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MESSAGE

Indian Earth Observation satellite missions play a pivotal role
in generating valuable information required for natural
resources management by employing sensors on board in
different electro-magnetic wavelengths. Over the years,

advances in sensor technology have led to development of
hyperspectral imagers which collect data in large number of (

contiguous narrow bands spanning a vast region of the electromagnetic spectrum.

The requirements of users on space-based products and services put forward a
unique challenge for ISRO to develop advanced imaging sensors. In this context,
the collaborative program between ISRO and JPL, NASA on hyper-spectral remote
sensing and imaging spectroscopy is one such endeavour towards achieving the
precision in sensor technology and advanced application requirements.

AVIRIS-NG developed by JPL is being used by ISRO to acquire Hyperspectral data
over India covering diverse ecosystems. In Phase-1 of this campaign Hyperspectral
data was collected over 57 sites in India. Various academic institute and scientific
organizations have participated during the airborne campaign (December 2015 to
March 2016) and large amount of hyperspectral data over the multiple natural
targets was collected. The campaign provided unique opportunity to scientific
community to develop spectral libraries, algorithms and models which are
precursor to the India’s future hyperspectral missions.

It is heartening to note that an excellent compilation has been brought out through
contributions of ISRO scientists on various themes using data from the phase-1
airborne campaign with AVIRIS-NG. I appreciate the sincere efforts to bring out
this scientific compilation.
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PREFACE

Space Applications Centre (ISRO), Ahmedabad is involved in designing and developing
imaging, non-imaging payloads and is engaged in the development of advanced
techniques, value-added products using satellite data for societal benefits. In the space age,
significant progress has been made to strengthen the remotely sensed observations through
electro-optical sensors and microwave radar-radiometer systems onboard ISRO’s satellites.
The development of space-borne hyperspectral sensors is a challenging task and is in the
process of realization. The airborne hyperspectral data from AVIRIS-NG sensor system
provides unique opportunity in understanding the three-dimensional data cube, its
calibration and validation. The utilization of such valuable data calls for the newer
development of the algorithms, data processing and customized solutions for societal
benefits. The coordinated effort by campaign and science teams facilitated the acquisitions
of hyperspectral airborne data and ground-truth over 57 sites in India. This Centre has
archived these data and is engaged in disseminating the same to scientific community of
India through a geoportal called VEDAS. Different trainings are being organized to
develop the skill of using hyperspectral data which would help in practical applications of
hyperspectral data from ISRO’s future satellite-based hyperspectral missions. Research
support has also been extended to academia especially to doctoral students through
Announcement of Opportunity (AO) programme.

The present compilation of research articles contains the initial science results using the

hyperspectral data from phase-1 airborne campaign with AVIRIS-NG. I hope this would
help the students and initial learners to develop deeper insight on the data and their

practical utility. —
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FOREWORD

AVRIS -NG is one of the important aerial missions undertaken for
Hyperspectral mapping in the country under the Indo -US cooperation in
Science mission. The flights over Indian sub-continent were conducted
during Dec,2015 to March,2016 period where in hypespectral data was
collected for diverse terrain covering themes like Agriculture , Forestry,
Geology and Water . This is one of the unique missions wherein
scientific team from ISRO and NASA-JPL collaborated for providing
Science data to the country. Various researchers were benefited by this
progamme and they had opportunity to work with one of the best science
data in the area of hyper spectral domain. The present Science meet on
the phase-1 of the activity is an important milestone wherein the team
will be discussing the data processing results for the benefit of the
academic community of the country and also to interact with the science
team member of AVIRIS programme to understand data products and
their related use to create larger user base of the these scientific data
products. NRSC has also contributed significantly in conducting flight
operations effectively to ensure maximum data have been collected for
this mission in shortest period of time. I understand many important
results would be discussed covering various themes which will play a
significant role in planning future applications on space platform. I wish
this meet a grand success.
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Several Hyper-Spectral Spectrometer (HSS) instruments are available for hyperspectral
imaging to provide data with high spatial resolution from airborne and ground-based
platforms. The satellite-based HSS missions are able to provide data over the globe however
suffers with low SNR problem. Several application studies have also been demonstrated by
Indian scientists using ground based and spaceborne sensors. Keeping the future potential
in tandem with the development of advanced technology, to provide the required ground
truth data, science understanding, techniques development and applications
demonstrations for present and future ISRO space imaging spectrometer missions, ISRO
and NASA have designed joint airborne hyperspectral science campaign over India in 2015.
In the first phase, data over 57 sites, covering various themes, such as agriculture, forest,
geology, water, urban, coastal etc. have been acquired. The initial results of the research
performed with the data has been compiled and presented here with combined effort of
scientists and engineering team of ISRO centres and researchers from various institutes as
well as academia. It has been a great experience for science team members of AVRIS-NG
Airborne Hyperspectral Campaign, working with an excellent hyperspectral payload data.
The team is grateful to the support extended by Shri A. S. Kirankumar, Chairman, ISRO.
The constant encouragement and review on the progress of airborne campaign and
scientific data archival, dissemination, analysis by Shri Tapan Misra, Director, SAC,
Ahmedabad is gratefully acknowledged. The cooperation extended by Dr. V. K. Dadhwal,
Ex-Director and Dr. Y.V.N. Krishnamurthy, present Director, NRSC, Hyderabad for the
aircraft operations in a time-scheduled manner is acknowledged. The entire team is highly
benefitted by the support provided by JPL, NASA for their AVIRIS-NG payload for
hyperspectral airborne campaign for the first time in India and basic data products of
imaging spectroscopy for scientific analysis. We hope to develop much more scientific
understanding and various application potential with the present dataset and future

acquisitions. ")
| (<o) Kowr
(25

(Dr. Raj Kumar)



1. Agriculture & Soils

i.
ii.
iii.
iv.
V.

Vi.

Vil.

Field Crop Discrimination
Orchard cromiscrimination
Soil discrimination

Soil organic carbon in crdiglds
Nitrogen content of croganopy
Crop disease detection

Crop stress detection

2. Forests

i
ii.
iii.
iv.

V.

Vi.

Forest diversity mapping

Mangroves assemblage 8undarbans
Mangroves speciediscrimination
Mangrove healtrassessment
Deciduous forest speciekscrimination

Forest fuel loadssessment

3. Mineral Exploration

Mineralogical appraisal
Mineral mapping
Mapping marble deposits

Inventory of base metal deposits

Table of contents

10
12
14
17
18
20
22
24
26
28
31
32
34
36
38



3.

10.

Water Quality and Ecosystem : River, Coas@tean

River water quality assessment
Coral reef macralgae discrimination

Coastal zone assessment

iv. Coloured Dissolved Organic Matter (CDOMZhilika
V. Water Quality Mapping i€hilikalake
Urban
i. Urban andperi-urban area characterization
ii. Urban area mapping
Snow
i. Snowpack characterization
ii. Snow grain size assessment
Atmosphere
i. Aerosol and water vapour retrieval
il. Atmospheric Coretrieval
iil. Atmospheric methane estimation
iv. Cloud microphysical properties

Calibration and Validation

Calibration of AVIRISGimager

Author index

Acknowledgements

41
42
44
46
48
50
53
54
56
59
60
62
65
66
68
70
72
75
76
78
79

Vi



AVIRING

Airborne Visibleand Infra-RedImagingSpectrometer¢ Next Generation(AVIRISNG),of JPL
(JetPropulsionLaboratory),NASAhasbeenusedfor the ISRGNASAairborne campaignon-
board an ISRCB200 aircraft Thereare about 430 narrow continuousspectralbandsin VNIR
and SWIRregionsin the rangeof 380-2510nm at 5 nm interval with high SNR>2000 @ 600
nm and >1000 @ 2200nm) with accuracyof 95% havingFOVof 34 degand IFOVof 1 mrad.

GroundSamplingDistance(GSDYis-a-vis pixel resolutionvariesfrom 4-8m for flight altitude
of 4-8 km for a swathof 4-6 km.

B200 aircraft and AVIRISG instrument

Vi



Campaign diary

The first phase of airborne

 hyperspectralcampaignhas been

& organizedwith AVIRISNG payload
over 22840km2 areain 57 sitesin

& Indiafor 84 daysduring December
£ 16, 2015to March 6, 2016 under

% the ambit of ISRGNASA joint

¢ initiative  for  HYperSpectral
Imaging(HY SIprogramme

Theflight campaignwas organized
from nine airport bases More than
200 peopleparticipatedin the field
campaignscorrespondingto date
of flight. Weather forecast from
MOSDACwas used for effective
and efficient flight planning and
field datacollection

Duration

16" to 21tDec2015
Begumpet 95 to 29 Jan 2016 12 2650
Bhubaneswar  22dto 28" Dec 2015 6 3780
Mangalore 29" Dec 2015to 0% Jan 2016 5 3491
Coimbatore 03dto 08" Jan 2016 5 1416
Phase inspectior 12"to 24h Jan 2016
Udaipur 31stJan to 09 Feb 2016 8 3697

06"to 16" Feb2016
Ahmedabad 06" to 09" Mar 2016 10 2788
Chandigarh 17to 2FFeb 2016 4 835
Patna 22vto 247 Feb 2016 3 3% _ B200 aircraft captured in air by
End of campaigr 84 days 57 sites 22840

viii



Instrument specification

Parameter

IFOV 1 S

FOV 34 deg.

Spectral range 380-2510 o

Spectral sampling 5 nm

SNR @ 600 nm >2000

SNR @ 2200 nm >1000

Weight 450 kg

Spectral cross track >95% across FOV | B

Spectral IFOV variatior >95% spectral
direction




Imaging Spectroscopy

ImagingSpectroscopyr Hyperspectrasensing HSSPpf 9 I NJarid @nél oceanenvironmentsis based
on the principlesof spectroscopyeither reflectanceor emissionspectroscopypver shortwave(0.3 to
3 mMm) andlongwave(5 to 50 M) spectrum Interactionof energywith the molecularand structure of
surface materials results into characteristicor diagnosticabsorption or emissionfeatures in the
reflectanceor emittance spectra Thesediagnosticfeaturesoccurdue to changesn energystate of
moleculesas a function of electronicor vibrational transitions The former occurspredominantlyat
shorter wavelengthsdue to changesin energy state of electronsbound to atoms or moleculesor
lattices The latter occurs generallyin longer wavelength due to stretches and bendingswhere
overtonesoccurat sumsor multiplesof the fundamentalvibration frequenciesHSSefersto 100-200
spectralbands,generallyin continuumwith relatively narrow bandinterval (5¢10 nm), in contrastto
Multi-SpectralSensindMSS}hat refersusuallyto 5-10 discretewide bands(bandwidths50-400 nm).

Calibrated
Image Cube

100s of Parallel Spectrometers \

Detector Array

Spectrometer

Slit

Telescope

400 700 1000 1300 1600 1900 2200 2500
Wavelength (nm)
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Field crop discrimination
Rahul NigamRajsiKot, and B. K. Bhattacharya

Accurate and efficient crop discriminationis a key requirement for precisionagricultural
management In the presentstudy, homogeneousagriculturalarea of Kota, Rajasthanwas
selectedto perform classificationMajor cropsin Kotawere alsi beans,chickpeacoriander,
garlic, wheat, methi (fenugreek), mustard and peas Crop classificationwas successfully
achievedusing supervisedclassificationtechnique spectralangle mapper (SAM)over Kota
SAMcalculatesthe angle betweenthe referencespectrumin n-dimensionspace For Kota,
overallclassificatioraccuracyB6.4%and kappacoefficient0.84 wasachieved
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Orchard crop discrimination
R. N.Sahog V. BajpaiN. Paul, G. Krishna, B. DasPglrg N.Mridhaet al.

Accuratemappingof orchard crops using multispectralremote sensinghas been challenge
due to poor discriminationwith lessnumber of discrete bandsand mixed pixel effect. This
study was undertaken to explore potential of hyperspectraldata to discriminate eight
horticultural cropsin Sabour Bhagalpumregion of Bihar. The pre-processedyroundreference
spectral data were statistically analyzedusing ANOVAto find significant wavebandsfor

discrimination Spectralseparabilitybetween eachpair of fruit cropswascomputedusingJM

distancetechnigue The performanceof selectedwavebandswere evaluatedby usinglinear
discriminantanalysis(LDA) The Specieswere classifiedusing SpectralAngle Mapper (SAM)
method by using end members spectra collected through AVIRISNG The resultant 10

optimum spectralbandswere identified for discriminatingfruit crops Discriminativepower of

the wavelengthsvasfurther assessen the basisof overallaccuracy(91.67%) usingLDA

~——Banana —— Citrus

Coconut ——— Gauva ———Kinnow = Litchi —— Mango Pomgrante

i S

A

- z o 375 675 975 1275 1575 1875 2175 2475
P 1 e ¥ e : X . oo Wavelength{nm)

ﬂ
=

Classified Image of AVIRS NG

Segregation obrchard crops in Bhagalpur region, Bihar SensitiveBands fordiscrimination of orchard crops



Natural colour composite (N

||_f.-

o
' I

- S~

chard a@oour Bhagalpur, Bihar

|:| KMango
- Kinnow
- Coconut
=l . - Wheat
'1 - Iaize
". - viegetables
% [ sot
- fater

-"'" | I cuit-up




Soildiscrimination
Anil Kumar, Justin Georgleand A.SenthilKumar

Preciseidentification and estimation of varioussoil types and cropsin an areais vital for
planningand adoption of variousagriculturaland land resourcesmanagemenfractices This
study demonstratedthe applicationof AVIRISNGdata for discriminationof specificcrop/soil
types Thespectralprofile of varioustargets/classesncludingdifferent soil types and crops
were collected during field campaign For crop/soil type discrimination,spectral similarity
analysisbetween pure ground spectra generated and AVIRISmage Spectrafor different
classes(crop and soil types) was done. AVIRISdata of ICRISATwas classifiedusing the
generated precise ground spectra for identification of various crop and soil types using
segmentatiorbasedsupportvectormachinewith linearkernelclassifier
Similarity Scores
SFECTRAL LIS RARY PLOT OF VARIOUS TARGETS Symbology Crop/Soil Similarity Score

Jowar 0.897

I
I — Chilli 0.838
e s ————  Fodder Grass 0.798
I i i Tomato 0.785
£ Cotton 0.735
2000 & !
TA s Red Gram 0.708
1000
Bengal 0.698
% R . = 3 = ~ Niger 0.671
Wavelength .
e Blacksoil ® Bengalgram o Chilli = Cotton e Fodder ,.z‘w eNiger ®Redgram eRedsoll ®Tomato A Black Sail 0.590
— Red Soil 0.497

SpectralProfiles ofVarious target classes L .
P 9 Spectral similarity analysis scores
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Soilorganic carbonin crop fields
Rabi NSahog V. BajpaiHimeshPatrg GopalKrishnaNilimeshMridha et al.

Total organic carbon (TOC)of soil was assessedising AVIRISNG for mapping soil organic
carbon Synchronizedsoil sampling and spectral data collection was done during field
campaign AVIRINGL2 surfacereflectanceimagewasalsousedto retrieve soil spectrausing
geolocationsof soil samplingpoints. Predictivemodelswere developedusing Partial Least
SquaresRegressioffPLSRand Stepwise Multiple LinearregressioSMLRbetweenextracted
soil organiccarbon, spectracollectedat ground and from AVIRISNG L2 surfacereflectance
imagein the sensitivebandregions A JackKnifingmethod wasadoptedto developpredictive
models from 2/3rd data pairs followed by validation from 1/3 data pairs Then location
specificmodel developedwere used further for generatingsoil organic carbon map using
AVIRISNG L2 reflectanceimage Total organiccarbonmap of seedproducingfarm, Raichur
Karnataka|ndiais prepared

2.5

Predicted TOC

350 1350 2350 TOC=0.844 Measured TOC
Wavelength (nm)

SpectralProfilesat different level of TOC Measured Vs Predicted Total Organic Carbon
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Nitrogen content of cropcanopy
Rojalin Tripathy, K. N. Chaudh&iehul Pandyaand B. K. Bhattacharya

Theestimationof plant nitrogencontentis necessaryo monitor the crop healthandhenceis
an important plant parameterfor modellingcrop yield prediction Thisstudy demonstrated
the applicationof AVIRISNG data for plant N content estimation The spectralsignatureof

crop specieswith different N contentwascollectedfrom 25 different sitesusingASDspectro

radiometer. Spectral profile (reflectance and first derivative of reflectance) were also
extractedfrom the AVIRISNGreflectanceimage 10 different narrowbandvegetationindexes
were estimated from the ground spectra and were correlated to the plant N content

Multiple regressiormodelwasdevelopedusingthe indexesfrom groundspectraand applied
to that derivedfrom AVRISNGimageto generatethe spatialplant N contentmap.

Spectral Profiles (preflectance Selectedropswith different N and (b) first derivative of reflectance of wheat crop with
different N content



