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1. INTRODUCTION

For mo~ than a decade,techniquesfor determiningthe relativeabundanceof materialswithin a pixel have
been applied to multispectmland hypcrspcctralimages from sensorssuch as Landsat and AVIRIS (Adamset al,,
1993;Boardman 1993). It has been difficult if not impossibleto verify the correctnessof the results objectively
becauseno supportingdata, suchas field spectral~flectance measurements,couldbe acquiredin sufficientquantity
and at appropriatescales. In this paperwe analyzedata sets that, for the first time, give insight into the accuracyof
unmixing analysis of AVIRIS images and also place bounds on the minimum detectablesize of unique components
within a pixel.

2. DATA ACQUISITION

As a part of a campaignto analyzethe qualityand utility of the data from the recently-completedairborne
imagingspectrometerHYDICE (HyperspectralData and InformationCollectionExperiment)(Basedowet al., 1995),
imageswere collected over Cuprite,NV on June 22, 1995. The next day, AVIRIS made an oveqxiss of the same
~gion, Both overpasseswem made within one hour of local noon providing the highest radiancevalues possible at
this latitude. Field spectral measurements,using an ASD Inc. FieldSpec@-FRinstmment, were made of Stonewall
Playa and severalartificialtargets laid out on the playa surface. A secondset of spectmlmeasurementsof natural
surfacesas well as additiona!targetswere made on December20, 1995, The targetswere sheets of 10 mil Mylar
and crusheddolomite having an averageparticle size of approximately 1cm, The Mylar was laid out on the playa
as was one 3x3 m target of dolomite, In the area south of KaoliniteHill, dolomite targets ranging in size from 3.5
m to 30 cm on a side were laid out in an arc and surveyedin using differentialGPS.

Figure 1 shows the area chosenfor analysisas imagedby AVIRISand HYDICE. AVIRIS is flown at an
altitude of 20 km yielding a pixel size of approximately 18m while HYDICE was flown at an altitude of 7.6 km, or
6.0 km above the surface, resulting in a 3 m pixel. Therefore,there are 36 HYDICEpixels for every AVIRISpixel.

3. DATA REDUCTION AND ANALYSIS

Both the AVIRISand HYDICEdata sets were reducedto apparentreflectanceusing the empirical-line
methodin which field spectraof light and dark targetsareused to determinegain and offsetvalues for each of the
wavelengthchannels. Figure 2 showsthe field spectrataken on December20 of StonewallPlaya and the area of
desert pavementsouthwestof KaoliniteHill used in the empirical-linecalibration. An averagespectrumof
sagebrushclumps is also shown. These clumps cover 5-10 YO of the surfaceof the desert pavement.

Figure 3 shows averagespectrafrom both sensorstakenfrom smallpatches in low and high reflectance
areas. The coincidenceof the spectra is greatest in the dark areas and poorest in the light areas. The sourceof these
differencesmay be in the reduction to appanmtreflectancebut is notyet understood. This result points to areas of
uncertaintywhen comparingspectrafromthe two diffcnmtsensors.
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Figure 1. (a) HYDICE image at 0.8 ~m of an approximately1x1km area south and cast of Kaolinite Hill at
Cupnte, NV. (b) Subset of a 20x20 km AVIRISimage of the same regionas (a).
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Figm 2. Field spectralmeasurementsof StonewallPlava and an area of desertpavement south of Kaolinite Hill
us-d in the empirical line calibrationto reduceboth HfiICE and AVIRISdata ~oapparentreflectance.
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Figure 3. Comparisonof AVIRISand HYDICEpixel spectraof two regions. An averageof 3 AVIRIS and 136
HYDICEpixels were used in the spectmdisplayed.

4. UNMIXING

The goal of unmixing analysis is to identi@and quanti& the componentsurfacematerialsthat makeup
individual pixels in hyperspcctralimages. The techniqueused here was unconstrainedunmixing using end
membersderivedfrom the HYDICEimages. This algorithmis containedin the ENVI softwarepackage (Research
Systems, Inc., 1995). The accurateselection of end members is one of the major uncertaintiesin unmixing
analysis. By calibratingboth datasets to the same areas in the scene,variations in atmospherictransmission and
scatteringas well as sensor calibmtionwere ~moved, Using irnagedenved end membersreducedan additional
uncefiaintyassociatedwith the relationshipof the averagespcctmmof a heterogeneouspixel and librmyspectraof
pure materials.

Figure 4 shows the HYDICEpixel spectraof the 5 end memberschosen. The small pixel size of HYDICE
made it possible to choose “pure” end members. This selectionwould not be possible with the coarser AVIRIS
pixels, In spite of the 3 m pixels availablefrom HYDICE,all the end memberspectraare the result of mixtures of
surfacematerialsthat were observed in the field to be heterogeneouson a scaleof one centimeteror less, Potential
errors associatedwith this natural scale of heterogeneitymust be taken into accountwhen unmixing analysis is
undertakenusing field or laborato~ spectraas end members.

5. RESULTS

Figures 5-8 are HYDICE / AVIRISpairs of unmixed images of the region shown in figure 1. The most
striking featwv is the factor of six ratio in the linear pixel dimension, The other most obvious featwe common to
all the figures is the overallgood matchbetweenthe abundancesof each of the end membermaterialsdepictedas
gray levels, with the lighter tones indicatinghigher abundances. In general the darkest tones represent negative
abundancesthat are inevitable in an unconstrainedunmixinganalysis.
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The kaoliniteend memberabundanceis shownin figure 5. The major differencebetweenthe HYDICEand
AWRIS images is in the differentiation between the hilltop of relatively pure kaolinite and the colluvium draining
down the eastern slope. This differentiationis obvious on the HYDICEimagebut not on the AVIRIS image.
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Figure 4. Reflectancespectraof end memberstakenfrom HYDICEpixels,pickedvisually as representativeof the
purest rtgions in each class.

Figure 5. (a) HYDICEand (b) AVIRISpair of abundanceimagesof the kaolinite end member,
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The centralpart of KaoliniteHill is hematite-stained,alteredtuff containingkaolinitc. The 0.9 KmFew
absorption is visible in the spectrumshown in figure 4. The abundanceimages of iron-stainedkaolinite are shown
in figure6. The bright stripesat the edges of the HYDICEimageare artifactsof the sensor dark current
chamcteristicsthat are mo~ pronouncedbeyond 2 um. In generalthere is good correlationbctwccn the two
abundanceimages.

Figure 6. (a) HYDICEand (b) AVIRIS abundanceimagesof the iron stainedkaolinite end member.

Figm 7 shows the abundanceof road material. The spectrumof the mad end member is nearly identicalto
that of KaoliniteHill short of 2.0 ~m. In the HYDICEimage these two end membersare clearlydifferentiatedwhile
in the AVIRIS image Kaolinite Hill appearsvery dark, indicatinga negativekaolinite component, The relatively
evenly-spaceddark spots in the HYDICEimageare clumpsof sagebrush.

Figure 7. Abundanceimages for the road end member.
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The power of unmixing analysis is shown in the AVIRISimage in which a jeep track running northwest
from the lower right-handcorner of the image is seen. This track is approximately2 m wide and less than 75% of
road material is exposed, This ~presents approximately1°/0of an AVIRISpixel, a very small number. Of course,
the mad is only detectablebecauseof its linearcharacter.

The abundanceimagesfor the desertpavementend memberare shown in figure 8. This Ilgum
demonstratesperhapsthe best correlationbetweenthe two sensors. A clue to this agreementcan be found in figure 3
that showsthe nearly identicalreflectancefor desertpavementareasderivedfrom HYDICEand AVIRISshortof 2,2
p.m. The dark spots are sage brush clumps that are also faintly visible on the AWRIS image. These clumps
comprise less than 3% of an AVIRISpixel.

Figure 8. Abundanceimagesof the desertpavementend member.

6. CONCLUSIONS

For the first time it has been possible to comparehyperspcctralimages from two sensors having a
significantlydifferentGIFOV. This factorof 36 differencein pixel areabetweenHYDICEand AVIRIShas made it
possible to choose appropriateand accurateend memberspectrafrom the higher resolutionsensor and use them in an
unmixing analysis of both sensors.

The results show a high cordation betweenthe abundanceimagesof both sensorsand indicate the accunwy
and lack of major artifacts in the unmixing resultsderivedfrom the lower resolutionAVIRISdata.
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