and the over-exploitation
of available fresh water along the coastal strip (up to 1 km from
the coast). The rainfall is inconsistent, with average annual rainfall
598.60 mm in 34 rainy days. Observing the major issues across
the Diu region, the study is targeted to create an integrated water
resource development plan using various geospatial technologies.
Satellite imagery (KOMPSAT — Aug 2018, 0.55 m) and thematic
datasets like LULC, soil, slope, IMD gridded rainfall product,
structural geology and the ordered drainages are integrated using
open source GIS platforms to generate the surface water potential
over the region. An Analytic Hierarchy Process (AHP) based
multi-criteria analysis method was utilized for the generation of
rainwater harvesting potential zone maps and the identification of
sites suitable for the setup of rainwater harvesting structures. The
study envisages to further carry out the assessment of dynamic
groundwater recharge. Surface runoff for a period of 21 years
(1992-2013) was estimated using the NRCS-CN technique at
individual micro-watershed level, as it is required not only for
identifying suitable recharge zones but also for the design of water
conservation structures. Dry, normal and wet meteorological
conditions resulted in runoff coefficients of 15%, 31% and 48%,
respectively. Runoff magnitude for individual micro-watershed was
carried out for three meteorological conditions, viz., wet, normal
and dry years with a view to provide guidelines for hydrologic
design of water conservation structures in the study area (Figure
7.1). Development of automated tools and a web GIS portal for
assessment of surface runoff is a unique contribution of this study.

o 7.1: I SToaradta ot 2012 & fou affes T ® AfufFed gei-—So FUe0 &Y TR R S ST
Figure 7.1: Surface runoff at micro-watershed level computed at an annual scale for the dry climatological year of 2012
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Manifestation of Ocean Surface Blooms in Response_,t/’ 0

TeT WEd (FEa@iwad) TR (FSRIthe) Figdr
TRifTE 99 & @ R UHE Iedhar # g & o
TF T Thdd ¢ S 995 & T § EEIeiH & THE
foreor W 1ol Fer &1 SwrEEHT @R H, Tqg 1 §aw
Ft T fufd IeT waw & fged 3N ST WA Icqeehdr &
FH T Tohdl 21 I8 Free fafyd wd &t T=e0E § w6t 3 a9
TU T & TRoTTEEy g2, Y gwifed e § e act
FT MY F0 T | T AR H g iR fEed & g
T TS TRl Heae & w9 § i At S g §
S 3T SwTERE qRETR @ T # eeT &
fu fFar < @t 81 3 i Ae@rR § faf= aftg emifas
FH F ST WEA@idmeT Maet S Fqfad vfafman & we
F W M FEd 6a1 T 39 TaSH & fou 379 e 5y
foF FfeT—aTaar (2005-2020) F@1 W, TIUHA, JHIMeH Tedle
3R ATE® g AT W TR (TGS 3T Wies)
22, Ta A7 (THESTRSTNTR Hige) & TGN fomar T & S
for fomr 8.1 7 femar w21

4

o 8.1: Ty 9 Tay gHtE (&) STUE IE FH—T qdr
TAUE(°C), (@) IWE T A wHuEdt (°C) qor fafyd wa meE
(m) (@eTETs wiee =@ (C) A wd = (m)
3R AT (M/S) THEARART ATz 21T (°C)

Figure 8.1: Spatial correlation maps of (a) Satellite derived Chl-a
and SST (°C), (b) Satellite derived SST (°C) and Mixed layer
depth (m) (NOBM Model data), (C) Mixed layer depth
(m) and Wind velocity (m/s) MERRA Model data (°C)

Phytoplankton chlorophyll concentration is a prominent indicator
to understand the health and primary productivity of marine
ecosystem that depend on the spatial distribution of phytoplankton
in the ocean waters. In tropical oceans, sea surface warmer
conditions may reduce the phytoplankton blooms and its primary
productivity. This decline resulted from reduction in the mixed layer
depth and enhanced stratification, which decreased the nutrient
supply to the euphotic zone. Phytoplankton growth and bloom
timing can be categorized as marine ecological indicator that can
be used to assess the condition of the tropical oceans. The work
focused on elucidating the potential response of phytoplankton
dynamics in the North Indian Ocean to various regional abiotic
factors. For this purpose satellite products such as MODIS-Aqua
(2005-2020) Chl-a, SST, Euphotic Depth and model derived Mixed
Layer Depth (MLD-NOBM model) data, Wind Velocity (MERRA 2
model) have been used as shown in Figure 8.1.

7 8.2 (1) 2005-2020 F U 3c9=7 YW A F HEH
Teffd F a0 I fig HeMTR & A |
Figure 8.2 (a): Maps of the North Indian Ocean displaying
seasonality of phytoplankton generated for 2005-2020
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I fiT HeETR ¥ wiEdreided fged & argdt afadTeiedr
F TFIT FA F fOU T Chl-aF HIOH Jodrg fae &
AR T 31gg orafy & Fft auf & oftgd T faed &
e Joarg e (TR, 7afy it gmfa) s=man) fafa=
TEHT (2015-2020) F ENM WEA@(weT fged @ wfis
fEaeoT o HrgH SToarg o & T99r 57 8.2 T 1R 7 8.2
#t 7 femm MU E)

e o fged @t g gRadTeiiodr 3 sqat Tfavitear
15 99 & 3UUE AfSTd Chl-a 3cUTE & ITATT Flh
off | 3 GR &7 ¥ Sl ¥ 7 q% f@ed & AEd
Ay 3 HEW Bt 21 3599 Chl-a 47 SMad & 3fd § AR
T, ST A & S % a7 Wl aMe & @ret oF °, faod
Iftad orafy SHad #t YT ¥ 42 & 3fd a% 5 e
2t 21 Chl-a 1 SFeR—aTfie TRadTviedr HaH =%
Tt et T 3R I [od AR fEod #Tafy & IRe
214 21 Chl-a &1 HEHt STearg fO9F 9TR §qg a9 ar
g@gﬁﬁw%ﬁwﬁ%mﬂw%ﬁﬁ—maﬁwﬁm
(= 8.3) |

8, 2
B

To study the seasonal variability of phytoplankton blooms in the
North Indian Ocean we created spatial climatology of blooms
(initiation, duration and termination) by averaging all years of the
study period based on seasonal climatology of Chl-a. The spatial
distribution of phytoplankton blooms during different months
(2015-2020) and maps of seasonal climatology is shown in Figure
8.2a & Figure 8.2b.

The seasonal variability of phytoplankton blooms and its dynamics
were computed using 15 years of satellite derived Chl-a product. In
Arabian Sea region bloom has a mean duration of 3 months from
January to March. Highest Chl-a area was observed at the end of
January, which endured till end of March. In Bay of Bengal region,
bloom has a mean duration of 5 months from the beginning of
January to the end of May. The inter-annual variability of Chl-a is
dominated by the seasonal cycle and highest values consistently
occur during the bloom period. The seasonal climatology of
Chl-a shows near perfect anti-correlation with the SST seasonal
variations (Figure 8.3).

o 8.2 (): fafaer wét & <R Tew wast w1 T fFaer (2005-2020)
Figure 8.2 (b): Spatial distribution of phytoplankton blooms during different months (2005-2020)

o 8.3; 3 féT AeM@ & fou STR—=gca=1 Chl-a AEar 3R 5 &I Tde & amqH (@fhF) #9099 @t (2005-2020)
Figure 8.3: Time series of satellite-derived Chl-a concentration and Sea Surface Temperature (monthly) for the North Indian Ocean (2005-2020)
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gITell ABIA @ WATETeaR dedwl Yfvade fagervor

9 Shoreline Change Analysis along Hooghly Estuary / ' |

Fqfedta qamfas g MY Fquidty wimfe®w S Afafa
QCIESHET) & IR q2i@r, Iff X Tz & &= Jifas
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2, ST F2 oTemlt THT U EIdt €1 guSt e 1 g
TRET FT FUTCHS fIHM e A F919 82 & o AfawRs
TftaeT Sfsraret &1 9Rome B 1 St et giwanet @ wafeq
forar ST ©, A Uk ST W eiel @ o, et
g qoT WEE IR /a1 Bt rafy & WHfas garar
AT AT BEAAT F Y9E ® HEOT TSIST ST 2
RO WY, qfHE T T SF TUFIGH, TG HHH i
AT Y THH AR GATH FROT, TGN ATTR ST
T 72 o7t frafs geodt wdt 2

1973 T 2021 (4 TIH) & 313 TLATA FTSI H B3
3UUT A F ITAM FIG T TS AT & 200 fomwt
7feay o ydf q2 & F@y qREr wRadd faveunr fEar
TIT| Arcwlfos IfA—se JHT &1 379 995 92 & &9 |
ferar war, St eTveEd Wle © & 3fy whadT @ sram
FIE AT T TEAMT ST FHAT ¢ | TAHF Ao TTHT
FEAAFT Fa T Gadis 3N FuIfad FH=iiFa @
ST gARIE F TG FwH CEiRd fFar @ et #i
T q@ 100 H FATE ® 1924 qrm H faemfsa
farar Tar) wifa Wad ST F ST FE ITE TREdd
qa@r, gftadd e it gfiadT #1 < fruifa w7 T
VW Tz 92 & 7 favown & # fowfaq fear m@n oo,
5% & 3 ufvedfl a2 # o 4 gdf 92 & €| wfadT #t @
@ TeAfE 3= AT (<10 myr') ¥ Fgad sHfaw gfigfs
(>20myr') % 7 S H Fra TAT 4TI 3T IMEAIT F UaAT
ToT ¢ fF fI2e 7R oot ¥ 99 a2 & ST 43-45%
FT &R0T I T AT 56.55% TS a2 TS T 3MX TgT 2|
ot eregd &7 & fou gftadT #1 a -0.01 myr' ¥ -13.71
myr ST 0.01myr' 22,30 myr! & &9 TET &R0 @ &
e U Tegq Mqeiies faeroar & w90 w3l 81 949 Ferd
TEMT & UivEw &1 3T AR &1 el g gened gae,
fSroe TR EEY SAYe 47 | SAfiwmad T A 1096.89
R T 1 3 YER, T-Fou 47 § qff Ft  rfuwan
TRET TTGT-602.96 HaX a1| 3egad 4 fased faswor f&
Tyt A2 3.47 myr' (+5.83) 1 & Y TG T @ € SR
gt T2 -1.30 myr' (£4.08) F =T T &ffoT T @ 21 A
Tad F1 TgAH FH F fOU TTHFENT gYE FORRT &
37T fHar T TS § U Fodr € fF ST 1.87%
TRET A AATST TT SR W07 290t ¢ 31T q@m &
4.73% % fou mag ¥ sfugfy 9% yaft so et ST 21
TSI, 39.08% TRET & ARHIY fEX@ H &R0r & W
fRaT & ®Y H TS fEAr MAT eregad H o 3eq= ufiadd
0 it 9 Aefm (Fm 9.4) Hifs fmfaen & feu o
wHifas 9T J9UT qISET dAR A qfesm & Aifard
AT & fou gera® w11 9 gIa foar @ € fE aeEr
figd, fam st A frams 32T 7w TR e & fou
3q gerr & &t frafgd frer 97 g e

Shoreline is the physical interface or intertidal margin between
land and sea and constitutes one of the 27 global “Geo-indicators”
referred by the International Union of Geological Science and
International Geographic Data Committee (IGDC). Dynamics of
shoreline is a natural process in the coastal areas induced by
erosion/ accretion that occurs over a range of temporal scales. The
morphological evolution of the Hooghly estuary and its coastline
is the result of two counteracting transport processes of sediment
supply versus removal. When both the processes are balanced,
an equilibrium is reached. However, most often this balance is
disturbed due to influence of episodic and/or long-term natural
forcing(s) and anthropogenic interventions. As a consequence,
from geologic age to short-lived, extreme weather events such as
storms and tsunamis, the shoreline keeps changing its position
over a wide temporal scale.

Shoreline change analysis along the 200 km west and east bank
of Hooghly estuary was carried out using Landsat satellite data
in eight temporal intervals from 1973 to 2021 (4 decades).
The instantaneous land-water boundary was used as coastline,
which is relatively simple and can easily be identified using image
transformation. The exact land-water interface was determined
using Normalized Difference Water Index and Modified Normalized
Difference Water Index. The studied coastline was divided into
1924 transects of 100 m length. The net change shoreline, change
envelope and rate of change were determined using weighted
linear regression. The entire coastline was divided into 7 analysis
zones, of which 3 are in the west bank and 4 are in the east
bank. The rate of change for the entire study area elucidates an
extremely dynamic feature with an average erosion rate ranging
between -0.01m yr-1 to -13.71 m yr' and accretion rate ranging
between 0.01myr-11to0 22.30 myr'. This study has demonstrated
that almost 43.45% of the beachfront has undergone erosion and
56.55% of the coastline has advanced towards the ocean over
the past four decades. The rate of change elucidates an extremely
dynamic feature with an average erosion rate for the entire study
area of -0.01 m yr' to as high as -13.71 m yr' and accretion
of 0.01 myr' to 22.30 m yr'. The littoral drift has been driven
by along shore currents towards the west side of the estuary
resulting in maximum seaward movement by 1096.89 m in the
Junput zone. Similarly, maximum shoreline movement towards
land was-602.96 m in Nurpur-Kulpi zone. The study concluded
that the west bank is prograding at the rate of 3.47 myr' (+5.83)
but the east bank is eroding at the rate of -1.30 m yr' (+4.08).
Hierarchical agglomerative clustering was used to identify change
patterns. The analysis reveals that about 1.87% of the shoreline
exhibits consistent erosion over all the intervals and trend reversal
is seen from erosion to accretion for 4.73% of the coastline.
However, most of the coastline accounting to 39.08% recorded
erosion as dominant process. The change rate and pattern maps
generated in the study (Figure 9.1) will be helpful for policy makers
to prepare a strategic coastal management plan and for future
policy intervention. It is suggested that there should be a regular
monitoring mechanism of this estuarine region to keep watch
on the shoreline change, the triggering factors and regulatory

purpose.
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fog 9.1: 1973 & 2021 & <R qa@r TRadd U) e / fgfg #3 & myr?) 3 &) tRadq T
Figure 9.1: Shoreline changes during 1973 to 2021 a) rate of erosion / accretion (m yr') and b) change pattern
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Water Balance Study in the Catchment of River Sarasw' ti,
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The objective of present study was estimation of different water
balance components in catchment of river Saraswati for which
physically based, semi-distributed, and continuous time step
hydrological model Soil and Water Assessment Tool (SWAT)
was used. The study has been carried out in collaboration with
Haryana Saraswati Heritage Development Board (HSHDB) who
are working on rejuvenation of river Saraswati. The river Saraswati
originates near Rampur Herian, south of Adi Badri and passes
through Bilaspur, Mustafabad, Thanesar, Bibipur and Pehowa
and ultimately joins River Ghaggar near Rasauli village in Punjab.
Presently, river Saraswati is in the defunct state (mostly ephemeral
-seasonal) and exhibits as discontinuous drainage. HSHDB has
proposed dam at Adi Badri in Yamunanagar district of Haryana on
Somb River (tributary of Yamuna River) for augmenting the water
in Saraswati River (Figure 10.1). Therefore, HSHDB wants to
assess the existing water balance of catchment of river Saraswati.
Drainage network delineated using satellite data has been overlaid
over DEM to delineate catchment and watershed boundary (Figure
10.1) for 2140 km? study area lying in Haryana and Punjab.

SWAT model setup and simulation has been done at daily time
step for 30 years (1987-2016) using Cartosat-30m DEM, LULC
data, soil data, climate data and other ancillary data. The different
parameters required for setup and simulation of SWAT model have
been scientifically specified using available literatures. Different
water balance components (precipitation, surface run-off, evapo-
transpiration, lateral flow, return flow, percolation to shallow

o 10.1: Tt T & SToTRIT &F F STIAE T AR AW
Figure 10.1: Drainage network and watersheds of Saraswati River catchment
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aquifer, recharge to deep aquifer and revap from shallow aquifer)
of the catchment have been estimated at daily, monthly and yearly
time step for 1987-2016. A decreasing trend was observed in
linear trend lines of annual precipitation, surface runoff, evapo-
transpiration and groundwater recharge (1987-2016). The present
study gives the fair idea about the existing water balance of the
Saraswati River catchment and it will also help in efficient water

T AT S YT § O 7w resources planning and management in the catchment.

o 10.2; TXdt 98 & SR 47 & e S TqeT 52
Figure 10.2: Yearly water balance components of Saraswati river catchment
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qEpe Awards
ot St T, IR TFEAF FedgE—u T AR FHAL FeAror Fa (& ) TR 6-8 H IR W Rl
Shri B Ramaiah, Sr. Technical Assistant-A, received Department of Space Staff Welfare (DOSSWT) award in level 6 - 8.

TISIRUFHT T S7F2a, TR IR feHeR, 2021 & WA & fou T oo e uREe & ded 99 1 FE9 FEaad S & w9
¥ o fom T 1
NRSC Ranked as No.1 Central Implementing Agency under National Hydrology Project for the months of October - December, 2021
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Dr. C. Sudhakar Reddy has been featured in the list of top 2% Scientists of World (in the fields of Biology and Geomatics Engineering) which
was jointly published by Stanford University and Elsevier.

T AT G FTAR, FEET AR I o & S (AT 2021 R ARG G & A FER G # gt §

IFE TR H [TFHR HT|
Ms Jaya Saxenareceived award for Best paperin the category of Computer Visionin “International Conference on Paradigms of Communication,
Computing and Data Sciences (PCCDS)”, 2021.

TR FE IRGT (Cll) T “STEM H IR WfeoT —2021” W T -9 o 1 &1 S8 37 I9eft a9 1 7%k § 51 T0mrt
(THe) & = faer 2

Dr Rajashree Bothale has featured as one amongst 51 achievers in the e-book on “Indian Women in STEM - 2021” launched by Confederation
&Indian Industry (ClI).
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Ku Band Data Reception Antenna
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Ku band has inherent advantages for being used in satellite
communication and direct broadcast services. Geo imaging
satellites are imaging satellites in geo-stationary orbit, which
use Ku band for data transmission. They provide images for
large areas at frequent intervals. NRSC established one Ku
band antenna (Figure 11.1) at its earth station facility, which is
empowered to receive data from geo satellites. This dedicated
antenna, along with end to end Ku band reception systems, has
higher G/T to cater to geo orbits and rain attenuation. The data
reception process is continuous throughout the day, binding it to
the geo stationary orbit. The downlink operating frequency is 10.7
GHz to 12.75 GHz with a data rate of 200 Mbps. The high data rate
demodulators support the data reception with Quadrature Phase

qeT T & u\qufé—J W F7 9947 F9 2 Shift Keying (QPSK) modulation scheme.
PIEC By g3 veT Rawen fFAfiddteeor Parameter Ku Band Antenna System Specifications
Tt TS 36950 freHIR Orbital Height 36950 Km
gt 10.7GHz T 12-75GHz Frequency Range 10.7 GHz to 12.75 GHz

T Wade TR 9.1 His <Rl TR 1 TegHit-aw g o1g

Antenna Reflector size | 9.1 m Dual shaped, Aluminum alloy

Feed Configuration Cassegrain, Monopulse, Receive only

Tat gEa & YHN | e ot @4t Al wieds & @y

X

WE HHNIA HEIH, AT, Fa0 TE FH & fou 5
- Reflector Surface 0.3 mm rms
T SiE 0.3 firt sTRuHUg accuracy
I—EAF T8 Sub-Reflector surface | 0.125 mm rms
: 0.125 fiyrft TRUATY accuracy
S TRIUT g gma eged iR Afas Polarization Linear simultaneous
Py 38 dB'K 20° ST T vertical and horizontal
G/T 38 dB/°K at 20° Elevation
TEAT T3 STy W 318

Antenna Mount Elevation over Azimuth

Type of servo Drive Geared servo motor with feed back

X

i I | o
IS A IS | 0 F 180° R Azimuth Travel Range | 0 to 180° Continuous

BRI EIES 0d 90° R Elevation Travel Range | 0 to 90° Continuous

TEfET g 0.03° Pointing Accuracy 0.03°

T g 0.018° Tracking Accuracy 0.018°

o 11.1: Tfia g 35 o
Figure 11.1: Installed Ku band antenna
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Ka Band Rain Fading Model Validation
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Rain attenuation is a major limiting factor in microwave
communication in frequency range above 10 GHz. In satellite
communication, Ka band (27 — 40 GHz) and above frequency
bands are a growing need for signal transmission to cater to higher
throughput, bandwidth, etc. An ISRO program is being conducted
for Ka band propagation study over Indian tropical region using
20.2 and 30.5 GHz beacons from GSAT-14 satellite. Six ground
stations are set up for Ka band propagation study at SAC,
Ahmedabad, SPL Trivandrum, RRSC-East, Kolkata, Earth Station,
New Delhi, NESAC, Shillong and MCF, Hassan. The beacon
signal is received by a 2.4 m diameter antenna and processed
in subsequent RF chain. Ultimately signal strength is recorded
and displayed in dBmW with time stamp continuously with 1 sec
sample time. Beacon receiver set-up is shown in Figure 12.1.

Onthe other hand, a Laser Precipitation Monitor (LPM) continuously
monitors and stores rain parameters with time stamp. A rain fading
model using Python has been developed that applies International
Telecommunication Union (ITU) recommended specific attenuation
formula and estimation of rain path length derived from trend line
equation using LPM and beacon data acquired at RRSC-East.
It compiles rain rate data from LPM raw data files and extracts
beacon signal data with time stamp after discarding invalid data.
Also, from two sources LPM and beacon corresponding data with
same time stamp are picked up using programme after necessary
averaging. Specific attenuation AR(dB/km) varies with rain rate R
(mm/h) and can be calculated using the power-law relationship
equation where k and o are the constants depending on the
frequency of the signal, look angle, etc.

A, = kR

From correlated data acquired during 2019, attenuation due to
rain is extracted and corresponding rain path is calculated. The
trend line of the path is as shown in Figure 12.2. The derived path
equation is applied on a separate set of data collected during 2021
to derive specific attenuation from measured total attenuation.
Result shows close proximity of theoretical estimation and best fit
curve of measured data as shown in Figure 12.3.

o 12.1; @1 dte s srfommer
Figure 12.1: Ka Band Beacon Receiver
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o 12.2: auf = & @1 &t g9 wgfw w@r
Figure 12.2: Rain path trendline with rain rate

o 12.3; mifya &= o fafvs effoe
Figure 12.3: Measured vs. computed specific attenuation
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Also, rain data obtained from LPM collected during 2019 is
processed to derive frequency of occurrence of rain rate events.
The frequency curve of rain is shown in Figure 12.4. From this
data, rain rate ~50 mm/hr is observed as corresponding to 0.1%
exceedance means only during 0.1% time in a year, rain rate
exceeds 50mm/hr. Hence system has to survive upto 50 mm/hr
rain rate to remain operational over 99.9% time throughout year. As
per trend line curve, increase of dynamic range by approximately
2 dB is required to achieve percentage exceedance of 0.1 %. At
present, 99.6% of time the link is supposed to be operational. As
rain path variation with rain rate is a region-specific meteorological
characteristic, the same is expected to be valid in case of other
frequency also. Thus, attenuation is estimated for Q/V band
considering upcoming demand of this for communication satellite.
Result shows that 25 dB more dynamic range with respect to 20.2
GHz is needed to accommodate 60 GHz in operational range of 0.1
% exceedance.

Thus, a rain fading model of microwave frequency has been
developed based on ITU recommended specific attenuation
formula and estimation of rain path length derived from trend line
equation. The model has been validated as computed and best fit
curve matches adequately. Also, it is observed that to keep link
operational for 99.9% of the time in a year in this region, system
needs to be capable to withstand more rain attenuation of the
signal. This can be realized by increasing transmission power
(Equivalent Isotropically Radiated power, EIRP) at satellite and
signal detection ability (Carrier to Noise Ratio, C/N) at receiver.

o 12.4: auf X g emgfa
Figure 12.4: Rain rate occurrence frequency
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Air Pollution Monitoring Using loT Based Sensors
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With the increase in air pollution in cities, it has become utmost
important to record and monitor air pollution and its spatial
variation in very highly populated cities. Although pollution
monitoring stations exist, they are few in numbers, expensive and
fixed in certain strategic locations only. Thus, it is a necessity to
develop a cost-effective loT based system which can be used for
monitoring air pollution across the city for better planning, decision
making and urban growth. Air quality monitoring instruments are
thus developed using Arduino Uno and Metal oxide semiconductor
and IR emitting diode-based gas sensors for monitoring of SOXx,
NOx, CO,, PM 2.5, ozone, temperature and humidity. These
devices also have onboard GSM module with M2M SIM, which
sends the data to the server in real time. Apart from this, it has a
hybrid power source, which is made using a combination of solar
panel and lithium ion phosphate rechargeable battery. The system
architecture is shown in Figure 13.1.

Developed loT devices are installed at 10 locations in Nagpur
city as shown in Figure 13.2. There are three main sources of
pollution in Nagpur namely, Bhandewadi mass incineration power
plant and Koradi / Khaparkheda thermal power plant, Municipal
Council Wadi waste processing centre as shown in Figure 13.2.
As a result of increased emissions in Nagpur due to higher
number of pollution sources, industrialization and large number of
transport vehicles; pollution is reaching impermissible ranges in
the city. Thus, development of these cost effective [oT plug and
sense device is very effective as currently available commercial
sensors are very expensive. These sensor devices are being used
for tracking pollutants in a spatio-temporal manner in the city, and
will be further useful for studying urban dynamics with respect to
the pollution.

o7 13.1: 10T TR F1 3TAM R a1 FuvT FRHT SUHOT YOSt eMfhea=R ®ies ® wfuq loT I &1 femarar mar &
Figure 13.1: Air Pollution Monitoring Instrument System Architecture using loT sensors. loT sensor installed in the field is shown
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o 13.2: TR TR H T oM IR F AT SR A WG F g Hd
Figure 13.2: Distribution of 0T sensors installed in Nagpur City and the major sources of air pollution

o 13.3 : 10T aer favow & wRomT 3MEeye &1 S
Figure 13.3 : Sample output generated from loT data analysis
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T TR & ST W 3 feadfia Sfreor wreishy 1 STae STNaTNugH, g | fopar
Two-days training programme was organised at RRSC, Jodhpur during October 7-8, 2021 for 30 doctors from Department of

Community Medicine and Public Health, AIIMS, Jodhpur on “Applications of geospatial technology for public health”.
e N

T, SR & PR JTE S ) e a9 g
Doctors of AIIMS, Jodhpur undergoing training on Geospatial technologies
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\Feature Extraction of Electrical Substations from Satellite Data
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Availability of the digital geospatial database of the huge electrical
transmission infrastructure in the country is essential for its
better management and also for planning future infrastructure
requirements. This involves large efforts in terms of human
resources and time. Hence, use of high-resolution satellite remote
sensing data and processing through Machine Learning algorithms
is the ideal approach for automatic extraction of the electrical
infrastructure features, because these constitute a specific set of
features having a definite pattern with well-defined boundaries,
which are seen very well on satellite data.

High-resolution satellite image chips (100 training samples)
containing various instances of electrical substations were used
as input and a separate set of 25 satellite image samples was used
for accuracy estimation.

Different ML algorithms have been tried for extraction of electrical
substations, and have been evaluated for their effectiveness in
terms of the accuracy of extraction of electrical substations and
efficiency of the models with respect to computational resource
utilization. loU metrics, which specifies the amount of overlap
between the model output and evaluation ground truth data,
has been used for first level of assessing the feature extraction
accuracy. AnloU = 0.5 was considered as the correct detection,
which has been further evaluated using Kappa score (k) assessing
the overall classification accuracy. This measured the agreement
between the predicted output and the ground truth considering
the true positive predictions, true negatives, false positives and
the false negatives. Finally, the efficiency of the ML model was
assessed for performance of the training time and computation
resource utilization.

Ground truth

Model derived output

fom 141 (T

): fomge w9 Rent & ST e ARk A g 3R () Fenfd divea i3 Hiew # SwA o STAT A
Figure 14.1 (a): Comparlson of ground truth masks of electrical substations and (b) the predicted masks using modified DeepLabV3 model
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The ML models that could succeed in successfully extracting the
electrical substations are based on DeepLabV3, R-CNN, U-Net,
Mask R-CNN, semantic segmentation using SegNet and U-Net
with Mobilenetv2. All ML models have been customized with
different adaptations of the original algorithms to improve the
models for better predictions. The models performed differently
and achieved varying loU and final kappa scores ranging from
0.502937 to 0.858016 and 0.784345 to 0.915711, respectively.
The best feature extraction was achieved from ‘Deep learned
semantic segmentation using modified DeepLabV3’, followed
by ‘Mask R-CNN Network with Detectron-2’ and ‘UNET ++
Model based on DCNN Network with custom loss function’
respectively, however, the best model has taken larger training
time with larger number of epochs. Further, optimization of
these models, especially with respect to the computational time
and computational resource utilization, may help in using these
for operational implementation and preparation of country-level
databases of electrical transmission infrastructure. This work was
carried out through a virtual challenge under the International IEEE
International Conference on Electronic Technology, Communication
and Information (ICETCI) -2021 competition.

o 14.2: faf= Aiee & 3TaM ¥ TaRvH wER Fysdor #t o)
Figure 14.2: Comparison of substation feature extraction using Deep learned Semantic Segmentation using modified
DeepLabV3 (Model-1); Instance segmentation using Mask R-CNN Architecture and Detectron-2 Framework
(Model-2) and Instance Segmentation using UNET++ (Model-3)
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Synthetic Aperture Radar (SAR) sensors are suitable for the
detection of ships in open sea scenarios because of their capability
to acquire images independently from daylight and all weather
conditions. The demand for maritime surveillance has increased
substantially, in particular for strategic use, illegal activities control
and global monitoring of maritime environment and security.
NovaSAR-S has SAR (S-band frequency @ 3.2 GHz) with AIS
on-board with capability to provide better monitoring services
to the maritime traffic/fishing activities, which have accelerated
considerably over the last decade, with an impact on the marine
surveillance and its resources. NovaSAR payload can image
in three basic SAR modes of Stripmap, ScanSAR and maritime
surveillance.

Maritime mode is an innovative maritime ship detection mode
having a novel low Pulse Repetition Frequency (PRF) mode for
wide-area ship detection in the open ocean. This is expected to
enable effective ship detection via deliberately azimuth ambiguous
ScanSAR imaging (6 sub-beams) over a swath more than 400 km
wide in the 32-56° incidence angle range designed to maximize
detection probability and swath width, while maintaining an
acceptable false alarm rate.

NovaSAR-S is the first civilian SAR to have an AIS receiver on
board. AIS is a Very High Frequency (VHF) system, designed
for the automated location finding and tracking of vessels. AIS
transceivers are fitted on international voyaging ships with a
gross tonnage greater than 300 tons and all passenger ships. AlS
transmitter on-board the ships will transmit information related to
its unique identifier Maritime Mobile Service Identity (MMSI ID),
latitude-longitude, speed, direction, heading information etc., in a
standard National Marine Electronics Association (NMEA) format
in VHF band, which is received by a standard AIS receiver and
is decoded to get Near Real Time position and route information.
Dynamic information updates, such as the ship’s position, speed
and heading are generated every 2 to 10 seconds while static
information, such as the ID, type and size is updated every 6
minutes. Space-based AIS has advantage of more footprint and
hence AIS signals sent from ships are collected randomly, decoded
directly on the satellite and stored to its memory for downlink to a
ground station.

AIS receiver on-board NovaSAR-S platform is used to collect
data just before and after the SAR imagery of the same area. The
Maritime mode achieves large swath of 400 km by combining
large sub-swaths using the ScanSAR technique with a low pulse
repetition frequency leading to azimuth ambiguities.

After handling ambiguity removal, the ship locations are
associated with AIS data for identifying the known ships and
non-cooperative vessels (Figure 15.1). Moreover, a received
AIS signal needs further filtering and correction of signal, which
is used to map the available and extrapolated AIS information
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o 15.1: weTEug 227 T 17 T SN TS TR A I U4T IS @S & T 3T Ty
Figure 15.1: Ship locations from AIS data and its association with detected ship from maritime SAR data
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to the detected candidate ships. If synchronous AIS data is not
available for maritime data then AIS data must be extrapolated to
the SAR imaging time. This association can help to model marine
traffic, monitoring illegal activities and planning fishing operations
strategically. Post processing on the associated data can lead to
development of further information products.

NovaSAR data is available in IMGEOS, NRSC, where the data
products are generated and then disseminated through Bhoonidhi.
NovaSAR acquisitions are planned by NRSC data centre on request
basis. Orbit wise free AIS data products are available on NRSC -
Bhoonidhi portal, which can be searched and ordered from the
Bhoonidhi portal at https://bhoonidhi.nrsc.gov.in

= TH GHSIAT FOT W EETER fRU T

in India” on December 22, 2021.
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An MoU was signed between Geological Survey of India (GSI) and NRSC on “Institutional cooperation on landslide mitigation and management
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Bhuvan Updates-I 6
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Lightening Essential Climate Variable (ECV): NRSC has
established a Lightning Detection Sensor (LDS) network under
which 31 nodes at various locations are operational. Lightning
occurrences recorded at respective LRX/ LDS nodes across India
are pushed to LDS-LRX server located at NRSC. Based on the
data, daily atmospheric lightning occurrence maps of 10 km x 10
km spatial resolution for the entire India region are generated and
disseminated through Bhuvan - Lightning ECV application having
functionalities for visualization, query, registration and download.
https://bhuvan-app1.nrsc.gov.in/lightning

Bhuvan Homepage 2.0: Bhuvan homepage 2.0 is released with
new intuitive and responsive design, compatible with desktop and
mobile browsers, showcasing major applications categorized in
to visualization, maps & OGC services, sector wise & governance
applications.

-
FIR—TETa, 2021 F ERA “INTT R SHeEy
FT STATM FE HUST HATRT FT AW WY FOeT
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Customized training courses of two weeks (2) and one week
(1) duration were organized for the officials of Directorate
General of Defence Estates, MoD, Government of India
on “Mapping Estates Boundaries using RS & GIS” during
October-December, 2021. Total 74 participants were
benefitted by this course. The inauguration was done by
Dr. Ajay Kumar, Defence Secretary on October 18, 2021.

\&
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Inauguration of customized training course by Dr. Ajay Kumar,

TOTOT UTSHRA T 3qHTEA

Defence Secretary on October 18, 2021

\




17 aferftr sreraet

Bhoonidhi updates
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BHOONIDHI VISTA: https://bhoonidhi.nrsc.gov.in/vista/index.
html BHOONIDHI-Vista (Visualisation of Terrestrial Acquisitions)
showcases how India looked in the past few hours or days by EQ
sensors in native resolution. At one snapshot one can see how
India was imaged with sensors of various spectral and spatial
resolutions, an information which is necessary for applications
requiring fast response like floods, cyclones and other disasters.

Present version shows data from Resourcesat-2, Resourcesat-
2A and three satellites of Copernicus programme - Sentinel-1,
Sentinel-2A and 2B. It also provides incremental view of the data
acquired on a particular day or between two dates at varying zoom
levels. Vista also has time lapse animation feature, which allows
user to view time lapse animation of acquired satellite data over
the area of interest within a date range.

UPAGRAH Orhbit viewer: https://bhoonidhi.nrsc.gov.in/upagrah
Upagrah tool integrated with Bhoonidhi Vista is a real time satellite
tracker for EO missions being tracked at NRSC/ISRO, which
showcases all in-orbit missions and provides the ability to view
the live location of various satellites to assess the feasibility of
acquisition of data for disasters and other applications. It can show
specific satellite or all satellites live along with latest cloud layer.

Te §16 sHad & 21 sHad, 2022 & R @ fFu T fEEde ufaw et vefvld @ gu g fa
Bhunidhi-Vista showcasing Resourcesat AWIFS data acquired during 16 Jan — 21 Jan, 2022 in the inset
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Bhoonidhi Upagrah - showing satellite tracks, present location, area covered at time instance
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A 2-days webinar on “Space Technology for Flood
Forecasting & Modelling” was organized on October
27-28, 2021 in association with International Water
Management Institute (IWMI) under Sentinel Asia
where around 100 persons participated from different
Sentinel Asia countries. The objective of the webinar
was to appraise the participants towards the potential
and current status of EO technologies in operational
flood forecast modelling and spatial flood inundation
modelling using hydrological and hydrodynamic
| modelling techniques.

~—

3T T F WA . AE (T, A, MESguAeTE; S Io FAR, Fev,
THARUEH 3R . o, . U9, 30 v, ANTHT, THRuEH
Dr. Mark Smith, Director General, IWMI; Dr. Raj Kumar, Director, NRSC &
Dr. V. V. Rao, Deputy Director, RSA, NRSC during inauguration session
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Outreach and Azadi ka Amrit Mahotsav
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Bhuvan based quiz

A Bhuvan based quiz on “India independence” and ISRO was
jointly organized by NRSC and Telangana Academy of Skill and
Knowledge (TASK), Hyderabad on July 29, 2021. More than 1400
students from different colleges of Telangana registered for the
quiz. Questions were tagged with location on ISRO’s geoportal
Bhuvan and 25 questions were given. Special development was
made on Bhuvan to facilitate this quiz. First and second prizes were
bagged by students of Mahatma Gandhi Institute of Technology
(MGIT), Hyderabad, St. Francis College For Women, Hyderabad
and University College of Engineering and Technology for Women
(UCETW), Warangal.

Quiz screen

-
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U= & & FT 6-8 F Tl T & U I W Rt Tuaft Hfear sfaaifa & g fasm
Few winners of non-filmi patriotic poem competition organised for school children of classes 6-8 within GHMC area
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(=Y. wefter ga @1 o= féa=r Dr. Satish Dhawan’s birthday D
25 fdeR, 2021 T S HAT 969 1 519 feaq 7H & fou, “qRda iake Fdwn &t 75 IHE ol @ Yeivid #d g TH
FrdEA A frar T 5w 321 DA 4 W9 fear) Fevd, TemuEdt, ' feve, THeIRuadt iR fraad, HemuEdt 1 It
FT Hared
To celebrate Dr. Satish Dhawan’s birthday on September 25, 2021, a programme was organised to showcase “75 Major achievements of
Indian Space Programme” where 321 students participated. Director, NRSC, Associate Director, NRSC and Controller, NRSC addressed the
students.
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Water rocket demonstration
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TreeR T g ucer 1 st Birth anniversary of Sardar Vallabh Bhai Patel

TER JeeT M6 1@ $ SEd TH & U 31 319aer, 2021 I TARUHH aeHR H “TIad” &1 ST-isH o 13T wd=dr
AT Tl 3N B S TS TR IR WaadT & a1 F B Tl ® 75 T 3N Ye¥ia fFar 17 3R iR & =Rf /R uF

AE—UTEE &7 TarsH fomar T 39 #wdswn § ST 170 geE 4 9 foan)

“Prabhat Pheri” was organized at NRSC Balanagar on October 31, 2021 to celebrate birth anniversary of Sardar Vallabh Bhai Patel. 75
placards displaying the incidents that led to the freedom movement and a few incidents after the Independence were carried by volunteers

and a march-past around the campus was organized. Around 170 members took part in the event.

TR dtdt T &1 S=ieT Sir CV Raman’s birthday

T Tt T F ST 9 TEER 2021 F SHETS AT § AR TN, ST 5 THo! & 265 B 4 59 FASH § AT o
Birthday of Sir CV Raman, was celebrated on November 9, 2021 at Outreach Facility where 265 students from 5 schools participated in the
event.
\ —
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