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The purpose of Lhis work was to )
develop a suilable computer program to .
correct computer compatible tapes,
cktained f£rom LANDSAT MSS data, and to
study 1ts effect on percentags of corxrect
clasgafication The LOWIRAN-3 program,
developed by the Aixr Force Geophysics
Laboratories and bhased on a semi-emparrical
nodel, was used to caleulate the -
atﬁospherlc transmittance, in conjunciion
vith Turner's mode) for corrcction of
satellite data for aimospheric
interference It improved the contrast
betiween drffereni natural targets in the
MBS LANDSAT data of Brasilia, Brazail It
also amproved the classilication accuracy
cf sugar canes by about 9%, in the M55
LANDSAT daka of Rabeirao Preto, Sao Paulo,
frazil.

I T I"RODLCTEON

Radiation from remotely sensed
objects in the earch's environment is
attenuated an 1ts pe.sage through the
atmosphere WHath Lhe advent of LANDSAT,
Skyiab and other advanced sarstn monatorang
satellites, 1t has tacome increasingly
important to know {o what erstent the
atmesphere alffects the classaficataion
acecuracy, using satellite multispectral
scenner {(MSS) data, of earih resocurces

The Brazalian Insiitiute cof Speace
Research (ILNPL) operates a dala receiving
and a data processing station foxr Lhe
LANDSAT sgatellite and processes MSS data
an the Form of photographs, as well as
computer comzatible Lapes. The objcctives
of the present project were- (1) Te
develop a suartable, compulatxonally
efficient, computexr program to correct the
tapes of UANDSAT's multispectral scanner
(M58) data [or atmospheric interference,
and (2}, to study Lihe effect of
atwrospherac anterference on (&) the

AP 4L AR LA w e b TR AL A TR Y [ ode T

ek AL b N e

2 e

T e o nud 4Y v owdmE R 3U T
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b

quality of LANDSAT MSS images for vaisual
photo-interpretation and (B} the
percentage of correct classificarion of
the same data, using auccomnatic pattern
recognition technigues

kN3 DETLRTINATION O v
ATIOSPHORIC TRANSMITTANCE «

The calculataion of atmospheraic
transmittance as normally daffaicult,
because oL the complicatlod nature of Lha
radialive lransfer eguatron and of the,
usually incompletely known, constiluency
of the atmosphere at tne tame for whach
calenlations zre to be made There have
been innumerable investagations fromn whicn
methods are derived for casculsting
atmospheric transmittance! (1) Lane-by-
line calculataons- the foundation for cha
line~-by-line calculalion is a set of
paramelers Lhat describe Lhe molecular
lires an which radiation 1s aboorbked and
emitted Manv techniques!, developed in
these calcalations, are designed to
minimize the computational effori Tven
with the time-saving approrawations
applied to tne line-by-line caloulation,
the cosls are often ercessive zor an
accuracy beyond that reguared for
correctinyg LANDSAT MSS data for
atmosphaeric ibterference (2} Band-ltodsl
Calculations Alihough, in general, these
tochnigues are more ef £icaenl
computationally than iine~hy-iine
caleulations, ihey stril take considerably
more computer time than, for eianplae, Lhe
LOWTRAN 3 method described belov., (3} The
Aggregal e motlod, developed by Lhe
Environmental Resecarch Instaitute of
Michigan (EPIM), s simply a compilatlion
of the special forms of the band-nodeis,
asscombled 1n a program  In this method, 1n
ceriain vavelength regions, the
conventional hodels are not used, bul
empirical {i1ts to experamental data ere
used to deteimane the functicnal form of
Lransmittance! Since sts spectral range

»
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(L to 30 um) does noL ;nclude the visible
wavelength region, i1t as nol suitable for
oar purpose. (4] LOVWIRAN 3 Method The
LOWPRAN 3 program? is based on a semi-
emprrical model and calculates the _
transmittance [averaged cver a 20 cm
interval) for a ?xven atmospherac palh?,
at steps of 5 cm™!, from 350 em-lto
40,000 e~ ({0.25 o 28.5 um)
‘ The main assumptions made in thas
program arc thal the atmospherc can be
represented by a 33-layexr medel, and that
the average iransmitiance over a 20 cm™:
interval {(due to molecunlar absorption) can
ke represented by a single parameter
model, decvermined emparically using both
laboratoxry transmitiance data and.
avarlable molecular line constants. The
absorption coefficients for water vapor,
ozone, and the combined efiects of the
uniformly mived gases (COp, %0, CHy, CC,
FZ' and Og) are digitiged in this program
A choice of si. model atniospheres
{1962 U.S. Standard Ailmosphere, Tropical
(150N}, Midlatitude Summer (459N, July),
Midlatrtude Wanter (45°, Januvary),
Subarctic Summer (6098, July), and -
Subarctic Wanter (60°N, January), is
grven, with an option for a seventh model,

vhich car be inserted as a set of -

radrosonde data. The aeroscl altenuatzon
15 calculated for a gaven visual range,
wsing an interpelation | extrapolataion
scheme, vath Luo asrosol modelg, based on
measuremenis of containental aerosols under
modlerate visibylity conditrons (5 km and
23 km av see level). The aliitude,
pressure, temperatire, water vapor density,
and ozone density im. six model
armospheres, as well as the number of
particles per cm?® for two haze models
{visual yanges of 5 end 23 km}, are
provided as basxc inpat data

z

TFhis program vas used for calculating
the transmittance of the atmosphere
because 1t 1s reasonably accurate, user-
orrented, compulationally very elficient,
well documented and revased by the
AL¥ Porce Geophysics Laboratolies abt
regular periods of time, utilizing recent
laboratory measuirements and cheorctical
calculations.

iry CORRECT (OY OF LANDSAT MSS DATA TOR
- ATMOSPHERIC INTORI'LRENCE

Computer compatible iLapes of LANDSAT
1185 data were corrected using the
atmospheric modal {or correction of
spacecraii data', as given by Turner
{1372)*  This model assumes a plane-
parallel aimosphere bui can be applied to
Lthe case of a wealistic spherical

average backg.oound

dtmosphere, 1f the nadir view anglc is
small, or zf the satellite’'s alt:rtude 1z
not too greal The target rras assumcd To
be diffuse. The eight parameters nzeded Ly
the meodal are wavelength, azimuth and
zenith angles of tne sun, azaimuth and
nadir view angles of the sonsing device,
heignt of Lthe sensing device above the
terrain, visual range at the ground, and
terramn albedo

: The day, month, year, and local ture

of the satellate, along vath the longicude
and latitude of the ¢round scene, were
used 1n a separate computer program to
cbhtain the sclar azimuth and zenith

angles The background Lexrain spectral
albede was esiamated by Lhe values of
speclral refleclance of Lhe known types of
ground covers availahle in the lilerature
It was found that changing the scanning
angle of the sztellite from 0° to 10° had
almost no effect on the caleulated
transmittance of the atmosphere. The
elapsed time on a B-6700 computer to
coxrrect 4 amages, each of 512> 512 paxels
(3 & 1,048,576 pirelssy for atmosphercic

i

Anterference, was about 135 minuces

IV. EXPLFIMENTAL RESULTS

¥ ¢

LANDSAT iSS dala of Brasilia, Brazil,
were corrcected using thas algoriihm and
avarlable radicsonde data Fagures L to 3

shov Lhe original image in band 4 (0 5 to

06 pm), band 7 (0 8 to 1 1 pm} and a
color composite, respectively. Figures 4
to 6 show Lhe respeclive figures 1 to 3
cogsreceed for atmospheric anterference

Note that the correcied inagaes have
belter conlrast beiween natural targetis,
thus making 1t easrer to discriminate
between them by photo-anterpretataion. In
addiiron, one can gee teoxtural {eaturers of
certaln areas like vegeiratlon, rosds, etc
betier in the correcied images.-

To arraive al an estamate ol change aa
percenlage of’correct classafication,
after cocrcciion for atmospheric
interference, LANDSAT MSS pata of Rabeivdo
Preto (July 1, 1977), was coxrected fox
atmosphexic anterfercnce usang ihis
algorithm The Departmeni of Remote
Sensing of Carth Resomrces of INPL had
classifaed the sugar cancs 1n Lhas arcqa,
using aerial pholeograghy The or aginal and
corrected images gave classifcation
accuracies of sugar cancs to be GB 1% and
77 3% respeclively, using the single-cell
option of Image-~).00 as conpared Lo vhe
results oblained hv aerial plrotography
Image-100 15 a daila processing sysiem
marketed by ihe Gencral Llectrxsic Jo 1o
eslract thematic rnformaticn and enhance

79 Machine Processing of Remotely Sensed Dala Symposiim



multispectral imagery. Further erperiments
need to be done to establish 1f correcting
LANDEAT 1SS data for atmospheraic
interference significantly improves,
statistically, the percentage of correct
classification. Iuture plans include more
experiments with the curxrent algoerithm,
using a pixel-by-pixel maximum 1ikel:ihood
gaussian classifier, as well as a sample
classiiier, making the current algorathm
computationally more efficrent, and
comparing the results to those of other
algorithms of correcting satellite data
for atmospheric interference reported in
the literature, with respect to their
effect on classification accuracy.

We gratefully acknowledge the
assistance of Dx Celso de Renna e Souza,
Head, Informatics Division (INPD} and tne
Depaxrtment of Remote Sensing (INPE) for
thery assistance with this work. In
addition; the authors would like to thank
Dr. Melson de Jesus Parada, Divector of
INPE, for his permission to publish this
work
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