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The “Regional Centres for Space Science and Technology Education™ are
established by the efforts of United Nations for Quter Space Affairs (UN-
0O08A), to assist in the development of indigencus capacity of each country of
the region to apply space science end technology to enhance sociel and
economic development. The first such centre was established for the Asia-
Pacific region with India as host country Centre for Space Science and
Technology Education for Asia and the Pacific (CSSTEAF). The center has
been imparting education/training in the areas of RS & GIS, Satellite
Communications, Satellite Meteorology & Global Climate, and Space &
Atmospheric Science This training course is organized as part of the
CSSTEAP educational programme to train middle level managers to get in
depth theoretical knowledge and on the job training in applying Space Science
and Technology for developmental sctivities.

I am happy that the short course on “Microwave Remote Sensing and its
Application” has been successfully conducted during the period 4* - 29° April,
2011, wherein 26 professionsls from 16 couniries participated in the
programme. Apart from lectures the participants were given hands on training
on various aspects of microwave data processing and case study demonstrations
in different application areas, On behalf of CSSTEAP, 1 wish to thank staff and
faculty members of IR S for organizing the course at [IRS.

This booklet comtains the detrils of the curriculum followed, the list of faculty
and the course participant, T hope the booklet will of use to others who wish to

ofpganize similar training course.

E.S. Roy
Director, CSSTEAP



An International training course on “Microwave Remote Sensing and its
Applications™ was organized by Center for Space Science and Technology
Education in Asia and the Pacific (CSSTEAP) at Indian Institute of Remote
Sensing, Dehracn from 4* o 29™ April, 2011.

This course would not have been successfil without the support from mumerous
individuals and institutions. I thank the employers of all 26 participanis from 16
Thanks are due to Dr, George Joseph, Ex Director CSSTEAP for gracing the
Ineugural function as chief guest and delivering two lectures. In the course the
lectures were delivered by expert faculty drawn from varicus ISRO centers such
as Space Application Center (SAC), Indian Institute of Remote Sensing (IIRS),
Indian Institute of Technology- Bombay (IIT-B) and regional Remote Sensing
Center- North (RRSC-N). We thank the faculty members for sharing their
valuable knowledge and experience with the course participants and preparing
the lecture and practical material.

Organizing a course needs support from various people. We thank the all the
staff and faculty members of [IRS and CSSTEAP for providing their full
support and cooperation in successful organizing the course. We would also
like to thank Dr. R.S Chatterjee and Praveen Thakur technical team
members for their support and cooperation.

‘We are grateful for the guidance and support of Dr. P.S. Roy, Director CSSTEAP
for giving us this opportunity to organize the course. His keen interest,
guidance, and supervision have immensely helped us in conduction of the
course.

SK Saha Shefall Agrawal
Course Director Course Coordinator
Head Agriculture Soils Divisien Head Photogrammetry &

Remote Senging
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International Training Course
on

Microwave Remote Sensing and ITS Applications

Background

The microwave imaging systems from airbomne and space borne platforma
have been used to map monitor and model carth surface featurcs, natural
resources and processes. The potential of such observations is so encouraging
from experimental end scientific missions thet in recent years several missions
are underway to operationalise the microwave imaging technology in various
eritical application areas including real time monitoring of natural and human
induced disasters. Although it is widely envisaged as a complimentary tool to
optical remote sensing due 1o all weather and all time (day and night) imaging
capability, it can also be used &5 8 stand lone system by combining temporal and
multi-polarisation response of target. Therefore, in the past and recent time,
several microwave imaging systems with various combinations of frequency
and polarisation have been flown and are planned. The data acquired through
Envisat, Radarsat, JERS ete, have been put to several applications in areas of
glaciology, hydrology, foresiry, geology, meteorology, agriculture and
occanography, Generation of digital clevation models (DEMs), measurement of
glacier flows and mapping of deformation due to earthquakes; volcanoes and
subsidence are some of the most promising areas of applications. Since il's a
ranging system it has capability of detecting movement of the order of mm to m
level as demonstrated through numerous examples. Most recently SAR data
waes used to detect the pil spill in Mumbai caused due to collision of two
Panamanian cargo ships off the Mumbai coast. Radarsat SAR data was acquired
on 14, 15 and 16" August 2010 to study the dynamics of the oil spill in the Thane
Creck, Mumbai and its surrounding.
Though there are currently many radar imaging systems its potential has not
been fully realized due to various reasons like data end software availability,
however the most important reason being lack of trained manpower and
congiderable efforis need to be put in for effective usage. Keeping this in view
the Center for space science and technology
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The Participants

Twenty six profeasional attended, from 16 countriss in Asia Pacific Region
namely Bangladesh, China, India, Iren, Indonesia, Kyrgyzstan, Kazakhstan,
Melaysia, Mongolia, Phillipines Nepal, Sri Lenks, Tajikistan, Thailand,
Uzbekistan, and Vietnam participated in the course. The participants came from

different disciplines and organizations. The list of participants, their affiliations
and contact detrils are given in Annexure 1.

Implementation of the Course
Week 1 (4" - 9* April)

Concept and principles of microwave remote sensing
Passive and Active secnsors and Global microwave sensors
Radar [mage Interpretation

Dielectric properties, roughness and polarization
Microwave remote sensing

Microwave remote sensing in India for terresirial & planetary studies
{sensor & design)

SAR data radiometric and Geometric calibration

SAR data Feature extraction, filtering and Despeckling
Optical and Microwave dets fusion and Classification
Principles of InSAR, DEM generation and Analysis procedure

Week 2 (11%- 15" Apn'l}

¢ Displacement mapping and parameter retrieval, InSAR. (Interferogram,
phase unwrapping), InShR{Gamodmngmcmg}

® Radar remote scnsing in planetary geological studies & Polarimetry

@ SAR image Pre processing - raw to Single Look complex (SLC)

@ Principles of SAR Polarimetry and Differential interferometry DinSAR

Week 3 (18 - 23™ April)

® Microwave RS in characterization of soil resources

® Microwave RS in agriculture studics

e Role of radar remote sensing in soil moisture assessment and monitoring
wetland mapping

@ Raderremotesensing forcrop type identification and mapping
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Microwave interaction with forests and forest type discrimination,
mapping and biomass estimation

Application of SAR in hydrological feature mapping and Snow parameter
retrieval, snow and glacier mapping using SAR.

Role of radar remote sensing in Flood monitoring and damage assessment
Radar applications in occan studies (Oil slecks, ship detection and sea
wind)

Geophysical parameter retrieval using microwave remote sensing for ocean
& meteorological studies

Radar remote sensing in geomorphological and terrain evaluation

Radar applications in land subsidence monitoring and change delection
snalysis

Radar remote sensing for mapping geclogical structures and mineral
exploration

InSAR applications in earthquake and landslides

Week 4: Case Study (25°- 29° April)

The participants carried out a small case study on the application of

microwave data in the area of their inferest and presented the results at the end of

the course.

'memm Mr, Nguyen Bs Duy
wiﬂlllmnfﬂnlﬂnq |
1. |mmummmc«urmmhg M. Vinay Komar
| Microwave Deta Ms. Mading Akhmedshina
| M. Vi Thituyet
| . M. Tran Thi Huong Giang
3. Dem Geseration From Mubti-Frequency InSAR Data  Mr. Mohamad Khairol Aswad
| And Terrain-Relsted Applications Mr. Harikristmen G
‘ Mr. Krishna Prasad Bhandari
4. | Polsrimetric Decomposition And Semi-Empirical Models | Mr. S, Nandy
| For Forest Stem Volome And Biomass Retrieval Mr. Sugeng Indario
| Ms. Rong Lang
5. rmmmwmmm | Mr. Md. Maimul Ielam Mamum
mmus:smwmurm Ms. Sijotshoeva Sebzina
-Mmm(smm
9. | Snil Moisture Mapping Using ALOS PALSAR Mr. Bhasker R. Nikam
| Quad-Pol Dats Mr. Hasan Safaroy
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12. Polerimetric Signature Analysis And Classifiction

{of Agricultyra! Tand Turgets !
13. Rl.in Ilh Estimation And Trend Analysis Using Mls. Zhanat Sathaldiyeva

14. ﬂmﬁdﬂ:\mljlilmmrmuphﬁmbﬂ Ms. Gulmira Babakhanova
| Using Complex-EOF (Empirica! Orthoponal Function)

Practical Exercises

Each participant was provided with individual computer with required image
processing softwere such as ERDAS Imagine, ENVI, ARC GIS, NEST,

POLSARFRO, ASF Map Ready, SA]!Tholsm'I‘ho-wpmswmdmlho

mcﬁcllme:dﬂum

SAR Data Products

SAR visual image interpretation

Dielectric propertics, roughness and polarization

Image pre-processing (calibration and geo-coding)

Image post-processing (Feature extraction and speckle reduction), data
InSAR processing and DEM generation
Displacement mapping using TSAR processing and Differential
Interferometry

POLSAR processing and SAR applications in planetary geology
Image pre-processing (raw to SL.C)

SAR Polarimetry and DinSAR

SAR spplications in soil moisture

SAR applications in forestry

SAR applications in water resources (flood & snow)

SAR applications in ocean

SAR applications in geology and geomorphology

SAR applications in earthquakes and landslides

Educational Visit
To familiarize with the rich cultural heritage, diversity and scenic beauty an
educational visit to Agra was organized at the end of the course,
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Technical Documents/Software Shared

The participants were provided with a DVD consisting of lecture notes,
preseniation material and open source free soflware's (NEST, POLSARPRO,
ASF Map Ready, SAR Tools etc). They were also provided with the printed
volumes (Volume 1- Basic principles of Radar Imaging and Volume 2 on
Applications) of the lecture material. The schedule of lectures and practical
topics covered are given in Annexure I,

Lecture Volume I Lecture Volume 11 DVD (Training Material)
The Faculty

The lectures were delivered by the experienced faculty drawn from various
ISRO centers such as Indian Institute of remote Sensing (IIRS), Space
Application Center (SAC) Ahembdabad, National Remote Sensing Center
(NRSC), Hyderabad and Regional Remote Sensing Center (RRSC-N),
Dehradun and also from National organization such as Indian Institute of
Technology Bombay (IIT-B).

The List of faculty and experts who delivered the lectures and conducted
practical demonstration is given in Asnexure IIT.

Inaugural and Valedictory Function

The course was inaugurated by Dr. George Joseph, Ex-Director CSSTEAP. The
participants introduced themselves, Dr. S.K Saha Course Director welcomed
the Chief Guest and the participants, Director CSSTEAP, Dr. P.S. Roy in his
address highlighted about CSSTEAP and its activities and also about the
significance of Microwave Remote Sensing and this course in particular.
Course coordinator Mrs. Shefali Agrawal bricfed the participants on the course
structure. Dr. George Joseph, Chief Guest of the function in his address
expmaed the importance of Microwave sensors and its significance in tropical
regions and in disaster management, emergency response, Future RADAR
imaging missions of India. The valedictory function was held on 29* April;
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Director CSSTEAP Dr. P.S. Roy awarded the certificates to the participants. In
his valedictory address he highlighted on the future Indian and global initiatives
on RADAR imaging, challenges in developing smarter, adaptable, and
more robust data processing cababilities in order to retrieve information
about the imaged terrain at a scale and accuracy commensurate with the
needs of environmental and other applications.

Course Feedback and Recommendations

At the end of the course a formal feedback of the course was taken and each
participant was asked to furnish their experiences, view on to the course
organization aspect, knowledge gained etc, during the entire course program.
All the participants expressed overzll satisfaction about the course as it
provided a comprehensive overview of microwave remote sensing technology
and its application. They appreciated the quality of information content,
delivery and practical exercises. However some of them mentioned that the
duration of the course could be extended to 6 weeks in order and have more

practical classes.
Annexure 1

List of Course Participants and their details

E Name Home country address/
M. | phone/email

1. Md.Mdelllm 63, PABA BARA, P.O. Sopura,
P.S. Shabmokhdum Dist, Rajshahi,
Ph: +8B01727226837
Email; mainnl_spee@yshoo.com

Bn;luluh
| 2. Ms. Rong Lang | Kumming Institute of Botany, Chinese |
China Academy of Sciences,
132, Lanhei Road, Heilongtan,
Kunming 650204,
Ph: +86-15887087819
Email: langrong@mail kib.zc.cn
[ 3 g:.“:lQOgm,g ' Emmlgﬁquofnm,mm'
cademy of Sciences,
l!ﬂ,L_n:lI‘lﬂ:i.RnId,Hlilongtln,

Kunming 650704,
Ph: +86-15969535773
Emall: yxqshachafgmail com




8. | Name Home country address/
K. ! _ phone/email

4. Mr Bhaskar R Nikam D-4, IIRS, 4, Kalidas Road, Dehradun
Indis Mob: 09412198117
Email: bhaskamikam(@gmail.com

5. | Mr.Harikrishnan G~ | Defonce Temain Rescarch
India (DTRL), Defence Rescarch &
Min. of Defence, Govt. of Indis,
Metcalf House, Delhi, India - 110 054
Ph: 011-23810058
Email: hkgeomatics@gmail.com
6. D Submata Nandy Forestry & Ecology Drivision, Indian
India i

7. Mr Vinay Kumar

" Indonesls

H:l. +62-817 270007

9. Mr Younes No. 16th - Gord Afarid Street- North
Dehghansoraki Karegar Street, Tehran,

10, Ms, Gulmira RSE, kazhydromet Long-Term Weather
Babakhanove Forccast Department,
Karakhstan 11/1, Orynbar Str, Astana,

Ph: + 77025529469
Emall: gumal605@yahoo.com,

mal
b
(s
i




11.

13.

14.

15.

16.

]?+

Aswad Bin Mohamad
Nazir
Malsysia

Ms. Byambasuren

Home country address/
phone/email

RSE,

kazhydromet,
weather forecasts department,
1171, Orynbaor str, Astana

Ph:+ 77058153284

Email: zhanatik@yahoo.com

Tel: +596 312 555 764-765,
Emall; ¢lenamelnikoval (@ gmail.com

2fl. Asenbai distl Bishlcck,

Tel: (+996555) T700-79

Lecturer, Department of

- Apt. 72, h.6, 7 Micro District Bishkek, |
of Meteorology,

Nao. 13, Jalan Thu Isnail, 50480

- - i
& Geoinformatics, School of Geology
end petroleum engineeri

Must building No. 1-427
Ph: +976-99008524

Ph: +976 - 91889903

Email: sarang{@yahoo.com

Western Region campus,
Ingtitute of 1

Email: byemba03y4@yahoo.com
of Geophysical




N. |

18. Ms. Teresa A. Millancs Phil:'ipplno

19, m&mm wmmm

-&'ll‘nkl

21,

Tajildstan

Mr, Hasan Safarov

Thailand

Ms. Madina
Uzbekistan

Mr. Nguyen Ba Duy
Vietnam

Ms. Tran Thi Huong
Giang
Vietnam

Home country address/
phone/email

Ph.; + 0094415674048

Email: gayantha-kodikam{@yshoo.com |

hydrometereological (sinoptic)
Tel: +992 935317242
Email: mssabrinaf@mail.zu

NCCR-North-Scuth, Dushanbe,

Rudeki-svenue, 131, exp-19,
Mob: + 992-93-504-32-86
Emall: khasan-81@gmail zu

Mr. Anuchit Sooknarint | Bureau of Royal Rainmaking &

Agricultural Avistion, 50 [nside
Kasetsart University, Ladyso, Jatujak, |
mnﬂnﬂ 109000

JCom
Fl:l + 662 567 3028
llhﬁl:mlﬂhﬂmﬂmm

"Ceatre of RS & GIS Technologies”,

Tashkent, Uzbekistan, 100 060,
Ph: +99897766-68-95
Email: madi

mtmgﬂtmd,DngnDuhiﬂ,
Emtﬂ.buﬁq@pmlm

No. 24 Van Cao Street, Licu Giai,

Ba Dinh, Hanoi, Vietnam,
Ph: +84466741232
Email: giangde(912(@gmail com




§. | Name Home cauntry sddress/ Photograph

N. phane/email
26. Ms. Vu Thi Tuyet 108 Ghua Lang Street, Dong Da,
Vietnam Hanoi, Vietnam,
Mob: +84983328027
Email: wyetvirila@yshoo.com
Annexure I1
Course Schedule
Short Course on Microwave Remote Sensing and its Application
April 4-29, 2011
_ | 11:30-13:00 | 14:00- 15:00 |15:15-17:30
04-04=11 {Registration) & Briefing L1 L2 Pl
050411 L3A 10:00to 10:45  11:15-12:30 Lecture |
9:05109:55 Insuguration by Dr George Joseph P2
| l of course | |
060411 L3B | LS | )
07-04-11 L6&L7 . L8 & LS. _ P4 & PS5
08-04-11 L10 L1l
090411 | Practice of 15t week Practical exercises
10D4-11 _ Sundmy .
110411 Li2 _ L13 P7
120411 | ; HOLIDAY :
130411 L14 | L13 | P
14-04-11 L1§ L7 ]
150411 | LIg '_ L9 | P10
16-04-11 Saturday
170411 o Susdsy ~ .
1804-11 121 122 Pil
19-04-11 L23 L24 | P12
200411 L25 P13 ' L26 snd P13
210411 L27 128 [ ms
220411 L29 L30 P15
041 L31 | Practice of Exerciscs
240411 | ; Sundsy i
250411 L0 | L3z . Plé
260411 Pllot project 26¢h to 29th April .
280411 Pilot Project . Passing out
2904-11 Filat Project presentation Departure
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LECTURES

| _Cuwmdpnm:plunfmmmmm M:.Ehuhi Kumar, TIRS
|12 memdlﬂ:wmn and Global microwave  Ms. Shefuli Agrawal, IIRS
|
IL3A :mmw Dr. Samer Saran, [IRS
|L3B | Dielectric properiies, roughness and polarization Dx. RS Chatierjec, [IRS
FL# Microwave remots sensing Dr. George Joseph,

Ex Director CSSTEAP

[5 Microwave remote scnsing in India for terrestrial & M Nilesh Desai, SAC

| planctary studics (sensor & design) |

|L6 & L7 |SAR dats radiometric and Geometric calibration Mr, Praveen K. Thakyr, [IRS
!!La | SAR dats Feghure extraction, fitering and Despeckling = Mr, Praveen K. Thalyr, IIRS
| L9 | Optical and Microwave data fiusion and Clessification Mt Praveen K. Thalar, IIRS

LlD&LllPﬂnmplesarInSAR,DEMgmﬁmmmdAnﬂym Dr. RS Chatterjee, [IRS
Ll!&LllDisphcommmlpphs und parameter retricval, Dr. RS Chatierjee, [IRS
InSAR (Interferogram, phase unwrapping), InSAR
| (Geocoding and moasicing)
Li4 &£L15 Radar remote scnsing in planctary geological studics ' Dr. Shiv Muohan, SAC
| & Polarimetry )
| L16 & L17 SAR image Pre processing - raw to Single Look  Dr. Y.8, Rao, IIT-B
l ‘complex (SLC)
| L18 & L19 Principles of SAR Polarimetry and Differential Dr. ¥.5. Rap, [IT-B
| mterferometry DinSAR |
-FI.ZE | Microwawve RS in characterization of soil resources D 5K, Saha IIRS
1L21 | Microwave BS in agriculture studies | De. Manah Chakmborty, SAC
L23 Role of radar remote sensing in soil moisture Dr. Hari Shanksr
L3 Radar remote sensing for crop type identification  Dr. C. Patnaik , SAC
‘and mapping _
124 hﬂmnunwmmmmtmmdhmw Dr, 5.P.8 Kushwaha, ITRS

| L25 Apph:ﬁmuf&ﬁkmhyﬂmlomnﬂfmﬁnmm M. Praveen. K. Thakaw, [IRS
| and Snow parameter retrieval, snow and glacier

-, mapping using SAR |
|L26 Role of radar remole sensing in Flood monitoring ~ Dr. G. Sreenivas Rao, NRSC
|L27 Radar applications in ocean studies (Oil slecks, ship  Dr. Raj Kumar, SAC

| detection and sea wind)

- |- s
{128 Geophysical parameter retrieval using microwave  Dr. Raj Kumar, SAC

[ |remote sensing for ocean & metecrological studies |

FLZS' Radar remote sensing in geomeorphological and Dr. PK. Champatiray, [IRS

| L30 Radar epplications in land subsidence monitoring Dr. RS Chatterjee, [IRS
| end change detection analysis |

[Lal Reder remote scnsing for mepping gpeological Dr. K.S. Mishre,

| | structures and mineral exploration University of Petroleum

|L32 InSAR applications in earthquake and landslides  Dr. PK. Champatiray, IIRS
11




PRACTICAL EXERCISES
 SNo| Practieal _________________ fFeclty

Pl | SAR Data Products Shefali Agrawsl/

|  Shashi Kumar, [IRS
P2  SAR visual image interpretation R.5. Chatterjee/

_ | PX. Thakur, [IRS
M .Dielnulﬁcpmpuﬁu,muglmeunﬂpnluinﬁm Shashi Kumar, TTRS
P4 Ihngummhg{nﬂibmﬁmmdgm—mding] :]'.'E.Thlhﬂ.m
PS5 | Image post ing (Feature extraction and speckle | PK. Thakur, [IRS

| rodxmm).ntaut‘uhnmdf:lsuiﬁm .
P6 InSAR processing and DEM generation R.S. Chatterjee/

| 'PK. Thakur, [IRS
P7  Displacement mepping using InSAR processing and R.8. Chatterjee, 1IRS

 Differential Interferometry .
P8  POLSAR processing and SAR applications in planetary = Shiv Mohan, SAC/

geology P.L'I'hlhu&
P9  Image pre-processing (raw to SLC) Y.S.Rao, [IT-B,
_ _ | K. Thakur, ITRS
P10 SAR Polarimetry and DinSAR Y.S.Rao, IT-B/

. ' PK. Thakur, IRS
P11 SAR applications in soil moisture H. 5. Srivastava, RRSC-N/

Memta Kumari, TIRS

P12 SAR spplications in forestry | Shashi Kumar, [IRS
P13 SAR applications in water resources (flood & snow ) G. Sreenivas Rao, NRSC/

| _P.K..Thlhc,l]]ls
P14_ SAR applicetions in ocean .mjl[mu;.'mc
P15 SAR applications in geology and geomorphology | R.S, Chattegjee, LIRS
P16 SAR applications in earthquakes and landslides PK. Champatiray /

R.8. Chatterjee, 1IRS

12



Annexure IIT

LIST OF FACULTY
m. Name Communication Address and email
1 | Dr. George Joseph Honorary Distingnished Professor,
ISRO & Former Director CSSTEAP,
Space Application Center, Ahembdabad

3 | Ms. Shefali Agrawal

5 | Dr. Rajat Chatterjee

6 Mr. Nileesh Desai

T Mr. Praveen K Thakur

g Dr. Shiv Mohan

9 Dr. ¥.5. Rao

| Head, Photogrammetry & Remote Sensing Division,

Email:shefali_a@iirs.gov.in

Email:sameer(@iirs.gov.in

_ Email nmdesai@sac.iso.gov.in

Indian Institute of Remote Sensing, 4, Kalidas Road,
Dehradun - 248 001(UK)

Scientist "SE", Geoinf ics Division. Indi
Institute of Remote Sensing, 4, Kalidas Road,
Debradun - 248 001 (UK) Dehradun

Scicntist "SF", Geoscicnees Division,
Indian Institute of Remode Sensing,
4, Kalidas Road, Dehradun - 248 001 (UK)

Mﬂwm

ScifEngr.- G & Group Dircctor-MSDG/MRSA,
Deputy Project Director- RISAT

BISAT Building No. 52, Reom Na. 29,

P.O., Jodhpur Tekrs, Ahsmbdabad - 380 015
Ahembdabad

Scientist "SD", Water Resources Division, Indian
Institute of Remote Sensing, 4, Kalidas Road,
Dehradun - 248 001 (UK) Dehradun
Emﬂl;tlm@n'l.wrm

Head, ATTD/RESA, Space Application center,
Ambawedi Vistar P.O,, Jodhpur Tekra,
Ahembdabad - 380 015Ahembdabad

Associate Professor, Center of Studies in Research
enginecring, IT Bombay, Powai, Mumbai - 400 076
Email:ysran@esre jith.ac.in
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12

13

14

15

16

17

13

19

Dr. 5.K. Saha

Dr. C. Patnaik

Dr. 5.P.S. Kushwaha

Mr. G. Sreenivas Rao

Dr. Raj Kumar

Dr. PX Champati ray

| DrK.S. Mishra

Ms. Memita Kumari

Group Director, ATDG/EPSA,

Emli]:hn'i_lpme@}'-lhuo.m

Email: cpatnailo@sac isro.gov.in

| Scientist, DSC, National Remote Sensing Center,
Email:srinivasarao_gi@nrse.gov.in

* Professor, Department of Petroleum Engineering &

Scientist "SC", Agricaliure & Eoil.l-m\'illw.

Space Application center, Ambawadi Vistar
RO. Jnd.hpurT&l, Ahembdabad - 380 015
Email:mansh{@sac. isro.gov.in

S:imﬁﬂ"ﬂf‘,nﬂﬁnmlkmsmsf:m,
North, 4, Kalidas Road, Dehradun- 248 001 (UK)

Scicntist, ATDG/EPSA, Spece Application center,
Ambawadi Vistar P.O., Jodhpur Tekra,
Abembdabad - 380 015

Head, Foresiry & Ecology Division,

Indizn Institute of Remole Sensing, 4, Kalidas Road,
Dehradun - 248 001 (UK)
Email:spskushwaha@iirs.gov.in

Balanagar, Hydersbad - 500 625

Scientist "SG", 05D, MOG/RESIPA,
Space Application center, Ambawadi Vistar
P.0., Jodhpur Tekre, Ahcmbdabad - 380 015

Head. Geosci Divisi
Indizn Institute of Remote Sensing,

4, Kalidas Road, Dehradun - 248 001({UK)
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