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ed by JPL and flown on the NASA ER-2 aircraft. In this
tiitidc, wc yIc Act IL nLt \Jvct vie- t, f Illc >C1l.wr, 111  C fliF,l J[
operations, the data system, calibration, and scicrltific
research.
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A n imaging spectrometer rncasures  a contiguous
spectrum of light for each spatial element of an

image. From these spectra, the constituents of the
Earth’s surface and atmosphere are identified and mea-
sured quantitatively based on the fundamental molecu-
lar absorption features and particle scattering charac-
teristics. The imaging spcctromctry  concept is dcpictcd
in Figure 1. Spectra measured in the range of 400 to
2500 nm contain molecular absorption features for
many constituents of the Earth’s surface and atmos-
phere. Scientific investigations are ongoing using imagi-
ng spectrometry  data in the disciplines of ecology,
oceanography, coastal and inland waters. geology and
soils, and snow hydrology, to name a few.

The approach of imaging spcctromctry  to fully mea-
sure molecular absorption is rcvolu~ionarily  different
from all previous multispcctral  remote sensing. For
example, Figure 2 (page 32) shows the contrast in

CJ approach bdwccn  the mr.dtispccwal larrdsat  ThematicL?
$J Mapper and the Airborne Visible/Infrared Imaging

Spectrometer (AVINS).8;> ,8 AVIfUS is [he first, and currently the only, imaging
o b
y: spectrometer that measures light from the Earth over

the entire solar  reflected wavelcng[h range from 400 to
‘; ~ 2500 nm at 10 nm spectral resolution. Spalial  itnagCS  ofP
$; c

11 km by up to 1000 km with 20 m spatial resolution
~ ~ are collected. AVIRJS  was designed and built at NASA’sg;

Jet Propulsion Laboratory (JPL).  It is currently operat-
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The AVTiUSsemm
I.ifjt enters AVIRIS  from a 10 cm X 20 cm scar: IILk  W

driven by a 70% eftlcicn[ whiskbroom  scan drive at a
r~tc of 12 scans pcr second, This scan drive is unique in
its ability to sweep linearly across the 30 degree (I 1 km)
fidd+f-view and then fly back at nearly twice the speed
to start the next imaging scan. The instantaneous field-
of-view of AVIRIS is 1 mrad (20 m) and translates to
614 tiosstrack  spatial dcmcnts  pcr scan. In the foreop-
tics, &c energy reflected from the scan mirror is magni-
fied and focused on four 200 pm diameter optical
fibers. The fibers tmnsr-nit  the light from the foreoplics
to one each of four spectrometers. Silica glass fibers
with nurncriml apertures of 0.55 are used to cover the
spc.ccal range from 400 to 1200 nm. Zirconium fluo-
ride glass fibers with a beryllium fluoride cladding with
a 0.55 numerical aperture arc used from 1200 to 2500
nm. Time high numerical aperture zirconium fluoride
fibers were specifically developed for AVIRIS  and were
t}lc first of their kind. Initial difficulties, due to the
hydroscopic nature of these fibers, were overcome. The
use of fibers was essential to allow independent align-
ment of the foreoptics  and spcctromc[crs  as WC1l as
meet tlte compact sensor packaging requirements,

AVlfUS  uses four off-axis Schmidt spectrometers (A,
B, C, and D) to meawrc he light ~crcrss thc ~avclengfi
range at maximum grating efficiencies. I.ight enters the
spectrometers from the optical fibers. A spherical mir-
ror collimates and directs the beam CO a diffraction
grating where the light is dispersed into its spec~ral
components. The dispersed light is refocused by the
spherical mirror onto the detector focal plane, For the
range 400 to 700 nm, a linear silicon detector array of
32 clcmcnts is used in Spcctromctcr A. Spcctromct.crs
B, C, and D usc 64 clcmcnt  array~  of iridium anti-
monidc, The signal  measured by each detector in the
array is multiplexed in the focal plane and then ampli-
fied. ‘fbc amplified signal is then digitized at 12 bits.
‘f’hc digitril signal is buffered and then merged with
cnginccring, navigation, and dark signal data. Data is
lemrded on a 10.4 Gbfie  digital high density tape at a
xate of20A MB per second.

A on-board calibrator is an additional component
of the AVIIUS sensor. This subsystem contains a stabi.
lized quartz halogen lamp that provides light to the
foreoptics  end of the optical fibers. AVIIUS  data are col-
lected from the on-board calibrator before and after
each flight line. A silicon detector feedback circuit has
been specifically developed to maintain the stability of
the light from the on-board calibrator. In addition, light
from the on-board calibrator is sent  sequentially
through eight different filters providing both radiomet-
ric and spectral calibration sources.

The AVIRIS  sensor and on-board calibrator system
arc calibrated in the laboratory preceding and following
each flight scascm, During laboratory calibration the
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spectral, radiometric,  and geomet-
li~ Cl)a IA CICIIStlCS  of AVIRIS  are
dctcrrninecl  with respect to labora-
tory standards.

When AVIRIS  is not co]lccting
airborne data, the sensor is nlain-
tained and improved at JPL. Since
its first flight in 1986, almost every
subsystem of AVIRIS has b e e n
upgraded. For example, this winter
new detectors will be installed to
furd~er improve AVfRIS  signal-to.
noise and stability (Fig. 3). Through
these irnprovemertw,  AVJRIS has
continued to incorporate new tech-
nology and remain a unique state-
of-the-art imaging spectrometer.

AVfRIS Ilighl opmthns
AVIRIS  first flew in December of
1986 and cclllected initial evaluation
Ma in the summer of 1987. Based
on these data, a series of improve-
ments rind upgrades were incorpo-
rated into AVHUS  to support a full
flight scwon in 1989. These modifi-
cations included increased SpCC-
tromctcr  stability, improved signal-
[o-noise, a new on-board calibrator
design, and reduced sensitivity to
background humidity. In 1989 and
each mbsequent  year, AWRIS has
typically flown on the ER-2 for six
mond~s of the year collecting data
from bases throughout the U. S, and
in Europe. Because each flight
exposes AVIRIS to the accelerations
of trikroff  and landing and extreme
gradients in tcmpcraturc,  burttidi~,
and pressure, the performance of
AWNS is evaluated on the ground
before  and  after each flight.
Through the six-month flight sea-
son, AVIRIS  may fly up tcr 45 times
for as many as SO different investiga-
tors spanning 300 regional sites.

OrI a single flight, data sets cover-
ing more than 11,000 sq km for five
or more investigators may be
acquired. This poses a significant
chdlcnge to p-e-flight planning and
in flight acquisition by the pilot.
Purdsermore,  most scicncc investiga-
tors require their data to be acquired
under cloud free conditions. For this
reason, most flight schedules arc
finalized cm the day of the flight,
ofien only three hours before talwx-sff.
To keep investigators informed of
their acquisition, the AVIRIS
Experiment Coordinator commmri-
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cares intensively with every itwestiga-
tor prior ID and following each fligbt-
Following e a c h  f l i g h t ,  the
Expcrirnurt  C&rdinator  debriefs the
pilot to determine the exact flight
lines acmrircd  and weather condi-

forms the data from imrsges of digi-
ttid number per band to images of
spectral radiance pcr wavelength.
Tk-calibsalc&mages~a$sd-_

-thrcwgb-a+~pid  ~ualitywahratio~<
+Crdistrilmtd-to.thcinw=i-  -–—-.

[ions. k flight tape and an acmratd-%atw. Procedures, akoritbms, and
flight line record are then Iransrnit-
[ed to the data facility at JPL.

AVlfUS  data tadtty
As each flight tape arrives in the
data facility, a rapid performance
check of AVIRIS  is nladc based on
the on-board calibrator and errgi-
neering data encoded in each flight
tape. Results of this ehcck arc auto-
matically c-rnailcd to the AVIRIS
sensor, calibration, and data systcm
engineers for real-time evaluation.
Upon passing the cvahration, the
flight tape is then placed in the
archiving queue, After a flight line is
archived, a sing)c AVIRIS  band
image is generated and placed cm.
line in an anonymous t?p directory
(ophelia.jpl.nasa.  gov).  The investi-
gator is informed by e-mail that the
quicklook  images from their site are
available on-line. The investigator
then places an order for calibrated
data for the portions of the flight
line of interest and the AVIRIS  data
are calibrated. Calibration tr*ns-

~rocesses of the Dat; Facili~”have
evolved both incrementally and
through three major upgrades sinor
1986. The current AVIRIS archive of
flight and calibration data exceeds
1.5 ‘I’bytes,
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To pursue quantitative research w-id
applications with AVIRIS,  the data
must be cstlibratcd stnd the accuracy
of the calibration known. On the
first day of each flight season, an
AVIRIS  inflight calibration experi-
ment is held to determine the cali-
bration of AVIRIS  as it is acquiring
data from the ER-2 platform.
During this experiment, the charac-
teristics of surface and atmosphere
at a homogeneous calibration target
are measured on the ground at the
same time AWNS ovdlics the tar-
get, The surface based measurements
are used to constrain a radiative
transfer code (RTC) rmd indepen-
dently predict the upwelling radi-
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ante at AVIRIS. The RTC-predicted and AVIRIS-mca-
sumd radiance are mmpared to determine the accuracy
of the AWRIS intlight calibration. Figure 4 shows resul~s
from the AVIIUS  calibration experiment at the begin-
ning of the 1994 flight season, In 1994, inflight calib~i-
tion accuracy of AWRIS  was better than 95%. The
intlight signal-to-noise is also determined thouds _this

experiment and shown in Figure _
b+e&e-v&AVIFW-i+i&-with-lowvrdu=cmeHkF+?._
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Research spanning a range of scientific disciplines is
ongoing with AVfId S. In-as& of +hese +escarch inve$tk~=
$#E&rrs,~VHW-mliif**iOn  asd. as .Chall$:. _m

. .
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s Measurements by AVIRIS of the molecular absorp-
tion due to the plant molecules of chlorophyll, leaf
water, and cellulose are used by ecologists today. Recent
research with AWRIS  has shown the measurement of
abscrrptions  due to lignin and nitrogen compounds in
!irest  csnopies, Differential expression of light scatter-
ing across the spectrum is giving insight irno the stnrc-
tumd geometry of plant canopies.
● Geologists have identified and mapped  more than
100 different minerals with AVIRIS in a range of geo-
logical environmcrrts.  The ability to accurately map
small mineralogical difference with AWRIS  has lead to
detection of subrle previously unknrswn  earthquake
faults, in another AVIRIS  ap Iication ma
tribution of ~washi~ out fr;mac$w

. mine in Glorado-allows  r;scarchcrs  to track move-
P1.@ro  6. Rr!dlomwlc  callortrrlon  resuItr.  of tho  AVIRIS inflighr calibration ~%rnent  of associated toxic mine wrrstes.
exDerimem  in Lunar  Lake. W 00  the  6th Of AMI  1994.  A C1311bfWOn  gre8bW
than 95% 18 fihown. ‘ LY’

● Coastal and inland waters oceanographers use
AVHUS  data to measure phytoplankton, organic matter,

~ LJ c’””
water plants-, coral, sedimersts, and shallow water deprh.
● Atmospheric researchers measure water vapor,

d
-.

)y

/~ cloud properties, aerosols, and smoke. In the AVIRIS
spectral range, the absorption scattering properties of

Continued on ntzt  page

a2 Ootlc!  &Photo  n i c e  Nt*s/Januery  1 9 9 5 Sprlctar b@?mnot* Sonairw



ke, liquid  water,  and soot particles are used to
sludy  issues c)f Impormnce  to muw hy&Ul UE,J4
● AVIRIS has been used to fly beneath an
orbiting satellite and reestablish the calibration
of the satellite sensor following launch.

GJfldslsbts
Numerous engineering and technological chal-
lenges have been overcome to develop
AVIRI$-a new ckiss of remore  sensing sensor.
This instrument routinely acquires imaging
spcctromctcr  data for research in a wide range
of scicn~ific disciplines. The measurement of
contiguous spectra that arc calibrated allows
quantitative rneasuremcnt of the Earth’s land,
water, and atmctsphere, It is hoped AVIRIS wd]
continue to operate and be improved as the
growing imaging spectrometer community
waits for the launch of a spaceborne imaging
spectrometer.
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