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STATISTICAL SEPARABILITY OF AGRICULTURAL COVER TYPES IN

SUBSETS OF ONE TO TWELVE SPECTRAL CHANNELS1

%*
R. Kumar and L. Silva

Laboratory for Applications of Remote Sensing (LARS)
Purdue University
West Lafayette, Indiana 47907

ABSTRACT

The purpose of this study was to determine the statistical separability of multi-
spectral measurements from agricultural cover types: corn, soybeans, green forage (hay & pasture)
and forest, in one to twelve spectral chammels. Multispectral scannmer data in twelve spectral
channels in the wavelength range 0.4 to 11.7 um, acquired on July 16 for three flightlines were
analysed by applying automatic pattern recognition techniques. The same analysis was performed for
the data acquired on August 12 over the same three flightlines to investigate the effect of time on
statistical separability of agricultural cover types.

In the subsets of one to six spectral channels, the combination of wavelength
regions (where V, N, M and T denote the visible, near infrared, middle infrared and thermal infra-
red wavelength regions, respectively): V, VM, VNM, VN M T, VVNMT, VVNMMT, respectively,

were found to be the best choices for getting good overall statistical separability of the agricul-
tural cover types for the data acquired on July 16 as well as August 12.

An effort was made to explain these results on the basis of spectral properties of
agricultural cover types . The overall statistical separability of the agricultural cover types was
found to be greater for the data of August 12 than the data of July 16 (Table II).

I - INTRODUCTION

The purpose of this study was to determine the statistical separability of multi-
spectral measurements from agricultural cover types. The data was analysed_in one to twelve spectral
channels for selected flightlines of the 1971 Corn Blight Watch Experimentl. The agricultural cover
types selected were: corn, soybeans, green forage (hay & pasture), and forest. In particular, the
objective of the study was to determine what combinations of one through eleven spectral channels
out of 12 available spectral channels give greatest overall statistical separability of the agricul-
tural cover types. In addition, the effect of time on the statistical separability of agricultural
cover types was investigated.

II ~ LITERATURE REVIEW

The results of percent correct classification, obtained from the analysis of
multispectral scanner (MSS) data by applying pattern recognition techniques, for a flightline divi-
ded into four classes (soybeans, corm, water and a mixture of stubble,diverted acres & pasture)
were reported in the LARST annual report” (1970 ). These are summarized as follows.

1 The work reported in this paper was sponsored by the National Aeronautics and Space Administra-
tion (NASA) under Grant No. NGL 15-005-112 and the Brazilian Institute of Space Research (INPE),

% Presently with Brazilian Institute of Space Research (INPE),S.J.dos Campos, S.Paulo, Brazil.

+ Laboratory for Applications of Remote Sensing, Purdue University, W. Lafayette, Indiana, U.S.A.
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Performance Percent Correct Classification Using the Following Wavelength Bands

3 Visible (ch 1,2,3) 3 Visible (ch 1,2,3) 2 Visible (ch 2,3)
1 Reflective IR (ch &) 2 Reflective IR (ch 4,5) 2 Reflective IR (ch 4,5)
1 Thermal IR (ch 6)
Training fields 86.8 91.9 93.6
(4303 sample points)
Test fields 82.8 83.9 86.4

(7135 sample points)

channel 1= 0.40 - 0.44 um, channel 2 = 0,55 - 0.58 um, channel 3 = 0.66 - 0.72 um
channel 4= 0.80 - 1.00 um, channel 5 1.50 - 1.80 um, channel 6 8.00 - 14,0 um

ch denotes spectral channel

Vincent and T‘nomson:‘)’[+ (1972) have pointed out that the thermal-infrared wavelength
region offers probably the best spectral information diagnostic of target composition for geologi-
cal targets, because most rocks and minerals have major molecular absorption bands in the thermal
infrarved region. They used the data from the flight over a sand quarry near Mill Creek,Oklahoma in
the wavelength ranges 8.2 to 10.9 ym and 9.4 to 12.1 ym, to produce an analog-processed image and a
digital recognition map from which exposed quartz-sand and quartz-sandstone in the vicinity of the
quarry were quite identifiable. In addition, the wavelength region from 11.5 to 12.5um is useful
because the emittance of geological targets can be assumed to be constant in this wavelength region.
They pointed out that medium-bandwidth (1 to 3 um wide) filters seem to be a reasonable compromise
between the dual requirements of 'availability of adequate energy' and' sensitiveness to the posi-
tions of spectral features' in the thermal infrared wavelength band.

Bartolucci et.al.5’6 (1973) have analysed aircraft multispectral scanner data
gathered at altitudes of 608and 3040 m to determine the radiant temperatures of water. They found
that 8 to 13.5 um band yields more information on the thermal characteristics of water bodies,pro-
vides with better contrast between ground features, and gives radiant temperatures of water closer
to its contact temperature than the 4.5 to 5.5 ym band. In addition, they found that the 9.3 to
11.7 ym band yields accuracies (contact temperature minus radiant temperature) similar to the 8.0
to 13.5 ym band, but for altitudes up to 1520 meters.

Coggeshall and Hoffer7 (1973) have analysed the multispectral scanner data of a
flightline having mostly forest. They have investigated the following in much detail, 1) determina-
tion of the optimum number of the 12 available multispectral scanner (MSS) wavelength bands to use
for forest cover mapping with automatic data processing (ADP) techniques; 2) determination of the
current capability to map basic forest cover using MSS data and ADP techniques; and 3) determina-
tion of the relative utility, to forest cover mapping, of the four spectral regiens available in
the twelve channel MSS data (i.e., visible, and near, middle and thermal infrared).

They concluded from the tests of classification accuracy of six cover types of inte-
rest (deciduous forest, coniferous forest, water, forage, corn and soybeans), that the use of five
wavelength bands would fulfill the dual requirements of adequate accuracy and moderate computer
time » Their results also indicated that the thermal infrared wavelength is desirable, but not ne-
cessary., for forest cover mapping, and that accurate classification of deciduous and coniferous
forest cover can be achieved with the visible plus either the near or middle infrared spectral re-
gions. However, the deletion of the thermal infrared region caused considerable confusion among
the agricultural types. The authors felt a definite need for doing a somewhat similar analysis of
large (much larger than analysed by Coggeshall and Hoffer) amounts of MSS data for agricultural
cover types.

Recently, Kumar & Silva8 have investigated the statistical separability of the
spectral classes of blighted corn in much detail, data quantity (168 fields having 18804 sample
points in ten flightlines) and depth. They found that the greater the difference betgeen the
blight levels, the more statistically separable they usually were. In addition, they’ found that
the spectral classes of corn (healthy & blighted) were most separable in the wavelength range 1.00
to 1240 um, Bauer! (1974) has discussed the results of 'wavelength band selection', obtained in
the Corn Blight Watch Experiment.
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ITIT - METHOD OF ANALYSIS

Multispectral scanner data in twelve spectral channels in the wavelength
range 0.4 to 11.7 um, collected with an optical mechanical scanner at altitudes of 914 to 2133 me-
ters (3000 to 7000 feet) over Western Indiana were analysed by applying automatic pattern recogni-
tion techniques. The wavelength bands of these twelve spectral channels are given in Table I. Only
those corn fields having nome or slight (blight level 1) blight rating were included in the analy-
sis to eliminate the effects of blight severity, i.e., the corn fields having a rating of more than
1 were not included in the analysis. The authors have found from their experiments on blighted corn
plants that blight level 1 is not likely to cause any significant changes in the reflection and
emission from a plant canopyll. The data of three selected flightlines, acquired on July 16, 1971,
were analysed. Each of these three flightlines had fair or good amount of each of the four agricul-
tural cover types: corn, soybeans, green forage and forest., In addition, none of these flightlines
was predominated by forest. These three flightlines were selected carefully so that these combined
could be considered to be representative of the four agricultural cover types in the Western India-
na. Thus, the characteristics of the flightlines were considerably different from the flightline
analysed by Coggeshall and Hoffer7, which had mostly forest.

Black and white photography and gray scale printouts of the spectral
channels of the flightlines were used to aid in locating the boundaries of the fields on the LARS
(Laboratory for Applications of Remote Sensing, Purdue University) Digital Display*. Sufficient
number of fields of each agricultural cover type were selected carefully so that they could be
assumed to be representative of the flightline.

Using the same three flightlines and twelve spectral channels, an identi-
cal analysis was performed on the data acquired on August 12,1971 to study the effect of time on
the statistical separability of agricultural cover types. The multispectral scanner data was acqui-
red on both dates (July 16 & August 12) between 10.30 a.m. and 12.05 p.m. (local solar time). In
addition, these data were of good quality and free from problems like lack of sufficient ground
observations;, excessive cloud cover, etc. The analysis was done for the data acquired in the middle
of July and the middle of August because corn and soybeans have reached their maximum vegetative
growth by these times and one month of time is sufficient for significant changes to occur in the
spectral properties of agricultural cover types. The authors wanted to avoid the analysis of data
from late September ~ afterwards because soybeans are harvested in September—October. The authors
tried to keep all the variables other than time uniform in the two (July 16 and August 12) sets of
data as far as possible. For example, an effort was made to select about the same field boundaries
for the data of August 12 as for the data of July 16. A total (including data of July 16 and August
12) of 602 fields having 460360 sample points taken from three flightlines were analysed.

Each field was treated as an independent unit and the fields of the same
agricultural cover type were put in the same class. The sample points within each field were high-
ly correlated. The LARSYS** statistics algorithm ¢ was used to compute the mean vector and cova-
riance matrix (mean and standard deviation) of the classes. In the LARSYS statistics algorithm,
cluster algorithm, and feature selection algorithm, each sample point is treated independently in
order to make the system convenient and flexible for usage. A key assumption made in these algo-
ritms is that the distributions of the classes are Gaussian. Histograms of the spectral classes
defined above were used to check unimodality of the statistical distributions in individual
channels. The classes were redefined to eliminate distinct multiple modes. Divergence is defined
for any two density functions. In the case of normal variables with unequal covariance matrices,
divergence in n spectral channels Cl’ Cz. <« Cp is given ~ by

DL a6k B 650 ) B e iaet= 50 (z?- P
)
-1, -1 I
+1/2 tr [(zi+zj ¥ @m0 ) (BT ]

where
U and I represent the mean vector and covariance matrix respectively;
£t [ A] (trace A) is the sum of the diagonal elements of A.

* The LARS Digital Display is a specially designed image display system linked to an IBM 360/Model
67 using a cathode ray tube as the pictorial medium for gray scale multispectral imagery.

#*% LARSYS is the earth resources data processing software system of the Laboratory for Applications
of Remote Sensing, Purdue University, W. Lafayette, Indiana.
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A modified form of the divergence DT’ referred to as "transformed divergence",

has a behaviorlz’14

more like the probability of correct classification than the divergence, D.
Dp =2 [1 - exp (-D/8)] (2)
Transformed divergence has been used throughout this study.

Although divergence only provides a measure of the distance between two class
densities, its use has been entended to the multiclass case by taking the average over all pairs 5.
Let DTij denote the divergence between classes i and j of a certain flightline,then the average

divergence over all class pairs of four classes (each agricultural cover was treated as a separate
class) is given by

b S )] +D___+0D
Drave = 5 [:nz TL3 " L4, T Do ¥ Dpyy * DT;;] 3)

Let D7y = minimum of { (%)

D, + D +D

T12 + D, +

12 12 o O St B By + s

Swain™® (1972) has pointed out that one strategy is to select the subset of features for which

the average divergence, DTAVG’ is maximum. While this strategy is certainly reasonable, there is no

guarantee that it is optimal. Another strategyl? is to maximize the minimum divergence, DTMIN’ Taien,

to select the feature combination which provides the greatest separation between the hardest-to-
separate pair of classes.

Let superscripts 1 and 2 with the symbol "D_" denote the values of transformed

divergence for the data acquired on July 16 and August 12 respectively. Let D%AVGl’ D%AVGZ’ and
DTAVﬁi denote the values of DgAvg (see eq.(3)) of first, second, and thir% i 1
flightline respectively for the data acquired on July 16. Similarly, let DTMINI’ DTMINZ’ and DTMIN3

be the values of D, (see eq. (4)) in first, second and third flightline
respectively for tgglgata acquired on July 16.

= Tya i 1 1
Let Drave: ~. 3 ETAVGI * Dpavea * DTAVG;| (%)
e =2 i.f 2 2 2
pilacly By e o 3 E)TAVGI * Dravea * Praves (54)
=1 i i i 1
Let DTMIN minimum of {DTMINI’ DTMINZ’ DTMIN3} (6)
Similarly 52 = minimum of D2 D2 D2 (6A)
TMIN TMINI® “TMIN2® DTMING

= 1 :

The LARSYS feature selection processor was used to find DTAVG and DTMIN in all

possible combinations of one, two, three, four, five, six, seven, eight, nine, ten, eleven and
twelve spectral channels out of the available twelve spectral channels (i.e., the ng?ber of all
possible combinations of r spectral channels out of n spectral chanmels = o ey )

=y 1
The total number of times each channel is selected in all possible combinations"® foe)
of r channels out of n available channels is given by
3 n! £ dmsl)
e S L (r-1) ' (n~r)! (7)

Throughout this analysis, the comp%nations ogzone through twelve spectral channels
were ranked so as to get the descending order of DTAVG and DTAVG for the data of July 16 and
August 12 respectively, i.e., for the data of July 16, out of all possible combinations of

r (r= 1,2 . . .12) spectral channels out of twelve available channels, the channel combination
which had the highest value of D, was ranked 'first'; the channel combination which had the
second highest value of D was ranked "second' etc. From the values of the average transformed

divergence, classification accuracy can be reasonably predicted from the results of Swain et.al|l4J.
(1973).
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To fulfill one of the main objectives of the study—— evaluation of different
combinations of wavelength regions, the following criterion is proposed.

Each of 12 available channels of the multispectral scanner can be placed in ome of
the four wavelength regions—-visible, near infrared, middle infrared and thermal infrared, as shown
in Table I. Thus, any combination of spectral channels can be called as the corresponding combina-
tion of the wavelength regions. For example, channel combination 1, 8, 10 and 12 is called com~
bination of visible, near infrared, middle infrared and thermal infrared wavelength regions,and is
denoted by V N M T. Consider first s combinations of r spectral channels out of n available channels.

Number of times a particular combination of wavelength regions occurs in first s
combinations of spectral channels, the combinations of spectral channels being
ranked in the descending order of D%AVG (for data of July 16) and D%AVG (for data

T August 12). @)

total number of times the same combination of wavelength regions occurs when

) combinations of spectral channels.

(n-r)!
v s : 0.15 n! 0.25 n!
Let the value of p lie in the very approximate range T o) to FlGET - The

1
considering all possible (i.e., :;

numbers 0.15 and 0.25 donot have any significance and are used to denote very approximate limits of
p. Value of 'p' for a certain combination of wavelength regions denotes the probability of
selection of that wavelength region in first s combinations of spectral channels, the

probability of selection of all possible combinations of spectral channels comprising that
wavelength combination being taken as one. Thus p, can be considered to be a criterion for
evaluating the ability of combinations of wavelength regions for providing statistical

separability of the agricultural cover types. The greater the value of p for a given

combination of wavelength regions, the more statistically separable the agricultural cover

types are likely to be in that combination of wavelength regions.

IV - RESULTS AND DISCUSSION

The overall separability of green forage from the other agricultural cover
types was found to be considerably lower than the corresponding separability of corn, soybeans and
forest because the standard deviation of the mean response of green forage was largest among the
agricultural cover types. This is because there was much natural variability in the spectral
characteristics of hay as well as pasture. The overall separability of forest from other agricultural
cover types was found to be considerably higher than the corresponding separability of corn, soybeans
and green forage.

Tables II (A) & 1T (B) give the values of 5%AVG and 5§AVG respectively,
for first five combinations of onme to eleven spectral channels. The values of divergence shown in
the Tables II (A) & II (B) are smaller than these have generally been found by the authors in the
past during the analysis of similar multispectral scannmer data (for example,see ref. 8). This is
primarily because the standard deviation of the mean response of the agricultural classes in the
spectral channels were relatively large and as a result, there was considerable overlap among the
values of their mean response. It is believed that the divergence values shown in this table would
have been considerably higher if the agricultural classes were further subdivided into spectrally
distinct classes using LARSYS cluster algorithm in the 12 available channels; and the weights
between the spectrally distinct classes within each agricultural class were taken equal to zero in
calculating the divergence values using the LARSYS feature selection algorithm (i.e., the feature
selection algorithm disregards the divergence between the spectrally distinct classes within each
agricultural class). This is especially true for extremely low values of B;MIN (see Table V). For
the data of July 16 , minimum of the values of the pairwise divergences, DTMIN’ was mostly found
to be between the classes green forage and corn. Green forage and corn were extremely hard to separate
because of considerable overlap @n the values of their mean response due to extremely large standard
deviation of the green forage. E;MIN and B;AVG could have been much higher if the green forage had
been further subdivided into spectrally distinct classes using LARSYScluster algorithm, as explained
above. In addition, it was harder to separate corn from soybeans for the data of July 16 than for

the data of August 12. Table V shows that there are large differences in the highest and the lowest
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values of Dpyye as well as Drnry? obtained from the divergence values in all possible combinations
of spectral channels. This indicates the importance of selecting the proper combination of the

spectral channels in order to get good separability of the agricultural cover types.

As one would expect, the greatest separability of the agricultural cover
types is obtained by using all the 12 available channels (Table II). However, an increase in the
number of channels used in a classification algorithm, requires a disproportionate increase in
computer time/.It seems from the values of average transformed divergence (Table II) that the
subset of five or six spectral chanmels for the data of Aug. 12 and the subset of five spectral
channels for the data of July 16 may fulfill the dual requirements of adequate
classification accuracy and moderate computer time”. However, this conclusion is very preliminary
because no classification of the area or cost benefit analysis was done.

Tables IIT (A) and III (B) give the frequency each spectral channel was
selected in combinations of three to six spectral channels for the data acquired on July 16
and August 12, respectively. These show that channel numbers 1, 2, 6 and 7 are more valuable for the
data of July 16 than the data of August 12; whereas, channel numbers 3, 4, 5,8 and 11 are more
valuable for the data acquired on August 12. Channel numbers 9 and 12 seem to be a little bit more
valuable for the data of July 16. Channel number 10 seems to be about equally valuable for the data
of July 16 and August 12,

Table IV gives the 'p' value (eq. (8)) for many combinations of three
to six wavelength regions. The conclusions suggested from the data analysed are as follows (Tables
II & IV). Where no date of acquiring the data is mentioned » the conclusions are applicable to the
data acquired on July 16 as well as August 12.

For getting greatest overall statistical separability of agricultural
cover types: channel 7 (0.61 - 0.70 pm, red channel) is found to be the best channel (Table II).
If a scanner is to have only one channel, it should he in the visible wavelength region, probably
in the red. It should be pointed out that the predominant pigments of the plant leaf absorb in the
vicinity of 0.44 um but only chlorophyll16 absorbs in the red in the vicinity of 0.64 um. The reason
of channel 7 being the best channel may be that there are significant differences in the chlorophyll
content of different agricultural cover types which give rise to differences in their mean response
in channel 7,and hence a relatively large value of average transformed divergence between them.
Additional reason for channel 7 being the best channel may be that the red wavelength region is
extremely favorable for qualitative and quantitative description of the soilsl’. Also, thermal
channel is found to be the second best channel (Table II) for the data acquired on August 12. However,
channel 6 (0.58 - 0.65 um) is found to be the second best channel for the data acquired on July 16,

In the subset of two channels, one channel in the visible and the other
in the middle infrared are found to be the best choice. Because of the presence of water absorption
bands in the middle infrared wavelength region, surface geometry of the target and the moisture
content of its top (of the order of micrometers) layers determine its reflectance in the middle
infrared wavelength region, The middle infrared wavelength region is valuable because there are
significant differences in the geometry (of the surface) and/or moisture content of top layers of
the agricultural cover types.

In the subset of three channels,one channel in the visible, one in the
middle infrared and thermal channel are found to be the best choice (Table IV). The thermal channel
is valuable because it is the only channel measuring emission from the natural targets. In the
subset of four channels, one channel in each of the visible, the near infrared, the middle infrared
and the thermal infrared are found to be the best choice. It indicates that each wavelength region
is valuable in its own way. This is because there are differences in the spectral characteristics
of the agricultural cover types in each of wavelength regions. The near infrared wavelength region
is useful because substantial contrasts between the agricultural covers and soils occur in this
region. Thus, the near infrared region is especially useful when there are substantial
differences in the percentage ground covers of the agricultural cover types.

In the subset of five channels, 2 channels in the visible and one
channel in each of the near infrared, the middle infrared and the thermal infrared are found to be
the best choice (Table IV). In the subset of six channels, two channels in each of the visible and
the middle infrared, one channel in each of the near infrared and the thermal infrared are found
to be the best choice. Also two channels in each of the visible and the near infrared, and one
channel in each of the middle infrared and the thermal infrared are found to be the second best
choice.
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It was found that in the subset of six channels, the thermal channel was
selected in each of the first 184 combinations and 127 combinations for the data acquired on July 16
and August 12 respectively. The thermal channel contains information about the radiant temperatures
of the targets in the wavelength region 9.3 to 11.7 um. There are found to be significant differences
in the radiant temperatures of the agricultural cover types. The radiant temperature of a plant can
be found by 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 (includin§ soil), percent
ground cover, convection coefficient and transpiration rate of the plant, etc. 8, There are found to
be differences in the values of the above variables for different agricultural cover types which
give rise to differences in their radiant temperatures. Thus, irrespective of what other five
channels are used, adding thermal channel to it usually increased the overall separability of the
agricultural cover types significantly.

It can be seen from Tables II to V that there are considerable
differences in the results obtained from the analysis of data of July 16 and August 12, However, it
is encouraging to find that the best combinations (best combination defined as the one with highest
value of p) of two to six wavelength regions are the same for the data of July 16 as well as August
12, It means that although the analysis was done for the data acquired at two (July 16 and August 12)
times, the results obtained from this analysis may be applicable to the data acquired at some other
times of the year.

In conclusion, it should be said that determining which combinations of
one, two, ..., eleven spectral channels out of twelve available spectral channels give greatest
overall statistical separability of the agricultural cover types is a complex problem because
statistical separability in any given combination of spectral channels depends upon 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, field boundaries to be selected, etc.)
involved, environmental variables, plant variables, soil variables, etc.l8, However, determining
which combinations of one through six wavelength regions give greatest overall statistical
separability of the agricultural cover types is a relatively less complex problem (Table IV).It
should be pointed out, although the flightlines analysed had considerably different characteristics
than the flightline analysed by Coggeshall and Hoffer/ (Secs. II & III), many of the conclusions
presented in this paper are the same as obtained by them. It means that although the analysis was
done for three flightlines, the results obtained from this analysis may well be applicable to other
flightlines having considerably different characteristics than these three flightlines. The overall
statistical separability of the agricultural cover types was found to be greater for the data of
August 12 than the data of July 16 (Table II).
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and Dr. P. H, Swain of LARS (Laboratory for Applications of Remote Sensing), Purdue University. We
also wish to thank Mr. L. A. Bartolucci and Mr. T. Builta for their assistance with this work. We
are deeply indebted to Dr. Fernando de Mendonga, General Director of Brazilian Institute for
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TABLE I Wavelength Bands of the Spectral Channels

Channel No. Wavelength Band Wavelength Region
(Micrometers)

1 0.46 — 0.49 visible

2 0.48 - 0.51 visible

3 0.50 - 0.54 visible

4 0.52 - 0.57 visible

5 0.54 = 0.60 visible

6 0.58 - 0.65 visible

7 0.61 - 0.70 visible

8 0.72 = 0.92 near infrared

9 1.00 - 1.40 near infrared
10 1.50 - 1.80 middle infrared
11 2.00 - 2.60 middle infrared
12 9.30 -11.70 thermal infrared
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TABLE IIT Frequency of Selection of Each Channel

(A) Data Acquired: July 16, 1971
Number of Times the Channel is Selected Out of First
Channel  Forty comb- Hundred comb- 150 comb- 200 comb-

Number inations of inations of inations of inations of
three channels four channels five channels six channels

1 2 18 38 61
2 6 26 51 84
3 4 17 31 59
4 6 32 58 93
5 3 14 31 65
6 10 28 59 9L
7 24 49 84 143
8 4 27 44 74
9 10 33 58 92
10 13 41 72 111
11 16 46 82 131
12 20 78 145 196

(B) Data Acquired: August 12, 1971

1 1 9 20 49
2 6 20 45 72
3 6 21 41 68
4 11 46 82 117
5 7 24 38 70
6 5 13 38 S
7 9 26 57 89
8 18 48 80 125
9 5 34 56 100
10 11 37 79 124
13 17 51 100 152
12 24 69 119 1157

Note: The combin?tions of channels were selected in the descending

order of DTAVG and DTAVG for the data acquired on July 16

and August 12 respectively ( see eq. (5) ).
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TABLE IV Frequency of Selection of Various Combinations of Wavelength Regions

(A) Data Acquired: July 16, 1971

Note: The combinations of channels were selected in the descending order of
=1
DTAVG (see eqs.(5) & (6) ).

Subset of 3 channels p value Subset of 5 channels p value
M 0,71 VVNMT 0.74
VNT 0.50 VVVMT 0.61
VVM 0.31 VVMMT 0.52
VNM 0.25 VNMMT 0.52
VVT 0.19 VNNMT 0.42

VVVNT 0.23
VVNMM 0.05
VVVNM 0.02

Subset of 4 channels p value Subset of 6 channels p value
VNMT 0.89 VVNMMT 0.73
VVMT 0.76 VVNNMT 0.59
VMMT 0.57 VVVVMT 0.57
VeV NUT 0.38 VYVNMT 0.56
VNNT 0.28 VVVMMT 0.51
VVNM 0.20 VYNV NNT 0.08
VVVM 0.07 VVVNMM 0.06

(B) Data Acquired: August 12, 1971

Note: The combinations of channels were selected in the descending order of

B%AVG ( see eqs. (5) & (6) ).

Subset of 3 channels p value Subset of 5 channels p value
VMT 0.93 VVNMT 0.78
VNT 0.71 VNNMT 0.64
VNM 0.43 VNMMT 05,57
VVM c.07 VYVVMMT 0.43
VVDN 0.05 VVVMT 0.39

VVNMM 0.31
VNNMM 0.14
VVNNM 0.09
VVVNM 0.09
VVVNT 0.04
VVNMT 0.03

Subset of 4 channels p value Subset of 6 channels p value
Va7 1.00 VVNMMT 0.88
VNNT Q.57 VVNNMT 0.71
Yyviuz 0.48 VNNMMT 0.57
ViV N T 0.38 VVVNMT n.56
yamru 0.36 VVVMMT 0.46
VMMT 0.29 VVVNMM 0.24
VAV N M 0.27 VVNNMM 0.X9
VHENY 0.07 VVVNNT 011
VVMM 0.05 VVVVUVMT 0.10

VVVNNM 0.06

V, N, M and T denote visible, near infrared, middle infyared and therma¥ infrared
wavelength regions respectively (see Table I),. P va}ue is calculated using €q.(8)
from about first 1/5th of the all possible combinations of r (r= 3,4,5 and 6)
spectral channels out of available 12 spectral channels.
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