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AESTRACT " ‘ '

The putpose of this s:udy vas to evd jate the spectral channels as well as wavalnngth
regiona -- vicible, near infrared, niddle infrared and thermal, infrared v -with respect to their
es jipated probability of carrect classif;ca:xun (.Y in diceriminating agriculiuvalcover. types.
}hjlnxspcctral scanner data in twelve spectral channels in the wavelength range of 0.4 to 11,7pm,
acquired in the middle of July for three flightlines were analysed by applying autenatic pattem
recognition techniques. The same analysis was pcrfurned for the data acquired in the wmiddle of
August, over the same thres flighclines, to investigate the affect of Eime on the rcsults. The
cffect of delecion of each apcc:ral channel as well as each Uavnlergth region on P is*given.
Nalues of P for all possxblc combinatidns of wavelength regions in the subsets oE onie to twelve
spectral channels are alse piven. The overall values of P. were found to be greater Eor the du-
ta of the niddle of August than che data of the middle of July.

’ . *

INTRODUCTION ~ *

. -

The purpese of this study was to determine the statistical separability of multispec-
tral measurements from agricultural cover types for evaluation of spectral channels as well as
wavelength rcgions -~ visible, near infrared, middle infrared and thevmal infravred. The data
were apalysed in subsets of cne to twelve spect al channcls, in the waveleangth ange 0.46 to
1i.7un  for selected llightlines of the 1371 Corn Bl.ght Watch Experiment®, The agricultural
cover Ltypes selected were: corn, soybeans, green forage (hay & pa'tu-c). apd forest., In parti-
cular, the objectives of the study were: (1) te study the effeer of delecion of each of the twe
lve' spectral channels as well as each of the vavelength regions (vigible, near infrared, middle
infrared, and thermal infrared), on the statistical separabilicy and corresponding estimated
probabxlxty of correect classification of thu agricultural cover types., (2) Te develap 2 cri-
terion for the evaluatic 1 of a cocbination of wavelengeh regions based on the estimation of its

probabilicty of correct classification of agricultural cover types. Based on this criterion,
evaluatc all possible combinations of wavelength regions in the subscts of one to twelve spen-
tra) channels out of twelve available channels. (3} To investigate.the effect of time un these
results,

.

. LITERATURE REVIEW 3

Kupmar (1972\2 has done a thorouph review of the general area of 'reflection and emis~
sion from plants'. The results of percent correct classification, obtaxnnd from the analysis of
multxspectral scanner (}55) data by applying pattern recognltlon techniques, for a  flightline
divided into four classes {(soybeans, corn, wvater and a ntxture of stubble, diverted acres. and

pasture) were reported in the LARS anaunl report (1970)3, These are summarized’ as follows:
Performance _ Percen: Correct Classification Using the Following Wave-
. - length Bands . _ .
) e s, .. Tel3 Visible (ch.1,2,3) 3 visible (ch.1,2,3) 3 Visible (ch.},2,%)
) ; _ 1 RpElcctLVc IR 2 Refleitive IR ¢ Reflective IR
- : (ch. &) = : {chi. 4,5) "~ {ch. 4,5)
. . 1 Thermal IR h.6
Training fields (4303 sample . 86,8 _ 91.9 -93.6 (c )
points)’ : : : o
. ' ) .
Test fields (7135 sample ° . 82,8 81.9 . B6.4

.

points)
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VNN, VEMT, VVNMT, VVSX T, raspectively, were [ound to bé the best choices for getting geoc
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channel 1 = 0,40 - 0.44 pm, chattnel 2 = 0.55 - 0,53 pm, channel 3 = 0,66 = 0,72 pum
channel 4 = 0.80 = 1.00 ym, channel 5= 1.50 = L.80 pm, chznnel 6 = 8,00 ~ 14.0 ym
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chs denotes aspectral channel’ :
Cogpeshall and Hoffer (1973f have anslyzed the multispectral scanner data of a fligh-

tline having mostly fdrests They have investigated che follawing in much detall : 1} determina-

tion of the optimunm number of the 12 available multispectral scanner (MS5) wavelength bands to

use for forest cover wapping with gutomatic data processing (ADP) techniques; 2) determination’ .

of .the curpent capuzbility to map basic forest wover types using M55 data and ADP techniques; and -

3) determlnation of the relative upility, to forest cover happing, of the Lour spectral repions

available in the twelve channel MS3 data (i.e., visible, and near, middle and thermal infrared).

' Thcy concluded from the tests of classification aceuracy of six cover types of inte=

rest (deciduous forest, coniferous Enrestc, water, forage, ecorn and soybeans), that ‘the use of

five wavelength bands would fulfill the dual requirements of adequate accuracy. and moderate

computer tioe. Their results also indicated thact the thermal infrared wavelength region is .

desirable, but not necessary, for forest cover mapping, and thdc accurate classification of

deciduous and coniferous forpst cover can be achieved with the visible plus either the near or

widdle infraved spectral regions. lowever, the deletion of the thermal infraved region caused |

considerable confusion among the agricultural cover types. , :

.
.

Kumar and Silva® have investigated the statistical separabiliey of the spectral clas-
ses of blighted corn in much detail, data quantity {168 fields having 18804 sample points in ten
£lightlines) and depth. They found that the greater the'difference between the blight levels,
the more statistically separuble they usually were. In addition, they found that the spectral
classes of corn (Healthy and blighted) were most separable in the wavelength vange 1.00 to 1,40
pm, Baver {1974} has disqussed the sesults of 'wavelength band sclection!, obtained in the Corn
Blight Watch Experiment. .

Kumtar and Silva (1977)6'7 analysed the multispectral scanner deta in the vavelength
range 0.4 to 11.7 um {or three flightlines, They found that in the subsets of one to six
sprctral rhannels, the combination of wavelength regions (vhere V, N M and T denote the visible
near infruced, middle “nfraced and thermal infrared wavelength rip.ons, respectively): V, v,

overall statistical s¢parability of the agriculcural cover types for the'data acquired op July
16 as well as August 1?, An effort was madc to explain. these results on the basis of spectral
propertics of agricul: ral cover types. The overall statistical separabilicy of the agricultural
cover types was found vo be greater for the data of August 12 than the data of July 16: The'
author felt a definate need for doing a further analysis of similar nature to evaluate explici-
tly each spectral chamrel, each wavelength region and all possible combinations of wavelength
regions for statistica' scparability and the corresponding probability of correct classification
for agricultural cover types. ‘ . .

[]

*

WETHOD OF ANALYSIS : f T
- 1 y:

'
.

Multispectral scardner data.in evelve spectral channels in the wavelength range 0.4 to
11.7 ym; collected with an optical-mechanical scanner at alcitudes of 914 to 2133 meters (3000
to 7000 fect) over Western Indiana were analyzed by applying automatic pattern recopnition
techniques, The wavelength bands of these twelve spectral channels -are given in Table I. The
data of three sclected flightlines, acquived in the middle of July of 1971, were analysed. Each
of thesc three flightlines had fair or ‘good amounts of cach of the four agricultural cover types:
corn, Soyheans, green forage and forest. These three flightlines were sclected carefully so )
that chese combined could be considered to be representative of the four agricultural cover ty-
pes in‘thu.Hcstcrn‘Ind?anq.‘-“ o . o

+  Bleck and vhite photography and gray scale printouts of the spectral channels of the
flightlines vere used to.ald in locating the boundaries of the fields on the LARS (Laboratory
for Applications of Remote Sensing, Purdue University) Digital Displayd., Suffigient number of , -, -

] . . . N

*® Tho YARS Digital Display is a specially designed imnhe'displny system linked to an IBM 360/
Model 67 using & cathode ray tube as the pictorial swdium for pray scale cultispectral imagery,

. .
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tields of each agricultural éovér type wera selected carefully so that they could be ‘assuzed to
be representative of the flightliine. '
A

+ *

Using the same .three flightlines and twelve spectral channels an identical analysis o
was performed on the data acquired in the middle of August, 1971, to study the effect of tize on
the statistical separability of agrizultural cover types. The multispeecra) scanner data was
acquired on both dates (middle of July and middle of August) between 10,30 a.m. and 12:05 p.m.
(local solar time}. In addition, these data wvere of good quality and frec from problems like .
1ack of sufficient ground observations, cxcessive €loud caver, cte. The analysis was done for
the data acquired in che middle of July and the middie of Aupust, because corn and soybeans have
. reached thelr maximum vegetative growth by these times and one month of tire is sufficiénc for
sipnificant changes to oceur in the speetral properties of ngricultural cover types. The authes
wanted to aveid the analysis of daca from late September afrerwards because soybeans are
harvested in 3eptember-October. The author tried to keep-all the variables other than time
uniform in the two (middle of July and middle of August) sets of data as far as possible. For
examples, an 2ffort was made to select about the same field boundaries for the two sets of data.
A totsl of more than 600 fields taken Erom chree flightlines vere analysed.

Each field was treated as an independent unit and the ficlds of the same agricultural
cover type were put in the same class. The sample points within each field were highly correla~-
ted. The LARSYSk* statisties algorithn® was used to compute.the mean veector and covariance
matrix (mean and standard deviacion) of the classes, In the LARSYS stactisties algorithm, cluster
algorithm, and featurc selection algorithm, cach sample point is treazed independently in ordar
to make the system convenienc and flexible for usage. A key asmumption made in these algorithes
is that the distributions of the classes are Gaussian, Histograms of the spectral classes defi-
ned above were used to check unimodality of the sratistical distributions in individual channels, .
The classes were redefined to eliminate discinct multiple modes. Divergence is defined for any
two density functions. In the case-of normal variables with unequal covariance matrices, diver~
genee ‘in n spectral channels Cl. Cps woe C. iz given? by oo .

BEL3IC 8y o0 €) = W2 br (05 = ) (51 - ) Mz ex tay + 5h
. . (1
' - u 'y ‘ )

1

’

.+ _ where ’

+U and I represent the m2an vector and covariance matrix respeccively; tr' A (trace A) is the
sum of. the diagonal clesrnts of A.. '

5A15°difi°d fc.m-of the divergence Dy, referved to as'“craﬁsforﬁcd divergence®, has a

behavior °'"" more like +he probability of correct classification than the divergence, D,

Dy = 2 {1 - exp(-D/8)} B 5 )

Transforved divergence has been used throughout this study,

) Although divergence only provides a measure of the distance betwoen two class den
€6, its usc has been extended to 'the multiclass case by taking the average over all pairsl
Let Dp;;.denote the divergence between classes Land j of a certain flightline, ‘then the averape
divergence over all class pairs of four classes (each agriculturni cover was treated as a sepa=
rate class) is given by ) e

.l ' .
Prave "6 [Dnz * Pyt Dyt Dpyy * Py *<°1~34] “(3)

.

iiti- o

il

.Ict D = mini | ' |
T © Rinimm of \Dnz, D113, Pris, DPr23, Pras, Draa} 4

.
- FRCENTY ate. ® N

g X _ .
Svain~ (1972) has pointed out that one strategy is to select the subsct of fratures for vhich

.
——

#&  LARSYS is the carth resources data proegssing softuare system of the Laboratory for Ap-
plications of Remote Sensing, Purdue Univarsity, W. Lafayette, Indiana, '
(] .

.
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the average traniforned divergence, D, is maximum. While thig strazepy is certainly reasom~
able, there is co guarantee that it {z oplical, Another strategy” is to waxioize the minizum
divergence, D i.e., to select the feature combination which provides the greatest separa-
tion betwean Iﬁe’hnrdeut-:o-sepuraue pair of Cllliclo
Let superscripes 1 and 2 uith the sywbol "D_" denote the values of transformed diver=

gince for the data acquired in middle of July and midile of August respectively, Let D

N2, asd D HIV bé the values of Dy {sce eq. (4)) in first, second and third fl:gh{flne
rI;pL:tchXy the daca .acquired in Thldd1e of July,

.

Let Dl L 1 [D‘ i + 1 1 3] : . . .

Tave © 3 {Praver * Pravcz * Prave () .
~2 .1 2 2 - . -

Similarly Dryyc 5 [DTAVGI * ”r.wcz wwc:i] (s

=1 e Tal 1 1 .
Let Dyyqy » ninioun’of [Dmrm' Dryinae "mmsl ©) -
1) - -
Similarl 52 - pigicum of D2 Dz Dz X ) . .

¥ Doy THINL® “TMINZ® “THIN3] (6A)

' ' R | =1, -
The LARSYS feature selection processor vas used to find DTAVG and DI}ﬂH in all possi

ble combinations of one, two, three, four,-five, six, seven, eighe, nine, ten, eleven and twelw
spectral channels out of the available twelve spectral channels (i.c., the numbcr of all possi~
ble combinations of ¢ spectral r.h:mm.ls out of n gpectral channels -qw- n!
= v e
y te (n-1)
Throughout this analysis, the combxnntxoif of one Ehruugﬁ[tuelve spectral channcls

vere ranked 50 as to get the descending order of DTAVG and Drave £ the data of middle of July

and middle of August respectively; for instance, for 'the data of middle of July, out of all pos-
sible combinations of r (r « 1,2 . . . 12} spectral channels out of tuelve available channels,

the channel combination which had the highesc value of 5t vas ranked 'first'; the channel
TAVG
combxnatxon wvhich had the ‘second highest value of 51 was ranked 'sccond! ete. In other words
' TAVG .

=1 { .
DTMAX subset of r sPectra. channcls max {- TAVG}

-

&)

v

maximized over all possible subsets of spcctral channels.out of the avdilable twelve spectral
channels for the data of middle of July, . From the values of the average transformed dlvcrgfscc{
classification accuracy can be reasopably predicted from the regults of Suazn et al, (1973)

s Table I gives the vavelength. intcrwal and the corresponding uavclength rcs:un of each -
of the twelve spectral channels, The effect of deletion of each of the twelve spectral channels

on ;Hﬁx (diata of niddle of July) and DiHAx (data of middle of August), in terns of the corres~

pording cstimated probability of correct classification (P.) using the results of Svain ct. 91{9
arc fiven in table II, Similarly , Table IIL gives the cffect of deletion of cach of the wave-
length regions == visible, near iofrared, middle infrared and thermal infrared == on 51 and
THAX
Bgqu in terms of the correspondxng estimated probability of corrcct classification (P, 3.

iy . ~ . '

To fulfill one of the maxn objectives’ uf the <tudy ~- evaluation of nll possible comsl
binations of vavclungth regions in the 'subsets of one to twelve spectral channels -~ the follow
ing criterion is proposed:

~ Each of ,12 available chatinels of the multispectral scanner can be placed inme of the four:
vaveleagpth regions —— visible, near infrared, middle infrared and thermal infrared, as shown in
Table 1. Thus, any combiuation of spectral channels can be called as the corresponding combi=
nation of the wavelength regions. For example, channel combination 1, 8, 10 and 12 is called
“combination of visible, near infrared, middle infrared and thermal infrared vravelength regions)
and is deneted by VN M T. For a given combination of wavelength regions, for example ¥V N H T;
_ T o . . i

PRGN ¥




«te the combination VN M T. The tean of these values of P, was calculated for all possible - '

. - . . Lo . N P .
' )\
]

TAVG and the corresponding value of b ﬁsing the curve o£~Swain et. ‘1!0 vas calculated for all

" possible combinations of four spectral channels out of tuelve available channcls that constitur

i

corhinations of wavelength repions in the subsets of one to tvelve spectral channels, and is
shown in Tabla IV for the ‘data of middle of July as vell as m;ddlc of Augu:t.
¢

RESULTS AND DISCUSSION = ° o

'The overall separability of grecn forage from the other apricultural cover typcs vas
found tn be considerably lower than the cotresponding separvability of corn, soybeans and forest
because the standard deviavion of the mcan response of green forage vas largest among the agri-

“eultural cover types. This is because there vas much natural variability in the spectral cha=' .
“ructeristics of hay as well as pasture. The overall scparability of forest froo other agricul-

tural cover types was found to he considerably higher than the corresponding separability of
corn, soybeans and green foragk. Green forage and corn were hard to separate, becilse of ‘tonsi-
derable overlap in the values of their mean response, due to the large standard deviation of
green forage. In addition, it wis harder to separate corn from soybeans for the dato of middle
of July than“for the data of middle of August.

Table II shows that delerion of channel? reduces P by about two percent for the data
of middle of July as well as middle of August. The deletion of each of the other chanpels cau~
ses no reduction, or less reduction in the values of P, 25 dempared to channel; . Thus, dele= - -+
£ion of any one of the twelve charnels does not cause any substantial decvease in the values of
Pes in the subsets of one to eleven spectral channels. -

. As one would expect, Table ILI shows that the greatest separability of the ngricultu— .
ral cover types is obtained by using all of the twvelve channels. Movever, an increase in the
aunber of channels, used in a classification algorxthn, requires a disproportionate increase an
computer timed, Without daing a detailed analysxs, it sceas fro= Table 1I1 that the subset of
five channels is likely to fulfill the dual reguirements of adequate classification accuracy
and moderate computer time. Iowever, this conclusion is very preliminary, becznsé no cost bene
£it analysis for the data was lone. .

Table 1II shows that deletion of each of the wavelength repions causes the following
naxiéum reductions in P for chc data acquired in the middle of July: vxs;blc (3.32, subset

of four channels), near 1nfrarcd (0 38, subset of ten chaanels), niddle Lnfrarcd {1.10, subset
of tvo channcls), thermal infrared (1.02, subse: of four channels). The carresponding values
of reductions in P for the data acquired in the middle of Augy:t are: visible (2.07, subset of
one channel), near 1nfrarcd {0.41, subset of ten channels), ociddle infrared (1.16, subset of
twoTchanuels), thermal infrared (0.39, subset of eight channels). Thus, it appears that dele-
tion of the v;sxblc wavelength region causes more reduction in.P_, as compared to any of the
other wavelength regionsi The deletion of near infrared wavelength repion apparently causes
relatively small changes in the values of F.

. Table 1I shows that for greatést overall scatistical separability of agricultural co-
ver types, channel 7 (0.6] to 0.70um, red channel) scems to be the best channel. It should be
pointed ouc that :hclBrcdnminan: pigments of the plant leaf abserb in the vieinity of 0.44um,
but only chlerophyll absorbs in the red, in the vicinity of 0.64un., The recason for channel
7 being the best channel may be that there are significant differences in the chlorophyll content
of different apricultural cover types, vhich give rise’to differences in their mean response in
channet 7, and hence a relatively larpe value of average transformed divergence between them,

An additional reason may be that. the red wavelength region is extremely favorable for qualira-
tive and quantitative descriptish of seils ,

“Toble IV shaws that 'in the subsets of one to six spectral channels, the combinatfion
of wavclength regions V, Vi, VM, VNNT, VVNMT, VVIMMT are found to be the best choices for
the data of middle of July. Similarly, for the data acquired in the middle of August: T, NT,
ViT or WL, WNMT, VVNMT or VIDMT, VVIEMMT are found tg be the best choices. These results  are
gimilar to the results obtained by hunar and leva 'Y although a different criterion of evalua-
txon of combinations of anclength repions was used by them. Obviously, all the seven channels
;n the visible wavelength regien’ in this wultispeetral scanner (‘5&) are not nc:cssary for gets-
ting pood separabxlzty of the agrxcultural cover types.

+
.
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In the data of middle of July as well as middle of Augusc, VN M T is found to he
. the best choice in the subset of four channels, It indicates that each wavelength region is va-
if- luable in its own way, Because of the presence of water absovption bands in the middlé inframd
. wavelength region, surface geometry of the target and the moisture content of its top layers
(of the order of microceters) determine its reflectance in the niddle infrared region. This re

T

' gion is valuable because there are significant differences in the geometry of the surface, and =
L Jor moisturc content of top layers of the agricultural cover types, The near infrared wave-
¥ length region is useful because subsztancial contrasts betveen the agricultural covers and soils

cccur in this regiont Thus, this region is especially uscful when there are substantial diffe-
rences in the percentage ground covers of the agricultural cover types. The thermal chamnel |
{chanael 12) contains information about the radiant temperatures of the targcts in the vave—

_ length region 9.3 to 11.7 ym, Theresare found to be significant differences in che radiant,tem= .
peratures of the agricultural cover types., The radiant temperature of a plant can be found by

Ead

doing an energy balance on it and it depends upon factors such as: radiation incident on the . .
= plant, plant geometry and size, spectral properties of the plant {including ssil). pereent .ot "
; . ground cover, convection cocfficient and transpiration rate of the plant, ete®. There are fomd
L to be differences in the values of the above variables for diffcrent agricultural coveriike that

give rise to differences in their radiant temperatures, Thus, in the subset of six spectral
- channels, irrespective of what other five chanuels vere used, adding thermal channel to them

wsually inereased the overall. separability of the agricultural cover types.

.

In conclusion, it should be said that determining which combinations of one, two,...,
- < . eleven speetral channels out of twelve available spectral channels give greatest overall statis-
tical scparability of the agricultural cover types is a complex problem, because statistical .
separability in any given coopination of spectral channels depends vpon many variables, such as
. quality of data in the spectral channels, quality and quantity of the ground truth available,
time of acquiring the data, human' decisions (number of fields, ficld boundaries to be selected,
- etc.) involved, environmental variables, plant variables, soil variables, etc.2 . However,
: determining vhich cosbinations of one through six wavelength regions give greatest overall sta-
" . tistical scparabilicy of the agriculrural cover types is a relatively less complex problem
(Table 1V). It should be pointed out, although the £lightlines analyzed had considerably dif~:

- :uﬂtiA..;teren: characteristics than the flightline analyzed by Coggeshall and Hoffer”(Intraduckion), "%,
. "' "that many of the conclusiens presented in this paper are the samc as obtained by them. It
" . _.means that although 'e¢ analysis was done for three flightlines, the resules obtained from this

ar ilysis may wvell be applicable to other flightlines having considerably different characteris=
tics than chese thres flightlices. The overal statistical separability of the agricultuval

- ' " dover types was found to be greater for the data of middle of August than For the data of mid=~
dle of July, 1t should be noted that many of the results obtained from the analysis of the da—
' ta of middle of July are the same as those obtained from the data of middle of August. This
- means’ that, although *%ie analysis was done for the data acquired at two different times, the
" results obtained from this analysis may well be ppplicable to the data acquired at sode other .

times of the ycar.
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manuscript; Miss M. Niero and Hiss 5.M. Fonscca of INPE, Carlos Roberto de Souza & Luis Roglrio
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CTABELE I. WAVELENGTH BANDS OF THE SPECTRAL CHANNELS

LN *

Channel ¥9 Wavelength Band . : Wavelength Repion
’ {Microweters) ) :
1 Y0446 - 0.49 ) visible -
" 2 0.48 - 0.51 . visible
3 , 0.50 - 0.54 , visible )
S 0.52 -~ 0.5 vizible
b, 5 , 0.54 ~ 0.60 _ visible
{7 6 0.58 ~ 0.65 : : visible
) 7 . 0.61 - 0.70 visible
8 0.72 - 0,92 _ ncar infrared
9 . 1,00 - 1.40 near infrared
10 ' 1,50 - .1.80 ) middle infrared
i1 2,00 ~ 2,60 ] middle infrared

1

9.30

"
»N

1. . . - therwal infrared,
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TABLE IXX. EFFECT OF DELETION OF EACH WAVELENGTH REGION OM THE PERCENTAGE OF CORREC?

, CLASSIFICATION
Number of Values of probability of correct classificztion estimated frem ET}UQQ(EEE eq(?i '
channcls in _ .
the subset * . .

’ Ao , A Az Ay A, By B B, bT) B,
one 84,61 | 82,00 ] 84.63 | 84,63 [ 84.62 | 86,18 | 84.11 | 86.18 | 36,18 | 864,18
[ -
two " | 89.28.] 87.22] 89.28 | 88,18 | 89.28 | 91.88 | 91.s6 | st.ee |90.72 | 91,83
theee 91,58 | B8.74 | 91.58 { 91,00 50.72 | 94.64 | 93,89 ] 94,34 | 94,42 | 94,64
four 93.43 | 90,11 | 93.43 | 92,8 | 92,41 | 96.33. 9s.46 | 96,27 |96.08 | 96,23
five 94,34 1 92,01 | 94.34 | 93.91| 93.55 |.97.22 | 96.50 | 97.17 | 96,79 | 97,02
six 94.95 | mp | 94:88 | o4.40] 94,23 | 9273 | np | 97.60 | 97,24 | 97,43
seven 95.33 ap 95.22 | 94.78{ 94.68 | 98.02 np 97.75 | 97.3% | 97,13
eight 95,63 np 95,32 95.09 ] 95.05 { 98.21 np 97.84 | 97,51 97,82
vine * | 95.89 np 95.62 95,26 § 95.31 | 98.30 np 97.90 | 97.640 99:02
ten 96.08 op 95.70 | 95.38] 95.48 | 98.36 np 97.95 | 27,65 | 9811
tleven 96,20 np np np  |.95.58 | 98.40- np* np np 28,44

tvelve 96,30 np up np np 98.20 op np ' np . ap

"Note: 'np' denotes that it was not possible to have a combination of n (R 21,2544
12) spectral channels after deleting the spectval channels in a pAFELEULRE
. : vavelengtt region. This table gives the values of percentage prulability of
corvect classification (P_) estimated from the values of Doy (oot £9.(7};3
- Swain and King (1973030 Ay, A, 45, Ay and Ay denote the valuws ef ¥Fg vhen
. using all available channels; deleting spectral channels in the visjbie, Bear
infrared, middle infraced and thermal infrared wavelength regions regpectiyes
ly for the data acquired in the niddle of July., By, By, Ba, By aml By deneta
corresponding quantities as Ay, Ay, Az, A3 and Ay respectively for thie data
acquired in the middle of August.
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