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AVIRIS-NG

AirborneVisibleand Infra-RedImagingSpectrometerςNext Generation(AVIRIS-NG),of JPL
(JetPropulsionLaboratory),NASA,hasbeenusedfor the ISRO-NASAairbornecampaignon-
boardan ISROB200 aircraft. Thereare about 430narrow continuousspectralbandsin VNIR
andSWIRregionsin the rangeof 380-2510nm at 5 nm intervalwith highSNR(>2000@ 600
nm and >1000@ 2200nm) with accuracyof 95%havingFOVof 34 degand IFOVof 1 mrad.
GroundSamplingDistance(GSD)vis-à-vispixel resolutionvariesfrom 4-8m for flight altitude
of 4-8 kmfor a swathof 4-6 km.

B200 aircraft and AVIRIS-NG instrument
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B200 aircraft captured in air by 
science team member

Campaign diary

Airport Duration
No. of 

sites

Area in 

sqkm

Begumpet
16th to 21stDec 2015

25th to 29th Jan 2016
12 2650

Bhubaneswar 22nd to 28th Dec 2015 6 3780

Mangalore 29th Dec 2015 to 02ndJan 2016 5 3491

Coimbatore 03rd to 08th Jan 2016 5 1416

Phase inspection 12th to 24th Jan 2016

Udaipur 31stJan to 05th Feb 2016 8 3697

Ahmedabad
06th to  16th Feb 2016

06th to 09th Mar 2016
10 2788

Chandigarh 17th to  21stFeb 2016 4 835

Patna 22nd to  24th Feb 2016 3 396

Kolkata 24th Feb to 06th Mar 2016 4 3787

End of campaign 84 days 57 sites 22840

The first phase of airborne
hyperspectralcampaignhas been
organizedwith AVIRIS-NG payload
over 22840km2 areain 57 sitesin
India for 84 daysduring December
16, 2015 to March 6, 2016 under
the ambit of ISRO-NASA joint
initiative for HYperSpectral
Imaging(HYSI)programme.

Theflight campaignwasorganized
from nineairport bases. More than
200peopleparticipatedin the field
campaignscorrespondingto date
of flight. Weather forecast from
MOSDACwas used for effective
and efficient flight planning and
field datacollection.
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Instrumentspecification

Parameter Value Units

IFOV 1
mrad

FOV 34
deg.

Spectral range 380-2510
nm

Spectral sampling 5
nm

SNR @ 600 nm

SNR @ 2200 nm

>2000

>1000

Weight 450
kg

Spectral cross track >95%
across FOV

Spectral IFOV variation >95% spectral 
direction



Spectrometer

Telescope

Detector Array

Slit

100s of  Parallel Spectrometers
Calibrated
Image Cube

Material Map

* Courtesy JPL
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Imaging Spectroscopy
ImagingSpectroscopyor Hyperspectralsensing(HSS)of 9ŀǊǘƘΩǎlandandoceanenvironmentsis based
on the principlesof spectroscopy,either reflectanceor emissionspectroscopy,overshortwave(0.3 to

3mm) andlongwave(5 to 50mm) spectrum. Interactionof energywith the molecularandstructureof
surface materials results into characteristicor diagnosticabsorption or emissionfeatures in the
reflectanceor emittancespectra. Thesediagnosticfeaturesoccurdue to changesin energystate of
moleculesas a function of electronicor vibrational transitions. Theformer occurspredominantlyat
shorter wavelengthsdue to changesin energystate of electronsbound to atoms or moleculesor
lattices. The latter occurs generally in longer wavelength due to stretches and bendingswhere
overtonesoccurat sumsor multiplesof the fundamentalvibration frequencies. HSSrefersto 100-200
spectralbands,generallyin continuumwith relativelynarrow bandinterval (5ς10 nm), in contrastto
Multi-SpectralSensing(MSS)that refersusuallyto 5-10discretewidebands(bandwidths50-400nm).
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Field crop discrimination 
Rahul Nigam, RajsiKot, and B. K. Bhattacharya

Accurateand efficient crop discrimination is a key requirement for precisionagricultural
management. In the present study, homogeneousagriculturalarea of Kota,Rajasthanwas
selectedto perform classification. Major cropsin Kotawere alsi, beans,chickpea,coriander,
garlic, wheat, methi (fenugreek),mustard and peas. Crop classificationwas successfully
achievedusingsupervisedclassificationtechniquespectralanglemapper (SAM)over Kota.
SAMcalculatesthe anglebetween the referencespectrumin n-dimensionspace. For Kota,
overallclassificationaccuracy86.4%andkappacoefficient0.84wasachieved.
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Crop classificationby spectral angle mapper
overhomogeneousagriculturalarea

Spectralresponseof variouscropsoverKota

Crop 
type
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NCC (Kota, Rajasthan) Classified image (Kota, Rajasthan)



Orchard crop discrimination
R. N. Sahoo, V. Bajpai, N. Paul, G. Krishna, B. Das, H. Patra, N. Mridha et al.

Accuratemappingof orchard crops using multispectral remote sensinghas been challenge
due to poor discriminationwith lessnumber of discretebandsand mixed pixel effect. This
study was undertaken to explore potential of hyperspectral data to discriminate eight
horticultural cropsin Sabour, Bhagalpurregionof Bihar. Thepre-processedgroundreference
spectral data were statistically analyzedusing ANOVAto find significant wavebandsfor
discrimination. Spectralseparabilitybetweeneachpair of fruit cropswascomputedusingJM
distancetechnique. Theperformanceof selectedwavebandswere evaluatedby usinglinear
discriminantanalysis(LDA). The Specieswere classifiedusingSpectralAngleMapper (SAM)
method by using end members spectra collected through AVIRISNG. The resultant 10
optimum spectralbandswere identified for discriminatingfruit crops. Discriminativepower of
the wavelengthswasfurther assessedon the basisof overallaccuracy(91.67%) usingLDA.

4

Sensitive Bands for discrimination of orchard cropsSegregation of orchard crops in Bhagalpur region, Bihar
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Natural colour composite (NCC) of Orchard area, Sabour, Bhagalpur, Bihar

Classified Image of AVIRS NG



Soil discrimination 
Anil Kumar, Justin George K. and A. SenthilKumar

Preciseidentification and estimation of varioussoil types and crops in an area is vital for
planningandadoptionof variousagriculturaland landresourcesmanagementpractices. This
studydemonstratedthe applicationof AVIRIS-NGdata for discriminationof specificcrop/soil
types. Thespectralprofile of varioustargets/classesincludingdifferent soil typesand crops
were collected during field campaign. For crop/soil type discrimination,spectral similarity
analysisbetween pure ground spectra generatedand AVIRISimage 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
segmentationbasedsupportvectormachinewith linearkernelclassifier.
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Spectral Profiles of Various target classes
Spectral similarity analysis scores
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AVIRIS Image of ICRISAT Area

AVIRIS Classified Image using object based Support Vector Machine Classifier



Soil organic carbon in crop fields
Rabi N. Sahoo, V. Bajpai, HimeshPatra, Gopal Krishna, NilimeshMridha et al.

Total organic carbon (TOC)of soil was assessedusing AVIRIS-NG for mappingsoil organic
carbon. Synchronizedsoil sampling and spectral data collection was done during field
campaign. AVIRISNGL2 surfacereflectanceimagewasalsousedto retrievesoil spectrausing
geolocationsof soil samplingpoints. Predictivemodelswere developedusingPartial Least-
SquaresRegression(PLSR)andStep-wiseMultiple Linearregression(SMLR)betweenextracted
soil organiccarbon,spectracollectedat ground and from AVIRIS-NGL2 surfacereflectance
imagein the sensitivebandregions. A Jack-Knifingmethodwasadoptedto developpredictive
models from 2/3rd data pairs followed by validation from 1/3rd data pairs. Then location
specificmodel developedwere used further for generatingsoil organic carbon map using
AVIRIS-NGL2 reflectanceimage. Total organiccarbonmap of seedproducingfarm, Raichur,
Karnataka,Indiaisprepared.
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Spectral Profiles at different level of TOC Measured Vs Predicted Total Organic Carbon
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NCC of RacihurSeed Producing Farm, Karnataka Total Organic Carbon Map



Nitrogen content of crop canopy
Rojalin Tripathy, K. N. Chaudhari, Mehul Pandya, and B. K. Bhattacharya

Theestimationof plant nitrogencontent is necessaryto monitor the crophealthandhenceis
an important plant parameterfor modellingcrop yield prediction. Thisstudy demonstrated
the applicationof AVIRIS-NGdata for plant N content estimation. Thespectralsignatureof
cropspecieswith different N contentwascollectedfrom 25different sitesusingASDspectro-
radiometer. Spectral profile (reflectance and first derivative of reflectance) were also
extractedfrom the AVIRIS-NGreflectanceimage. 10different narrowbandvegetationindexes
were estimated from the ground spectra and were correlated to the plant N content.
Multiple regressionmodelwasdevelopedusingthe indexesfrom groundspectraandapplied
to that derivedfrom AVRIS-NGimageto generatethe spatialplant N contentmap.
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Spectral Profiles (a) reflectance Selected crops with different N and (b) first derivative of reflectance of wheat crop with 
different N content


