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Section |
INTRODUCTION

As more sophisticated space vehicles and orbiting space stations are de-—
veloped, onboard data processing and conditioning becomes an imperative system
design consideration. The outputs from hundreds or thousands of various sensors
in advanced mission payloads are fast exceeding the capacity of avallable and
near—real-time communication systems. In particular, the airborne sensors for
earth resources and advanced surveillance have larger amounts of data output

as re¢uirements increase for greater area coverage and resolution.

Remote sensing of the earth's resources and environment from airborne and
satellite-borne sensors is becoming one of the most significant and immedi-
ate applications of the developed space technology to the whole world. The
entire spectrum of remote sensing technology will cover sensor design, ground
truth study, atmospheric physics, data handling, and data analysis. This study

is concerned with data analysis only.

The purpose of data analysis in remote sensing problems is to assess or
identify some desired characteristics of the sensor's targets through analysis
of multispectral (or multimage) data collected by the sensors. These character-
istics may be surface temperature, humidity of the ground, salinity of the
ocean, or classifications among different crops and soils. Different applica-
tions mainly require different sensors designed to operate at different ranges
of the electromagnetic spectrum, while the methods of data analysis are quite
similar in principle. Therefore, it is not necessary to specify any particular

applications in order te discuss the data analysis techmniques.

Since these techniques are teo be used for identifying desired character-
istics from some given data measurement, they are really within the region of
pattern recognition problems. These problems have a long history of develop-
ments especially in the field of experimental psychology, neurophysiology of

the visual system, and automatic machine character recognition.
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Handling and processing of the vast amount of data, which are usually ran-
dom processes, will require compression of the data to smaller quantities of
more meaningful parameters. These parameters should characterize the physical
phenomena recorded by the various sensors and usually include the mean wvalue,
first few orders of central moment, correlation functions, spectral density
functions, probability density fuanction, and associated error functions with
respect to each evaluated parameter. To handle many sensor outputs simulta-
aneously would require multi-channel data processing. TFurther, to perform
the data processing in a continuous and near-real-time basis, on-line sequential

techniques are necessary.

Statistical methods for the analysis of aircraft survey data are being
developed by the University of Michigan, Purdue University, and the University
of Kansas. All these methods require human intervention to select homogeneous
training areas on the ground. Spectroscopic reference signatures are then
computed for each training set and all other resolution elements are classified
by matching them with all the reference signatures. The University of Michigan
uses the correlation computation for the match, i.e., by computing the corre-
lation coefficients between the sample spectrum and the various reference spectra
(ref. 1). Purdue University uses more complex Bayesian statistical decision
methods for classification (ref. 2). The University of Kansas uses even more
complex clustering techniques which employ both measurement space and spatial

clustering (ref. 3).

Our classification differs from the above techniques in using methods of
change analysis for the classification of resolution elements. Human inter-
ventions for the selection of training areas and reference spectra are not
needed. The strip map of an electromechanical scanner is subdivided into

inventory areas whose resclution eleméents are homogeneous.

Statistical methods for data flow compression and signature enhancement
are being developed to improve the utilization of remote earth observations
from aircrafts and spacecrafts. The objectives of our present research
program are to extend the automatic data flow compression and signature
enhancement that has previously been developed for earth based sensors to

flight systems.

1-2
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Section II presents analytical consideration and mathematical algorithms
for automatic analysis of multispectral data. Section IT1 describes in detail
the computer programs developed based on mathematical algorithms presented
above. The application of these computer programs fo some actual remote
senging data by the University of Michigan multispectral scanner from a air-
craft over some agricultural fields dis presented in Section IV, Finally,

the summary and conclusions are given in Section V.

1-3
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Section Il
ANALYTICAL CONSIDERATIONS AND ALGORITHMS

2.1 INTRODUCTION

Analytical considerations and the corresponding classification algorithms
for multispectral data sequences are presented in this section. In order to
have a better understanding of the overall problem invelved, a survey of pattern
recognition problems will be given first. This will be followed by (a) statis-
tical analysis of feature characteristies, (b) statistical test for inventory
boundary, {(c) boundary enhancement by area smoothing and differentiatiom, and
(d) similarity criteria between different populations. An overall functional

block diagram of the data analvsis is shown in Figure 2-1.. .

2.2 PATTERN RECOGNITION PROBLEMS — A BRIiEF SURVEY

Pattern recognition techniques are methods for making decisions based on
statistical testing. The purpose is to identify a specified pattern from a
set of given input measurement or to classify a given input to one of several
prescribed categories. The input measurement is usually composed of a set of
N numbers of ordered entries (or components) ¥y 4 =1,2, . .,N), which may be
considered as a feature vector X in N - dimensional feature space. The pattern
recognition technique is to be used to classify X to one of M categories Cj,
i=1, 2, . . .M, based on some criterion of similarity between the input

feature and the given patterns,

The first important step in any pattern recognition problem is to know the
characteristics of the feature vector from a sufficiently large ensemble of
presentative samples of every possible category.C;. The necessity of this step
is obvious, since, without knowing the characteristic or invariants associated
with every pattern category, there is simply no ratiomal basis for identifying
them. Some variations in the characteristics of the feature vector always
exist and some uncontrollable factors further introduce errors in the measure-
ment of the feature vector. Hence, the logical way to analyze the feature

chardcteristics is by statistical methods. This will require evaluating the

2-1
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mean, rms, probability density of each component, covariance matrix among any
two pair of components, etc,, from the set of representative samples (usually,
called a training set). From these parameters and quantities evaluated, some
statistical models may be formulated. These models, expressed in functional
form, may replace those often lengthy and volumous numerical values of the
feature characteristics, Some particular statistical models such as Gaussian
distribution permit simplification in the latter steps involved in the pattern

recognition.

The statistical theory states that if every component of a given feature
vector is equally important, then the probability of success for recognizing
a certain pattern will increase with the number of the components employed. If
every ccmponent is not equally important, then the probability of success will
depend not only on the number of components employed, but also on their relative
importance. Further, a complete statistical description of an ensemble of
samples require very large numbers of components to be measured from each
sample. It is both impractical and undesirable to do so. This consideration
brings out the second important step in pattern recognition, namely, the
problem of feature selection. A rationale for feature selection may be stated
as follows: '"Given the desired accuracy, we want to find the optimum group
(or groups) of a predetermined number of components from the feature space so
that the probability of error oxr misrecognition be 2 minimum.” Actually, the
optimum feature selection depends on the error criterion chesen, feature

characteristics, and algorithms for classification.

Assume one has been given the optimum set of measurement vectors, the
next step in pattern recognition is to devise some rule by which te classify
any given feature measurement into one of several pattern categories. So this
is the classification problem. One of the simplest classification methods is
to compare the relative distance between the point (in feature space) to be
classified to every representative mean point of available pattern categories.
The category with the shortest distance to the point under consideration will
be assigned as the recognized pattern. Such a simple classificaticn method is,
however, quite limited. For example, there may be a situation where making

a wrong classification on some pattern categories is more costly than others.

2-3
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Under such a situation, we want to weigh differently on different pattern
categories according to their relative importance. Many more sophisticated
classification methods have been developed based on testing hypotheses in
statistical inference theory. One of the most powerful methods is the maximum

likelihood ratio test.

In summary, a pattern recognition system consists of three interrelated
aspects: feature characteristics analysis, feature selection, and classification
algorithms. Each of these aspects will be described in more detail in the
following sections including corresponding pertinent bibliographies. A

hierarchy of the pattern recognition program is shown in Figure 2-2.

2.2,1 Feature Characteristics Analysis

Because the feature measurement taken in natural situations always involve
some infiluence by the enviromment, and because some variations also exist in
most pattern categories, the logical way to assess the characteristics of the
feature vector Wl%l be the statistical analysis. More specifically, since the
feature vector is of multiple components, a multivariate analysis will be needed.
There are many different statistical methods to describe the feature character-
istics in the feature space such as joint probability density, correlation
function, spectral density, and characteristic function (which is the Fourier
transform of the probability demsity), just to name a few. In general practice
and for simplicity, however, it usually takes some combination of these different
types of statistical descriptions in their respective lowest order. 1In other
words, one will usually evaluate at least the following cquantities from the
representative set of available samples:

& Mean vector, which is the ordered mean values of the feature components
denoted by p = (ul, My» ...uN).

e Correlation mairix, which is a matrix of mean products of any two pair
of feature components, denoted by Rij'

e Covariance matrix, which is a matrix of mean products of any two pair
of feature components subtracted by their respective mean values,
denoted by C, ..

1]

e Univariate histogram, which is the probability density of a single

feature component,

2-4
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From the above evaluated parameters and functions some analytical models

or approximation of the feature space of the pattern categories may be induced.

When the multivariate Gaussian distribution is made, the ensuing analysis
on feature selection and classification algorithms can be greatly simplified,
This is also the reason why so many approaches developed for pattern recogni-
tion system employ this particular distribution (or model).

2,2.2 Feature Selection

Not every component of the feature vector (or the set of measurement) are
equally important for classification. Obviously, those components peculiar
to pattern categories are of primary importance. It is also desirable to use
as few components as possible to achieve the prefixed accuracy of successful
recognition. These two facts suggest the need for an objective study of select-
ing the feature components. The feature selection is closely related to the

performance of pattern classification.

Generally speaking, the more featuré components used, the higher the
probability of successful recognition. So, the problem of feature selection
might be more rigorously stated as follows: out of a given physically access-
ible or available set of feature components, to select an optimum subset of a
prescribed number of feature components such that the probability of successful
recognition is maximized. By this definition, the feature selection problem
must be analyzed with respect to a particular descision process for pattern
recognition. However, this logical approach for feature selection is very
complicated. Therefore, several existing methods for the feature selection
adopt different approaches based on various measures of effectiveness in the

choice of components.

One approach is to employ a measure of distance between any two (arbitrary)
probability density of pattern categories (ref. 4). This measure is called
"divergence", which is defined as the difference between two expected values
of the likelihood ratios. The second approach uses the idea of entropy or
average information (ref. 5) as criterion for feature selection. This approach
calculates a statistic obtained over a large sample set to yield a measure of

goodness for the feature component, which can be considered as the mutual

2-6



NORTHROP TR-860

HUNTSVILLE

information of the feature and the pattern classes. The third approach employs
Karhunen — Loéve expansion which does not require the a priori knowledge of the
probability density of the feature vector. The essence of the expansion is to
project the original feature vector onto a less~dimensional vector space spanned
by a set of deterministic orthonormal coordinate functioms. The expansion has
the following optimum propertieg: (1) it minimizes the mean-square error for
the truncated series of .the expansion and (2) it minimizes the entropy function

defined over the variance of the random coefficient in the expansion (ref. 5).

2.2.3 Classification Algonthms

The classification scheme in pattern recognition is to divide the feature
space into some prescribed number of subspaces, each of which will be designated
for one of the pattern categories. Different classification schemes differ
mainly in the criteria used to establish these subspaces. The separating
boundaries between these subspaces are called decision surfaces which can be
defined by a set of functions. These functions are called "discriminant func-
tions" and are so chosen that one and only one of them will give the larger
value compared to the others for all samples in a particular pattern class
(i.e., a subspace). That is, for a given feature vector to be classified,
a finite number of discriminant functions are to be evaluated with this feature
vector. The function which yields the largest wvalue will assign the input
feature vector to the pattern category for which this function is designated.
This scheme may be expressed as follows: Any given feature vector X is classi-

fied as a pattern class Ci (i=1, 2...,M), if
8; X) > gj (X) for all i # 3,

where g (i=1, 2...,M)vare the dis&riminant functions for class Ci'

The classification methods may be divided into two main groups; namely,
the parametric method and the nonparametric method. The parametric method
is more appropriate for classification when each pattern categoxry can be
characterized by a set of parameters obtained from the feature characteristics
analysis of the training set. The nonparametric method is more appropriate
when no simple realistic assumption can be made on the characteristics of the
pattern classes. These two methods are discussed in more detail in the following

paragraphs.



NORTHROP TR-860

HUNTSVILLE

The parametric method may be further divided into twe dastinct groups;
deterministic and statistical methods. The discrimination functiomns in the
deterministic methods can be either linear or nonlinear in the input feature
vector. The linear discriminant functions separate the feature space by hyper-
planes, while the nonlinear discriminant functions divide the feature space
inte curvilinear hypersurfaces. The simplest linear deterministic method
is the so-called correlation method (also called template matching). This
method evaluates the scalar product of the input feature vector with a set
of reference feature vectors, each of which represents a particular pattern
class. The feature vector will then be assigned to the particular pattern
class that yields the largest scalar product. Another linear deterministic
method is the minimum-distance method which uses the shortest distance between
the input feature vector to the set of reference pattern vectors as the

criterion.

The three common statistical classification methods are Neyman-Pearson
criterion, Bayes criterion, and minimax test. The Neyman-Pearson criterion
is the simplest of all and demands the least a pricri information. The Bayes
criterion is to minimize the average cost of misrecognition, when the priori
probability of occurences of pattern classes are known, and when the average
cost 1s a4 linear function of the absolute error probabilities. The minimax
test is a Bayes test except that the former minimizes the maximum of the
conditional cost of misrecognition. All three of these tests are optimum under
the respectilve eriteria and also use the liklihood ratio of the conditional
probability densities of the pattern classes. These methods hold for any
arbitrary distribution functions; however, great simplifications may be made

if the distribution is Gaussian.

Finally, we shall describe the nonparametric methods for pattern classi-
fication. By these methods, no parameter from the training set is evaluated
a priori, rather the discriminant function {(in the linear case) will assume

the form of

2-8
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(3=1, 2, ...,M and i=1, 2, ...,N)

where ﬁﬁ (

b

le, Wl 9 ...,WjN) are the weighting functions for the jth pattern
class. These weighting functions are to be determined by a systematic error-
correction scheme from the training set., The error-correction scheme may be

written as

W, .
J 1
This states that each new welghting function is simply the sum of the old one
plus a fixed Eraction c of the input feature vector, It has been proven
theoretically that within the finite number of error corrections, a suitable
weighting function can be obtained, provided that the training set is separahle

by hyperplanes.

In summary, the advantage of the nonparametric method i1s that no assump-
tion is needed on the feature space. However, they are applicable to those
cases where pattern classes may be separable by hyperplanes, while the

parametric method is not restricted by the separability requirement.

2.2.4 Pertinent Bibliography For Pattern Recognition

Some pertinent bibliography on the pattern recegnition technique together
with remote sensing of the earth's resources and environment will be given 1n
Appendix A. This bibliography is classified into five categories.

¢ Remote senging of the earth's resources and environment

o Pattern recognition in general

e Feature characteristics analysis

e Feature selection

® (lassification algorithms.

This bibliography is not intended to be extensive, rather it is considered

to be more informative for the reader.
2.3  STATISTICAL TEST FOR INVENTORY BOUNDARIES
2.3.1 Introduchion

Any statistical evaluation of multispectral observation requires a popu-

lation of resolution elements that are statistically alike. Such a population

2-9
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occupies a certain area of the strip map, which shall be called an inventory
area. In many cases such inventory areas are continuous in space. Typical
examples of such continuous inventory areas are clouds, snow fields, agri-
cultural fields, forests, etc. The boundary of the inventory area shall be
called inventory boundary which thus separate populations of homogeneous
resolution elements. However, all statistical properties will change whenever
an inventory boundary is crossed. Conversely, the change of statistical
properties along a scan line indicates that an inventory boundary has been

crossed.

The above considerations provide a basis for the development of sequential
and completely automatic methods for the selection of the inventory boundary.
Qur previous tests for envirommental variations (refs. 6 and 7) recognize the
change of statistical parameters with record length. Furthermore, the position
of an inventory boundary indicates a change of reflectance or thermal emission
which is not tied to any particular application. Statistical methods which
utilize inventory areas are thus applicable to crop surveys, yield surveys,
and land use investigations. Automatic detection of inventory boundaries
could thus support statistical data flow compression and sigpnature enhancement

methods that may be sued for many disciplinary applications.

2.3.2 Formulation of the Algorithm

The computer selection of inventory boundaries follows from a direct
application of accumulative error curves (refé. 6 and 7). Consider a sequence
of resolution areas, i = 1, 2,..., m, along a scan. Each of these resolution
areas is assumed to be statistically independent. Any average (—_)i from a
single resolution area then represents a statistical experiment. If all
resolution areas belong to the same inventory area, then the accumulative

average over these areas

.

1 o
O, = -m—g OF (2-1)
should become more accurate as m increases. The statistical error of such

an accumulative average should thus become smaller with increasing m.

]

2-10



NORTHROP TR-860

HUNTSVILLE

The test for inventory boundaries is now derived by monitoring the decrease
of the actual error with accumulative number m, by comparing this actual error

curve with the most probable error curve.

The actual (or sampled) error of an accumulative mean, A (—d)m, can be
computed from the deviation of the individual experiment (__)i relative to

the accumulative average over all experiments.

= 2 1 S — _ o~ |2
OO pamy L C oy - oy (2-2)

n i=1

This actual error can also be used to comnstruct a random variable; i,e, Chi-

square variable with (m-1) degree of freedom. That is
2 —_
2 m(m-1) A ( )m
x° (m-1) = (2-3)

2
g

2 . .
The value of o 1is constant as long as the resolution areas, i = 1, 2 ... m,

are statistically independent and belong to the same population. Under these

2

considerations, the probability distribution of the variable x“ is also known.

The most probable x2 {m—1) value is given by

2z (m-1) =m-3 form>4 (2-4)
X most prob.

This most probable value indicates the existance of a most probable error

2
2 3 2 m-3 2
§ = ¥~ (m~1) = —— a (2-5)
n m(m-1) most prob. m(m-1)

2 R N
The value of the unknown variance ¢ can now be estimated by fitting the shape
of the most probable error curve, ﬁm, to the actual error curve A4 (—F)m. This

curve fit is chosen such that the relative mean square variation betwzen these
two curves beecome 4 minimum. Let M denote the last accumulative number. The
above curve fit may thus be expressed by
M s () 612
) m om
z 0 2-6
) S J (2-6)

m=4 m
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Substituting §; from the previous equation and differentiating yields

M
m{m-1) Y
9 mz4 m-3 & (“mjm
g = (2-71)
% m(m~1) A (=1
) m—3 m

The actual error A Cf=)m should oscillate around the most probable error curve.

The range of oscillations 1s given by the confadence factor o6f the Chi-square

2 .. s .
¥~ distribution.

o

X1p (m-1)

N e NPT S (2-8)
Vi=T o " AT Vo

The values of Xp (m-1)/ ym=I and xl»p (m-1)/ /m-1 are listed in Table 2-1.

The above derivation is only for single channel data. It is natural to
extend the test for inventory boundary to a combination of several channels.
This extension is achieved by replacing the random variable (defined by
equation (2-6)) for a single channel by the generalized random variable of
combining L number of channels.

2

/ AT (T
% (m-1) = E‘%i ) 5T (2-9)
L A=1 UK
Selected
Channels

Inventory boundaries for a combination of L channels are then derived by

testing the following confidence interval.

) ,

Xq_. (m=1) AT () x. (m=1)

e EREPI E S et hl (2~10)
Ya=T - L ol N / m v |

Selected channels

The derivation of this extended test is exactly analogous to the derivation

for the single chammnel,

2-12
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Table 2-1. CONFIDENCE FACTORS FOR INVENTORY BOUNDARIES
xp(m-1 )//m-1

M p=0.005 p=0.01 p=0.10 p=0.90 p=0.99 p=0.995
3 1.985 1.821 1.17 .01 0.032 0.000
4 1.880 1.752 1.24 .08 0.082 0.058

5 1.789 1.68] 1.25 12 0.170 0.134
6 1.726 1.631 1.25 46 0.244 0.203
7 1.668 1.586 1.24 52 0.304 0.262
8 1.626 1.549 1.23 .56 0.353 0.311

9 1.593 1.521 1.22 .60 0.394 0.352
10 1.563 1.494 1.22 Y 0.428 0.386
11 1.536 1.473 1.21 .65 0.457 0.416
13 1.494 1.435 1.20 .68 0.504 0.465
15 1.459 1.407 1.1¢ .71 0.542 G.505
17 1.432 1.383 1.18 .73 0.572 0.536
19 1.408 1.362 1.17 .75 0.597 0.563
21 1.389 1.345 1.17 .77 0.618 0.585
26 1.351 1.31{ 1.15 .79 0.660 0.629
31 1.320 1.286 1.13 .8} 0.690 0.661
62 1.253 1.214 1.10 .87 0.768 0.755
m-+ e 1 1 ] 1 i ]

FTNASLNNAH

dOHHIHON

098-¥L



NORTHROP TR-860

HUNTSVILLE

The above formulation is discussed for a cne-dimensional data sequence.
Actually, it is applicable equally well for 2-dimensional data sequences such
as data from a strip map. The above algorithm may be employed to detect the

inventory boundaries in two directions, simultaneously.

2.4 BOUNDARY ENHANCEMENT ALGORITHM

Another method for inventory boundary detection - boundary enhancement
method - will now be presented. Basically, the idea of the boundary enhancement
is to precondition the two-dimensional array of origiral data by converting the
difference between adjacent samples into the corresponding absolute value or
by taking the square of the difference. Since, at the boundary between any
two homogeneous regions, one expects larger differences in the data difference,

the method of the boundary enhancement will accentuate the existing boundary.

Let the 2-dimensional multispectral data sequence be denoted by x{(i,j,k),
where 1 and j represent the scan line and the sample number along a scan line,
respectively, while k stands for the channel number for each data sample.
Further let
=1, 2, ..., M
=1, 2, c00y J
=1, 2, ..., K

ot

The 2-dimensional moving average, which serves as a smoothing operator, is
defined by

1 N N
y(1,3,k) = —>-— ]} =(#i', §Hi, k)
(2MN+1)" i'=-N j'=-N
where a(2M+1) x (2N+1) array of given data samples have been averaged. ‘This

operation is illustrated in Figure 2-3.
Two types of the boundary enhancement have been used. The first type is

based on taking the square of the difference of adjacent samples after the

2-dimensional averages. Specifically, it is defined as

2-14
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-
oA 6% L A 2-DIMENSIONAL
FLIGHT  § [ MOVING AVERAGE
DIRECTION OPERATOR

.,
0 T
Pl s

ONE RESOLUTION ELEMENT

Figure 2-3. ILLUSTRATION OF 2-DIMENSIONAL MOVING AVERAGE OVER TARGET SCENES
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y(i,j-d,k) 17

Zl(i,j,k) = {y(i,j,k)

. . .. 2
+ [y(i,j.k) - y(i,j+d,k)]

+ Iy(i,3,k) - yi-d,i,k1°

+ [y(i,1,k) - y(i+d, ,k01°

The second type is the same as the first type except replacing the squaring

operation by taking the absoclute value of difference. That is

zz(i:jsk) = |Y(l,j,k) - Y(i,j‘d,k)l

+ |y(i,i,k) - y(d,j+d, k)]
+ |y(1,3,k) - y(i-d,3,k) |
+ Iy(isj ,k) - Y(i'l"d,jsk)!

where d denotes the number of samples skipped in calculating the_finite
difference and it can be any positive integer., This operation is illustrated

in Figure 2-4.

The new sample sequence Zl(i,j,k) or Zz(i,j,k) is enhanced data in the
sense that their values have been magnified if they happen to locate close to

inventory boundaries as illustrated in Figure 2-5.

In order to find a systematic and automatic selection of the inventory

boundaries based on these enhanced data, the mean value z {k), mean

1,2
2(k) must be calculated
>

square value 22 (k), and the standard deviation S

1,2 1
for each chamnel over the entire 2-dimensional sample sequence as follows.

(k) = &=

| 10y

Al,i L 21’2(1,3,k)
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OPERATOR

X |*~—~ BOUNDARY ENHANCEMENT

0

FLIGHT
DIRECTION

ONE RESOLUTION ELEMENT

TLLUSTRATION OF ENHANCING DATA ARQUND INVENTORY BOUNDARIES

Figure 2-4,
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Figure 2-5. TILLUSTRATION OF INVENTORY BOUNDARY ENHANCEMENT
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M J
-2 1 2
Zo L (K) === ] I ozf (1,3,k)
1,2 M3 L 521 1,2
=2 =2 - 2
51000 = 7,00 - @y )

The threshold value, T, for determining the inventory boundary is then defined

by

T(k) = El,zck) +a §1,2(k)

where a is some arbitrary constant. If the enhanced data sample

Z(1,3,k) > T (k)

for at least one channel, then that sample will be considered to locate on or
close to the inventory boundary. On the other hand, if Z(di,j,k) < T(k) for all

k, then the sample is not considered on the inventory boundary.

In the above discussion, the 2-dimensional moving average and boundary
enhancement have been treated as two independent operations. That is, any
given data will be processed by the moving average first and then use the out—
put data to be processed by the boundary enhancement. Actually, these two
operations may be combined into one. Further, in many applications one needs
only to use d=1 or 2. The algorithm to accomplish these required operations

simultaneously is given below. )
Z.{i,j,k) = Wz(' ik) + Wz(' ik
1 (1.3.k) = W ld,1, 5 (L,3,5k)
2., . 2., .
+ w3(1,3,k) + Wa(l,j,k)
and

Zz(i,j,k) = IWl(i,j,k)l + |W2(i,j,k)|

[RCIERSY I PRCIPREY

4

Here, the expressions in the right hand side of the equations for d=1 and d=2,

respectively, are defined as follows.
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For d=1:
N
N
Wyp(sdsl) = F w(iN, 5457, k)
) §'=-N
N
W (1,3,k) = ) (—x(i+i',j=N-1, k) + x(i+i',34N,k)]
i7=-N
N

For d

TR—-860

W,(1,3,k) = 3o [x(iH',§N,k) - x(i+i',jHHLK) ]

1'=-N

N
Wy, (.3, = J x(i#, 3+, k)

=

W, ,(1,3,k) =j-'-£"N x (1441, 345 ', k)

W3(i,j,k) = W31(i,j,k) +-W32(i,j,k)
=23

x(1-N-2,3+1",k)

W (isJ sk) = -
31 N

2 1

J

I 12

N
- 7 x(i-N-1,3+i',k)
jr=-n

W, (8,3,50

N
whl(i,j,k) = 'Z x(i-N-1,3+5,k)
j'=N

N

W, (1,3,k) = ) x(d-N,j+i',k)
42 s1E
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N
W, (d,5,k) = b [~x(i+i',§-N-2,k) - x(di+i',j-N-1,k)

i'=-N
+ x(d4+17,§40,k) + x(d+1", #N4+L,K) ]
N
Wy(i,3,k) = §  [x(iHL',5N-1,k) + x({+1",3-N,k)
i'=-N
— x(iHL', JHHL, k) - x(EHLT, jHN+2,k) ]
N
Woo(d,3,k) = ) x(iHN,3+',k)
33 oy
i'=-N
N
W,,(1,3,k) = ]  x(iHW1, j+3',k)
34 o
j'=-N
N
W, (1,3,k) = - 7 x(iHHL, 54" ,k)
43 .
j'=-N
N
W, 1,3,k = - ) x(iHH2,i45',K)
44 iy

W3(i,j Jk) = W31(isjsk) + W32(i’j:k)

V51,30 + Wy, (1,3,

W4(i,j K) = w4l(i’j k) + W (1,3,k)

42

Care has been taken in arranging the above equations such that the input
data x(i,j,k) can be read in from magnatic tape in the most sequential manner

with respect to data storage in tape for any channel k.

25 STATISTICAL CHARACTERISTICS OF AN INVENTORY AREA

Two methods for detecting the inventory boundaries in any given target area
have been presented in subsections 2.3 and 2.4. Thus, the area was divided
into some inventory areas, each of which represents a homogeneous population.
How to describe statistically the properties or characteristics associated

with each inventory area will be discussed in the following paragraphs.
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In a two-dimensional inventory area, the multispectral data are expressed
as x(i,j,k). Here, the scan line 1 may run from IS to Ie, and for each
particular i, the sample number j may run from Js(i) to Je(i), and k represents

the channel number (or components) for each sample,

The mean vector for an inventory area is then defined by
. N Ie Je(i)
M(k) = ‘ﬁ‘ z Z x(isj sk)

i=Is j=JS(i)

where N is the total number of samples within the inventory area.

The correlation matrix of the inventory area is defined by
_ . Ie Je(l)
R(kppky) = L 1 x(d,3,ky) x(4,3,k,)

i=Is 3=JS(1)

The covariance matrix of the inventory area is defined by
B . Ie Je(i) _ _
c(kl’kz) = N z .Z . [x(isjskl) - M(k,)] [x(i,] ’k2) = M(kz)]
i=I  j=J (i)
s s
R(k;,k,) - Mi(k)) Bi(k,)
The normalized correlation matrix is defined by

R(k, k)

JRG k) Rik, k)
The normalized covariance matrix is defined by

E(kl,kz)

Cn (kl,kz) =

GGk k) Elk, k)

Finally, the univariate (first-order) probability density function is

defined by
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Number of samples whose value in kth

channel lies between Xy and x,

1
plx; < x(k) < xz} = §

More conveniently, if Xy and X, will be given in exact multiple of prescribed

inerement Ax, then the above probability demsity function may be written as

.4
p () = p[(i- Phx < x() < (+ 2) Ax]
=L Number of samples whose value in kth channel lies
N between (i-1/2) Ax and (i+1/2) Ax.

Clearly, the above quantities defined for the inventory area are just a
few of the simplest and more significant statistical features that one may

choose.

In many applications, the multivariate Gaussian distribution is a quite
realistic approximation for the multispectral data, as is also predicted by
the Central Limit theorem of the probability theory. One of the desirable
features of this distribution is because the distribution is completely deter-
mined by the mean vector and covariance matrix only. Since this distribution
occupies such a central important position in the pattern classification
problem, it is given below.

-|CCk, ,k K K
pGe(l)) = ! N . 2L §
2n* [k, k) | ky=h k7l

[C (kg sk, | [x(k)) = Mey) ] [x(ky) - M(kz)]}

where IE(kl,k,)| 1s the determinant of the mgtrix E(kl,kz) while IE*(kl,kz)[

Ls the cofactor of E(kl,kz).

Another form of the expression is

pix(k)) = L exp {-— %- [x(k) - M(k)]' C - (kl’kz)

20 |5 x| i
. [x(0) - B0
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where the prime represents the transpose and [¢ —l(kl,kz} ig the inverse of
C(kl,kz). Also

(—l)k1+k2

¢ Ttk = S
|Clky,k)) |

|C*(k1,k2)|

26  SIMILARITY CRITERIA BETWEEN INVENTORY AREAS

So far, we have formulated methods for determining inventory areas and pre-
sented a statistical description for each inventory area. The next question that
arises is how to determine the similarity or dissimilarity among those inventory
areas that do not have any common inventory boundary. In other words, we want
to know whether two inventory areas far apart belong te the same population or

not based on their statistical characteristics described in the last subsection.

There are many criteria one can choose to establish the similarity between
two inventory areas that are characterized by the given statistical discriptions,
such as mean vectors and covariance matrices. One of the most appropriate
criteria available is the so-called "divergence" measure, which can be considered
to be a dimensionless "distance" between two arbitrary multivariate probability
density functions 12 (x(k)) and pj(x(k)), for ith and jth inventory areas,
raspectively. Since the mean vector and covariance matrix can be calculated
from the probability density function, this "divergence" measure does take
into consideration all the information from the inventory areas of interest.

This measure is defined as follows {(ref. 4)

_ Pi(X(k)) ’
D{i,j) = E [ log ( W) 1 1

pi(x(k)) |

-E [ log ( E;f;fijj—‘—') 1 1

Thus, 1t is the difference between two expected values of the logarithms of the
likelihood ratios of a ramdom input sample vector x(k), (k=1,2,...K). In otherx
words, the divergence is a measure of the difficulty for discriminating between
the two given probability density functions. The divergence possesses all the

propexrties of '"distance"” or "norm" as well as several others:

2-24



NORTHROP TR-860

HUNTSVILLE

e D(i,i) 0

e D(i,i)

| v

0 for i # j.

e D(i,i) = D(j,i)

e If every component of the sample wvector is statistically independent,
then the divergence is equal to the sum of the divergences for each
component, individually, i.e.

D(x,j) = Z D, (i,3)
i k

e If one more component is added to the original sample vectors, then the
divergence for the (K+l) - dimensional sample space will never decrease,
i.e,

p(i,i | x(k)) < D(i,i | x(k), x(k+1)).

We shall now consider serval speclal cases of the divergence measure., If the
probability density function are Gaussian with the mean vector ﬁi(k) and ﬁj(k),

and covariance matrices Ei(kl,kz) and Ej(kl,kz), then the divergence becomes

D(i,j) = %— tr{[Ci (kysky) - Cj(kl’k' )1

x[C -1

= =1
5 Genky) = & k)]

(2-11)

1 = -1
to5 ot «{[c:.L (kysk,) + C (kl,k )]
CHC RS N NN OVERS (kzn'}

where tr denotes the trace, the expoment -1 denotes the inverse, and the prime

the transpose.

| -—
Further, if the covariance matrices are the same, Ci = Cj = C (kl’kZ)’ the

above expression reduces to
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C oy = -1 = =
x[{, (k,) - Mj(kz)]'} (2-12)

-1

i

[M, (k) - M.(ky)]1" C

If the components are statistically independent, then equation (2-11) can

be reduced to

2

j(k)]

K
Dmﬂ=%—z%@w—%mﬁ+[%m+c
le=1
(2-13)

x[fi, (1) - ﬁj(k)32} / [5300) 050

where oi(k) is the covariance vector which is the diagonal of the original

\ ; .th
covariance matrix for i~ inventory area.

Further, if the covariance vectors are equal, i.e., Ui(k) = Gi(k) = cz(k),

then the above expression reduces to

= - 2
M, () - ¥, ()]

~1R

D(lsj) = o1 L (2-14)
o> (k)
On the other hand, if the mean vectors are equal, then
2
‘ (05 (0) - 07 ()]

. . 1 {(2-15)
D(i,§) = —— ) 2 2

. 2 2 oy (&) Gj(k)

Finally, the ordinary Euclidean distance between two vectors is obtained
from expression (2-14) by letting cz(k) = 1, or from expression (2-12) by
letting E(kl,kz) equal to the identity matrix.

O _ 2
(1,3 = § [ - H ]
k=1
From the above various special cases, it can be seen that the divergence

measure is to very general criterion for similarity.
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Section IH
COMPUTER PROGRAMS DESCRIPTION

3.1 INTRODUCTION

Computer programs based on the algorithms discussed in the last section
have been developed for processing and analysis of multispectral data. The
purposes of these programs, their input and output formats, and the program
listing will be presented in this section. A list of these programs is as
follows:

e Tape Conversion Program

o Alphanumeric Plot Program

e Statistical Inventory EBoundary Program

¢ Boundary Enhancement Program

e Mean, Correlation, znd Covariance Program

e Piecewise Correlation and Covariance Program

e Probzbility Histogram Program

e Divergence Matrix Program

e Si-Table Program

3.2 TAPE CONVERSION PROGRAM

This program 1s devised for converting a standard FORTRAN and/or binary
tape to the standard format of input data tapes to the following programs:

e Boundary Enhancement Program

e Alphanumeric Plot Program

e Statistical Averages Program

e Piecewise Correlation and Covariance Program

e Statistical Inventory Boundary Programs

e Mean, Correlation,and Covariance Program

o Probability Histogram Program.

The outputs of the program is a FORTRAN binary or BCD tape with a control

parameter (fixed-point binary or BCD) and data sets of some specified number
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of channels (floating point binary or BGD). The data set is a 3-dimensional
array, DATA (1,j,k), with i designating the scan line number, j the same
number along each scan, and k the channel number. The control number is set
to be 1 at the end of each scan line, 2 at the end of each specified field,

and 3 at the end of each data set.

It is optiomal in this program to read a header identification record at
the start of each data set and also optional to write this on the output tape

in either BCD or FORTRAN binary of some specified length.

Because of the characteristic of most experimental data sets to contain

erroneous data samples from some undetermined origin, it becomes desirable to

replace these erroneous data samples with some data samples that best characterize

the data set. The capability to replace these erroneous data samples is optional

in the program.

The control parameters in this program are inputed as NAMELIST parameters.

The documentation on the usage of this system package is in IBM Manual C28-6390-2.

There are two major sets of NAMELIST calls in this program NAMDAT and NAMFIL.
The following is the definition of the input parameters used in NAMDAT and
NAMFIL.

NAMDAT
¢ NFILE - Number of files of data to process from the input tape.
o NWHICH - Number of the selected files to be processed.
e LTN — Logical tape number of the input tape to be reformated.
@ LTNL ~ Logical tape number of data reformated by the program.
e LTN2 - Logical tape number of output header identification record.
e NSCANS —~ Number of scan lines to be processed in this field.

o IDWORD — Number of words in the input tapes header identification
record.

e LLL - Data sample to start with from input data record in generating
the output tape.

e NBEAMS - Number of channels of data.

e IHEAD - Option to read or write a header identification record. TIHEAD
not equal zero executed,
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® IBCDH - Option to read header identification record in BCD. IBCDH # 0
header record read as BCD information. 1IBCDH = 0 read as Binary.
e IHMRT - Option to write header identification record on output tape.
IHMRT # 0C, record written.
@ ISKBIN -~ Option to determine if any files are to be skipped on input
tape to get to data file. ISKBIN = 0, no files to be skipped.
¢ IBCDW - Option to write output data tape in BCD. IBCDW # 0, tape written
in BCD., IBCDW = 0, tape written in Binary.
¢ TIDROP - Option to replace selected data samples in data set. IDROP #
0, data samples replaced,
NAMFIL
® XMFAN - Variables used to replace erronecus samples in first region of
field.
e XMEAN] - Variables used to replace erronecus samples in second region
of field.
¢ XMEAN2 - Variables used to replace dropouts in third region of field.
ISAM -~ Specifies location of regions in the data set to be replaced
by means.
e XMIN - Minimum value of each region for a field.
e XMAX - Maximum value of each region for a field.

Figure 3-1 is a flowchart of the program and the following is a listing

of the program.

3.3 ALPHANUMERIC PLOT PROGRAM

The program is devised for printing a two-dimensional alphanumeric plot

for grey-level display or classification results. The input tape can be BCD

or binary. The other input parameters are the upper and lower class limits

and desired alphanumeric symbols for each class.

Definition of Input Data:

CARD 1

(A1)

IALPHA ~ Alpha-numeric characters for printout

LLP

— Border designation.
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START

READ
NAMELIST
NAMDAT

READ
NAMELIST
NAMFIL

SKIP
SPECIFIED
NUMBER

OF FILES

READ

HEADER
IDENTIFICATION
RECORD

READ INPUT DATA TAPE
AND REFORMAT TO
DOCUMENTED VERSION

REPLACE

ERRONEQUS
INPUT
DATA

Figure 3-1. FLOWCHART FOR TAPE CONVERSION PROGRAM
3-4
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c TAPE CANVERSIGN PRAGRAM
DIMENSIZN ISAM(6)
DIMENSIBN XMEAN{1Z)sXMEANL(12) 4 XMEAN2(12)
DIMENSIZN DATA(12)

12

14

21

22

10
11

DIMENSI@N DAT{(5000) ,NWHICH{4)
DIMENSI@N RCDID(20)

DIMENSI@N DUM(12)

NAMELIST /NAMDAT/ NFILEsNWHICH,LTN,LTNLLTN2,NSCANS+IDWERD,
LLLL KKK, NCT,NBEAMS, [HEAD, IBCD,IFLD, ISUB,NA,NABNB,IBCOH,
21MRDy IMRTy IHMRT,,ISKBIN, IBCOR, IBCDW, IDRAP

NAMELIST /NAMFIL /XMEAN,XMEANL,XMEAN2,ISAMyXMIN,XMAX

[ZERZ=0
12NE=1
[TWg=2
ITHREE=3
NOUM=0

D3 4 J=1,12

DUM=0.0

READ (5,NAMDAT)
WRITE{&6,NAMDAT)

REWIND LTN

REWIND LTN1

D? 998 IAA=

1,NFILE

READ{ S5, NAMFIL)
WRITE(6,NAMFIL)

SEARCH

IF {ISKBIN.

REWIND LTN

FZR FILE T3 PRECESS
EQ.0) GA T2 11

IAR=NWHICH(IAA)=-1
IF(IABILIL,E1y12

CONTINUE

D@ L0 TAC=1,1AB
CALL SKFBIN(9,1,RD)

CANTINUE
CONTINUE

READ RECYRD ¢NE

READ HEADER

IF{IHEAD) 14,9,14

CONTINUE

IF(IBCDH.NE.O) GO T& 3§

READ (LTN)

IF{IFLD.EQ.

NCT=0
CAaLL FLC
Gz 72 &
CANTINUEL

{RCDID(1),1=1,IDWERD)
0) 6@ T2 &

(NCTyNAyNABsNB,RCDID(ISUB))

READ (LTN,1006) (RCDID(I),I=1,1DWIRD)

CINTINUE
IFITFLDJNE.
RCDIDLISUR)
RCDID(CISUB)
CONTINUE

IF (IHMRT)
CONTINUE
WRITE(LTN2)

0) Gg 7€ 21
=0.0

=NCT
22423422

(RCDID(MM)} yMM=1, IDWZRD}

3-5
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23 CENTINUE
WRITE(6,1003) (RCDID{K) K=1,IDWARD)
9 CBNTINUE

C READ INPUT DATA
NWW=NCT#*NBEAMS
D? 1 I=1,NSCANS
IF(IBCDR -NE.O) GO T2 8
CALL REDTPC(LTNyIMRDyIERR,NWsNWW,DAT)
G# T8 (50,51,50,50,51),1ERR
51 WRITE(6,1004) I
Gd T@ 999
50 CONTINUE
8 CANTINUE
LL=LLL
KK=KKK
13 CONTINUE
o REFORMAT INPUT DATA
DA 2 J=14NCT i
IF(IBCDR EQR.0) G2 T¢& 15
READ {LTN1,1005) IZs(DATA{III)},I1[f=1,NBEAMS)
NNN=1
D? 31 NN=LL KK
DAT{NN)Y=DATA{NNN)
NNN=NNN+1
31 CANTINUE
15 CONTINUE
C REPLACE ERRBNEPUS DATA SAMPLES
IF{IDREP.EQ.O0) G3 T4 160
IF (DATI{LL ) LT.XMAX AND.DATI(LL)Y.GT.XMIN) G2 T3 160
IF {J.GELISAMI1)JAND.J<LELISAM{2)) GB Tg 15C
IF (JoGFISAM(3)ANDJLELISAM{4)) GZ T2 152
IF {(J.GE.ISAM(5).AND.J.LE.ISAM(&)) GF TZ 154
GB T# 160
150 IZ=tL
D3 151 K=1,KKK
DAT{IZ)Y=XMEAN({K)}
151 IZ=17Z+1
G3 T4 160
152 1Z=LL
DJ 153 K=1,KKK
DAT(IZY=XMEANL(K}
153 17Z=17+1
Gd T8 160
154 1Z=LL
D@ 155 K=1,KKK
DAT(IZ)=XMEANZ2{K)
155 [2=1Z+1
160 CZNTINUE
IF{IBCDW +ERQ.0) G2 T2 61
WRITE{LTN2,1000) IZER@,(DATA{K}K=LLyKK)
Ga T8 64
61 CONTINUE
WRITE (LTNZ) T1ZERZ,{(DATA(K}K=LL,KK)

3-6
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64

65

63

398

67

399

200
1000
1001
1002
1003
1004
1005
1006
Loo7
1008

CONTINUE

LL=KK+1

KK=LL+NBEAMS~-1

CONTINUE
IF(1.EQ.NSCANS) G& T2 3
IF(IBCDW.EQ.Q0) G# T 65

WRITE(LTNZ,1000) TIZNE, (DUMMYTIR) JK=I NBEAMS) ~

G? 794 1
CANTINUE

WRITE(LTNZ2) IONE,y {DUMMY(K) yK=1 yNBEAMS)

CONTINUE

COANTINUE
IF{IBCDWL.EQ.0} GIJ Tg 63

WRITE{LTNZ,1000) ITWA, (DUMMY{K) yK=1,NREAMS)

63 T 998
CONTINUE

WRITE(LTN2) [TW@, (DUMMY(K) yK=1,NBEAMS)

CENTINUE
IF{IBCOW EQeD) G@ TC¢ 67

WRITE(LTN2,1000) ITHREE, {DUMMY(K) K=1,NBEAMS)

G# T3 999
CANTINUE

WRITE(LTN2)} ITHREE, {DUMMY{K)} ,K=1,NBEAMS)

CAINTINUE

END FILE LTN2
REWIND LTN

REWIND LTN1

REWIND LTN2
FARMAT(2014)
FIRMAT(11,8X412F6.3)
FARMATIIL)

FORMAT{1H1//2X, 24HINPUT RECBRDS BAD - STGP)

FARMAT{ 1Xy 12A6416,5X,2F8.4)
FARMAT(2X,y [4)
FIRMATII1,8Xy12FS5.3)
FARMAT(20A6)

FORMAT( 11y 8Xy12F8.3) )
FORMAT{1X,2110)

STaP

END

SNAMDAT
NFILE=4

NWHICH=2,8,19,12
LTN=7
LTNL=

9

ISKBIN=1
[3CDR=Q
IRCOW=1
IDRAP=1

LTN2=

11

NSCANS=27
IDWZRD=15
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LiL=1

KKK=12

NCT=167

NBEAMS=12

IHEAD=1

_IBCD=0

IFLD=0

ISUR=13

NA=19

NAB=17

NB=1

IBCHH=0

IMRD=1

IMRT=1

[HMRT=0

$END

BNAMFIL

XMEAN=1.10358,1.6092,1.13319,1.02380,1.04938,0.95541,0.77604,1.03585,
0.50232,0.63149,0.81489,0.63113

XMEAN1=20.9262891.36367+1.00306,0.95745,0.90845,0.76673,0.63609,1.03973,
0.59239y0.59394,0,39618,0.30986 o

XMEANZ2=1.27359,1.70424,1.14378,1.02141,0.94322,0.8
0.408049y0.46054,0458812,0.43592

ISAM=1,63,63,118,118,167

XMIN=0.0

XMAX=3.0

$END

$NAMFIL

XMEAN=1.50995,2.15190,1.5239441.34540,1.29378,1.15872,0.92575,1.24317,
0.6366440.68725,0.76504,0,60184

XMEAN1=0.9778441.47237,1.08407,1.01881,0.97609,0.84300,0.70877,1.13348,
0.63643,0.64560,0.44608,0.36001

XMEAN2=1.13874,1.8613941.27976,1.13856,1.03394,0.86392,0.68685,0.96813,
0.49192,0.52221,0.49081,0.38598

[SAM=1,42,42,111,111,167

XMIN=0.0

XMAX=3,0

$END

SNAMFIL

XMEAN=1.31144,1.85966,1.28023,1.13480,1.170
0¢49379040.56153,0.72571,0.54945

XMEAN1=0.9868791.46594,0.9792140.85527,0.84487,0.84443,0.60006,0.75333,
0.33964,0.5755541.18249,0.89077

XMEAN2=1.29660y 1.7487051.17140,1.05421,0.97544,0.85978,0.64281,0.89028,
0.4209140.49407+0.61681,0.46276

154M=1,39,39,108,108,167 ~ =~ 77

XMIN=0.0

XMAX=3,0

$END

SNAMEIL

XMEAN=1.00572,1.47489y1.0370140.9677590.91567+0.80819,0.63198,0.99724,
0.53899,0.56149,0,48457,0.36704 ~ ——— T T

XMEAN1=1.16048,1.5807741.05821,0.9460240.87191,0.76703,0.54934,0.78006,
0.371L71,0.4246240.53810,0.39657

[SAM=1, 111' 111’ 1671167' 167

XMIN=0.0

XMAX=3.0 i

BEND 3~8

919,0.62134,0.83949,

562,1.C0B66,0.76919,1.02518,
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CARD 2 (2F10.0)

XSKSC - Number of scan lines to skip (i.e. every other, 2, 4, etc.)

XSKFL - Number of samples to skip in scan line

CARD 3 (714)

ITERM - Set to 1 for new case.

JCNT - Skip numbering across scan line.
NFLSKC
NFLSFL

|

Option to skip data files on input tape.

Option to skip data sample in scan line.
NFLSKN ~ Option to skip scan lines.

TAP —-
TPRNT ~

0 to initialize numbering of data samples across scan line.

G for data from boundary enhancement program.
1 for raw data tapes.

o

CARD 4 (414)

N — Number of classes or intervals used.
NPTS - Number of data samples in scan line.
NCH — Number of channels used.

MSTOP -~ Total data samples used in scan line.

CARD 5 (F6.0)

XLow; - Lower limit for each channel. i = 1, NCH

CARD 6 (F6.0)
XUPP - Upper limit for each channel.

CARD 7 — Card NCH (Al)

IWAVE —~ Wave length in microns for each channel.

CARD NCH+1 (I5)

ICH — Channels used.

CARD NCH+2 - CARD N (F10.0)

XINCR - Increment size/channel for each N(card 4)

The output format is shown in Figure 3-2.

The flowchart is given in Figure 3-3 which is followed by a program

listing.

3-9
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MULTISPECTRAL SCANNER DATA 2 X2

_CHANNEL 1 L SYMBBL INTERVAL
WAVE LENGTH (MICRBNS) 0.40 = Q.44 0.50 - 0.65
— - L .0-65 - 0,80
2 0.80 - 0.95
—— 3 0.95- 1,10
4 1.10 = 1.2%
- 5 1.25 = 1.40 .
6 1.40 = 1.55
7. . 155 - .70
8 la70 - 1.85
g 1.85 - 2.00
a 2415 =
TLREPS T C5-17,5-22,5-545-8, RLTITUDE =Z000 Fr. DATE RECBRDED 6730766

111111111122222222223333333333444444444455555555556666666666TTTTTTTT170888
12345678901234547890123456T89012345678901234567890123456T89012345678901234567890123
ERNERRRRL S A S E R L kR EE RN EERFRER DL SRR RS R RE RN R E LSRR R R RS SRR ERS TR R XNk kkk kK
1 ¥5555555566695555565050945554400444544433344333333334133344334445565665665666766677167
*¥555455555655556555555445555444433334334343333333333333333343456555565566666666666566
*55544555566555455555554555543434443433333333333333343333333345555555555666666666666
#55545555666555555455544455544343443333333333333234343333333345556555565566666666666
*55555555555555555554554455534443334434333334343333333333333345555556655655666666766
*$5554556555555555555555455554444444433334343634343433433343334555655656566666656T666
T %5554550956554454500445004405433434443343333433333333443333333455555656655656665666666
*55555555655545555555544445534444433333333434343343434333333345556555666666666666667
*5555555565555655555544445558434443434347353343333383843334435556555556665666T6666TTT
10 #555555555554454555545544555444444448433333444333334443433433455665555555666566666666
11 *5555555555554545555554544553433443344433333%3433333333333333345556566566666666666666
12 ¥55545555555454445445644445534344444443333333433333443333333345555556556565666666766
T 445454454 % 43333333335555545555566666666665
14 *776888588BB88B8TTT7TTB844554454444444444434433334343444445TT6TTTTTTITTITTITITTIT66656555
15 #7788 7TTTBBTTIBBTTITETRG 64444434043 333344333330443433334560660T6T6T6TTETI 1166655555
16 *7778778787BBBBBTTTETTB44545544444444444344333343344344445667766666766T6667666655555
1Y #7718 1888 TTTTITEATITIB4445544444048334443433343445834536346TT16666T666T7TT6T76T66555555
18 *T7778878TIBYTITBTITITOT846464044444344443443333334333343334667T7T7666T66666THTH66555545
X GLEI666T6TTTIGTTT 1666555555
20 *7TBTIBTITITITITITITTO84440444344343444343334333343333343566666666666T7T6T66T66555545
21 * TP I T I T TTBTETTh Taa it hab TR45 385444 34333333842 333333466065656TTT66TH666666555544
22 *TTB78T788TTTBTBATITTTB4445444444333444443333333333313444466666766666666666666554545
23 *788888T 8T T I T I8 TITIO T T444640G4Ra8kkasi 34333383303 T34434046066666T6TTTTT666666655545
24 *T78BBBTHT6TTITATBTET66T4404404446443446444434334333433343333346666666666666T666666555555
* R GBLR ALk AR aaa3Rn 833333344 34RAGA6666T00TI6T6TIOOL6L654554A5
26 ®TTTT8BT8TTBTIBRTITTITOT TAhhehArl34433354443334433333433433445560066666T7665666656545544
27 #7066 7T TTH66666566065605544%404404843430 348 4 3R 444333 3445555668566666565866T6686666
28 *666T666T666566556554564444344433333434444433434434343444556665665556556586666666566
29 *6b665766660656556666056604558444343348454088443333334638453455665656655656655677665665
30 #67666TTTTE665555T5540664440848444044434343243443444454434555655566566666666TTTEH6665
665656656505666655566
32 *6666T6756665665656656644453144444434444544503344434434343566656565666656656566665655
33 ¥E666ETTE565556060565064444448R443 4834443 T4433 333343 3RIARAETSRL56005665665576666656866
34 *66666TTOTTEH666665T656544404540454334444443333444436444445566666656666656566T76667566
35 K5 TV TEETTTEh565556b655544A0LahARGGAs 143344535 834300443433556565565668556668666T66666546
36 *66655T6666666656665466444544444333444344434633334433333444656655566656666666TT767T655
43 AR IR AR AR A SRS 65 T6055656566566666T66665
38 *6T656TT666666666665566544544484434430204844431444434443345566655566666656666T6665655
T T3 VEhhh66TT6656656666056544504 808 34R Y IRINAILITLIICIING IRA4IR556066856655566686T 16616666
40 *44445444333433333232222332333333322336545554566666666656665T6566456556Th%4344444344
TR *A&44555333333333333332322233232233 3335545555 5665565 60655665 165655565550 A 44 4RaasA33
52 %4444554334333333332323333333333323334444545566666666666666666666555666T454348444454
43 *4444453333332322223232222323223323333544454546565566665566TT6595556555T443444433333
&4 ¥444454343333333232333232223323233333364445455556565656666T7666555%566566634440445434
45 *4£455554343333333323333323233333333333554455566665666655666666655556606844444408464445
&5 *¥454555433323233333333332323332322333345444555656565655666667T666655665584% 4444bsbakd
47 #6454554334333333332332222233323333333554555455665566665566866665556565T4%4446444433
48 *4545554433333333333333333333333233333444554555556666666566666565556566B45444444644543
4% *44555544333333433323334223233333333334545565565565666656666T6665555666T444400084440444
50 *4554554433333332233232332332333333333345455465566555556665556676555565667484444333444

51 #455556443343333333334333332333333333345455555666556665666666666656566567554440004644
S2 *55555643333333333323434332333333333335545555656555566665565666555555566T545444444443

Figure 3-2. MULTISPECTRAL SCANNER DATA 2 X 2

fl
O W

- R
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SUBROUTINE ILABEL

YES

NUMBER
DATA PTS.
ACROSS
SCAN

RETURN

IRPUT:
ALPHA-
NUMERIC
CHARACTERS

XSKsSC

ITERM, ICHT,
JCNT, NFLSKC
KFLSFL,

HFLSKN, IAP

XSKFL -

YES

INPUT
PARAMETERS

1

CALC,
THCREMENT
SEZE FOR

NCH CHANNELS

o
HRFLSKN = 0
YES

READ

=81 NCH DATA

DATA

PROCESS
PTS.

Figure 3-3,

3-11
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aate
¢ .

!

ALPHANUMERIC PLOT PROGRAN

DIMENSTON TALPHA[13,201,XLOW{137,XUPPI13),XXLONI13]1,DATAL170])
DIMENSION TARAY[170),XDUMIL13],IALP(170),JARAYL108,60]) _
DIMENSION IDATATL57,XINCRI13,201,1CH{18],XDUNI13], IWAVE(L3,13]
IN=5

IN1=9

. 1ouT=6

"DO 299 L= 1,13

READ[IN,99) CIALPHALL,1).1%3,20),LLP

S 299

3040

CONTINUE
CONTINUE

c
c
c

READ{IN,114] XSKSC,XSKFL
_READIIN,100) ITERMsJONT,NFLSKC,NFLSFLsNFLSKN, IAP. JPRNT
IF{NFLSKC,EQ,0] GO 'TO 1001

""NFLSKC GREATER THAN 0 -=- SKIP FILES

1000

10031 CONTINUE

DO 1000 1s51sNFLSKC

CALL SKFBIN{INI,1,RD}
CONTINUE

READ[IN,100) N.NPTS,NCH, MSTOP
READ[IN, 1161 [XLOW(I),1e1,NCH]

1002 CONTINUE

READIIN,116) [XUPP[I],1=1,NCH]
DO 1002 L=1,NCH
READLIN,99] TIWAVE(L,13,121,13)

READIIN,1157 [ICHII).131,NCH)
NUMB=N

_READIIN,114) IXINCRIL,IJ,¥=a4,NUMB)

DO 680 L=1,NCH

DO 600 J=1,NUMB
XINCRIL,JIZXUPPILI/XINCREL,J]
XXLOW(LYsXLOWEL)

CONTINUE

- — e —— = ey —— —

XN=N

IFLSKN=0 -
ISCAN=D

L=0 N -
NCALL=1

INDEX=0D

Na mr L ST ———r———r———— g —

NSTART=1
NSIOP=MSTOP
JPASS=1
WRITELIOUT.110])
WRITELIOUT,202)
WRITELIDUT,106]

. LONTINUE

WRITELIOUT,111)
MSKFL=XSKFL ___
MPTS=NPTS/MSKFL#+2
DO 1 I=S1,MPTS
IALP{I}=LLP

P e ime b e -
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c e e — )
c CALCULATE AND PRINT INTERVALS FOR EACH CHANNEL
c

T KK=N+t

DO 309 L=1,NCH
IF{ICHIL],EQ,0] GO TO 309
WRITE[IOUT,103] ICHIL)
DO 2_1=1,KK
IF[1.EQ.4) GO TO 9
_ IF[1.EG,2) GO TO 3 - o
4 WRITEIIOUT,105] TALPHALL,II,XDWNIL),XUPPIL]
60 .10 31 i _
9 WRITELIOUT,112)] [IWAVEIL,K),K=1,13), TALPHAL{L, 1)}, XLOWIL]

3 WRITELIQUT 1051 TALPHATL» 1) XLOWIL Y, XUPPIL]
31 CONTINUE .
XDUNILI=XLOWILI+XINCRIL, I»1]

32 CONTINUE
XUPPILI=XLOWILI*»XINCRIL,1}

2 CONTINUE
ZUPP=XLOWILI*XINCR(L s NUMB]
WRITE!IOUT,105] IALPHALL,N»2),ZUPP

WRITELIOUT,106]
30% CONTINUE
IF[{IPRNT,GT,0] GO TO 315
WRITEIIOUT,1410]
WRITELIOUT,102)
WRITE[IOUT,341]
WRITELIIOUT,118]
DO 310 L=1,NGH e
IFLICHIL]),.EQ,0] GO TO 310 D
- WRITE[IOQUT»149) ICHELISLIWAVEIL,K),K=21,13)
310 CONTINUE
e _LZaKK#] . — I
LL=1
WRITELIQUT,406])
WRITELIOUT»120) [TALPHALLL,I1,191,L2])
... HRITELIQUT,i06]
315 CONTINUE
NSTRT1=1

NSTOP1=NPTS
e CALL ILABELIMSTOP,NCALL,NPTS, JONT,10UT] —_
WRITELIQUT,106]
e . WRITELIOUT,108) [IALPIT},I131,MPTS)

C ;
RS S INUM COUNTS _SCAN L INES — e
€
INUM=0

5 CONTINUE
G. .- e o —
C SKIP SCAN LINES
c

401 IFLSKN=IFLSKN#1
INUM= INUM+1
IFINFLSKN,EQ.0) GO TO 205
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_SM=8S/XSKSC

SS=IFLSKN

MS=SS/XSKSC
_SS=MS_
SM=SH=SS

1F{SM,E0,0,0) GO TO 205

400 CONTINUE

DO 400 I=sNSTART,NSTOP
READUINI] ICHEK,[DATA[J]),Jei,NCH]) _

IF{ICHEK,EQ,3] GO TO 210

READ[INL) ICHEK, (DATA[J],J=i,NCH]
IF[IGHEK,EQ,3) GO TO 210

v B

20%

7

GO TO 401
_CONTINUE
KKSNUMB+1
.M=20

START PROCESSING ONE SCAN LINE

DO _98 I=NSTART,NSTOP __ . )
READ[IN1]) IGHEK, (DATA[J),J=1,NCH]
_1ELICHEK,EG,3) GO TO 210
IFINFLSFL,EQ,0] GO TO 403
SRR

. 403 CONTINUE

SMeSS/XSKFL.
MSESS/XSKEL, . .. .
SS=MS
SM=SM~=§S -
IF{SM.NE,0,0] GO TO 90

S Q

M=Mai o
NNX=0 . .

e CLASSIFY DATA SAMPLES |

DO 500 Js1,KK e

NNX=NNX+1

DO 501. L=1,NCH et e - .
IFLICHIL},EQ,0) GO TO 501

IF(DATATLY.GT XXLOWILI+XINCRI(L,NUMB)] GO TO 504
IF[J.GT,1] GO TO 502

JIE(DATALLY,GT, XXLOWEL)] B0 70 508 . .

GO TO 505

202 IFIDATA(L],GT,XXLOWELI*XINCRIL,J=2)] GO TO 500
505 JTARAYIMI=IALRHAIL,NNX)

501 IFIL.EG.NCH]} GO TO 90 C e e e e

500 CONTINUE

GO_TO0 %0 cor e e i meremen. e oo

504 [ARAY(MISTALPHA[IL,NUMB#2)

90

akaa
1

CONTINGUE | - -
MSKFL=XSKFL
MPTS=NPTS/MSKEL..... _ _

e o emPRINT RESULTS FOR EACH SCAN LINE
MAXIMUM OF 110 PTE /LINE
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c
96 WRITELIOUT,104) INUM,[TARAYIKI,K=1,MPTS),I1ALPI1]
READI{INTL} IDUM, LDATALJY s J=1sNCH?}

L. IFLIDUMGGE,3) GO TO 234
IFINPTS,GE,MSTOP)Y GO TO 5
204 _L=0__ — e - . -

INDEX=INDEX#+]

_NSTOP2=NPTS+1
DO 206 KK=NSTOP2,MSTOP

I T O
JARAYTINDEX,L)=TARAY [KK)
206 CONTINUE
GO TO 5

210 CONTINUE _

211 NCALL=2
. IMMPEMPTS®2

WRITEIIOUT,108]) [IALPLII,1=1,1MMP]

R IFINPTS . GE,MSTOP] GO T0 216

212 CONTINUE
WRITE[IOUT,410]) e
CALL TLABELEIMSTOP,NCALL,NPTS,JCNT,I0UT]
NSTOP1=MSTOP=~NPTS
DO 215 L=1, INDEX

o ARITELIOUT,$13) [JARAYILGLLIALL=1,NSTORPY)
215 CONTINUE

_. 216 REWIND IN1

IFCITERM.GT,0 GO TO 308

%8 WRITEI[IOUT,110] e e o e e e e — el
99 FORMATI[25A11}

100  FORMATI1614)

101 FORMAT(14,14,4X,12F5,3]

102 FORMAT(14%,46HINVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT//])

103 FORMATI2X,8HCHANNEL 12,36%,22HSYMBOL INTERVAL /]

104 _FORMATL6X,[3,1Xp1M»,132A1])

105 FORMATI(S0X,A41,8X,F7,4,3H « ,F7,41

186 _FORMAT[4X/1
108 FORMATI10%X,115A1}

. 109 FORMAT([12F10,0,1241)
110 FORMAT(1H1/} ]
111 FORMATIZ2X,83HCROPS Cow17,5=22:525,578, _ ALTITUDE 2000 FT,

1 DATE RECORDED 6/30/66 //)
312 FORMATI2X,22HWAVE LENGTH [MICRONS]) »13A2,33X2A1,8X,F5,.2,
13H = 'FS.?]

113 _FORMATI{1 1124
114 FORMATIBF10,0]
115 FORMATI13]5]
116 FORMATI13F6,01]

. 118 FORMATI20X,7HCHANNEL 215X, 11HWAVE LENGTH/Y = . . . . ..
119 FORMATI[22X,12,14X,1341])

120 FORMATI[2X,7HSYMBOLS,5XsA1,18H = | ESS THAN MEANs5X,A1,16H = MEANM
{EAN+1SD,5X,A1,20H = MEAN+1SD~MEAN®2SD//
218X,A1,20H = MEAN+2SD=MEAN*3ISD,5X,A1,
325H = GREATER THAN MEAN+3SD)

—— SI0P e a2 e i e

END

e e st A———————p—r= e e heh
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SUBROUTINE ILABEL [N, ICALLsNSTOP,NCNT,KQUT]
SUBROUTINE NUMBERS_ACROSS SCAN LINE

- FOR LABELIND AND IDENTIFICATION
INUM -= HUNDREDS
JNUM = TENS

KNUM = UNITS

o aloaon

~ ——

DIMENSION _INUMI150), JNUM{150) . KNUMIL50])
IFIICALL.GT.1) GO TO 500
M=NCNT

KeNCNT
L=g

_IFIM,EQ,100) M=0

DO 1 I=NCNT,N,NCHNT

LElel e em o =

INUMIL)=1/100

IFIM,6T7,100 MaM~100
JNUMIL J=M/10

1

JEIK.FG,10) Ke0
JKNUMIL =K

M=M+NCNT

IF{K«GT,10) KrK~1i0

KeK+NCNT
CONT INUE

I1STOP=NSTOP/NCNT

e MRITE[KOUT,110] [INUMCI).1=21,ISTOP]

WRITEIKOUT,140] [JNUMII)»]=1,15TOP])

e HRITE{KOUT,140] [KNUMEIY,Is51,18TQP}  __
110 FORMATI11X,12011)

GO_TO 200 e
500 K=NSTOP+1
. _K=K/NCNT e
M=N/NGNT
— . KRITE{KOUT,110] [INUMII),I3K,M}
WRITE{KOUT,110]) (JNUMCI1,I3K,M]
e ARITE{KOUT,120) [KNUMII)eIZK,M) . . _ _
200 RETURN
END ... — _.

3-16



NORTHROP TR-860

HUNTSVILLE

3.4 STATISTICAL INVENTORY BOUNDARY PROGRAM

The inventory boundary program has been developed to automatically
construct a map of inventory boundaries for sequential multispectral scanner
data. Inventory boundaries are calculated simultaneously in both the scan line
(horizontal) and sample number (vertical) directions. The mathematical formula-—

tions are given 1in subsection 2.3.

DEFINITION OF INPUT DATA:

CARD 1
DOT - Symbol used where no boundaries exist. Usually a period (.).
DASH - Symbol used for boundary in the flight line (vertical) direction.
EYE - Symbol used for boundary in the scan line (horizontal) direction.

PLUS - Symbol used where a horizontal and a vertical boundary coincide.

CARD 2
L1 - Lower percentage value (aL) for first x2 table.
Ul - Upper percentage value (u ) for first x2 table.

u

L2 - Lower percentage value {c.) for second xz table.

L
U2 - Upper percentage value (au) for second X2 table.

TAVG - Number of samples to skip before comparing ERCK to confidence
limits.

MACH - Indicates machine and type of input to be used. MACH = 0 indicates
card input on the IBM 7044 or IBM 7094, MACH = 32 indicates tape
input on unit 3 (logical unit 54) of the CDC 3200. MACH = 44
indicates type input on unit 5 (logical unit 1) of the IBM 7044.
MACH = 94 indicates tape input on Unit B-5 (logical unit 9) on the
IBM 709.

CARD 3
XSTOP - Number of values in first x2 table.

CARD SET 1 e
CHIL1{m) - values for first set of tables (13 values per table}.
¥m
CARD 4

XSTOP - Number of values in second xz table.

CARD SET 2 X0
CHIUL(m) - —= values for first set of tables {13 values per table).
™
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CARD 5

XSTOP -~ Number of values in third x2 table.

CARD SET 3 X
CHIL2 (m) - oL values for second set of tables (13 values per table).
113
CARD 6
XSTOP - Number of values in fourth x2 table.
CARD SET 4 v
CHIU2(m) - 2 values for second xz table (13 values per table).
m
CARD 7
SCALE - Scale value for input data.
CARD 8
CONF - Indicates which set of x2 tables to use.
CONFl ~ Percent of confidence within confidence intervals.
CARD 9
ALPHAl ~ ID card (Normally used for field dascription).
CARD 10
ALPHA? -~ ID card (Normally used for test discription).
CARD 11
CHAN(I) - Channels to be averaged over and number of chanmgils. ¥For each
channel N to be used, N must be punched in the n  position on
the card. The number "13" must be punched in all other positions
except for the thirteenth position which must contain the number
of channels uged.
DATA 12
NOTE - If data is on cards they can be followed by the "CHAN(I)" card and
reloaded for as many channel combinations as required. 1f data is
on tape then the "CHAN(I)" cards can be stacked together for
different channel combinations.
QUTPUT:

The program output is given in Figure 3-4 and is self explanatory.

The input card deck is shown in Figure 3-5. The flowchart of the program

is given in Figure 3-6, which is followed by a complete listing of the program.
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FIELY DLSCRIPTIYI- ___ $5=17 C3=22 £S5 C5~8
ALTITJGE- 2000 ET. DATE IECBRDED— 6730766

ZHAN IEL AAVE LENGTH{¥ICRANS)
1 0.40 = 0.44
rd Dutd = 0.46
3 Doéh = Q.48
4 Qo leBl » _0.50 -

- S S - e y -

0.50 - g:s; B\_E \
0.52 =~ 255
. = 0\ L\
BN I M

5
7
8
9 0,47 - N.bh
o
1
2

.66 - 0,72
0.72 - 0,80 }
2.80 = 1.00

T 99 PERCENT CONFIDENCE LIMITS

SYMR A 5= V =~ VEITICAL nAUFIDARY H = HIR[{Z4-TAL BEUNDARY
X = #AITH VERTIZAL AND HARIZINTAL AJUNDARY

_ e e e e SAMPLE _NUHRCH R,

LLLLELLLLL2222P222223331333330644444044455555555556666666666TTTTT7TTITAARA
1234567051 23456 TB9%12345607R9%1 23496 T098123456TH9%123456TH9%123456789%123456709%123

eenaasreVenesasovsrrarsvacsssissrsansessncnnaVenneslonenns

28 ua

shsriscssenssssesrenssarassase¥s

sescassansssnrnncnrsnnnsnsal

R N PP T ) sessssansenses

L T T T T

b esenessssrnvanansensncncaneVossrnnsoenesssssasvsvsasoseoannernnsVessensnsasssasssases

L L

¢sssesscsvssenssentarsnsonnnefacanns

sttzsesecsccasennosnsnssnnssnssssssVoccccacitosnnsnnys

13 wu o AHHARHH A THHH 0 g o o HHHHH. Vo

14 sseenvasgensoseHaHHH Ve panns

ssssscncsavsrvssnsnsssnassHHHHH e w s eVa oo vesannnrnscaaas
ssesXeHHHHH vu sHasswseVee oHa

seneVassnsscnsenacnsaVeuHaua

1% sssenes

16 seevitovennnevenvsvsVeasososasustsitosocenansasnsvsssscsssnssssnsssVosnsscesossastace

L7 eeeannacssncncssovveaVuncnannanersarsecronsnsssaresssassssssseVadveonacassnanVacana

traruwsans

ss s sanuna

sseeVecscanrrrostsrenreossassssisecisonsenVocaananssvancnseVeanann

P L v}

P L P g

svtsvescetonsseHeWaHHHHHHHHHHHFHHHAH . o « HHHHHHHHHHHH s s s s s e s s Vo s vove s s vsHo s v e ow
wsvrsssssvsTHeiHee e rseXuooHeonnusporoassseHHHo v s nennsassoVencansocanaravnnasscasns
seHoHa

P swesssmescescspysenssVessassasscssvrvassosnsasssvssroosacVanacassashonseassass ave

30 .

vesvenseVaune sasesmeseseraanascsaccnanVesncancacastsncinan

T
ssesvnvencecnssssVersnocansenastsratesssvrstnarsasssnsVernccsveoacianncsancans

R S S T
R R Iy A XNy NI Ty T EyE L T I Y S VOYVYYYYYYvE

e sssrssnss

33 sevetvencennssssocvarVerrssvenvsaonsrsresanisussisasosnneVnacccrnshosasnrnanunssons

3
34 evenccsncrunrsvsssasnssaVivtecenentnccccannnnsnananacnnananaVansncannsracsontranentnnnns

XYY

37 ssesescasvrnssnsssneeeVecaaancencansannssnnssvossnsenansnsVosososotinsoracanacessensns
- gL lRrgeecddeersasssvee s ovacansrsrasasteranreossnnsensnsnalustibbbbbbonacnanassssnns,

A o esnevseosevesanccanseVeonersasensasnsncssstnvesestsssatscsoViodacnnevrnaraesstnancensns
39+« 1HHHHHHYH L 4HH » HHHHX o HHHHHHHHEHHHHHHK . HHHHHHHEHHHHHEH o Yo s s v s s w s & w210 s HHoHHHo s 0 o o Hi

40 sassssrrrsssileceteccccnnnssrsssscanssnssHaccnuncsnesVasansssusmanaHannaXaoHeaaHaoaa

4L 4o cenasnssssicnsstasstassvotvrnncbsonnnacnsrnsacsrascscnvnVenssnsscbssussnnnsanneaHen

fenasssssssastebsbnbncrrsrenrrsrasnorelssinmnnssinarne

I IS

- wssssasnabbnsnsnnsscsancsesVacnsrraisttnonase

stsessessnassssssnscnncnsnsasafisssnsvasnaisass
S ¥ T T
travsscenctssanssnnssssvsssennsaVernnsvarnais
sssssesssssssssvacsnsasnnsssbneVesa

ssessosntsansrncsrrnnnsnrssnsasVenas

g
G2 wecaesrnsitsestencnnasnsosesasnnacansttantsansacsntanasanVoracacnenote anencoonennnn

Figure 3-4. MAP OF INVENTORY BOUNDARIES
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HSTOPS

DATA(1}

INPUT DATA

T
10

5 20| 5] au 35 40} 29 53] 53] 60| 65|
20 3013013.013013.,0 130130130110 120 40

ALTITURE

2000 FEET DATE  6/30/66

{Free format)

FIELD DESCRIPTION

C8-17 (5-22 (C5-5 (5-8

[Free farmat)

CONF

Sconr1ftY

SCALE Té

CHILY{T) CHILI(2)

X5T0P

5

(Floating point) *

3f 6] 9] 1z]s] 18]

L1 Ul L2 UZIIAVG MACH

(M1 fixed point)

1¢

20

30

40

X

Figure 3-5.
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START

READ INPUT
PARAMETERS
AND TABLES

READ
CHANNEL
COMBINAT JONS

READ
HSTOPS, DATA

-, + {VERTICAL BOUNDARY)

H3
NBOUND

0 (NO VERTICAL BOUNDARY)

g

SYMI(HT)= EYE
JSYM(N1 )= 3

0

=» +{BOTH VERTICAL AND
HORIZONTAL BOUNDARY)

SYM{K} = PLUS

(NO HORIZONTAL BOUNDARY)

SYM(K) = DASH

o)

y
©
21 -

CALL OUT 1

y
NFLAS = 1

y

PRINT ONE
SCANLINE

D0J=1,K
25

SYM(d) = SYMI{J
rsvé(g) s JSY&(%)

DdJd =1, K
521

SYH(J) = SYMI{J)
ISYM{J} = JSYM{J)

i

( 0T 1 ) ( ERI{)R ) ( SLOPE ) ( CONFLM )

| § ¥

PRINT
HEADING

CALGULATE
MEAN AND
STATISTICAL
ERROR

CALCULATE COMPARE  ERTK

T0 x
thare M1 T coneoence

LIMITS

1 / ! /
( RETURN) ( RETURN ) ( RETURN) ( RETURN )

Figure 3-6.

FLOWCHART OF INVENTORY BOUNDARY PROGRAM

FTTIASLNNH

dO¥HIMON
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INTEGER Ui
INTEGER U2
DIMENSION SYMISD1,I1SYMIOU),

SYM1I9G] JSYMIGD)

DIMENSION CHIL1{175]1,0HIUL{175]),CHIL2(175]),CHIU2(175]
DIMENSION CHANM[131, ICHAN[131,DATAL12],VBAR{121,VBART{12],VEACUMIL2

11, XBARI12,90),XBAR1[12,901,DELX[12,901,X{123,X1012],XEACUM{12])

DIMENSION SUMLTS0Y,SUMRIS0]
DIMENSION NVIOD]

DIMENSION ALPHAL[141,ALPHAZIL4]

DIMENSION IDATIZ21_ .
NRD=5
NHT=6

77 READ

[VRD,60001D0T,DASH,EYE,PLUS,BLANK

SET MACH TO 44 FOR IBM 7044
SET MACHM TO 32 FOR CDC 3200

READ
READ [RD,2003) XSTOP
METOP1=XSTOP

[WRD,51) L1sULsLBsU2s 1AVG,MACH

READ [~RD,201)
READ [iRD,20031 XSTOP
MSTOP2=XSTOP

READ [ARD,201)

"ICHILi{NUY,NU=1,MSTOPLY

[CHIULINUI,»NUZ1,M8TOP2Y __

READ [\RD,2003) XSTOP
_MSTOP3I=XSTOP__

READ (nRD,201)
READ [NRD,2003) XSTOP _
MSTOP4=XSTOP
READ [NRD,201)
READ [NRD,2003) SCALE

_READ_ [NRD,2003] CONF,CONF1

{CHILZINU],NUS1,MSTOP3]

(CHIUZINU],NU=1,MS

70

41,

ICONF=CONF
[CONF1=CONFL
WRITE (nWT,1001)
READ [~RD,2004)
RFAD [~NRD,2004)

52 _GONTINUVE ___

(ALPHAL[I),1=31,14]
LALPHAZII,

121,14}

READ [aRD, 2003}
DO AL I=1,13 .
Ef%~\f1"fﬁu\[13
Ao CONTINM
NCHAN:CHAN113J
NFLAG=Y

[CHANII), ]

si,13)

NSTGP=0
IPRINT=R o
IF IMACH=32) 62,061,862
NUNIT=%4
REWIND NuUNIT

- G0 T0 65

61
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62
63

54

. .68

67
65

]

10

20

69

Cces
68

71
C
C71

70

9

1o

11
12

IF {(MACH=44] 64,63,64
NUNIT=1

REWING NUNIT

GO TO &5 _
IF [MACH=94] &7,66,67
NUNIT=S .
REWIND NUNTT
GO TO o5
NUMET=D
CONTINULE

DO 6 J=1,90
SuMi{Ji=g,0 .

suM2lJi=U, 0
NVEJY=s0
CONTINUE

1 CONTINuE
DO 5005 J=1,%0
SEYMIJI=g

800 SYmMI[JI=DOT
ySUMi=0,{ -
VSuUMasy, 0

K=0

h={

DG 20 421,90

IF IMALH] 68,69,68
READ
GG TO 70
READ

[NUNIT] MSTOP5,(DAYALI], f=1,12) . _

InUNIT,1000) _MSTOPS,{DATA[Y],1=22,32] @

READ [MUNITY MSTOPS,NDUMMY,NDUNMY, [IDATII1,1=4,12}

RO 71 1=1.42

- e mras s s

DATALTI=IDAT{L
. RO 71 i=1,12 _.
DATALTI=IDATIT]
CONTIRUE
NN+l
N IENV ISR

KeK+1
NizJ=1 . )
DO 12 121,12
DATAL1I=DATA(LI/SCALE
IF [¥STOP5) 9,9,21
IF_INVIRI=11 11020,14

XBAR{1,K)=DATAILL]
XBARLII,KIsBATALLI) . -
DELX{l,®¥)=0,0
CONT IMuE
CONTINWE

e LALL EARQRIVBAR, VBARLI,DATA,VEACUM, ICHAN,N}

[l e e Y

Ty g A ey

. 3-23
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IF [N=1) 14,14,18
13 COnTIN-'E e — -
CALL SEOPE[VEALPM:ICHAQaM P ERCK:VSUMi:VQUH21
IF [ERCK) 113,144,313 . e e
113  CONTInuE
L GALL CORELMICHILL,CHIUL,CHILZ2,CHI U2,¥STOPL,METOP2,HSTORPS,HSTOP4, Y
l’IAVG:tRCKpNBOUﬁD!ICUNF]
114 IF [NRULLND) 376,14,376 . . .- _—
376 SYMII{NL1)=EYE
JSYM[METaT - e e N
N=(
e WSUMASULDL L e s e ——— s e e
VSiM2=0,0
147 ConTINUE T~
D0 15 I=41,12_ ~ L ] . 3
X{I11=X0ARLII K]
X1[11=XBARII[I,K]
15 XEACUMITISDELX(I,K]
_ GALL ERROR(X,X1,DATA,XEACUM, ICHAN,NVIK]] _
IF f+vikl-13 18,18,716
16  CONTINUE T ) _
CALL SLOPEIXEACUM, JCHAN,NVIKI,NVIK]I,ERCK,SUMLIK],SuM2IK]]
IF [ERCK] 374,18,374
374 CONTIMQE
CALL CONFLM[CHIL1,CHIUL,CHILZ2,CHIUZ2,MSTOPL,MSTOP2,MSTOP3,M3TOP4,
ANVIKI, TAVG, ERCK, NBOUND, JTCONF T
NVisaviK] L
375 IF(INwOunNDY 377,118,377
3577 IF [ISYY[K 1=8] 379,378,379
376 SYs [K 1=PLUS ‘
NVIRY= o o - e i .
GD To 380
379 SYM [K 1=DASH
380 NVY{KI=y
SUML{K]I=(,0
SUMZ2(Ki=0,0
i8 CONTINGE.
Do 17 1=1,12
XRAR[T,%1eX[])
XRaRiTl,N3=x31])
2SLX Tar bEXEACIMEE]

~ wam e o e e e L o Ak T

l,? GD"VTI‘ -
2 CONTIMCE et ———
31 Kek=1 o ' )

IF INFLAGY 31,30,31
i EQLL CuTLLICHAN, ICONF, TCONFL,K, ALPHAL, ALPHA2, DASHEYE,PLUS ]

NFLAG=1

DO 25 J=l.6_ |
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SYMIJI=SYMLEY]

’5 ISYM{JI=dSYMIJ] _ e
G0 70 101
‘1 CONT INUE i i o
K=nl
IPRINTZIPRINT+1 e
IF TIPRINT=21) 500,501,502
80 WRITE (dwT,6001]1 IPRINT,ISYM{J),Jsl,K]._
G0 TO 520
-01 WRITE [NWT, 60021 IPRINTLISYM{JlsJ=l.K] _
Go TO 520
02 JF _[IPRINT=231. 503,504,505
U3 WRITE [NWT,60037 IPRINT,ISYM{JI,J=i,K]
GO TO »20 S
04 MWRITE [NWT,6004) IPRINT,[SYM{JI,J=1,K])
G0 TO 520 o )
95 IF [IPRINT=~25] 506,507,508
36 WRITE [NAT,6005) IPRINT, [SYMIJ),J=1,K)
G0 To 520 )
7 GO TC 2060
J&  IF [IP~INT=27) 509,510,511,
19 WRITE [MWT,6006) IPRINT, [SYMIJ),J=1,K]
G0 Tu 520 ) T
L0 wWRITE LtWT,6007) IPRINT,{SYMIJ]l,Jel,K])
G0 TO 520 .
i1 IF [IPRINT~29) 512,513,514
12 WRITE {8WT,6008) IPRINTLISYMIJ)»uzl,K] _
Go TO 520
13 HWRITE INWT,6009)_ IPRINTAESYMIJI,J=1,.K] .
GO TO 520
14 Ge Ta =00
20 DO 521 J= 1,K
.. Symsl{gl=SyMylJl . _ . __ }
21 IsY¥MlJl=Jdsysm{Jl
K1=K e o v -
IF [MSTOP5=-21 101,101,53
3 WRITE TINWT,1001]
GO TO 52
1 FORMATIB]I3] N
01 FORMATL13FS, BpZXI

£000 FORMATIIL,8%,12F5,0] _
0L FORMAT(IHL]
. 208 FORMAT{13F5,0]

. o v———

s e = e e e

1004 FORMATI13A64A2) g
3000 FORMATLI4[9X,A1]25X2A53
5002 FORMAT[10X,14,1X,904A1]
5002 FORMATIOX,1HS,]4,1X,90A13
5003 FORMATIOX,1HC,14,1X,90A1]
5004 FORMATION,1HA,14,1X,904A1]

6005 FORMATI9X,1HN,14,1X,90A1]
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6006 FORVATIOX,1HL,14,1X,90A1]
6007 FORMATIOX,1HI,14,1%X,90A1] 0
6008 FORNATI{OX,1HN,14,1X,9042) _ __ QPN

6009 FORNATIOX,1HE,14,1X,90A1) N

END L _

T SUBROUTINE OUTI(ICHAN, ICONF,[CONFI1, N, ALPHAL, ALFHAZ, DASH,EYE,PLUS)
DIMENSION ITEM(90),IONE[OD]
DIMENSION [CHANILY,ICHANLI[12]
COMMOM/DATA/WLNGTHI13)
DIMENSION WLNGSTH{137Y
DIMENSION ALPHA1L[11,ALPHAZ2[1] L
DATA {EL‘LNGTH[I!JI 1 13]-1401|44l‘46!.480|50 5 3.55;.583.62’ .66:.
1 72,.80,1,00] ) S i
DATA L"LNGTH/.4I a44} -46!.48: .50! .52:.55:.58a 0620|66l 0720|831c/
NWTE6
Do 9 1=1,12
g ICHANTI[TI)=D

J1=ICHAN[13)
DO 12 J=i,J1
DO 13 i=I1,12
1271
IF EICHAN{{)=-1d] 11,10,11
10 CONTINGE
11 ICHAMITJI=ICHANLI2)
[i=12+1
12 CONTINGE
WRITE [NWT,1001)
WRITE ("WwT,1010)
HRITE l\NT 10077 TALPHATLIT ],
WRITE [MWT,1007) [ALPHAZ[1],
WRITE [NWT,10101
WwRITE (ndT,1008)
Do 13 I=1,J1
. M=ICRANT(Y)Y R T AT
13 KRITE [(nwT,10087 M, wLNGTHIMT, WLN(
WRITE 1 wT,1010]
ARITE {*®T,1005] ICGNF1
ARITS 4t aT,1815) i
ARITE "aT.lUﬂ?} EYE,DBASH,PLUS
ARITE hnTy 10161
WRITE [vuT,10027
WRITE [MaT,1610)
G0 20 I=i,n
ITEN({II=I/10 i
IONE(Ti=zI=(1/101%10
20 CONYIMUE
WRITE [MaT,10037 TITEN{TY, 1240, N7
WRITE [NWT,40041 (IONE[{Ll},]=1,N)
1001 FORMAT[1HO,28%,27HHAP OF INVENTORY BOUNDARIES/J

ety A, e wa s
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1002
1003
1004
1065
1006
1007
1004
1009

FORMAT[36X,13HSAMPLE NUMBER/]

FORMAT(24X,9011)

FORMAT{15X%,5011/]

FORVATT28%,12,26H PERCENT CONFILENGE LIMIT571
FORMAT{26Y%,32HCHANNEL WAVE LENGTHIMICRONS1/)
FORMAT{14X13A6,A2/)

FORMAT(268X,12,12XsF5,253H = ,F5,2,/)
FORMATI44X,8HSYMBOLS=2,3X,A1,20H -~ VERTICAL BOUNPARY,3X,A1,22H = HO

IRIZO~TAL POUNDARY/22X,A1,406H = BOTH VERTICAL ARD HORIZONTAL 30ulDA
2RY/) T

1010 FORMAT {1H0)

a0
[ Y=

22

30

HIHENS10w EACUNM[1Y  ,ICHAN[Z]

LIF fsumi) 30,40.30

RETURN
END

SUBROUT INE ERRURT XMEAN, XMEANT,, XDATA, XEACUM, TCHAN ¥ ™
DIMENSION XMEAN({12),XMEANL1{12),XEACUMI12],XDATAL212],ICHANIL]
XMzMa=t

B0 34 I=1,12

[F [ICHANIT}=13Y 20,30,30
[F [M=1] 21,21,22
IMEANTTTEXDATALIT]
XMEANLITI=XMEANDT)
XEACUM{T)=0,4

GO TC 39

CONTINUE .
XMEANET )= IXM/EXMel 0 I*XMEANTY 1#11,0/[XM+1,01}«XDATALL]

XEACUNM T 112 IXH=T 017X+, G 1= YEACUMITT+11, 07 xMet, 01 IR IXKEANLIT )=

IXMEANTC] ] 1oe*2+ 01,0/ (XM {XM+1,0] )] e[ XDATALT)=XMEAHI{T])Inwg

XMEANLET J=XMEANIT)
CONT INUE
RETURN
END

SUBROUTINE SLOPE[EACUM, ICHAN,M,MDUM,ERCK, SUML,SUM2]

CHAMLI3=ICHAN{13])

XM=M

HACUM1=0,0

PO 20 I=1,12

IF {ICHANITI}-13) 10,20,10
HACUML=HACUMI+EACUNMI ]

CONTIMuE e
HACLIMLI=SURTIHACUML/CHANLI]

stimd =SUML_ _+(XM*HACUML)#w2/[XM=1,0])
SHiM2 =SyUMe *[XM*HACUMil SORTIXM=1,0]
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30 IF [SUm2) 35,40,35

40  ERCK=D.0
GO TO 45

35  CONTINUE o
A5 Ul /SuT2
ERCX=SuRTIXM]*HACUM1/A

45" T CONTINGE
RETURN
END

" SUBROUTIRE CORFLMICHILL, CRIUT, CHILZ CRTUZSHETOPT, KETOPZ, FSTOFE;

IMSTOP4,¥, TAVG,ERCK, NBOUND, ICONF)

DIMENSION CRILITIT, CHTULTIV,CRIL2TIT,CRIVZT1}

IAVG1=1AVG~1
NBOUND=0
IF [N=MSTOP3] 342,342,341 .

CHIOL2=CHILZ2M]

G0 TO 343 o
341 CHICL2=CAIL2IMSTOP3]

343 IF [M=bSTOP41345,345,344
345 CRIQU2=CHIU2{M)

G0 TO 346

(&)
R
N

e

344 CHIDUZSEHIUZTVETD
346 CONTINUE
IF [1M=-MSTOP21 31,31,30
35 CHIOu1=sCHIUL[MSTOP2)
GO TG 32
31 CHICULSCHIUL (M)

I2 7 JF{ n~MSTOP1] 34,34,33
33 CHIOLL=CHIL1[MSTOP1il1
G0 TO 35
34 cHIOLi=CHILAL(MY
35 IF[M=1AVGL) 20,37,37 .
37  CONTIMUE

» IF{1CONF=1] 372,371,372
371 IF IERCK=CHIOL1] 376,376,36
36 IF [ERCK=CHIOULY 20,376,376
372 IFLIGON\F=2) 376,373,376
373 IF [ERCK=~CHIGL2) 376,376,374

374 IF  [ERCK-CHIQU2] 20,376,376

376 NBOULnD=1

20 CONTINuE

7000 FORMATI60Xs2F10,.5]
RETURN
END
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3.5 BOUNDARY ENHANCEMENT PROGRAM
This program is devised for determination of inventory boundaries through
the enhancement of the difference in the multispectral data between homogeneous

inventory areas. The mathematical formulation has been given in subsection 2.4.

This program consists of two links. Link 1 performs the moving or jumping
averages of the input data. The output is in tape and may be input to Link 2.
Link 2 performs the calculation of the finite difference of the averaged data
and then calculates the absolute value or square of these differences. The
outputs of Link 2 are (a) means and standard deviations for every channel of
enhanced data and (b) a digital tape of the enhanced data. These means and
standard deviations can be used for setting the class intervals for inputting

to the Alphanumeric Plot Program to process the digital tape.

The input data to this program is on tape, while the control parameters
for the program are inputed by NAMELIST statements which are documented in IBM
FORTRAN IV manual, Form C28-6390-2.

The definitions of the input parameters to each LINK are as follows:

LINKO INPUT PARAMETERS:

LINKNO - Specifies which LINKS to execute. LINKNO equal ome LINKI is executed
and LINKNO equal two LINK2 1s executed.

LINK1 INPUT PARAMETERS:

o NLOOP - Number of scan lines to be read in.

e NCT - Number of samples per scan line. i
¢ NCHAN - Number of channels of data to be used.

¢ LTN - Logical tape number of input data tape.

e LTNl - Logical tape number of output data tape.

@ NLOOPl - Number of scan lines to sort, dependent on the number of scan
lines read (NLOOP1 = NLOOP-NSKIPR).

@ NSKIPR - Number of scan lines to skip, cannot be greater than the
anumber averaged (NAVGR).

e NAVGC - Number of samples to average in a scan line.

® NSKIPC ~ Number of samples to skip in a scan line, cannot be greater
than the number averaged (NAVGC).
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s NAVGR ~ Number of scan lines to average.
e NFILE - Number of data files to process.
© NBEGIN - Scan line to start processing.

LINK2 INPUT PARAMETERS:

e NLOOP - Number of scan lines to be read in, must be greater than or
equal to (2 X NDIFF + 1).

e NCT — Number of samples per scan line.

@ NCHAN - Number of channels of data.

o LTNlI - Logical tape number of input data tape.
e LTN2 — Logical tape number of output data tape.
e NLOOPl - Equals NLOOP minus one.

e NDIFF - Number of adjacent samples to skip in the cross differencaing
PrOCess.

e NFILE - Number of files of data to process.

e IABS -~ Calculates the sum of the absolute values of the differences
about the adjacent data points. If IABS is not equal zero, it
is calculated; if it equals zero, it is bypassed.

e 1SQ - Calculates the sum of the squared values of the differences
about the adjacent data points. If I8Q is not equal zero, it
is calculated; if I8Q is equal zero, it 1s bypassed.

e ISUM - Position in the output array (W(I)) that the sum of the squared
or absolute walue of the differences from the channels is stored.

e HNBEGIN - Scan line to start processing.

An example of the output is shown in Figure 3-7, which is followed by a

complete program listing.

3.6 MEAN, CORRELATION, AND COYARIANCE PROGRAM

This program is devised for calculating the mean vector, correlation
matrix, covariance matrix, and normalized covariance matrix of a given multi-
spectral data sequence. The format of the input data is specified in the Tape
Conversion Program. The mathematical expression for these quantities is given

in subsection 2.6,
In addition to the printout, a punched card output for the mean vector

and covariance matrix are available. These card outputs form part of the

input to the Divergence Matrix Program.
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]
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$ORIGIN ALPHA, REW
$IBFTC TWOQ __ __NODECK

¢

C

1

2

130

7
11
1o

12

 NAMELIST/NAMDAT/LINKNO

BOUNDARY  ENCHANCEMENT PROGRAM

DIMENSION LINKNO{6}

READ[5,NAMDAT]
WRITE(6,NAMDAT] _
IFILINKNGILY,EG,0] 60 To 1
CALL LINKL _

CONTINUE
_LFILINGNO(2),EQ,01 GO _TO 2.
CALL ~ LINK2
CONTINUE
STOP

END

e e e A sl - o iea ———

P .k T - et - - - 4 am et —— -

SUBROUTINE LINK1L
_  MOVING _O0R _JUMPING AVERAGE PROGRAM

DIMENSION DUMMYI{13]

DIMENSION. DATAL6,200,12]1,X1200,121_

NAMELI&T/SIZE/VLOUP NCTaNCHANSLTN,LTNL,LTN2,NLOOP1,NSKIPR,NAVGC,
ANSKIPC,NAVGR NFILE NBEGIN _ . _ _ . . L
NSKIPR MUST BE LESS THAN OFP EQUAL TO NAVGR
NSKIPC MUST BE LESS THAN 0P EQUAL TO NAVGC

READI{S,S1ZE]

WRITE{6,SIZE) . _ __

PO 101 laAB=s laNFILE
.IZERQ=0 e ot ———— e e — .

IONE=Y

JTHO=2

ITHREE=S3

KS=8

XNAVGC= NAVGC
CXNAVGRENAVGR o e e - - . e e e

CONTINJE

Li=1 e e - . —

KK=NAVGEC

DO 10 I=NBEGIN.NLOGP

KS=K3+1,

DO 11 JRi,NCT .

RFADILTN] ICHEK, IDUM;[DATA[I J L] L 1:NCHAN1

WRITE [6,10083) . .1CHEK,KS, J ,{DATAll,J L) L=1,NCHAN]

IF[ICHEK=3] 11,7,11

IFIJ«NELNCT) GO TO 13 .

CONTINUE

CONTINUE . .. . e e e - e

DO 12 I=1,NCT

DO 12 J=1.,NGHAN

X{l,J1=0,0

CONTINUE

NCTi=NCT~-NAVGC

BO 1 I=1,.NCTL . . .. . . e - e e e
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DO 3 J=1,MAVGR
DO 3 K=LL,KK_.__ _ _ .. . -
DO 4 M=1,NCHAN
KITeMI=XT I o MI+DATAL )oK
4 CONTINUE
.S . .GONTINUE | —— e - e — e e
DG 2 M=1,NCHAN
XII,MI=X 1M}/ XNAVGCHXNAVGR]
2 CONT INUE
WRITECLTNL] _JZERQ.IX{I,MIaM=21,NCHAN] |
C WRITE[6,1004) IZERO,IX{1,M]1,M21,NCHAN}
R ELLENSKIPC
KKzl L*NAVGC=1
1 CONTINUE __ _ __ - -
IF{ICHEK=3] 9,8,9
9 WRITE(LTNL] = JTONE, [DUMMY[J1.1=21,NCHAN] _ .
IFINSKIPR,EQ,NLOOP} GO TO 100
— -NBEGIN=NLOOP1+1 e e -
DO 5 1=1,NLO0P1
DO & J31,NCT_ e o
DO 6 L=1,NCHAN
LZ=]+NSKIPR
DATA{I,JuL)= DATA(LZ.J L]
6 . CONTINUE e o oo et e e e e e
5 CONTINUE
GO TO 180 _ oo L. .
13 WRITE [6,1002) KS
8 WRITELLTNAL _ ITWO, (DUMMY[T)al=1,NCHAN]
101 CONTINUE
. . JWRITEILINAI _ITHREE, (DUMMY(1i.I=1oNCHANL . e
END FILE LTN1
REWIND _LINL_ -
1000 FORMATII1,8X,12F6,3]
1001 FORMAT{I1,8X.12F6,8) _ . __ _
1002 FORMATI1X,11HEND FILE IN,I15,9HSCAN LINE]
A003 _FORMATIIX,315,42F0.30 . .. e L L
1004 FORMATI1X,13,12F6.3)
RETURN _
END
$O0RIGIN — JALPHALREW . e
$IBFTC THREE NODECK
i- .. ..SUBRQUTINE _LINKZ e =
c CROSS DIFERENCE PROGRAM
DIMENSION __DUMMY[13) .
DIMENSION DATA[6,200,121,WI15],HEL15] '
DIMENSION XBAR[15),XMSBARI[15],5]G6(151:RMS{151,5I1GSQR[15]
NAMELIST/SIZE/NLOOP,NCToNCHAN,LTNL.LTN2,NLOOPL,NDIFF,NFILE,
. 11ABS, IS0, JSUMsNBEGEN . . e . . - e
READ(S,S12E)}
WRITE [6,S51ZE)
NCHANL=NCHAN=+1
D0 102 IAB=1,NFILE = . .
[ZERO=D
e — .  IONE=ZL e e
ITWO=2

. - Parm o o m e e a——— -
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T ITHREE=Z
_MS=0_
KS=0
D0 18 I=1,NCHAN1
Si1GllIl=g,n
XBAR[!l)=0,0
XMSBAR(I}=0,0
RMS[(11=0,9
SIGSQIII=s0,0
18 CONTINUE
100 IF[KS,6T,0) NBEGINsNLOOP
DO 1 I=NBEGIN,NLOOP m
KS=KS+1
_ DD 2 J=1,NCT e
READILTNL) ICHEK, {DATALI»JoL) L=23,NCHAN)
C. __WRITE_  [6,1003) ICHEKsKSs J s[DATA!],JoL)sL®31,NCHAN]
IFLICHEK=3] 2,472
4 IF{JNE,NCT] GO YO 7
2 CONTINUE
_CONTINUE
NCT1=NCT-NDIFF=1
e . NDIFF1=NDIFF+1 . e
NLOOP2=NLOOP=NDIFF
8] = N
DO 11 J=NDIFF1,NCT1
SMeEMS
MS=MS+1
. MWMIISUM]=D,0 . -
DO 12 K=21,NCHAN
[Z=]=NOIFF
JZ=I#NDIFF
KZ=J*NUIFF
LLZ=J=NDIFF
€ ABSOULTE VALUE oF CROSS  DJFFERENCES
IF{1ABS) 9,8,9%
9 CONTINUE
AVSUM=ABSIDATALL,J.KI=DATAIIZ,Jo K1)} +ABSIDATALL,JsK}=DATALTLKZ,K] ]+
o AABSI{DATALI,J,KInDATALJZ, o KI1}+ABSIDATALI,J,KI«DATALT LZaKIY
WIKI=AVEUM
_8 __ _CONTINUE . e
C SQUARED VALUE oF CROSS DIFFERENCES
IFLIS0) 14,13,14
14- CONTINUE
e ANSUMISIDATALLJ K)I=DATALIZ ) JaK)I*e2¢{DATA[I,J,KI=DATALI,KZsK]]}ne2
1% (DATALL, JoKiwDATALUZ,Jo K] 1 aw2+ [ DATALT Sy KY=DATA[I,LZ)K]))JwH2
KWIKY=AVSUML
13 CONTINUE
WEISUM)eW[ISUMI+HIK]
12 CONT INUE
- PO 15 L=1,NCHANY . "
XMSBARILJI=([SM/{SM*+1, ﬂ]J*XMSBAR[L}*Ii LO/(SMeL 01 Il 1 ww2
. XBAR[LI=[SM/{SM*1,0) 1 *XBARLL I+ 1,0/ (SM+1, 03 %W}
is CONTINUE
L WRITEILTNZ]) 1ZERQ, INIK) ;Kul , NCHANL] .
c WRITE (6,1001) IZEROS INIK],K&81,NCHAN)

- ——— o e -
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WRITE [6,1001] 1ZERO, (W1 LK), K=1, NCHAN)
il CONTINUE . _  _ _
IF[ICHEK=~3] 10.3,10
10 WRITE[LTN2) _ IONE, [DUMMY[K],K=1,NCHAN1]
DO 5 I=1,NLOOP1 )
B0 6 J=1.NCT . ... . .. T ) -
DO & L=1,NCHAN ..
DATA(T+J,LISRDATALL*1,J,L10 .
) CONTINUE
5 CONTINULE
G0 YO0 1400
7 . WRITEIG.1002) KS ... . ... e en o .
3 WRITEILTNZ} ITWO, [DUMMY[11,1= 14, NCHANT )
101 GCONTINUE ___ . .. .
DO 16 I=1, NCHAhi
LSIGITT=XMSBAR[II~XBAR[I]J**2 _ . . -
SIGSR[I1=SQRTISIGII1]
RMSE1)=SARTI(XMSBAR(II}
ié CONT INUE
WRITE (6,10041 .. ___ __
DO 17 L=1,NCHAN1
WRITE [6110051__LLXBAB[L3 XMSBAR[L].SIGIL),SIGSRIL]
17 CONTINJUE

..182  CONTINUVE, o et e+ e e -

WRITE[LTN2] ITHREE, (DUMMY[I),1=1,NCHANL]
END FILE . LTNZ2 . .
REWIND 1L TnN2Z
1000 FORMAT{I1,8%X,14F6,3].
1001 FORMAT(11,8X,12F6,3)
1002 FORMATI1X,1itEND FILE IN,I5,9HSCAN _LINE) .
1003 FORMAT(1X,315,12F6,3]

1604 FORMAT[10X22HCH 5XaaHMEAN 6Xs LLHMENN=SQUARE»6Xs BnVARTANCE, 6X,

17HSTD=LEV)
1005 FORMAT(10X,I32F10,7,5XeF10,7,3XsF108,7.3%,F10.7,3%,F10,7).
RETURN
END . .

$

SEND . O

[ [P - m———— e -

DATA

$NAMDAT e e e -
LINKNO=0,2,4%0
SEND -
$S1ZE

NLLOOP=3 e e e e C e e
NCT=164

NCHAN=12

LTNI=9

LTNE=11

NLOOP1=2

NRIFF=1 C
NFILE=1

NBEGIN=1

IABS=0

159=1

1SUM=13

8SIZE
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NLDOP=5
NCT=168
NCHAR=12
LTh=9
LTNL=10
LTNZ=11
NLODPI=4
NSK1PR=1
NAVGC=S
NSKIPC=1
NBGuC=1
MENLOC=5
NAVER=S
MBFGETN=L
MEILE=1
FEN L
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The input card setup is shown in Figure 3-8,

DEFINITIONS OF INPUT PARAMETERS:

CARD 1

CARD 2

CARD 3

CARD 4

NSCAN — The number of scan lines in a field
NCHAN - Total number of channels in a field.

NCOMP - Number of channel cross products calculated to generate the
Covariance Matrix.

NTOTAL ~ Total number of samples in a scan line.
NFIELD - Number of fields to process in a data set.

ISCAN - The number of scan lines to skip before starting calculations
in a field.

NFLDI - Number of times to process the data set (N X NFIELD)

An 80 Holerith card used for field identification.

NBEGIN - Sample number to start with in a specific scan line for a
certain field.

NEND —~ Sample number to stop on in a specific scan line for a certain
field.

An 80 Holerith card used for field identification.

A listing of the output from this program is given in Figure 3-9. A

flowchart of this program is given in Figure 3-10.

The program listing is given below.
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1-10 I 11-20 I 21-30 I 31-40 I 41-50 | 51-60 | 61-70 |

F

NSCAN NCHAN NCOMP ~ NTOTAL NFIELD  ISCAN

NELD1

FIELD IDENTIFICATION
(80 HOLERITH)

1-]0| 21-30 I
NBEGIN NEND

FIELD IDENTIFICATION
(80 HOLERITH)

Figure 3-8. INPUT CARD DECK
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SCAM _ LINE START ST2P

[
N,
o

15 1 53

16 1 58

17 1 56

14 1 56

19 1 Y

70 i TTEg

21 1 54

27 i 52

" Figure 3-8. OUTPUTS OF THE PROGRAM »
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€i5=171 SECTI?N A N a .
. MEAN VECTZR \
CH ™ Tk 1 4 5 8 9 10 11 12 ;
1 * 1.13450 1656770, 1,14216  _ 1.C2106 _1.06431 ___1.C4311  0,.80106 e leClOlE  C,46364  _Q.631T4 _0.93581 0.72408 !
CARRFIATIY MATRI X i
CH * 1 2 .3 4 5 6 7 B 2 10 1. 2.4
1 * 1.29448 1.871%0 1.2937% 1.16064 1.2C97s 1.185249 0.921027 1.14810 Cab2€92 Ge71I737 1406134 Da.82111 '
2 * 1.37150 2.72780  1.3861%  1,£8587 _ 1.75703._ 1.72116 . 1.32215 _1.66716  €.76575_ 1.04181  1.54035 1.19234
] Y L.29%75 1.83613 1.31314  1.16975  1.21775  1.1935&  0,91662  1.15721  0.53188  0.72268 1.06552  0.82430
4 * 1.16964 1.63587 1.16679  1.C497Z  1.08874  1.06632 0.B1949  1.03485  C.47623  0.64609 0.9513% 0.73677 ]
3% L20975 1.75707  1.21775  1.08374  L.14085  1.11169  0.85564 1.07968  C.49579  0.67382  0.99366 0.759%1 |
& *  1.18529, 1.72116 _ _1.19354  1.C6832 l.11169 1.09531 0.83689  1.05501 GCl.48402 _ 0.65967 __ 0.97782. .0.75613"
T * 091027 132215 0.91€42  0.21945  0.85564  0.83689  0.64716  0.81229  0.37289  0.50695  0.T4945 0.58046
8 * 1.145910 1.66716  1.15721  _1,C3485  1,07968 _1.05501_ _0.81229 __1.03081  C.4729% __ 0.63976 _0.93955 0.72739,
9 * o 0.52692  0.76575  0.53188  0.47622  0.49579  0.48402  0.37289  0.47294  C.22164  0.29306 0.42837 0.33228 |
io Y 071737 1.0418% 0,7226H  0.£4605 0.67382  0.65967 0.50695  0.63976__ 029306  0.40282 _ 0.59004  0.4565] |
11 * [.061%4 1. 540735 1.06552 0.9513¢% 0.99365 Q97782 0.74945 04493955 0.42837 0.59004 0. 89433 D.68T81 "
12 P 0.821101  1.19234 _0,.92490  0.7367F _ 0.76341  0.75613 _0.58046  0.72739  0.33228  0.458651 _0.68781 _g,szqggi
COVARIANCE _ _MATRIX __ .. ——— . oo
CH * 1 2 3 4 5 6 7 a 9 10 11 12 |
1 *  0,90739  2,00219  0,00297  0.C022%5  0.00229 0.00188  0.00147  0.00207  C.00092  0.00066 =0.00094 ~0.00036 |
2 * _0.00219 Us0l290  0.00420  0,.C034¢  C,00343  0.00243  0.00224  0.00271  0.00180 0.00090  -0.00158 ~0.00073
3 ¥ 0.00297  "0.00420 0.00%61 ~ 0.C035¢ 0.00213 0.00214 0.00148 0.00344  0.00233 0.00l13 =-0.00332 =-0.00212"
4 * —0.00225 0.00348 0,00358 0.CO71€  0.00201  0.00125 0.00156 _ 0,00341 _0.00282 _0.00105 20200616, =0.00256 ;
5 ¥ 0.00229  9.30343  0,00213 0.C0201  0.00809 0.00149 0.00306  0.00455  C.00233  0.00145 -0.00233 -0.00124
& *__0.00188 0.00243 0.00214 0.00125 0.00149_ 0.00723  0.00130  0.00129  0.00039 _ 0.00070 0.00167 0.00083
* 0.00147°0.00224  0.00148 0.COLSE 0.00306 0.C0130 0.00546  0.00309 0.00149  0.00089 ~0.00018  0.00042
8 £ 0.00207 0.00271 0.0034% 0.CO341 _0.00455 0.00129 = 0.00309 _0.01038  (,00459__ 0,00160_  =0.00577 . =-0.,00405 '
9 * 0,00092  0.90180  0.00233 " 0.C0282 0.00233  0.00037 0.00149  0.00459 C:0T&68  0.00015 —0.00551 -0.00343
10 * __0s00066  0.00090 _0,00113 _ 0,C0105  0,00145 _ 0.C0070 . 0.00039  0.00l60  C.00GLS 0,00373.  -0,001L5 _ =0.00092
11 v ~0.00034 -0.00158 -0.00332 =-0.C04L€ ~C.00733  0.00167 -0.00018 -0.00577 -0.00551 -0.00115 0.01859  0.01020
12 * =0.00036 -0,00073 ~0,00212 -0.C025¢ =3.00124 0.0008% _0.00042 -0.00405 ~0.C0343 -0.00092 0.01020 0.01188 .
MPRMALIZED  CAVARIAMCE  wAYRIX . . S . .
CH * 1 2 3 & S o & T 8 9 ____ .10 11 . 12,
1 ¢ 1.00P00 ~ 0.224A2°7 9.37232 T 0030954 0.296127 T 0.2574F  0.23174 0.29617  C.03043 © 0.12555 -0.02887 ~-0.03883
2 ¥ 0.22442 1.00000 0,39844 0.36205 0,33532  0.25137 _0.26733  0.23444__ 0.19443  0.12931 -0.10191 -0.05864
3 % 037232 0439844 1.00C00 Da45614 0.26541% N.27056 0.215%6 0.36411 C.30744 0419968 -0.26247 =-0.20957
4 ¥ 0230954 0,36209 __0.45614 __1.C000C _0,26425  0.17308  0.24927 __0.39515 _ €.40798_ 0,20245 -0.36068 -0.27787
5 ¥ 9.29612  0.33562  0.25548 0,2642f T1.000000 0.19454  0.46018  0.49623  C.31£87  0.26672 ~0.19027 -0.12606
&t 0.25743%  0.25137  0.27056 _ 0.1730€  0.19454  1.00000 _0,20639 _0.14922 _ C.0559%4 0.13470  0.14408 0.0898]
7 T 9.23174 0.26733  0.21556  0.24922  0.46013  0.20639 T1.00000 0.41050  C.24678 0.19758 -0.01837  0.05237
B * 0.29%612 De23444 C.36411 0.3957% 0.47623 014922 0.41050 1.00000 C.55C93 0.,29680 =0,41557 =0D.36&0L%
9 * o 0.13042° 0.19443 T0,30744  0.4079€ GC.31687  0.05594  0.24678  0.55093  [.00000  0.03099 =0.49461 ~0.36526
- 0s12355  0.12931  0.19563 __0.20245  0.26472  0.13470 0.19758 _0.25650 . €.03€99 1.00000 -0.13767 ~-0.13817.
F§8 ¥ =0.02%87 -0,10191 =-0,26247 "=D.3606E  ~-0.19027 0,14408 <0.0UB3T =0.41557 ~C.49461 -0.13767 1.00000 0.66642
L2 * -0.03833 =0,05864 -0.20957 _=0.27787 _~0.12606 . 0.08781 0.05237_=0.38464 -C.38526 =0,13817 0.68642 1.00000

Figure 3-9: OUTPUTS OF THE PROGRAM (Concluded)
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START

{5

SET LOGICAL
TAPE NUMBERS
FOR INPUT
TAPES

Y

CALCULATE
COVARIANCE
MATREX AND
MEAN VECTOR

INITIALIZE
e PROGRAM
VARIABLES

YES
KS$ =0
NO

READ FIRST
SET OF INPUT 7
PARAMETERS

1
NO
Y

@

ES

SKIP ISAN
SCAN LINES

WRITE
il FIELD

IDENTIFICATIONS

l

READ & WRITE
SCAN LINE
AND

SAMPLE INTERVAL

PRINT OUT
COVARIANCE AND
CORRELATION
MATRIX WITH
MEAN VECTOR
FOR SELECTED
REGION OF FIELD

Figure 3-10. CORRELATION AND COVARIANCE MATRIX PROGRAM
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c CORRELATIZY  AND  CEVARIANCE MATRIX PR7IGRAN
DIMESTEN XXXXX{12¢12)
DTMEVSTON  XMEAN({L12) 4 DATAL12)sCPRR(12,12)

. DIMENSTEN ACZRR{12,12)ACAVR(12,12),XRAR(1Z) O
c LT LAGICAL TAPE NUMRER @F ODATA TAFE R\ A
LTHN=) o . ?\Q“V
c LTV5  LA%ICAL HUMBR® TAF  IKPUT  PARAMETERS | _ qtt
L7155 o \\\ﬂf‘/‘__,,
c LTide L7GICSL  NUMRER @F  suTPUT 'ﬁx/,
o . LIN6z6 L ‘
¢ L7177 LUEGICAL  NUMBER SF PUNCH gUTPLT
LTNT=7 o .
o TINPUT DAAMETERS TVITIALTZED
_KS=0 B i
SCALE=1C0.0 T
17 iE=}
o IFLhI=1

34 IFleLle=1
) IF {KSY T71,2,71
2 CT LT IME ] . L B o

’ READ (LTINS, 100)  HSCANSNCHANZNCEMP NTATAL sNFIELC »ESCAN,ARLD
71 CITINUE -
IF{IFTFLC-NFIELD)32,32,33
37 CwNTI UE
M5=(
C CPTE T3 SKIP SCAN  LINES
TF(I5CANT 57,57,8R ~ 77T 77
513 C™irl Gk
T T TEATS5 1=, 1SCAN
0 95 J=lyMTHTAL
READ (LTNY TTIoUM
55 CHITIME

N P 1 ) - ~a ———

L ASKIR=15CANT]
WRTTL  (LTHN6,110)
_WRITE  (LTN6,105)
READ  (LTNS,106)
MWRITE (LTNG62105)
WRITE (LTN6,105)
WRITE  (LTNG6,105)
WI[TE  {LTMN6,103)

D* 50 TAR=ISKIP,NSCAN
D* 1 J=1,172
XMFAN(J)=0.0
D1 I=1,12
008N (U, 11=0.0
1 CONTILUF
ACAT (LTUS,100) NBEGIN,NEMD
WRITS (LT1&,104) TAB,NBEGIN,MNEAD
WRITE  (LTMb,105) :
NSAMP=MEND= IREGTN+T
SAMP= (GAMP i
NSTAYT="REGIN-1
TFINSTART) 62,614562

P o m e e e ——

mrr— v o m— sk - F A m o= a
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62 CANTINUE
D4 10 T1I=1,NSTART

10T READ  (LTND 100M
61  CCNTINUE _
c INPUT  DAT READ FREM LIN
DP9 20 T=NBEGIN,NEND :
READ (LTN) ICHEK, IDUM, (DATA(J) s J=14NCRAN)

D@ 26 L=1,NCaMP
D@ 21 _J=1,NCHAN

CORRIL,J)=CORR{LyJIFUATAIL)*DATALY)
21 CANTINUE

26 CONTINUE
c MEAN VECTAR CALCULATED

D@ 20 K=1,NCHAN
XMEAN(K })=XMEAN{K)+DATA(K)

20 CANTINUE
NTERM=NEND+1

DG 25 I=NTERM.NTITAL
25 READ (LTN} ICHEK

SM=MS
MSE=MS+1

D@ 22 J=1,NCHAN
XMEAN(J ) =XMEAN{J)}/(SAMP)

22 CANTINUE

c CORRELATION AND CBVARIANCE MATRIX CALCULATED
DB 23 J=1,NCOMP »
DE 23 I=1,NCHAN
CORR(Jy T1=CARR (I, 117 ( SAMP}
23 COANTIAUE
D@ 51 J=1,NCOMP
XBAR(JS) =(SM/(SM¥1.0) )*XBAR(J) +{1.0/(SM+1.0))*XMEAN(J)

Dg 51 1=1,NCHAN
ACHRR(J¢I)=(SM/(SM+L. OV I*ACORREJ, T+ (1.C/(SM+1,0))1*CARRII,LT}

51 CANTINUE

50 CINTINUE
WRITE (LTN6,110)
WRITE (LTN6,105)
READ (LTN5,106)
WRITE (LTN6,106)

WRITE (LTN&,105)
WRITE (LTNG,107)

WRITE {(LTNG,105)
CWRITE {LING6,112) (K,K=1,NCHAN}

WRITE (LTN6,102) IONE,{XBAR{J)y =1, ,NCHAN)
WRITE {LTIN7,113) (XBAR(J},J=1,NCHAN)
WRITE (LTNG6,105)

WRITE (L TN6,108)

WRITE (LTN6,105)

WRITE (LTN&E,112) (K,K=1,NCHAN)

D&J 53 J=1,NCOMP

WRITE (LTN6,102) J,{ACIRR{J,1),I=14NCHAN)

53 C@NTINUE

D@ 54 J=1,NCBMP

D@ 54 I=T,NCHAN
~ACAVRIJ,IVI=ACORR(J, LY~ {XBARLJ).XBARLI))
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c\
54  CITIWUE [00Y
WPITE (LTH6,105) W0t Rﬁi,/ff:::iijil
WHITE (LTVN6,109)

o WRITE (LT46,105)
WRTTE (LTMNG6,112) (KyK=1,NCHAN)
Dt 56 J=1,NCBMP ) L
WOTTE (LTH6,102) Jy (AC2BVR{J4I)sI=1,NCHAN)
D0 2006 L=1,12 )
XXXKX{JsLY=ACWR(J,LIXSCALE
2006 C.5.TIE _
WRITE {LTMT7,113) (XXXXX(JsI),1=1,NCHAN}
56 CHITIAUE .
DY 60 J=1,lCaMP
DY 60 1=1,MCHAN
ABSCW=ABS(ACAVRI{J, J) #ACAYR{T 1)) .
ACIRR{JS, 1)=ACAVR(S, 1) /SGRT{ABSCP V)
60  CMTINUE
WRITE (LTMN6,105)
WRITE {LTNG,L1L) o .
WRITE (LTY6,105)
CHRITE (LTM69112) (KaK=1,
DN 59 J=1,NCAMP
WRITE (LTN6,102) Jy (ACBRR{J,I)sI1=1,NCHAN)
59 CHITINUFR )
IFLDI=IFLD1+1
IFIFLD=IFICLD+1
TFUICHEK=2) 2442,2 L
24 WRITE(LTNG, 115) e -
G* Ta 35
100 FaRYWAT({ 7110}
101 FIRMAT(11,8X,12F6.3) ~
102 FORMAT(2X, 14, 4X,1H%,12F10.5)
103 FIRMAT{20X, 11HS5CAN LINE) 10X, SHSTART,1CX4FSTEPY
104 FARMAT(20X,15,14X,15,10X,15)
105 FORMAT(1lr )
106 FIRMAT (1X, 80H

— 7 T T ee——tapm g BNSSTS AR L RRA S % e e————

NCHAN)

1 ) . B
107 FIRMATI30X,14HMEAN — VECTBR)

108  FIPMAT(30X, 20HCZRRELATIAN MATRIX)

109 "FPMAT( 30X, 20HCIVARTANCE MATRIXY

110 FaRMAT({1#1)
111 FORMAT(Z20X, 32HNORMALIZED CCVARIANCE MATR LX)
112 F RMAT(4Y%, 2HCH, 4X, 1H%,12(15,5X) )
113 FIMMAT(LX,12F6. 1)'"“
t14  FORMAT(1IX,12F6.4) _ L i
115 FARYAT(LY,40HNG END aF FTLELD DESIGNATIAN 2N THIS TAPE)
33 CONTINUE .
“Ks= K5+1
WRITE (LTN6,100) KS _
REWIAND  LTN
~ TFUIFLDL-NFLD1) _34,34435
35 CONTINUFE
STIP
END
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3.7 PIECEWISE CORRELATION AND COVARIANCE PROGRAM

This program is devised for calculating the piecewise mean, root-mean-—
square, and cross—-correlation of 2 specified channel with respect to the rest
of the channels in the multi-channel data set. The program also calculates
the pilecewise covariance, the second derivative of the piecewise correlation.
The associated statistical errors of the above correlation or covariance are

also calculated.

DEFINITION OF INPUT PARAMETERS .

CARD 1
IPIECE - Option for piecewise printout # 0 for printout,
LTERM ~ TERMINATES .JOB
# 0 for next case
= 0 to terminate
NTOTAL - Total NR. of samples in scan line.

NARRNG — Rearrange input data for correlations.

#0

CARD 2
NBEGIN - 1°% data point to use in each scan line.
NEND - Last data point to use in each scan line.
ICHAN - Reference channel for correlatioms.

NSAMP - No. of samples/piece, for piecewise calculations cannot be greater
than (NEND-NBEGIN).

NORM - # 0 for normalizationm.
JFIELD ~ No. of fields to process.

The input deck setup is shown in Figure 3-11.

The flowchart of the program is shown in Figure 3-12 which is followed by

a listing of the program.

3.8 PROBABILITY HISTROGRAM PROGRAM
This program is devised for calculating the univariate (first order)
probability density functions of the multispectral data set within a specified

inventory area. The program can handle up to 12 channels of data simultaneously.
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NBEGIN, NEND, ICHAN, NSAMP, NORM, JFIELD

FORMAT-14

4q 1
5 117111111112

1234567890123456789012

IPIECE, IACCUM, LTERM, NTOTAL, NARRNG

(FORMAT - 14)

Figure 3-11. INPUT DECK SETUP
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t START ,

CARD
IHPUT

L Iy

IRITIALIZE
FOR
CATA SET

PRINT
PIECEWISE [
RESULTS

A0 HORMALIZE

CORR &
VR

PRINT

NORMALIZED

RESULTS
RE-ORDER
EXCESS
SAHP. IN
SCAN LINE
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Figure 3-12. FLOWCHART FOR CORRELATION AND COVARIANCE PROGRAM
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DIMENSION

XMEAN{12)sCOVR(12)+ACOVR(12)+BCOVRIL1Z2}+sECOVR{1Z21}),

1FCOVR({12}4FRRORI(12)

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

FCORR(12}

ARMS1(13)
DATA(150912) + TEMP(150912)9CORR{12)+DAT(150912)
ACORR(12)sECORR{12)sDUM(12)

DATS(150+12) +ERRORI(12}9[DATI12)
ARMS(13)+BRMS(13)+BCORR(12)+CCORRI(13)

EQUIVALENCE (TEMP,DAT)

LTN=54
LTN1=61
LTN2=60
CONTINUE

READ (LTN2+100) IPIECE+IACCUMSLTERMsNTOTAL s NARRNG

ICHEK=0
IFIELD=0
JEIELD=1
ICHEK=0
CONT INUE

IFTELD=IFIELD+]

PUNCH 116+

IFIELD

JFIELD IS NRe OF CROPS + 1
TO TERMINATE JOB.

IF(IFIELD=JFIELD) 201,201,113

CONT INUE
ICHEK1=0

DO 302 I=1s12
ACOVRI(I)1=0e0
ECOVR(I)=0e0
BCORR{I1=040
BCOVR(I1=0.0
FCORR(I}=0.0
FCOVR(I}=0.0
ACORR(1)=040

ECORR(1)=0

CONT INUE
MS5=0
MS=0
NCOUNT=0

«0

WRITE (LTN1,108)

CONT INUE

READ PARAMETERS FOR EACH SCAN LINE

READ (LTNZ2+100) NBEGINsNENDs ICHANsNSAMPsNORMs JFIELD
NTERM=NEND+]
NEND=NEND=~NBEGIN+1

M55=M55+1

SAMP=NSAMP

JEND=NBEGIN=]
IF (JEND) 50145019500

CONT INUE
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DO 10 11=1+JEND
10 READ{LTN»100) IDUM
501 CONTINUE
DO 20 1=1sNEND
READ(LTN»101) ICHEK»(DAT(I+J)eJd=1s12)
20 CONT INUE
DO 23 I=NTERMsNTOTAL
23 READ(LTN»101) ICHEK
PRINT 100+ ICHEK
IF{NARRNG) 50335450
50 CONTINUE
KM=MSS5/2
XMeMSS5/2
BM=KM
XM= XM=8BM
KM= 2o 0%XM
IF({KM=1)35432432
32 JJ=NEND
KKK=1
DO 33 I1=1eNEND
DO 28 J=1s1l2
DATS({KKK s J)=sDAT (JJds )
28 CONTINUE
KKK=KKK+1
Jdadte=1
33 CONTINUE
DO 305 I=1sNEND
DO 305 J=lsl2
DAT{I+J)=DATS{IsJ)
305 CONTINUE
35 CONTINUE
DO 36 [I=1sNEND
NCOUNT=NMCOUNT+1
DO 37 J=1s12
DATA(NCOUNT o J)=DAT(I1+J)
37 CONTINUE
36 CONTINUE
KK=1
DO 25 [=1sNCOUNT
LLel41
DO 24 J=1lsl?2
TEMP{KKsJ)=DATA{l sJ)=DATA(LLsJ)
24 CONTINUE
KK=KK+1
25 CONTINUE
IF{NCOUNT=NSAMP} 2002+2003,2003
2002 CONTINUE
PRINT 100sICHEK
IF{ICHEK=2) 200442009200
2004 CONTINUE
IF{NCOUNT~NSAMP) 2+2003,2003
2003 CONTINUE
MCOUNT=0
ICOUNT=0
26 CONTINUE
M5=MS+]
DO 1 J=1sl2
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[aNa¥a!

403

29
30

206
207

205
204

3000

3002
3001

3003

COVR(J}I=040
ARMS1 (U1 =0.0
XMEAN{J) =040 -
ARMS(J)=040
CORR(J)=0s0
ERROR(J)=0e0
FRROR(J) =040

CONT INUE
DO 403 J=1sNSAMP
MCOUNT =MCOUNT+1
DO 403 I=1s12
XMEAN(1)=XMEAN(I)+DATA(MCOUNT s 1)/ S5AMP
CONTINUE
DO 30 KK=1e+NSAMP
ICOUNT=ICOUNT+1
DO 29 J=ls12
COVRI{JI=COVR{J)I+(DATA( ICOUNT » ICHAN}-XMEAN(ICHAN)}

1 *{DATA(ICOUNT s J)=XMEAN(J) )
CORR{J)=CORR{JI+TEMP(ICOUNT s JCHAN} *TEMP(ICOUNT 2 J)
ARMS{J)=ARMS(J)+TEMP {TCOUNT s J)*TEMP{ ICOUNT »J)

ARMS1{J}=ARMS1(J)+DATA(ICOUNT 9 JI#DATA{ICOUNT o J)

CONTINUE
CONTINUE
SMeMS=1
DO 207 J=1sl2
COVRI({JI=COVRI(J) /SAMP
ARMS1(J)=SQRT ((ARMS1{J}/SAMP)=XMEAN{J)*#*#2)
ARMS({J}=SQRT (ARMS(J)/SAMP}

CORR(J)=CORRI(J]) /SAMP
ACORR(JI=(SM/(SM+140)) *ACORR(J)+{1e0/ (SM+1e0) ) *CORR(J!
ACOVR{J)=(SM/(SM+14) ) ¥ACOVR(J)+{140/(SM+1:0) ) #COVR(J)
ECORR{J)I=(SM/{SM+1e0} ) #ECORR(JI)+{160/ (SM+1e0) 1 *(CORR(J) *¥¥2)
ECOVR({J)={SM/(SM+1e } 1 *ECOVR(JI+(1e0/ (SM+140) I #COVR{J) #%2
IF(ECORR{J)I=ACORRtJ)*#%2} 207+207+206
ERROR(J)=85QRT (({14/SM)*{ECORR{J}~ACORR(J}*%2})
CONTINUE
IF(ECOVRI{JI)=ACOVR(J)I*#%2} 20492044205
FRROR({J)=SQRT ({140/SM)*{ECOVR{JI=ACOVR(J)*%2))

CONT INUE
IF(IPIECE} 3001+300053001
IF(ICHEK=2) 30034+3002+3003

CONTINUE

CONTINUE

PIECEWISE PRINTOUT

WRITE{LTNL1+105)

WRITE(LTN1+106) MSs( CORR(J)sJI=1012)
WRITE(LTN1+600) MSsl COVRI(J)sJ=1y12)
WRITE(LTN1+110) MSs{ACORR(J)eJ=1912)
WRITE(LTN19603) MSs (ACOVR(J}eJ=1s12)
WRITE(LTN19112) MSs(ERROR{J)sJ=lsl2)
WRITE(LTN19602) MSe(FRROR{J}sJ=21912)
PUNCH 115s MSs(CORR{J)sJ=1s12}

PUNCH 115s MSs{COVR{J)eJ=1,12)
WRITE(LTN1+109)

CONTINUE

350
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C
C
<

2 FaNANaES!

321

319
318

322

316

317
323

3005
3004

325

320

44

45

41
40

TR-860

IF{NORM) 32143209321
CONT INUE

CALCULATE NORMALIZED CORRELATIONSs COVARIANCE

DO 323 J=1,12

CORR(J)I=CORR{J}/ (ARMS (J)®*ARMS(ICHINA) )

COVR{J)= COVR{J)I/(ARMSI(JI*ARMSLI{ICHINA))

BCORR(J)=(SM/ (SM+1,0} ) *BCORR{JI+(140/ (SM+140))%CORR(.I)
BCOVR{J}=(SM/(SM+14) ) *#BCOVRIJI+(1e0/(SM+140) ) #COVR{J}
FCORR{J}=(SM/(SM+1+0) ) ¥FCORR(J}I+(140/{SM+140) )% {CORR{J}*#2)
FCOVRIJ)=(SM/(SM+1a) ) *¥FCOVRIJI+{140/{SM+160) ) %COVR{J) *%2

IF(FCORR(J)~BCORR{JI*#*¥2])3189319+319

ERROR{J)I=SQRT ((1le/SM)I*{FCORR(J}=BCORR(J)*%2))

GO TO 322
ERROR{J} =040
IF{FCOVRIUI=BCOVR{JI1%#%21317+3164316

FRROR({J)=5QRT ((140/SM)*{FCOVR(J)=BCOVR(JI*%2})

GO TO 323

FRRORIJ}=040

CONTINUE

IF{IPIECE) 3004+3005+43004
IF(ICHEK=2) 320430044320

CONTINUE

WRITE (LTNl+325)

FORMAT (35X e 4 TH¥® ¥ ¥ ¥#3xx%%% NORMALIZED
WRITE(LTNY1+105)
WRITE(LTNY 3114 IMSs(ARMS(J) sd=1412)
WRITE(LTN1s2I06IMSs (CORRIJYsJ=1412)
WRITE{LTNl1s&00IMS» (COVRI{J Y 9J=1412)
WRITE{LTN1s110)MS+(BCORR({J)sJ=1412)
WRITE{LTNL1+60L)IMSs(BCOVRIJYaJ=1912)
WRITE(LTN1s112IMSs{ERROR(JY s J=1212}
WRITE(LTNY1s602)MSs (FRROR{J)YsJd=1s12)
WRITE(LTN1s605IMS s (XMEAN{J) s J=1412)
WRITE{LTM1#£04IMSs (ARMSI(J)sd=1412)
PUNCH 115s MS»{CORR{J)sJ=1s12)
PUNCH 115+ MSs (COVRIJ)eJ=1012)
WRITE({LTN1»109)

CONTINUE

NCHEK=NCOUNT= I COUNT

CORRELATIONS ##®®33xd#

CHECK FOR SAMPLES LEFT IN SCAN LINE TO SORT AND GROUP

WITH BEGINNING OF NEXT SCAN.

NCHEK = 0 =~ NO SAMPLES LEFT ON PRESENT SCAN LINE

IF{NCHEK=NSAMP ) 44426426
NCOUNT=0

IF(NCHEK) 45498445
CONTINUE
NSTOP=ICOUNT+NCHEK

DO 40 II=ICOUNTsNSTOP
NCOUNT=NCOUNT+1

DO 41 J=1,12
DATAINCOUNT s J)=DATA(II sJ}
CONT INUE

CONTINUE -
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98 IF(ICHEK=2) 242004200 ' :

100 FORMAT(614)

101 FORMAT(I1+6Xs12F643)
105 FORMAT (1X//7Xs4HCH 195Xs4HCH 295X s4HCH 395X 9 4HCH 4 95X 9 4HCH
15X s 4HCH 695X s4HCH 795X s4HCH B8e5Xs4HCH 995X s4HCH10 95X s 4HCH1L s
24HCH127)
106 FORMAT(1XsI3912F%94698H PC CORR/)
110 FORMAT(1Xs13312F94698H AC CORR/)
112 FORMAT{1XsI3+s12F9.6+8H ER CORR/)
114 FORMAT(1XsI3+12F9.6+8H RMS COR/)
115 FORMAT(I3+2Xs12F6e4)

116 FORMAT (20X s 14H*%¥ %% FIELD 13s8H ##%%%%)
108 FORMAT (1H1//}
109 FORMAT{1X/)

600 FORMAT(1Xe13+12F94698H PC COVR/}

601 FORMAT (1Xs13412F946s8H AC COVR/)

602 FORMAT(1X+13312FG+698H ER COVR/)

603 FORMAT(1XsI3+12F94698H AC COVR/)

604 FORMAT(1Xs13412F94698H PC STD /)

605 FORMAT(1X»13312F9,648H PC MEAN/)

113 REWIND LTN

IF{LTERM) 2000200152000
2001 CONTINUE

STOP

END
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The main outputs are univariate probability histrograms for every channel. In
gddition, a normal distribution curve is superimposed on the histrograms. The
normal curve has the mean equal to the most probable value of the calculated

probability density function and the same standard deviation as the calculated

cne.

It is optional to read a header identification record at the beginning of
each data (IHEAD # (0) or to input some header identification via NAMELIST
variable IDENT (IHEAD = 0). The one selected can be printed out as a title
heading for each data set for the plotted probability density functions and
for the printed mean and variance. Bit manipulation on a single variable on

the read in header identification may also be done (IFLD # 0).
The program uses as input a tape reformated by the tape conversion program
or a standard FORTRAN and/or Binary tape. The program's input control parameters

are inputed by NAMELIST and the calling routines are NAMFIL and NAMDAT.

DEFINITION OF INPUT PARAMETER:

NAMFIL
e NFILElL - Total number of data sets (files) to be processed cannot
exceed four.
NAMDAT
e NBEAMS - Totzal number of chaunels of data to be processed (cannot

exceed 12)

e NWHICH - Specify the numerical value of the files on tape to be processed
(not to exceed 4). Does not apply to tapes reformated by the
tape conversion program.

e TIMSAM

|

Specifies the time displacement between samples in the game
channel.

e LTN - Logical tape number of the input tape.

¢ NBLK - Total number of variables for each channel in a data record.
For a tape reformated by the Tape Conversion Program, it specifies
the number of samples in a scan line.

e NBEGIN ~ The sample number of the data value in a scan line to start
with that qill be used in probability density calculation.

© NSTOP -~ The sample number of the data value in a scan line to stop
with that will be used in probability density calculation.
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e NTOTAL -~ The total number of intervals in the range of the values to be
congidered in the probability density function.

e TINCRE - The increment of data value range considered in the probability
density calculation.

@ ISKIP - Number of data records to skip at the start of each data set.
e NSCANS - Total number of scan lines in a data set.

e LTABLE - Minimum value of the data range to be considered in the
probability calculation.

o IBCD - Option to read header identification record at start of each
data set in either Binary (IBCD = 0) or Alpha-Numerically
(IBCD # 0).

e IFLD - Option to do bit manipulation on a variable in the header
identification record. IFLD # 0O bit manipulation executed.

@ NA - Starting bit position in NBLK where bits will be transferred in
direction left to right.

® NAB - Number of bit to be transferred.

o NB — Starting bit position in RCDID{ISVB) where bit will be transferred
in direction left to right.

e TISVB -~ Array position in RCDID from which bit will be transferred to
NBLK.

¢ IDWORD - Number of header identification words to be read in.

e IMODE - Mode that system REDTPC is to be read in. REDTPC is documented
in 7094 Computer Manual of Marshall Space Flight Center.

¢ IHEAD - Option to read header identification record. IHEAD # 0 header
record read. TIHEAD = 0 identification put on with IDENT
NAMELIST variable.

o IRDTPC - Option to either read input tape under system REDTPC (IRDTPC

# 0) or under format of output from tape conversion program
(IRDTPC = 0).

# IDENT - Labeling used in place of header identification record.

Figure 3-13 shows the flowchart of the computer program, which is followed
by a complete listing of the program. Some plot outputs are shown in Figures
4-31 through 4-40. The symbol A's designate the actual calculated probability
curves, while the symbol B's designated am expected normal distribution curve
with its mean equal to the most probable wvalue of the actual curve and with the
same standard derivation as the actual curve. ﬁigure 3-14 is a printout result

of the program.
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START

READ
NAMFIL
YES
STOP
NO
READ
NAMDAT

'

INITIALIZE PROGRAM CONSTANTS AND
SET DATA RANGE TO BE CONSIDERED
IN PROBABILITY DENSITY CALCULATION

—

POSITION TAPE FILE TO BE PROCESSED

READ
HEADER
ID RECORD

CALCULATE MEAN, VARIANCE, AND
PROBABILITY DENSITY FUNCTIONS

!

PRINTOUT OF MEAN AND VARIANCE

!

PLOTS OF PROBABILITY DENSITY FUNCTION

5TOP

Figure 3-13. FLOWCHART OF MULTI-CHANNEL PROBABILITY DENSITY PROGRAM
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1007

1004

1C6

Tl
C SET

1011

HUNTSVILLE
EARTH - EFN  SZURCE STATEMENT =« IF%N(5) =
o MULTI=CHANNEL PRABAABILITY DENSITY PRIGRAM
DIMENGIAN NHEGIMA2T)oNSTEP(2T) £
DIME'STAN SAMP(12) RoDUGlBL
. 1ot REP
NIMENSTIN ATABLE(12}, GTARLE(12)

DIMEMSTIN AMAX(L12),P(201)

DIME'ISIZAN °COID{15) DATA{S5000),0AT(5000), TARLE(201),2LAN{201,12)
DIME «STZN AVGCL{12),AAVGCL(L2) 4RMS(12),)ARMS{12),S15(12) yASIG(12)
DIMENSTIN XARKAY(L2), XLAM{L12) ,NWHICH{S) , IDENT{S)

FORMAT(1246)

EQUIVALZNCE {(RCDID{L3}yNCHBUNT)

CALL CAMRAV(9} N e e L
NAMELEST /MNAMDAT/ NBFAMS NWHICH TIMSAM,LTN APLK,ABEGIN,
INSTAP W NTOTALy TINCRELISKIP,NSCANS,LTABLE,IBCL,
2ZIFLDyNAYNAB W MBAy ISUR,yIDWEBR Dy IMADE y IHEAD, IRDTFC, IDENT

READ (5,1007) {(XARRAY(I),I = 1,121

READ(S,1O0T7Y (XLAM(I)Ys[ = 1412)
MAMELIST FMNAMFIL/ MFILEL
READ{S, NAMFIL)

D3 398 TAA=1,wFiLEL

IMPUT MAMELIST BATA

READ {5,NAMDAT)

WRITL (6,NAMDAT)

INITILIZE CONSTANTS

TIME = 0.0
MCT=t{pLK
FARMAT{1H 14F8.4)
DELT = TIMSAM

D3 3 1=1,NTLTAL
P{I) = 0.0 .
TagLe (1) = 0.0
CAONTINUE
D& 106 1 =
GTABLELT)
BTABLE( D)
SIGUI) = 0.0
AMAX{T) = Q.
AAVGCLI{TI)} =
ARMSI{IY = @
CANTIYUE

DA 71 I1 = 1,12

Dgd 71 1 = 1,201 _
PLAMITI,TI) = 0.0

DATA RANGE T2 BE CONSIDIERED IN  PREBABILITY OENSITY
TABLE{1)}=LTARLE

D#Z 1011 1 = 2,NTATAL

TABLE(L) = TABLE (I-1)+TINCRE

CANTIWUE ) . . _ .
PaASITiL N TAPE FILES AND NUMBER #F FILES
IF{IRDTPC.EQLC) G T2 11
REWIND  LTHN

IAR = HWHICH{IAA)-1

IF (14B) 11,1i1ls12 '

14 MBEAMS
0.0
.0

o

0
0.0
0
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12 CAaNTINUz

. BLE
D4 10 14C=1,TAB EPRODUC‘
CALL SXFBIN{9,LlsRD)} . not R —
EARLTH ~ EFN  SBURCE STATEMEANT - IF(S) -

10 CauTI WF
11 CaNTINUE
c Qrab HEANER IDENTIFICATIEY RECHRD
IF{IHEADLEQLO) GZ& T4 1060
IF(IBCD.EQ.D)Y GA T3 1013
READ (LTN,1051) (RCDID(I),I[=1,IDW3RD)
1051 F@RMAT{15A6) o ST
CLIVIISUB)=0.0
RCODID{ISUB)=NGLK
NCT=NBLK
Ga T4 10L&
1013 C2MTINUE
READ {LTN) (RCDID(I)3I=1,1DWERD)
IF([FLD.EQ.O) G® TD 1014
4CT=0
CALL FLD{MNCT,"JAL,AB,NB,RCOID(ISUBY )
1014 CHaNTIwNyE
NCOUNT = NCT
NRLK = RNCT
WRITE (691000) (RCDID(I),I = 1415)
LO0N FARMAT(1X,12A6416)5Xy2F844)
1060 CZNTI-JUE
IF(IAEADNELO) G3 T4 1070
WRITE(6,1071)
WRITE{6,1051) (IDENT{I)y1I=1,I0w3RD}
WRITE(6,1071)
1071 FORMATULLIHO)
DA 1072 I=1,1DWGPD
RCDID(I)=IDENT(I)
1072 CONTINUE
1070 CAMTINUE
WRITE(6424)
24  FPRMATUILTY, 3HCH1 ,6X s 3HCHZ2 16X,y 3HCH3 16X, 3RCH4 46X, 3HCHS 46X,
LIHCHG 06X 9 3HCH T3 6X3 3HCHB 16X g 3HCHD » 6 Xy 4HCH1 03 SXp4HCHL L 95X 34 HCHL2)
NCAUNT =NCT
NP = JICAUNTRNBEAMS
MS = 0
C 3PT1aM T SK1P SCAN LINES
NRIN=ISKIP+1]
[F(ISKIPLEQ.O) G2 T4 1032
D4 1031 J=1,ISKIP
CALL SKRBIM(9,1,3D)
1031 CINTIVWE
1032 CoMNTINUE
pA 1 TAD=NRIN,NSCANS
NWDS={MSTIP(LAD)I+1-NBEGIN{IAD) ¥ (NBEAMS+1)
DJ 104 I = 1,01BEAMS
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LO4

60

1061

51
50
1062

70

91

53

30
L00

AVSCL(TY = O
RMSETY = 0.0
SAMP{I}=0.0
CINTIIUE

MS = MS+1

IA =1
IF{I20TPC.NELO) G2 T2 1061
NP 60 J=LyNUP,NBEAMS ’
JZ=J+NBEAMS -1

« 0

EARTH -  EFY SAYRCE STATEMENT - IFN(S) -
READ {(LTN) TCHEKy (BAT(L) 2dL=d,JdZ)
CANTINLE
G TP 1082
C HITI WGE
CALL REDTPC (L TN, IMEDE+IERRyNWNUP,DAT)
£3 TA (50,51450,5045L),TERR
G3 T 2999
CAMTINUE
CHNTINUE
NSTART=NBEGIMN(TAD)
NTERM=MSTEP(TIAL)
D2 80 ICC="|START,NTERM
HFRM=TCCHMNBEAMS-NAEAMS+]
NTI="FRM+NBEAMS -]

J = 0
DT 81 1 = MFRMYNTA
J = J+1

IFIDATCI}LT.TABLE(LY)Y GE& T2 70
IF(DAT{1).GT.TABLE{NTYTAL)) GZ T4 70
AVGCL{J)=AVSCL(J)+DAT{])

RMS({J) = MS{I)+0AT (T }*=?

ITF{DAT{T ) LT TARLE(L)) SAMP(J)=S4MP{J)+1.C
IF(OATII)GTLTABLE(TETALYY  SAMP(J)=SAVMP({J)+1.0
CZNTIWE

DATA(LIA)=TIME

TIME=TIME+DELTY

D33 1 = NFRMyNTI

IA = [A+l

DATAULIA)=DAT(I)

CAINTINDE

FA = T84}

IF{TALGELNWDS) G# T 100

CaMTINUE

CHTI IUE

SAMP Z=NST2P( TAD)-NBECIN{ [AD)+1

SM = ™S

D? 101 I = 1,NBEAMS
RMS{I)=RMS{I)/{SAMP2=3AMP (1)}

AVGCLI I} =AVGCLI D)/ { SAMPNE-5AMP({1})

ATMSITIY = (((SM=1.)/SM}I®=ARMSI{T]) +3AIMSIIV/SM)
AAV LLL(EY = ({{SM=1.)/SMI®AAVGCL{T)+AVGCL(T)/5M)
STolT)=SORT{RMS{T)-AVOLL{ [ i*%2)
RMS[TI1=SORTIRMS(T)}
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101 COITINUE
WRITE (6,9000) ( AVGCL{T) ,I=1,NBEAMS)
WRITE (6,9001) ( RMS(I) s I=1 s NBEAMS)
WRITE (6,9002) ( SIS(D) s 1=1 s NBEAMS)
9000 F RMAT(1X,8HPC MEAM, IX,12F9.4)
G001 FARMAT{IX,BHPC AMS ,1Xy12F9.4)
3002 FARMAT(LX,8HPC SU ,1X,12F9.4)
DY 94 1 = 1,NBEAMS
SIG(IV=SRRT(ARMSII)=AAVSCL{ I )%%x2)
RMS(I)=SQRT{ARMS(I))
34 CANTICIUE . .
WRITE {6,9003) { AAVGCL(I),I=1,NBEAMS)
WRITF (6,9004) ( RMS(I) +1=1,NREAMS)
EARTH - EFN SZURCE STATEMEAT - IFN[S) =~
WRITE (6490053 ( SIS(I} 2 1=1 ¢ NREAMS)
9003 FIRMAT(LXsBHAC MEAN,IX.12F9.4)
9004 FORMAT{LX,8HAC RMSy1XsL2F9.4)
9005 FARMAT{LX,8HAC SD 4 1X,12F9.4)
1T = 0O
NXYZ=NSTZPUIAD)=NREGIN(IAD)+1 o
DF 32 T=L1,NXYZ
I = [1+1
D3 32 111 = 1,NBEAMS
L o= 1
IT = I1{+1
33 CONTINLUE )
IF(DATA(IT)LLTLTAGLE(L)YIGE TG 30
TF{DATA(II) .GT.TARLE{NTATAL)Y GZ T8 30
IF(DATA(TITIY.GTLTABLE(L)) GA& T4 34
G T? 30
34 IF(DATA{II) LTLTABLE(L+1}) GZ T¥ 31
Gz T* 30 o
31 PLAM(L,II1) = PLAM{L,yIII2+1.0
G3 T4 32
30 CeuTIUE
IF(DATAY(II)LLTLTABL{1)) BTABLE{III) = ATABLE(IIL)+1.
TE(DATA(TIL) «GTLTABLE(NTATAL)IGTABLE(ITIT)=GTASLE(LIL ) +1,
IF(DATACII)LLTLTABLE(1))GE Tg 32 i
IF(OATA{ITY JOT.TABLE(NTATAL)Y) G2 T4 32
L=L+1
ITF{LLLT.NTATAL) G2 T¢ 33
53 TH 31
32 CONTINUE
100? FARMAT(LH 13F9.4) o
1003 FOAAMAT(LIH 12F9.4) )
1 CPNTINUE
9199 CANTIMUE
D™ 90 =1, NREAMS
Duv 70 J = 1,MTeTAL
TF(PLAM{J, IV GCTLAMAX( L)) GO T4 G2
54 T4 90
32 AMAX(I) = PLAM(J,I)
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20

3006

9007

3008

73

CasTl Wy

WRITE(A,9006)

FARMAT({ 35X, 37HNUMBER AF VALUES LESS THAN TABLE)
WRITE (6,1003) (BTABLE(I),I = 1,NBEAMS)

WRITE{649007) : -
FIRMAT( 35X, 40HNUMRER JF VALUES GREATER THAN TABLE)
WRITE (641003} (NTABLE(I},I = 1,MREAMS)

WRITE(6,9008)

FARMAT(35X, 3LHMAXIMUM VALUE JF EACH TABLZE)

WRITE (6,1003) {AMAX{I),I = 1,NBEAMS)

NP o= TZTAL -

Di* 93 T = LoNBEAMS

DP 95 J = 1,NTITAL
BASE=(TABLE{J)=AAVGCL{I M) %%2/{2.*%SIG(1)%%2)
IF(BASE.GE.88.) G% T# 73
P{J) = AMAX(I)}/SXP{BASE)
59 T7 72 -
P(J)=0.0

CARTH -  EFN SGURCE STATEMENT ~ IFN(S) -
CaniTINUE
CANTIMUE
CaLt UIK3IV(-1,lHA, XKARRAY+XLAM  4="P,TARLE,PFLAM(L,11})
CALL QUIK3V [ O¢1HB,XARRAY, XLAM +=NP, TABLE,+P)
CALL PRINTVI9QO,RCDID,212,1010)
CANTIMUE
CuNTI IE

CALL CLEAW e
SToP e
END - ﬁ6¥’§£pRODUG\BL
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http:IF(BASE.GE.89

I9~¢

SNAMDAT _
NBEAMS = 12,
Sewiey = e 2, 3 h 4y S -
TINSAM = 0.10090G00L 0C,
LTN = EN
NBLK = Sy
YBEGIN = 41, 41, 41 41y 41, 41y
3 41, 0, "0, 0, O
P L0 04 O, O, - .0y 0y _
Oy Oy Uy [V [+ 1% O
NSTBP = 55, 55, 55, 55, 55y S5y
55y 55, [+ Oy 0, Dy
Oy 0y 0y . 0y 0, Oy
0' u’ 0' 0' 0! 0!
NTHTAL = - 108y S
TINCRE = 0.3C000030E-01+
ISKIP = 04 I,
NSEANS = 9,
LTABLE = 04 L.
IBCD = 0,
IFLD = I 0, — -
NA = 19,
NAB = 17, . ) )
NB = H
1sup = 13, .
1DWARD = Sy
IMODE = 2y — e
THEAD = 0y
IRDTPC = 0y e 3
EDENT = &H + 8H Clsy 6H5-17) , €4 "SEC, &H=8 '
$ END - -
CU5=17} SEC-B o
CHL CH2 cH3 CH4 CHS CH6 cH? CHB CHY CHLO cHl1 CH12
PC_ MEAN 1.2685 1.7115 1.1229 1.0261  0.9514  0.84C4  0,6159  0.8537  0.4055 04742 _ 0.6076 _ 0.4365
BC  ANS 1.2906  1.7123  1.1234  1a0266 0e9527 0.B41L  0.6162 08552 0.4068  O«4796  0-6098  D.%4383
PC 5D 0.0730  0.0550  0.0344 _ 0.,0313  _0.0498__ 0.0353 0.0l98 0.0506 0.0332 0.0364 0.0518 0.0392
AC  MEAY 1.2985  1.7115  1.122%7 T.0261 "3.951477 0.B4C4 0.515% 08537 044055 0.4T42  0.6076  0.4365
AC  RHS 1.2906 L.7123 1.1234  1.0266_ 0.9521 0.8411  0.6162 0.8552 0.4068 0.4756 0.6098  0.4383
AC 5D 0.073¢  0.0550  0.0344  0.03137 0.0698 ©£,0353 0.0198 0.0506 0.0332 0.0364 0.0518 0.0392
PC MEAY 1.2587 1.7091  1.1404  1.0185_ 0.9428 049419 06122 0.B455  0.4087  0.4650  0.6051  0.4483 _
PC RMS 1.2616  1.7102  1.1420  L.0L90  0.9436 (G.B423 D.6128 0.8467 0.4094 0.4661 0.6069  0.4507
PC SO 0.0876  0.0624  0.0610 0.0336  0,0373 0.0268 0.0285 0.0444 040234 0.0322 0.0465 0.0468
AC MEAN 1.2736 1.7L0%  1.1316  1.0223  0.5471  0.3411 0.6140 0.8496 0.4071  0.4696 0.6063  0.4424
AC  RMS 1.2763 17113 1.1327 1.0228 0.9481  0.3417  0.6145 0.8510 044081  0.4T09 0.6083  0.4445
AL SD 0.0820  0.G589  0.0503 0.0376 §.0%42 0.0313 0.,0246 0.0478 0.0288 ©.0347 0.0492 0.0436
PL  MEAN 1.2666  1.7047  1,1633  1.0228  0.9542 0.8456  0.6290 __ 0.8504 _ 0.416 04811  0.6068 0,4552
“PCT_RMS L.2690  1,7055  1.1644  1.0234 0.9549 0.8466  0.6292 0.851% 0.4177 04822  0.6086  0.4572
PL  SD B.0766  0.0513 0.0516  0.0347  0.0373  0.04C9 0.0146 0,051 0.0346  (.0328 0.0466 0.0419
AC  MEAY 1.2713  1,7084  1.1422 1.0275 0.9495 0,8626 0.6190 0.8499 0.4101 0.4736  0.6065 0.4467
AC  RMS 1.2738 147096  1.1434 1.0230  0.9504  0.8433  0.6194 0.8513 04113  0.4747  0.6084 0.4488
AC  SD 0.0803  0.0563  0.0529 D0.0333  0.0422 0.0949 0.02?9 0.0489 0.0312 0.0345 0.0484 0.0435
PC  HMEAN 12668  1.7223  1.,1387  1.0300 0.9540 049353 0.6136  0.8652 0.4111 _ 0.4T4L  0.594% _ 0.4461
“PL  RAMS 1.2690 1.7230  1.1395  1.0308 0.9942 0.8356 0.6L41  0.8665  0.4128 0.4754  0.5663  0s 4481
PL SD 0.0740  0.049L 040431  0.06400 0.0221 0.022T7 0.0245 0.0476 0.0371 0.0356 0.0470 0.0423
AC  MEAN 1.2702 1.7119 141413 1.0244  (.9506 0.8408  0.6LTT  0.3537 0.4104 0.4736 0.6035  0.4465
AL RMS 1.2726  1.7128 1.1424  1,0250 _0.95l4 _ 0.3414 0.6181  0.8551 0.411T  0.4749  0.6054  0.4486
Az SD 0.0788  0.0551  0.0506 0.0352 70,0382 ~ 0.0324 0.023% 0.0690 0.0328 0.0348 Q.0483  (.0632
PC MEAY L.2609  1.7084 1.1403  1.0226 0.9274 0.T7953  0.6408 0.8438 0.3985 0.4743  0.5915 0.4233

Figure 3-14., PRINT-OUT OF THE PROBABILITY PROGRAM
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Figure 3-14,

PRINT-QUT OF THE PROBABILITY PROGRAM (Conciuded)

PC RMS 1.2632 1.7097 1.1411 1.0234 0,928l 0.7962 Q.5413  0.8451 0.4002 044758 0.5936 0.4250
PC SD 0.0767 0.0684 0.0427 0.0392 0.0362 0.0374 0.0260  0.0467 _0.0372  0.0380 0.0495 0.0385
TAC  MEAN 1.268% r.7i12 l1.141t 1.0240 0.9460 0.8317 0.6223 0.8517 0.4080 0.4737 0.6011 0.4%19
AC RMS 1.2708 17122 1.1422  1.0246  0.9468 08326  0.6228 048531  0.4094 _ 0,4751  0.6030 0.4440
AC 5D 0.0735% 0.0580 "0.0492 ~0.0361  0.0389  0.0381  0.0257 0.0487 0.0340 0.0354 0.0488 0.0433
P, MEAN 1.2923 1.7073  1.1605 1.0188  0.9653  0.0386 0.6382 0.8481L D.4304 0.4635  0.6040 0.4619
PC  RM3 1.2952 1.7084 1.1617 1.0134 0.9661 0.83%2 0.6388  0.8491 0.4320 0.4643  0.6060 0.4646
PC  SD 0.0867 0.0632  0.0524  0.0340  0.03917 0.0310 _ 0.0270 _ 00398 _0.0366 _ 0.0271_ _0.0499  0.0492
AC MEAN 1.2723 1.7105 1.1444 120231 7 0.9492 0.8329  D0.6249  0.85L1 0.4117  0.4720  0.6016 0.4452
AC  RMS 1.2749_ 1.7116 1.1455 _ 1.0238  0.9500 0.8337 0.6255 _ 0.8524  0.4133__ 0.4733__ 03,6035 0.4475
AC  §D 0.080% ~0.0589 0.0502 ~0.0358 0.0397  0.0371 0.0266 0.0474 0.0355 0.0344 0.0490 0.0450
PC MEAN 1.2664 1.7038 1.1331 1.0018 0.9424 0.8237 046362  0.8404 044151 0.4634 0.5772  0.4202
T RM3 12687 1.7045 1.1336 1.0026 0.9431 0.8240 0.6366 0.8414 0.4163 0.4643 D0.5791 0,4218
PL 5D 0.0773  0.0496 0.0325 0.0402  0.0363  0.0235  0.0236 _ 0.0404 _0.0316 _ 0.0288  D.047Z 0.0370
AC ~ MEAN L2715 Ti.T096" "\.i&28  ~"I.0201  0.9487 0.8315 0.6265  0.8496  0.4122  0.4708 0.5981  0.4417
AC RMS 1.2740  1.7105 1.1438 1.0208 0.9490 048323  0.6271  0.8509  0.4137 _0.4720  0.6001 _0.4439
AT~ §D 0.0800 ~ 4.0%77 0.0483 T 0.0372 0.0393 0.0356  0.0265 0.0466 0.0350 0.0338 0.06495 0.0448
PLC MEAYN 1.2503 1.6955  Ll.l446 1.0269  0.9336 0.8437  0.6367 0.8362 0.4121  0.4583  0.6105 0.4400
P RAS 1.252% [.6967 1.145% 1.0271  0.9344 0.8446 0.637% 08374 0.4140  0.4591 D.6131 0.4422
#C  SD 0.0725% 0.0636  0.0431 0.0381 0.039¢ 0.03856  0.0206  0.0449 0.0398  0.0269  0.0565 0.0439
ACTTHEAN 77 LTFEER TTILTATET TTJI4367 TT1.0210  D.9464 0.8331 0.6278 D.847T9  0.41232 0.4692 0.5996 0.4414
AC RMS 1.2713  1.7088  1.1440 1.0216 0.9472  0.8339  0.6284  0.8492  0.4137  0.4704  D.6018  0.4437
&C" SD 0.0794 77 0058777 0.047TT 0.0374 0.0396 0.0362 0.0260 D.0466 0.0356 0.0333 0.0506 0.0447
PL  MEAN 1.2542 1.7058 1.1229 1.0L90 0.9480 08424 046271 048513 044219 0.4684  0.5907  0.%499
BPC  RMS 128573 17073 1.1246 1.0197 0.9482 0+842T 046277 0206520 044230 0.4697 05920 Oa=4527
P S$H 0.0876  0.0707 0.0606 0.0386 0.0216 0.0220 0.0255 0.0363  0.,0307 0.0357  0.0391 0.0505
AC MEAN 1.2672 17076 1.1408 ~"T.0307  0.9466 0.834L  0.62771 0.8483 0.4133 0.4691 0.5986 0.4424
AC  RMS 1.2698 1.7086 1.1418 1.0214 0.9473 08348  0.6283  0.8495  0.4148  0.4703  D.6007 0.4447
AL 5D 0.0805 078601 0.0497 "0.0375 0.0380 0.0351 ~ " 0.0260  0.0456 0.0352 0.033%6 0.0495 0. 0454
NUMBER #F VALLES LESS THAN TABLE
0. 0000 0.0000 0.0000 0.0000 ©.0000  0.0000 0.00C0 0.,0000 0.0000 0.0000 GC.0000 0.0000
NUMBER @F VALLES GREATER THAN TABLE = = e
0.0000 0,0000  (0.0000 00,0000 G.0DO06 ~ 0.0000 0.0000 ~6.0000  "0.0000 ©0.0000 ~0.0000 ~0.0000
MAXIMUM VALUE 2F FEACH TABLE L
“Z1.0000 29.0000 "30.0000 35,0000 4UJ0000° 48.0000 B9.0000 "41.0000 53.0000 55.0000 34.0000 32.0000
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39 DIVERGENCE MATRIX PROGRAM

This program is devised for calculating the ''divergence' measure which is
a similarity criterion between two homogensous populations whose probability
density functions are normally distributed. The mathematical formulation of
this divergence criterion is given in subsesction 2.6. The program is coded
such that up to 12 homogeneous populations can be compared simultaneously. The
main input parameters are mean vectors, covariance matrices, and selected
channels for all populations. The main ogutput is a square matrix of divergence
between all combinations of the given populations. The divergence matrix
consists of two terms, which are called Trace 1 and Trace 2 matrix representing
the first and second terms of the right hand side of equation (2-11) 1n Section

IT.

Four subroutines are used in this program: Matrix Multiplication (MMPY),
Matrix Subtraction (MSUB), Matrix Addition (MADD), and Matrix Inversion (MINV).

DEFINITION OF INPUT PARAMETERS:

CARD 1 (7110) Format

o NSCLEl - Scale factor for Mean Vectors.
@ NSCLE2 -~ Scale factor for Covariance Matrices.

o NCYCLE - Number of times to cycle through the program comparing the
matrices.

o KKK — Maximum row size of Covariance Matrix to be read.
o IIT - Maximum column size of Covariance Matrix to be read.

e NLOOP - Number of times to cyele through the matrices for different
row and column configurations.

o NMEANS - Number of Mean vectors or Covariance Matrices to be used in
the calculation.

CARD 2 (3110) Format

e NLOW - Lower range of field identification to be read.
o NUP ~ Upper range of field identification to be read.

e NPRINT - Option to print out in?ermediate calculation of cross products
of comparisons of two populations.

CARD 3 (20A4) Format

e Z(L) - Array in which field identifications are stored.
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CARD 4 {121I5) Format

e ICH(L) - Specifies which columng of Covariance Matrices to use in
calculations. ICH(L) = 0 column not used.

CARD 5 (1215) Format

® NSC(I) - Specifies which rows of Covariance'ﬁatrices to use in
calculations. NSC(I) = 0 row not used.

CARD 6 (5I10) Format
e NSCTS ~ Specifies number of rows actually used in Divergence

calculation from NSC(I) selection.

e ICHAN - Specifies number of columns actually used in Divergence
caleulation from ICH(L) selection.

e ICHAN1 - Used to specify that the mean is a 1 X NCHAN vector. Nominal
value is one.

@ NCHAN - Maximum row size of covariance Matrix to be read.

e NSCANS - Maximum column size of Covariance Matrix to be read.

CARD 7 (12F6.0) Format

YBAR(KK,I) - Array that Mean vectors for each population is stored. KK
specifies population and T the dimension of the vector.

CARD 8 (12F6.0) Format

¢ X(KK,J,I) - Array that Covariance Vectors for each population is stored.
KK specifies population, I the row dimension, and J the
column dimension.

Figure 3-15 shows a flowchart of the divergence matrix program, which is
followed by a complete listing of the program. Some sample outputs are shown
in Tables 4-1 through 4-5.

3.10 SI-TABLE PROGRAM

This program is devised for calculating the so-called Si-value which
represents a measure of similarity between two inventory areas which, in turn,
are characterized by the mean vectors and the standard deviations. Let the
mean vectors for ith and jth inventory areas be denoted by Mi(k) and M, (k),
and the standard deviations be ci(k) and cj(k), where k stands for theJchannel
number, (k=1,2...K). The Si-value between ith and jth inventory areas can be

expressed as
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START

READ INPUT CONTROL.PARAMETERS,
MEAN VECTORS, AND COVARIANCE MATRICES

!

SELECT ROWS AND COLUMNS
TO BE USED FROM MATRICES
IN DIVERGENCE CALCULATIONS

1

CALCULATE MATRIX INVERSION

!

CALCULATE TRANSPOSE OF THE
MEAN VECTOR

i

PRODUCT MEAN VECTOR WITH
ITS TRANSPOSE

é

CALCULATE TRACET AND
TRACEZ OF THE SELECTED
POPULATIONS

é

CALCULATE DIVERGENCE
FROM TRACE1 AND TRACEZ2

Figure 3-15. FLOWCHART OF DIVERGENCE MATRIX PROGRAM
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c PROGRAM TO CALCULATE DIVERGENCE OF TWO MATRICES
DIMENSION Z1(240)
DIMENSION ZBAR{12,12)
DIMENSION X1{12,12)
DIMENSION DIV(12,127 - .
DIMENSION V{12912),Vi(12+12)2VT(12412),VT1(12412)
DIMENSION VPROD{12,12),VXPROD{(12,12),VDIFF{12,12),VIDIFF{12,12},
AVSUMI12,12),VTSUM(12,412)
DIMENSION XBAR(12,12)sXTBAR{12,12)XPROD(12,12)
DIMENSIDON X(12512,12),ICH{12),NSC(12)
DIMENSION YBAR{1Z.I2) -~ - - )
DIMENSIDN TRACE(12412),TRACEL(12,12])
1000 FORMAT(7I10)
1001 FORMAT{1X,12F6.0)
1002 F3RMAT({1HO)
1003 FORMAT(80H
1 o7 Y
1004 FURMAT(1X,5HDETV=F13.8,6HDETV1=F13.8,6HTRACE=F10.347HTRACEL=F10.3)

1005 FORMAT(2ZX,T444X;1H%,12F10.3)
1006 FORMAT {1 Xy 80 H¥ sk gk seokobeak ik sk s e sk e ook e koo e s o e ook ok o ok ok e e e e oo o

1 % e e sl S e e e sfe sl e e el e e e e e ol e otk )

1007 FORMAT{4X,2HCH 4 Xy H*,12(15,5X))

1008 FORMAT(121I5)

1009 FORMAT(30X,4HDIV=F10.3)

1010 FORMAT(1HL)

1011 FORMAT(2X+1%94Xy1lH%412F1045)

1012 FORMAT{30X,20HCOVARIANCE MATRIX)

1013 FORMAT{30Xs14HMEAN VECTOR}

1014 FORMATI(30X,29HINVERSE = COVARIANCE MATRIX)

1015 FORMATH3O0X,39H{VvLI{J,I)=-V2(JsI)} (INV2{J,I)-INVI(JsT)}}}

1016 FORMAT(1O0X, 7TOH{INVI{J.TI-INV2{J,1)) (XBARL{J,I}~-XBAR2({J,F)) (TRANS
1POSE{XbARL{Jy1}-XBAR2{J,y1)))

1017 FORMAT(30X,BHFIELD 1 I5)

1018 FJIRMAT{30X,34HPRODUCT OF MATRIX WITH INVERSE)

-

1019 FORMAT{30X,20HDIVERGENCE MATRTX)
1020 FORMAT({30X,16HTRACEL MATRIX}
1021 FORMAT(30X,16HTRACE2 MATRIX)

1022 FORMATI{30Xy36HCHANNELS USED IN THIS CALCULATION)
1023 FORMAT(20A4)
1024 FORMAT(1IXsSHFIELD +4Xs1lH%412(15,5X))
1025 FORMATUIOX sBHFIELDy 144Xy BHCOMPARED y4XSHFIELD,14)
IONE=1
READ 1000+NSCLE1 NSULEZsNCYCLE KKKy II13NLOOP,NMEANS
NCOVR=NMEANS
SCALEL=NSCLEL
SCALEZ2=NSCLEZ
DO 251 IFF=1,.NLOCP
READ 10CO s NLOW s NUP o NPRINT
PRINT 1010

PRINT 1006
NBEGIN=NLOW
NSTOP=NUP

DO 205 JJ=1,NMEANS
IF(IFF-1) 2012,2013,2012
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2013
2012

205

206

202

2003

201

21
203

42

READ 10234 (Z(L)4L=NBEGINJNSTOP)
PRINT 1023+(Z{L),L=NBEGIN,NSTOP)
NBEGIN=NBEGIN+NUP
NSTOP=NUP+NBEGIN=-1
CONTINUE :
PRINT 1006 T
D0 206 J=1:KKK
DO 206 I=1,111
DIVviJs[)=0.0
TRACE(J,1}=0.0
TRACEL{J,I)=0.0
IBAR{J,1¥=0.0 ~
VidsI)=0.0
CONTINUE
READ 1008,{ICH(I),I=1,KKK)
READ L1OO0B,(NSC(I)sI=1,111)
READ 1000,NSCTS,ICHANSICHANL,NFILE,NCHANs NSCANS,NSCALE
SCALE=NSCALE -
MS=1
DG 200 IAB=1,NCYCLE
IF{MS~1) 203,4202,203
CONTINUE
IF{IFF-1} 203,2003,203
CONTINUE™ 7 T
DO 21 KK=1,NCOVR
PRINT 1010
PRINT 1002
READ 10603
PRINT 1003
PRINT 1002
PRINT 1013
PRINT 1002
READ 100L,(YBAR(KK,I),s1=1,NCHAN)
DO 201 I=1,NCHAN
YBAR{KKy [} =YBAR(KK,yI)}/SCALE]
CONTINUE i
PRINT 1007,{(K,K=1,NCHAN)}
PRINT 1005y{ KK 4{YBAR ( KK o1}sI=14NCHAN))
PRINT 1002
PRINT 1012
PRINT 1002
PRINT 10074(K4K=1,NCHAN)
DO 21 J=1,NSCANS
READ 100Lls{X{KKyJa1)sI=14NCHAN)
DO 5 I[=1,NCHAN
X{KKedyli=X{KKeJds I} /SCALE
CONTINUE
PRINT "TOLl71yTJs {XUKKyJyT) 4121 ,NCHAN))
CONTINYJE
CONTINUE
DI 402 KK=1,NMEANS
M=0
D0 40 I=1,.NCHAN
IFTICH{I))Y &2,40,42
M=M+1
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40
402

24

25

23
22

2007

2005

2004

501

IBAR{KKsMI=YBAR(KK, 1)
CONTINUE
CONTINUE
M=0
Do 22 J=1,NCHAN
IFUICH{J)Y) 24,22+24%
M=M+1
N=0
D0 23 1=1,NSCANS
[FINSC{I)) 25,23,25
N=N+1
VIV M} =XIMS, 120
CONTINUE
CONTINUE

MATRIX INVERSION AND CHECK
CALL MINVIV,VT,DETs ICHAN)
DETL1=DET
CALL MMPY(TLHANSNSCTS, ITHAN,V,VT,X1)
IF (NPRINT) 2007,2006+2007
CONTINUE
IF {(M5-1) 2004,2005,2004
CONTINUE
PRINT 1010
PRINT 1002 °°
PRINT 1002
PRINT 1002

PRINT 1002
PRINY 1006
PRINT 1002

PRINT luzz -

PRINT 1002

PRINT 1008, {ICH{I),1=1,NCHAN}
PRINT 1002

PRINT 1006

CONTINUE

PRINT 71010~~~ "7~

PRINT 1002

PRINT 1006

PRINT 1017,1AB

PRINT 1002

PRINT 1006

PRINT 1002°

PRINT 1013

PRINT 1002

PRINT 1007+ (KsK=14ICHAN)
PRINT 1005,{IDNEJ(ZBAR (IAB +1},1=1,ICHANY)
PRINT 1002

PRINT 1012

PRINT 1002

PRINT 1007+(K+K=1,ICHAN)

D0 501 J=1,NSCTS

PRINT 100Ss{JslV (Jel}eI=1,ICHAN))
CONTINUE

PRINT TO02 - -

PRINT 1014

3~68



NORTHROP ' TR-860

HUNTSVILLE

PRINT 1002
PRINT 1007+({KeK=1y ICHAN)
DO 502 J=1,NSCTS
PRINT 1005,{Je{VT{JeI)sl=1,ICHAN})
502 CONTINUE
PRINT 1002
PRINT 1018
DO 503 J=1,NSCTS
PRINT 1005 {Je{X1{S4I)eI=1,ICHAN)])
503 CONTINUE
2006 CONTINUE
NS=MS+1
BD 20 ITAA=NSyNFILE
0D 10 J=1,NSCTS
DO 10 I=1,ICHAN
XBAR{3,11=0.0
V1{Jds13=0.0
VT1(J,1)=0.0"
VPROD{Jy1)=0.0
VXPROD(J,1)=0.0
VUOIFF{J,1)=0.0
VTDIFF(J+1)=0.0
VSUM{Jd,1}=0.0
VTSUM{J,11=0%
XTBARCJ,I1}=0.0
XPROD{4,1}=0.0
10 CONTINUE
M=(
DO 30 J=1,NCHAN
IF{ICHUJYY 31730,31 )
31 M=M+1
N=0
DO 33 I=1sNSCANS
IF(NSC(I}) 32,33,32
32 N=N+1
VI{NM)=X{TAA,I,J}
33 CONTINUE
30 CONTINUE

C MATRIX INVERSION AND CHECK
CALL  MINVIV1,VT1,DET,ICHAN)
DETZ2=DET

CALL MMPYTICHAN,NSCTS,ICHAN,VI,VT1,.X1)
IFINPRENT) 2009,2008,2009
2009 CONTINUE

PRINT 1010
PRINT 1002
PRINT 1006
PRINT 1002 ~ ~
PRINT 1017,1AA
PRINT 1002
PRINT 1006
PRINT 1002
PRINT 1013

PRINT 1007y{KyK=1,ICHANY
PRINT 1005,(IONEs(ZBAR {IAA 41)yi=1,ICHAN})
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504

505

TR-860
PRINT 1002
PRINT 1012
PRINT 1002

PRINT 1007,(K,K=1,ICHAN]}
DO 504 J=1,NSCTS
PRINT 10055 (03 TVI(I+IYIT=14TCHAN) )

CONTINUE

PRINT 1002
PRINT 1014
PRINT 1002

PRINT 1007»(KeK=1y ICHAN)
DO 505 J=1,NSCTS T T
PRINT 1005,(Je{VTL{Jsl)sI=1,ICHAN))

CONTINUE
PRINT 1002
PRINT 1018 -

PRINT 1002

T PRINT™ IUUTy (K,K=1TyICHAN}  — -

506
2008

2014

507

D3 506 J=1,NSCTS

PRINT 1005,{J,{X1{J,13,1=1,1CHAN]}

CONTINUE

CONTINUE

D0 3 J=1l,ICHANL

DO 3 I=14ICHAN -~ — — — "7~ )
XBAR(J,1)=IBAR({IAB, I}-ZBAR(IAA,I)

CONTINUE

DO 8 J=1,ICHAN1

DG 8 I=1,ICLHAN

XTBAR(I, J) XBAR(J:I)

CONTINUE "™ 777~ ) e

CALL MMPY{ICHAN, ICHAN1,ICHAN,XTBAR»XBAR ¢ XPROD}
CALL MSUB(ICHAN,NSCTS,V+VL,VDIFF)

CALL MSUB(ICHANyNSCTSyVTL1yVTsVIDIFF)

CALL MADD{ICHAN NSCTS,VTVT1,VISUM)

CALL MMPYU{ICHANsNSCTS,ICHAN,VDIFF,VTDIFF,VPROD)
CALL MMPYTICTHANTNSCTS, ICHANyVTSUMy XPROD,VXPROD)
IF (NPRINT) 2014,2015,2014

CONTINUE

PRINT 1002
PRINT 1015
PRINT 1002

PRINT 1002 - T

PRINT 1025,1ABsIAA

PRINT 1032

PRINT 1007s(K.K=1, ICHAN)

DO S0T7 J=1,NS5CTS

PRINT 10051(J1(VPRUD (Jvl}vl=111CHAN'l

CONTINUE

PRINT 1002
PRINT 1016
PRINT 1002

PRINT 1002

PRINT 1025,1A8, IAA

PRINT ~TOODZ - - s T
PRINT 1007s{KsK=1,yICHAN)}
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DO 508 J=1,NSCTS
PRINT 1005,{Jy{VXPRCDI{Jsi)s1=14ICHAN))
508 CONTINUE
2015 CONTINUE -
KK=0 !
Jy= -~ - - v s /s
DO 4 J=1,NSCTS
KK=KK+1 )
JI=JJ+1
TRACE(IABsIAA)=TRACEIIABy IAAY+VPRODI{KKJJ)
TRACEL(IAB,IAA)=TRACEI{IAB,IAA)+VXPRODIKK, JJ)
T4 7 JONTINUET TTTTTTT TTTmooTTTr oo e
DIV({IAB, IAA)={TRACE(IAB, TAA}Y+TRACEL(1AB,1AA})/2.0

G PRINT 1009,DIV(IAB,1AA)
C PRINT 1004sDET1,DET2,TRACE(IAB,IAA},TRACEL{IAB,IAA)
20 CONTINUE
MS=MS+1
200 COUNTINUE T
PRINT 1010
PRINY 1002
PRINT 1002
NBEGIN=NLOW
NSTOP=NUP

D0 2013 J4J=T,NMEANS
PRINT 1023,(Z(L}yL=NBEGINNSTOP)
NBEGIN=NBEGIN+NUP
NSTOP=NUP+NBEGIN=1

2010 CONTINUE

PRINT 1002

PRINT 71002 i T
PRINT 1022

PRINT L0002

PRINT 1008, (ICH{I),I=1,NCRHAN)
PRINT 1002

PRINT 1019

PRINT 1002

PRINT 1002

PRINT 1006

PRINT 1002

PRINT 1024, (KsK=1,NCOVR}

DO 2000 IAB=1,NCOVR

PRINT 1005,{TAB, (OTVI{IAB,IAA),1AA=1,NCOVR))
2000 CONTINUE

PRINT 1002

PRINT 1006
PRINT 1002
PRINT 1002

T PRINT ™ T002 -
PRINT 1010

PRINT 1002
PRINT 1020
PRINT 1002
PRINT 1002

PRINT 10067 T
PRINT 1024, (KsK=14NCOVR)
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PRINT 1005,({TAB,{TRACE (IAB,IAA),TAA=1,NSOVR))
2001 CONTINUE

PRINT 1002 .
PRINT 1006 \ )
PRINT™ 1002 "™~ e
PRINT 1021

PRINT 1002

PRINT 1002

PRINT 1006 -

PRINT 1002

T T UTPRINTT TOZRy (K KELyNCOVRY ™ o
Do 2002 IAB=1,NCOVR
PRINT 1005,(IAB,(TRACEL{IAB,JAA},IAA=1,NCOVR))
2002 CONTINUE

PRINT 1002
PRINT 1006
25T CONTINUE " —~ & —™~ 77 ~
' STOP
. END
$IBFTC TwO

SUBROUTINE MMPY{J,KsLyPyQsR)
DIMENSION P(12,12)+Q(12,12)4R(12,12)
DO 100 Jd=14J
DO 100 LL=1,L

1007 TRITHLLT=C. T
DO 200 tL=1.L
D0 200 JJ=1,J
DO 200 KK=1,K
RUJIYLDI=RTITLLL)+PUJIoKKI*Q{KK,LL)

200 CONTINUE

TTTRETURN T T T T T

END

$IBFTC THREE
SUBRQUTINE MADD{MyNyA;B+[)
DIMENSION A{12,12),8{12512),C(12,12}
DD 2 I=1,M
DO 2 J=1,N
Cli JI=A{IyJ3+B(T, 7 7
2 CONTINUE
RETURN
END

$IBFTC FOUR
SUBROUTINE MSUB (MyNsA9B,C)
DIMENSION A(12,12),81(12,12),C{12,12)
DO 2 I=1.M
DO 2 J=1sN
ClIJI=ATT,4)-B{E,d}V 7~ 77
2 CONTINUE
RETURN
END
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$IBFTC FIVE
SUBROUTINE MINV(AJATsDET M)
DIMENSTION A{12,12),A1{(12,512),10RD{12)
N=M
DO 100 I=1,4N
DU 100 J=I,N°- """ = 7 ° T
100 AI(I«+J)=A(1s4} ¥
DO 51 I=1,4N
51 IORD(TI}=I
DET=1.
DO 1 K=]l:N
KPI=K+1 -~~~ -7 = -7~ -
TEST=ABS(ALI{K.K))
IND=K
IF{K-N}21+22,21
21 DO 23 [=KP1sN
TESTI=ABSIAI(L,K})
T TFTTEST-TESTIVYZG323,23 ° =7
24 TEST=TESTL
IND=L
23 CONTINUE
IF{IND-K)25,22,25
25 DO 26 J=1,N
TESTI=ATUINDG,JY -7 " — =7~
AL(INDLJ)=AT({K,Jd)
26 AT(K4JI=TESTY
DET=-DETY
LL=IORD{(K)
IGRD{K)=IORD(IND}
TORDCINDY=LL - e
22 CONTINUE
IF(AT{RKsK) 131,432,431
31 AL{K4K)I=1./7A1(KeK])
DO 2 J=1,N
IF(J=K}3+2,3
3 QUOT=ATUK G IV*AIUKGRY "7
AT{K,4)=0UOT
IF{QUOTI&Z2,+2442
42 DO & [=1.N
IF(I=K}5s4,5
5 TEST=AI{I,J)-A0(1,4K)*QuUOT
IF{ABSTTESTI-ABSIAT(L,,J) 3% 1. 0E-5)70471,71
70 Al{I,4)=0.
GO TO 4
71 AI(T,J)=TEST
4 CONTINUE
2 CONTINUE
DO 11 T=IyN — e
IF(EI~-K)12s11,12
12 AT(TI:KI==AT{I KIRAT(K,K)
11 CONTINUE
DET=DET/AI(K4+K)
1 CONTINUE
55 TO0 SZTIFEL,NT T T T -
IND=I0ORD(I}
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53

52
33
32

54

IF{IND~1353,52,53
LL=ICORD{I}
IORD(I)=IORDLIND}
IORD{IND)}=LL

DO 54 K=14N
TEST=AI{K,IND}
AT(Ks IND)=AT(K41)
ALIK,I)=TEST

60 70 55

CONTINUE

RETURN

DET=Q.

RETURN

END

3-74



NORTHROP TR-860

HUNTSVILLE
[Mi(k) - M, (k)|
ij 5
\/ A |Mi(k) - Mj (k) |
or 5 1/2
! IEM (k) - ¥ (k)]2|
b = k=1 ' 1
ij = 1/2
2%[141{) M, (k)]1° [o2(k) + o-(k
;) - j() [o (k) crj( )]

k=1

The program is coded such that up to 12 inventory areas can be compared

simultaneously, i.e., Xg 5 (1L, =1, 2, ... 12)

L]

DEFINITION OF INPUT PARAMETERS:®

CARD 1
NCHAN = Total number of channels.
NTAU = Number of chanmels used.

JCHAN = Reference channel used in correlations.

ICHEK = 1 for absolute value calculations of input.
ITERM = 1 for each additional case or data set combination.
CARD 2

ICROPL = Identification of data set 1.
JIDEN = Output identification of ICROPL.
ICROP2 = Identification of data set Z.
KIDEN = Output identification of ICROPZ.

CARD 3

CEN1(I) = Means for data set 1.
CENZ2(I) = Standard deviation for data set 1.
WHT1{(I) = Means for data set 2.

WHT2(1) = 8tandard deviation for data set 2.

The input card setup is shown in Figure 3-16. A listing of the program is

given below.
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DATA SET 2 - STD. DEV.

(F6.0)

DATA SET 2 - MEANS

(F6.0)

DATA SET 1 - STD. DEV.

(F6.0)

DATA SET 1 - MEANS
{FORMAT - F6.0)

ICROP1, JIDEN, ICROP2, KIDEN
(FORMAT - A1, 12, Al, 12)

(FORMAT - 13)

NCHAN, NTAU, ICHAN, ICHEK, ITERM

Figure 3-16.

INPUT CARD SETUP

FTIASLNNH

dOHHLHON
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C

hdhkkhkkhkkkhhkdkrkhhdhkdhkkhkdthkkkhhhdthrkdkkrir

CALCULATION OF SI VALUES FOR SELECTION OF OPTIMUM
COLOR SPACE PLOTS, e e

_DIMFN

Sk ok dde kv bk dr kil o ek

S{ON CRN1[3,121,CRN213,12),WHT1[3,12),WHT2{8,121,

1 DGVI

251 ,XNUMIZ25]),RATIO{251,RZERCO(25]

1 CONTINUGE

READ 80, NCHAN,NMTAU,ICHAN, CHEK, ITERM

TTAUSNTAU

r—— i ——

XTAUSNTAU

READ 64,

1CROP1, JIDEN, ICROP2,KIDEN

NOHANSNR,

OF CHANNEL COMBINATIONS

NTAU=TOTAL NR,
ICHAN=REF, CHANNEL USED FOR CORRELATIONS _

OF CHANNELS

TICY QY O

READ 54,

[CRN1[1,J),J =1 ,NTAU}

READ 51,
READ 50,

[CRNZ2{1,J1,J=1,NTAU]
(WHT1({1,J3,J=1,NTAU]

READ 50, [WHTZ2{1,J],J21,NTAU]

I Fhkkhkhkkdkkhrhkkhkhkhhkhhhhrkhbhhrrhhhrhrcrhddhrbh ket

PRINT 62
PRINT &5

PRINT 89,
PRINT 65

ICROP1,JIDEN

PRINT 88,
PRINT 98

(Jrd=1,NTAU]

PRINT 96,
PRINT 97,

[CRN1T1,J)Y,J=1,NTAU]
(CRNZ2{1,J1,J=1,NTAU)

PRINT 6%
PRINT 89,

[CROPZ,KIDEN

PRINT 95
PRINT &8,

[J,J021,NTAU]

PRINT 98
PRINT 96,

fWHTIE4, 03, =1, NTAU]

PRINT %7,

[WHT2[1,J),J=1,NTAU]

IF{ICHEK]16,19,16

16 D0 15 J=i,NTAU
e CRN1 (1, J1=ABSF{CRNIT1,J]]

CRNZ2[1.,J1=

ABSFICRNZ{1,J1]

i WHTTLA . JI=ABSF[WHTI(1,03]

WHT2{1,J1=ABSFIWHT2(1,J]]

15 CONTINUE

2

O GG

19 CONTIMUE

NSTOP=aTAY

k=8

CALC, ST FQR EACH CHANNEL COMB,

NSTART=0
— . NBEGIN=D

ICOUNT=4,

PRINT &7
PRINT 9G,

ICROP1, JIDEN, ICROP2,KIDEN
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60 FORMATLI3X,2HCH/)
61 FORMATI1X//]

62 FORMATIiH1//])

64 FORMAT{A1,12,A1,212)

67 FORMATI53X,BHSI TABLE/])

69 FORMATI[O9Xs1Hw,12F8,4/9Xs1H*]
70 FORMAT [ AX 11Ok urdwerhkdd ke d ek d ket kv kb kb ke hd kb bk d

fdedkdedkwkdedrk ke k kb ke ok kA Rk kA Rk kA AN R R E
Tw/0X,1H*,98X,12H% * ]

71 FORMAT [48X,1H%,12F8,3 /18XalH=]

80 FORMATIEAIZ]

B2 FORMAT(1X,14,4X,iH*,12FB,3,
3 22X 1H*,F8,3,2Xs1Hw*/

29X, iHw,98X,12H w* ]
B3 FORMATIS3EX,7HCHANNEL/

1 9X,1H*,98X,12H* * ) -
84 FORMATI3X»2HCH 4Xs1Hw, 12(15,3%1,2X,1H*,11H MEAN */

1 9Xs3iH*,98X,12H* L

85 FORMATI[SiX,11HINPUT DATA//]
B8 FORMATIOX,1H*,12{15,3X]1/ 9X,iH=*]}
89 FORMATI7X,3HC5=,12,8X%,7HSECTION,5X,A1,10X,15HREF CHANNEL 6//]
90 FORMAT[4X,44HDERIVATIVE CORRELAT]ONS «UM-NORMALIZED = C5«,12,
12X, 4HSEC A1,1Xs3HC5=,12,2X,4HSEC A1,4X,9H30 SAM/PC//)

91 FORMAT (41X ,11GH khddmdhndhhhdhdhdwhkhdrkbhhbhhdddh bk vk nkwbkhddkkdd
dhkrkkk kR k kR hddrdrhd bk kA Ak bk vk h bk kk ko k ke kR k ko
2«1

92 FORMATI[31X///10X+13HTRACE MEAN = F8,4//)

93 FORMAT{10X,13HMATRIX MEAN 2F8,4} —_

94 FORMATI2X,12FB,3]

95 FORMATIS3X,7HCHANNEL /9Xs1Hw)

96 FORMATI{1X,8HAC MEAN ,1Hw»,12F8,4/9X%, 1H*]

97 FORMAT{1X,8HSTD DEV ,1H*,12F8,4/9%X,1H*]

o8 FORMATIALX, 1BBH****************t*tt********************ti********i*
1*************************ﬁ**t*********************gf****/Qx,1H*]
160 CONTINUE "
C Tk kAo koo k kb ke ko kddddkw
IF{ITERM=1]200,1,1
200_CONTINUE e errtat et et
END
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o XSUM=0,0

_PRINT 04, [JsJ31,12]

1
O EE UPUES P P,

PRINT 43

PRINT 70

YSUM=0,0 \
DD 40 11=1,NTAU ' !

=K+1
SUM 3ol

e et e e e e v e

DO 38 J=1,NTAU
XNUM{J) = [WHTL[1,KI=CRN1(1,K]}1**2+{WHT111,J)~CRNL[1,J])%x2

DEVIJT  =4,0%{LIWHTL(1,KI=CRNI[1,KIT*%2 * (WHTZ201,K]1**2+CRNZ[1,K]
1%%2] +L{(HHTE12, JI=CRNLEIL, J 1542 % [HHT2LLs J1**24CRN2LL,J]**211]]]

RATIO{J)=s [2,0*XNUMIJYI/SEGRTFIDGYVIJ}}
IFERATIO(J1-400,0130,35435

35

RATIOLJI=0,0
TTAUSTTAU=1,0 . e

SUM=SUM+RATIOIJ]
YSUMSYSUM+RATIO[J]

30

GO TO &8
SUM=SUK+RATIO[J]

YSUM=YSUM+RATIO[J]
ICOUNT=ICOUNT+1

38

CONTINUE
AVG=SUN/TTAU

NBEGINSNGTART+1
XBEGINSNSEGIN
IFEIK=1139,36,39

CONTINMUE
PRINT 02, K,IFATIO{J)»J=1,NTAUL,AVG

MSTART=NSTART+1
ASUM=XSUM+RATIOI1]
GO TO 40

CONTINULE

PRINT 82, K,[RZEROC[J},Jd=1,NSTART], [RATICIJ],J= NBEGIh NTAUT,AVG
NSTART=ASTART+1 -

XBEGIN=NBEGIN
NSTOP=NSTOP=-4 e = e -

N=N+12
IF(RATIOINBEGINI=100,0132,33,33 e e e

RATIOINBEGIN)=E, 0
XTAU=XTAu-1,0

XSUM=XSUM+RATTIOINBEGIN]
30 TZ af
XGudsXoUM+RATIO(NBEGIN] .
CONTINGE
PRIAT wi
YTOT=ICOUNT

XSUM=XSUM/XTAU
XTAU=NTAU )

TTAU=NTAU
YSUM=YSUM/YTOT

PRINT 92, XSUM
PRINT 93, YSuM

56

FORMAT[12F6,0]
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Section IV

APPLICATIONS TO MULTISPECTRAL REMOTE SENSING DATA OF AGRICULTURAL FIELDS

4.1 INTRODUCTION

In order to test and demonstrate the capability of the algorithms and
associated computer programs developed, which have been described in the last
two sections, we have employed these computer programs to process and analyze
a set of multispectral data records which were made available to us by Dr. R. R.
Legault of the University of Michigan. In this section, we shall present the

results of the analysis of those actual data.

4.2 MULTISPECTRAL DATA DESCRIPTION

The data to be presented were obtained by the University of Michigan
Multispectral Scamner (ref., 1l1). This particular set of data was obtained over
an agricultural area near Lafayette, Indiana, from a flight altitude of 2000
feet at 2:00 p.m., June 30, 1966. 1In particular, we are dealing with only a
small portion of the area designated as field C5-17, C5-22, C5-5, and C5-8,
respectively, as shown in Figure 4-1, C5 represents the square area about 1
mile square with 5 marked in the figure. The number following the dash

represents a more specific location of each field.

The electromechanical scanner onboard this aircraft used a rotating
mirror te scan the ground noxmal to the flight path. Successive scan lines
were separated along the f£light path by approximately 6 feet due to the motion
of the aircraft. All observations were stored on analog tape. Subsequent
analog to digital conversion used a sampling time interval that corresponded
to a ground separation of 6 feet along the scan line. The digital data points
thus represent the radiation intensity that were received from square resoclu-

tion elements of & feet by 6 feet area.

Spectroscopic observations of each resolution element were conducted by
passing the radiation from the rotating mirror through a prism. This prism
spectrograph was designed to measure the reflectance between 0.4 and 1.0 u.

The radiation from the ground refers to reflected sunlight. The spectral range
was split into 12 different channels which are listed in Table 4-1.
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Table 4-1. SPECTRAL BANDS OF MICHIGAN MULTISPECTRAL SCANNER
CHANNEL NO. " SPECTRAL BANDWITH CHARACTERISTIC
{(microns) COLOR
1 0.40 - 0.44 Viotet )
2 0.44 - 0.46 Blue
3 0.46 - 0.48
4 0.48 - 0.50 Blue-Green
5 0.50 - 0.52
6 0.52 -~ 0.55 Green r Visible
7 0.55 - 0.58
8 0.58 - 0.62 Yellow
9 0.62 - 0.66 Red
10 9.66 - 0.72 Red )
1 0.72 - 0.80 Reflective
12 6.80 - 1.00 near infrared
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Twelve digital time series of the spectral reflectance from the agricultural
target were obtained. The channel number, i, of these time series is directly
related to the optical wavelength. The sample number along these time series
denotes the position of a resolution element along a scan line. Sample and
scan line numbers thus provide a two-dimensional, Cartesian coordinate for the

agricultural target.

The data received from each of the four agricultural fields cover only an
area of 162 by 1000 feet, i.e. 27 scan lines and 167 samples per scan line.
Since we want to test our algorithms for inventory boundary detection and other
compairson studies, we have deliberately patched these four fields together as

shown in Figure 4-2.

4.3 RAWDATA PLOTS

To have a quick and overall view of the magnitude distribution of the data
record, a plotting program was used to plot the raw digital data record in
analog form one scan line per agricultural field for selected chammels, as
shown in Figures 4-3 through 4-8. From these plots, one observes that sections
of distinctly different reflectances exist for each agricultural field. These
differences are particularly obvious in channels 1, 2, 11, and 12. Although
only one scan line per field has been shown, it is representative for each
field. This observation tends to imply that each field may consist of three

different targets or inventory areas.

It was also found that some resolution alements have negative value
(about -1) for all 12 channels, which was obviously caused by human error in
data handling prior to our data analysis. Since these negative reflectance
cannot be true, we have replaced them when they occur by the mean reflectance

of the adjacent resolution elements.

4,4 GREY-LEVEL PLOTS

Figures 4-9 through 4-12 show grey-level plots for the constructed
agricultural field for channel 1, 2, 11, and 12, respectively. The grey level
plots resemble very crude photographs of the target. In these plots 11 levels

of grey as indicated by numerical numbers are used. The original data have
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been averaged over 4 resolution elements (i.e., a area of 12 feet by 12 feet)
first so that the number of scan lines is reduced to 52 and the number of
samples per scan is reduced to 83. Human inspection of the plots revealed
several areas with difference reflectances. ITdentifiable boundaries between
these areas are indicated by solid lines. Many of these lines coincide with
the constructed boundaries that separate the four agricultural fields. This
agreement gives a good confidence in the qualitative human judgement for
selection of inventory boundaries. It should be noted that the identifiable
boundaries for different channels are not exactly the same, as would be
expected. Superposition of the inventory boundaries from all the channels

is shown in Figure 4-13. The figure indicates that no boundary exists between
two middle portions of C5-17 and C5-22, even though they belong to different
fields. Some of the inventory boundaries are not so definite from the grey-
level plots and they are so designated im the figure by hashed lines. Those
boundaries in Figure 4-13 will be regarded as the expected inventory boundaries
and will be used for comparison with automatic computer results to be presented

in the next two subsections.

4.5 BOUNDARY ENHANCEMENT

Subsection 2.4 discussed the underlying principle for the enhancement of
inventory boundaries. To illustrate the principle more vividly, the hypothetical
illustrations in Figure 2-10 are now replaced by actual data. Figure 4-14
shows the original'raw data for channel 11, of each Scan 13 from the 4 fields.
It can be seen that fairly large and frequent fluctuations exist in the samples
from each scan line. Figure 4—15 shows the corresponding smoothed data by apply-
ing the 2-dimensional moving average over the given raw data. TFor the results
shown, a moving average over 25 resolution elements in the form of 5 x 5 array
was used. The curve in Figure 4-15 are not only smoother than the corresponding
curves in Figure 4-~14, but also reveal more clearly trends of slow variation
existing in each scan line. ¥Figure 4-16 shows the resulting enhanced data from
the smoothed data using all 12 channels. The peaks in this Figure indicate the
location of inventory boundaries in each scan. The larger the peak value, the

greater difference exists between any two adjacent inventory areas.
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The computer program, which is developed according to the above algorithm
has been applied to the multispectral data of the constructed agricultural faield
containing €5-17, C5-22, C5-5, and C5-8. The computer outputs are shown in
Fagures 4-17 through 4-21, Figures 4-17 through 4-19 employ the second type of
boundary enhancement, while Figures 4-20 and 4-21 employ the first type of
boundary enhancement. In Figure 4-17 a 4-level plot is used which prints a
dot (.) if the enhanced data lies below the mean plus one ¢—value, prints 1 if
1t lies between the mean plus one g-value and the mean plus 2 o-value, and
similar definitions for prints 2 and 3. It can be seen that too many boundaries
appear in this plot. Figure 4-18 shows a new plot without all those symbol 1's.
One can now see very distinct inventory boundaries which correspond very well
to those inventory boundaries determined by the human photo-interpretation
(Figure 4-13). Figure 4-19 employs only 4 channels instead of all 12 available
channels., Close resemblance of this plot to that in Figure 4-18 would imply
that these 4 channels may be sufficient to represent all 12 channels., Figures
4-20 and 4-21 are counterparts of Figures 4-18 and 4-19. Very close resem—
blance between these two sets of plots further indicates that the two types of
boundary enhancements, i.e., either taking the absolute value or taking the
square of the difference between the 2-dimensional moving averaged data are
about the same. TFor economy of cgmputation time, the second type of boundary
enhancement seems to be better. In order to see the effect of the 2-dimensional
moving averaging on the enhancement of boundary, we have employed ancther
moving average for 9 resolution elements in the form of a 3 x 3 array. The
re5ulting inventory boundary map is shown in Figure 4~22, Comparing this with
Figure 4-18 one can see that the major boundaries are almost the same in the
two figures, and that Figure 4-22 shows more isolated boundary spots than
Figure 4-18. This implies that using the 5 x 5 array of resolution elements
for moving average yields better and more clear—-cut boundaries than using the
3 x 3 array. This clearly indicates the importance ¢f the 2-dimensional

moving average on the performance of boundary enhancement.

4.6 INVENTORY BOUNDARY DETECTION BY STATISTICAL VARIANCE TECHNIQUE

Figures 4-23 and 4-24 show the inventory boundary map obtained by the
statistical variance technique using channel 1 and channel 11, respectively,
with 99 percent of confidence limit. The symbol V represents the locations of

inventory boundaries as detected in the scanwise direction. The symbol H
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represents the location of inventory boundaries as detectad normal to the scan
line. Finally, the symbol X represents the location of inventory boundaries
as detected in both directions. Comparing Figure 4-23 with Figure 4-9 (grey-
level plot), and Figure 4-24 with Figure 4-11, one can see that the inventory
boundaries determined automatically by the statistical variance method compare

reasonably well to those selected by the human photo~interpretation.

Figure 4-25 shows the inventory boundary map using channels 1 and 11
together. Comparing this figure with Figures 4-~23 and 4-24, one can see that
the new inventory boundaries fall roughly in between those indicated by
using the individual channels. Two more maps of inventory boundaries using 4
channels (1, 2, 11, and 12) and 12 channels, respectively, are shown in Figures
4-26 and 4-27, Figures 4-25 and 4-26 are quite similar to each other. The
only major differences between Figures 4-26 and 4-27 appear in field C5-8.
Finally, comparing Figure 4-27 with Figure 4-13, it is seen that good agreement
in inventory boundaries are observed for C5-17, C5-22, and C5-5; and that the
vertical boundaries in C53>-8 are completely different in these two figures, This
poor performance detection in C5-8 might be due to the existance of a vertical
boundary in C5-8 locating very close to the left end of the field, where the
scanwise inventory boundary detection is initiated. It is recalled that at
least 4 samples need to be used for the initial estimate of the statistical
variations (see subsectioﬁ.éls)“}rior to testing for boundaries. This require-
ment makes it very difficult to detect the left vertical boundary in €5~-8 and
further cause misdetection later. In this respect, the boundary enhancement
method (Figure 4-22) is more powerful them-the statistical variation method

for detecting inventory boundaries.

47 STATISTICAL FEATURES OF INVENTORY AREAS -

Once the inventory boundaries within a given target area (or image) are
determined as presented in subsections 4.5 and 4.6, the statistical features of
each individual inventory area, which are the areas bounded by the inventory
boundaries, may be calculated. For convenience of discussions, we shall
designate various inventory areas as indicated in Figure 4-13.

i
Figure 4-28 is a computer printout of the mean vector, correlation

matrix, covariance matrix, and normalized covariance matrix of the inventory
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area C5-17 Section A, The magnitude of the covariance matrix is about two
orders of magnitude less than that of the correlation matrix. This implies
that the standard deviation for each channel is about one-tenth of the corres-
ponding mean value. The fact that roughly the average value of the element
of the normalized covariance matrix is about 0.50 implies that the 12 channels

of the data record are statistically correlated within each inventory area.

Figure 4-29 shows the mean vectors of reflectance for 6 inventory areas
in fields C5-17 and C5-22, while Figure 4-30 shows the mean vectors of reflect-
ance for 6 other inventory areas in fields C5-5 and C5-8. It is noted that the
mean vectors of C5-17, Section B, and C5-22, Section B, are much closer to each
other as compared with other mean vectors. This agrees with the computer

results that no inventory boundary is found between these two inventory areas.

We shall next examine the univariate probability density functions of the
multispectral agricultural data. It is recalled that among the 12 available
channels of data for the four agricultural fields under consideration, we have
found that only channels 1, 2, 11, and 12 are almost sufficient for determing
inventory boundaries. Thus, the discussion shall be restricted to the univariate
probability densities of only these four chamnels. Figures 4-31 through 4-34
show the univariate probability histograms for field C5-22 for chanmnels 1, 2,
11, and 12, respectively. The curves marked by symbol A are obtained from
actual data, while the curves marked by symbol B are gaussianly distributed
curves with the same standard deviation and peak value as the actual data.

The figures clearly indicate that the reflectance over field C5-22 is definitely
not gaussianly distributed, and that the actual distribution are multiple-mode.
For channel 1 we can see two distinctly large peaks. For channel 2, there are
three main peaks. TFigures 4-33 and 4-34 show that the distribution is skew to
the low reflectance value. 1In order to provide one more check to see whether
the inventory areas we have established are really composed of statistically
homogeneous samples, we have also plotted the probability histograms for €5-~22,
Section A, B, and C with channel 1 and 11 (Figures 4-35 through 4-40). These
figures clearly indicate that the univariate probability histograms are
practically Gaussian for all the three inventory areas under consideration,.

In other words, field C5-22 is composed of three different homogeneous areas,

each of which may be approximated by a different paussian distribution.
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Therefore, the division of the field (5-22 into three inventory areas as shown

in Figure 4-13 is reasonable, . .

4.8 DIVERGENCE MATRIX AMONG INVENTORY AREAS

To calculate the divergence matrix among various inventory areas (or
populations) and thus to compare the statistical dissimilarity (or separability)
among them, we need to input the mean vectors and covariance matrices of all
inventory areas into the divergence matrix program. Tables 4-2 and 4-3 show
two such inputs for C5-17, Sections A and B. Table 4-4 shows the divergence
matrix for the 12 inventory areas as indicated in field designations. (Note
that the larger the value of divergence between two inventory areas, the less
similar they are.) We have observed in an earlier part of the Section that
C5~17, Section A is more similar to (C5-22 Section B than any others. The table
gives a divergence of 3.303 between these two inventory areas, which happens
to be the smallest element of the divergence matrix. Tables 4-5 and 4-6 show
two contributing parts, called trace 1 and trace 2 matrices, to the divergence
matrix; they represent the first and second term (without the factor 1/2) of
the sight-hand side of equation (2-11). If covariance matrices of all inventory
areas are identical, then trace 1 matrices will wvanish, On the other hand, if
the mean vectors of all inventory areas are the same, then trace 2 matrix will
vanish, Comparing Tables 4-5 and 4~6 indicate that the elements of trace 1
matrix are much larger than those of trace 2 matrix., This wquld imply that
the dissimilarity among those 12 inventory areas is mainly due to their

difference in mean vectors rather than their covariance matrices.
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Figure 4-12.

GREY-LEVEL PLOT (Channel 12)
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INVENTARY BEUNDARY MAP BY BYUNDARY ENHANCEMENT
CRBPS C5-1745=22,5=5,5-9, ALTITUBF 200C FT, DATE RECPRIDED 6/30/66
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Figure 4-17. INVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT,
CHANNELS 1-12, USING ABSOLUTE VALUE
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Figure 4-18. INVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT,
. CHANNELS 1-12, USING ABSOLUTE VALUE
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Figure 4-19. INVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT,
CHANNELS 1, 2, 11, AND 12, USING ABSOLUTE VALUE
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Figure 4-20. INVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT,
CHANNELS 1-12, USING SQUARE VALUE
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Figure 4-21. INVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT,
CHANNELS 1, 2, 11, AND 12, USING SQUARE VALUE
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Figure 4-22. INVENTORY BOUNDARY MAP BY BOUNDARY ENHANCEMENT, CHANNELS 1 - 12,

USING ABSOLUTE VALUE AND 3 x 3 ELEMENTS FOR MOVING AVERAGE
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Table 4-2. MEAN VECTOR AND COVARIANCE MATRIX OF C5-17 SECTION A

L(B=17) SECTION A

- J— — - - immee e me s e e o rerern m—n— o aE - - e ————— i ——

MEAN VECTOR

CHANNEL -« 1 2 4 4 2 & 7 8 ¥ 10 11 12
i * 1.174 1,706 1,177 1,048 1,077 1.06d 806 1,013 4y 633 950

735

COVARIANCE MATIIX

CHANNEL * 1 2 3 4 5 [ 7 B 9 10 11 12
s e e e L0084~ L BUDLT e 00RO - Q0212 - L U0LYT o~ 30A¥A -. G101 00213 0001 0185 286022 - ~300084-
[ * JAUeL7 V01209 00287 .0p185 NDEEX; .0U20 TR ELY .00384 TERT +uD113 ~-0.00117 -0,00074
3 * 00294 buRB? JB0731 00242 0297 .00264 SUULn7? 00342 00184 JU0250 =0.00111 ~-p,00024
q « L0212 JNOLBS 00242 L00707 .000%6 .0ou1ab L0094 (002354 00176 00117 ~=0.00221 -0,00069
g * L1497 00353 00207 .00094 LT L0011Y 00383 LBU405 + 00168 L0425 =0.00075 -¢,00087°
& * LAU26% JUuz02 00284 .00145 L0115 L0748 Subosl L0221 , 00085 L00157 =-0,00087 -0,00028
- 7 . L R TH L K+ 00325 .o L 80157- - 00094 e (00333 - 00021 LB0552 L083400 +OU148 9894 00027 - 00078
8 . L00213 Au3se 00342 . 00234 0405 L0022l L00300 00982 L0U3a9 U141 ~0,00144 -0,0004%
g * ,60006% 00198 00184 L00176 L0168 ,0008Y U148 00510 » 00533 =-0,u0024 =0.,00084 =~p0,00834
10 * LOU165 0u113 L0150 L0u117 L0012s NN L0U0990 +00141 -0.0C024 .0u480 ~0.00076 L0008
1; * 40022 »0.00117 -0,00111 «0,0022L =0.00075 =0,00067 U027 -0.00144 -0.040B4 -0,00076 +00941 00375
i [

-0,00024 -0,00074 ~-0,00024 -0.00069 ~-G.00087 =0,00028 «Qu07¢ -0.,00049 ~-0.00034 La0n02 08375 00763

FTIIASLNNH

SBNHINMON

098-41L



ge—~vy

Table 4-3.
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Table 4-4, DIVERGENCE MATRIX USING ALL 12 CHANNELS
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Table 4-5. CONTRIBUTION TO THE DIVERGENCE MATRIX FROM COVARIANCE MATRICES

TRACET MATRIX USING ALL 12 CHANNELS
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Section V
SUMMARY AND CONCLUSIONS

The most significant results of this study are the development of two
statistical algorithms for determination of inventory boundaries within a tar-
get area from multispectral remotely sensing data without reference to any
ground truth or training data. The samples within each individual area bounded
by the inventory boundaries, called an inventory area, constitute a homogenecus
population. The first algorithm i1g based on a principle of boundary enhance-
ment which involves area smoothing and taking absolnte value of the Z-direc-
tional difference of the smoothed data. The second algorithm is based on the
statastical variation of the multispectral data and the confidence limit of the
statistical estimation. The two algorithms are thus basically opposite in
their underlying principles, since the first relies more heavily on the mean
of the data; while the second relies more heavily on the variation of the data
about the mean. As such, they really compensate each other. These two algorithms

have been implemented into digital computer programs.

In addition, several other computer programs have also been developed for
general statistical analysis of multispectral data. Specifically, these programs
are for calculating the mean wvector, correlation matrix, covariance matrix,
end univariate probability density distribution from the inventory area, and
for calculating the divergence matrix among various inventory areas. The
divergence is a statistical measure for separability or dissimilarity between
inventory areas. Also developed is a grey level plotting program for 2-
dimensional digital display of a single-channel record which may be either raw

data or final classified output data.

The capability of the above computer programs for automatic determination
of inventory boundaries has been successfully demonstrated on a set of remotely
sensed data obtained by the University of Michigan Multispectral Scanner over

some agricultural fields at a flight altitude of 2000 feet.

The most important advantage of the data analysis methods is data com-

pression which is accomplished by replacing voluminous raw data samples by the

5~1



MORTHROP TR-860

HUNTSVILLE

location of inventory boundaries and associated aerial average over the inventory
area. Two to three orders of magnitude of reduction in data flow rate and

total computation time may result.

One drawback of the two algorithms for inventory boundary detection is that
the boundaries sometimes do not close. To remedy this drawback, a new algorithm
for avtomatic sequential classification of multispectral data into homogeneous
populations (without reference to any training set) has been proposed (ref. 13).
The performance of the new algorithm will be reported in the future, for it

has not yet been implemented.
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