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KANSAS ENVIRONMENTAL AND RESOURCE STUDY:
A GREAT PLAINS MODEL

SPECTRAL AND TEXTURAL PROCESSING OF ERTS IMAGERY

PREFACE

A procedure is developed to extract cross—band textural features from ERTS
multi-spectral scanner imagery . Evolving from a single~image texture extraction
procedure which uses spatial dependence matrices to measure relative co~occurrence
of nearest neighbor grey tones, the cross—band texture procedure uses the dis=
tribution of neighboring grey tone N-tuple differences to measure the spatial inter=
relationships, or co~occurrences, of the grey tone N-tuples present in a texture
pattern, In both procedures, texture is characterized in such a way as to be invar=
iant under linear grey tone transformations. However, the cross=band procedure!
compliments the single=image procedure by extracting texture information and spectral
information contained in ERTS multi-images. Classification experiments show that
when used alone, without spectral processing, the cross~band texture procedure
extracts more information than the single~image texture analysis. Resuits show an
improvement in average correct classification from 86.2% to 88.8% for ERTS image

no. 1021-16333 with the cross=band texture procedure . However, when used fo=

gether with spectral features, the single-image texture plus spectral features perform

better than the cross-band texture plus spectral features, with an average correct.

classification of 93.8% and 91.6%, respectively.
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I. INTRODUCTION

A procedure is developed to exiract textural features for automatic
analysis of ERTS multi=spectral scanner imagery . Previous work (Haralick, 1973;
Haralick, 1972) indicates that useful textural features can be computed from the co-
occurrence matrices for grey tones in specific spatial relationships on an image. The
performance of the land-use classification algorithm using these textural features from
only one band is encouraging; up to 75 per cent of the images were correctly classified
(Haralick, 1973). Since textural features and spectral features of ERTS multi=images
provide different kinds of information, a significant increase in identification accuracy
will occur when both features are used together.

Adoption of the texture procedure for multi-images leads fo excessive amounts
of storage for the grey tone N-tuple co-occurrence matrices. Therefore, to solve the
storage problem we measure grey tone N-tuple differences instead of grey tone N-tuples
and assume an ellipsoidally symmetric functional form for the co~occurrence distribution
of multi-image grey tone N-tuple differences. |

It is expected that the estimated parameters of the ellipsoidally symmetric
distribution will lead to textural features that can distinguish between texturally
distinct categories on ERTS MSS images over Kansas. In order to obtain more texture
information, the dimensionality of the grey tone N-tuples was increased from the original
four MSS bands by the addition of cross=band product terms for higher order components.
This procedure for cross-band texture analysis of multi-images provides a natural extension
of the single~image texture analysis while retaining its advantages: invariance under
translating and scaling transformations, low storage requirements,and direct propor~.
tionality between the number of operations required to process an image and the rnutﬁ%er ‘

of resolution cells present in an image.
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1. TEXTURE

Texture and tone are two fundomental patterr. clements used in the interpretation
of image data. The concept of tone is concerned with the whiteness, greyness, or
blackness of resolution cells of the image. The concept of texture is concerned with
the spatial distribution of the grey tones. Tone is based upon the varying shades
of grey of the resolution cells in the image, while texture is based upon the spatial
distribution of grey tones. However, texture and tone are not independent concepts
but are intrinsically related to one another. Although either property can dominate
the other depending upon the image context, texture and tone are always present.

When one attempts to objectively use tone and texture pattern elements, the
texture-tone concept must be explicitly defined. This can be visualized as follows.
When a small area patch of an image has little variation of features of discrete -
grey tone, then that area is dominated by tonal properties. As the number of
distinguishable features of discrete grey tone increases within the patch, then the
texture properties will dominate. The size of the small area patch, the relative
sizes of the discrete features and the number of distinguishable discrete feotures are
all crucigl in this distinction. When the size of the small area patch is reduced to

one resolution cell, the only property present is tone. When there is no spatial

pattern in the tonal features and the grey tone variation between features is wide,
a fine texture results. And as the spatial pattern becomes more defined using more
and more resolution cells, then o coarser texture results,

Texture can be termed as being fine, coarse, smooth, rippled, mottled |
irregular, or lineated, Texture isa property of nearly all surfaces, the grain of
wood, the weave of fabric, the pattern of crops in a field, etc. Although texture
is quite easy for humans to recognize and deseribe, it is quite subjective by ifs
noture and is extremely difficult to precisely define and analyze by digital computers.
Since the texture of images contains important information for discrimination purposess

textural features could be very useful.




1. REVIEW OF PAST WORK ON TEXTURE

To date there has been af least six different approaches to the problems of
measuring ond characterizing texture of images: autocorrelation functions, optical
transforms, digital transforms, edgeness, structural elements, and spatial grey tone
co-occurrence probabilities. The first three approaches all measure spatial frequency
either directly or indirectly. Spatial frequency is related to texture because fine
textures are rich in high frequencies while coarse textures are rich in low frequencies.

One alternative approach to viewing texture as spatial frequency distribution
is to view ftexture as the amount of edgeness per unit area. Fine textures have a
high number of edges per unit area whereas coarse textures have a small number of
edges per unit area. _

The structural element approach uses a matching procedure to detect the
spatial regularity of shapes called structural elements in a binary image. When
the structural elements themselves are single resolution cells, the information
provided by this approach is the autocorrelation function of the binary image. By
using larger and more complex shapes, a more generalized autocorrelation can be
computed.

The grey tone spatial dependence opprocch characterizes texture by the
spatial distribution of its grey tones. In coarse textures the distribution changes
only slightly with distance, but for fine textures it changes rapidly with distance.

Because of our fami-licriv‘fy with the concepts of spatial frequency and edgeness,
these approaches fo texture characterizations are readily employed.  However, ‘
an inherent problem exists with these approaches in regard to grey tone calibration
of the image and they are not invariant under even a linear grey tone translation.
And the price paid for invariance by compensating with quantization is a loss of
grey tone precision in the quontized image, i

The power of the structural element approach is that it emphos:zes the shape
aspects of the discrete tonal features. Weakness of this approach lies in that it
can only do so for binary irhcxgés. R

The power of the spatial grey tone co=occurrence approach lies in characterizing
the spatial inter-relationships of the grey ‘tones in o texture pattern in such a way |
that is invariont under monotoni¢ grey tone transfarmations, - Weakness of the opproach

lies in failure to capture the shape aspects of the discrote tonal features,
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IV, TEXTURAL FEATURES

The above description of texture is an idealization of what actually occurs, -
a gross simplification. Discrete tonal features are actually quite subjective in
that they do not necessarily stand out as entities by themselves. Therefore, the
texture analysis presented here is concerned with more general or macroscopic
concepts rather than discrete tonal features. The pro’cedure‘developed by Haralick
(Haralick, 1972) for obtaining the textural features of an image is based on the
assumption that the texture information on an image 1 is contained in the overall
spatial co-occurrence relationship which the greytones in the image I have to one
another. More specifically, we assume that this texture information is adequately
specified by a set of spatial grey tone dependence matrices, which are computed for
various angular relationships and distances between neighboring resolution cell
pairs on the image. All of the textural features are then derived from these angular

nearest neighbor spatial grey tone dependence matrices.

IV.1 Spotial Grey Tone Dependence Matrices

Let G = {0, i,.. .,Ng} be the set of possible grey tones that each resolution
cell can take on after image normalization by equal probability quantizing to Ng
levels. It can be shown that this quantization quarantees that images which
are a monotfonic transformation of one.cnothker,’ such as lighter or darker images
due to variations in film, lighting, or development, will produce the same results.
Let Nx be the number of resolution cells in the horizontal direction and Ny the
number of resolution cells in the vertical direction in the image to be anqleed o)
that Lx= {1, 2,...,Nx} and Ly = {1, 2,...,Ny} are the horizontal and veriical
spatial domains. Then Ly x Lx will be the set of resolution cells of the image..

And the image 1 can be represented as a function which assigns some grey tone in .
G to each resolution cell or pair of coordinatesin Ly x Lx; Iily x Lx+G.

Essential to our conceptual framework of texture are four closely related

measures called c:nguldr nearest neighbor grey tone spatial dependence matrices.

The concept of angular nearest nmghbor for a resolution cell is the adjacent resoluhon

cell for a given angle, as shown in Figure 1,



90 degyrees

135 degrees 2 45 degrees
6 7 8
45 ok 14 0 degrees
1/ N N
413 2 -

FIGURE 1. Elghf nearest neighbor resolution cells of cell *'.
Resolution cells 1 and 5 are the O-degree necrest
neighbors to resolution cell '*', resolution cells 2 and
and 6 are the 135-degree nearest neighbors, etc.
Note that this information is purely spatial, having
nothing to do with grey tone values.

We assume that the texture information in our image ] is contained in .

the overall or "average" spatial relationship which the grey tones in image

I have to one another. Specifically, we shall assume that this information is
‘udequciely specified by the matrix of relative frequenmes Pij with which two
neighboring resoluhon cells separated by distance d occur on the image, one
with grey tone i and the other with grey tone j. These matrices of spatial grey
tone dependence frequencies are a function of the angular relationship between
the neighboring resolution cells as well as a function of the distance between
them. Figure 2 illustrates the set of all horizontal nelghborlng resolution cells
separated by distance 1. This set along with the image grey tones would be
used to calculate a distance i horizontal spatial grey tone comoccurrence matrix
Formally, for angles quantized to 45° intervals the unnormollzed frequencues

are defined by: B ‘
PG i,¢,07) = P/ (i) € (L AL (Lt )] Kerm=0, fimul =d, M, -t I(m, )<}

P(n,|,d,4-5 )= ’(G\, ), ('n n))e (L xL )x(L xL ) \("— , I-n= -d) or (k-m= =d, I-n=d),
f &, D=1, 1, n)=i} |
P(i,i,d,9o°) f{((L, (m, n))c (L xL )x(L xL )l lk~e{ =d, 1-n=0, Ik, 1)=i, (m,n)=i}

RS

AR e

e T A Y s A

re e imam g s A

PG, 1,9, 135 ks o n))e (L AL (Lt ) Gemed, 1=n=d) or (k-m= ~d, I=n= - -9 |

R n~ i, Um,n) = i}
Note that these matrices are symmetnc, P(i, 5 d, a) =P(j, i; d, a).. The

distance mctnc e implicit in the above equations can be explicitly defmcd by

’ F((k, |)~,q\m~, n)) = max “k-m; ' |l -nl}.
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For an example of the four distance 1 grey tone spatial dependence matrices,
consider Figure 3. Figure 3-a represents a 4 x 4 image with four grey tones, ranging
from 0 to 3. Figure 3-b shows the gencral form for any grey tone spatial dependence
matrix. For example, the element in the (2,1)-st position of the distance 1
horizontal Py matrix is the total number of times two grey tones of valve 2 and 1
occurred horizontally adjacent to each other. To determine this number, we count
the number of pairs of resolution cells in Ry, such that the first resolution cell of
the pair has grey tone 2 and the second resolution cell of the pair has grey tone 1.
Figure 3-c through 3-f shows all four distance 1 grey tone spatial dependence matrices.

From the grey fone dependence matrices a set of 17 textural features is derived.
The equations defining these 17 features are éiven in Appendix 1. To illustrate the

significance of these features, three are defined as follows:

N, N, )
_ Pli i)
DRI
i=1 =1
N
. (! . e g e
Y nz{ > (ﬂ—l RECRUDUCLILITY OF THE
2oLy il f GRIGINAL PAGE IS POOR
N N . ’
59 P oy ',:
I L L *7
3
'JXO'Y
where - "

'R = number of resolution cells pairs, and ¥ and o are the mean and

standard deviaﬁoxhof the marginal distribution Px defined by

9
i) = P(,J
Pl Z]-}gﬁ
ij:‘-

-

and §, and © y are the mean and standard devietion of the marginal distribution P,
defined by:y : ~ o ,

N .
R * B -
‘ 1) = P(l,)
) P),(J) = _S_ TE_J— :

B
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To explain the significance of these features, let us consider the kind of values they
take on two different land use category images. Figure 4 shows the digital printout
of two sub~images of size 64 x 64 resolution cells (approximately 8.5 lsquare mile
area) from MSS band 5 of 1002-18134, see Figure 10, The image shown in 4 (a)
belongs to the grass land category and the image in Figure 4(b) is mostly water.
Values of the features f;, f12’ qnd fa are also shown for these images in Figure 4.

The angular second moment feature (ASM), f] , is a measure of homogerzity
of the image. In a homogeneous image, such as shown in 4(b), there are very few
dominant grey tone transitions. Hence, the P matrix for this image will have fewer
entries of large magnitude. For an image like the one shown in Figure 4(a), the
P. matrix will have a large number of small entries and hence the ASM feature which
is the sum of squares of the entries in the P matrix will be smaller. A comparison of
the ASM values given below the images in Figure 4 shows the usefulness of the ASM
feature as a measure of the homogeneity of the image.

The contrast feature, f12 , is obtained as a difference moment of the P matrix
and is a measure of the contrast or the amount of boundaries present in an image.
Since there is a large amount of boundaries present in the image 4(a) compared to
the image shown in 4(b), the contrast feature for the grassland image has consistently
higher values compared to the water body image.

The correlation feature, f3, is a measure of linear grey tone dependencies
in the image. For both the images shown in Figure 4, the correlation feature is
somewhat higher in the horizontal (0°) direction, along the line of scan. The water “
body image consists mostly of a constant grey tone value for the water plus some

additive noise. Since the noise samples are mostly uncorrelated, the correlation

~ features for the water body image have lower correlation values compared to the

grassland image. Also the grassland image has a considerable amount of linear
structure along 45° lines across the image and hence the value of the correlation
feature is higher along this direction compared to the values for 90° and 135°
directions.

‘ The various features presented here are all functions of distance and angle.

The angular dependencies present a special problem. Suppose image A has features

‘a, b, ¢, dfor angyles' 0°, 45°, 90°, and 135° and image B is identical

to A except that B is rotated 90° with respect to A, Then B will have features

‘¢, d, o, b, for angles 0°, 45°, 90°, and 135° respé'Cfively . Since the texture
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context of A is the same as the texture context of B, any decision rule using the an=
gular features a, b, ¢, d must produce the same results for ¢, d, a, b, or for that mat-
terb, c,d, a (45° rotation) and d, a, b, ¢, (135° rotation). To guarantee this, we
do not use the angularly dependent features directly. Instead, we merge the four arrays
by summing corresponding elements. The merged array is then used for computing the

17 texture features defined in Appendix I,

1V.2 Textural Features for Multi-Images

Results of previous work in texture using the spatial grey tone dependence matrices
as the basis from which all textural features are extracted has been very encouraging
(Haralick, 1973). The good performance of these texture features can be seen by the
results of the classification experiments. The computational aspects of the procedure
are also notable. The number of operations required to process an image using the spatial
grey tone dependence matrices is directly proportional to the number of resolution cells,
N, present in an imdge. In comparison, the number of operations needed to use Fourier
or Hadamard transforms to extract texture information are of the order of N log N. And,

to compute the entries in the spatial grey tone dep'endehceg-matr'ices , one needs to keep

~ only twe lines of image data in core of a time, keeping storage requirements to a min=

imum,

Even with these advantages, however, the extraction of texture information
from mulhlmages, as in the case of ERTS MSS data, forces a new approach to the
measurement of grey tone N-tuple co-occurrences. The use of the spatial dependence
matrices requires that they be stored in the computer. For multi-images containing -
grey tone N-tuples, we have too many possible grey tone N-tuples which can
neighbor each other and as a resulf, the dependence matrlces will be very large. For .
example, for four MSS bands in which each grey tone can range through 64 levels,

each matrix would have 644x644 elements. Even using the symmetry of the matrices

‘to reduce the number of entries does not help since there would be on the order of-

]0 > entries.
The spatial dependence matrices, however, provide a way of escape. In
vsing these matrices, it was observed that they are heavily weighted olong fhe

diagonal with decreasing entries farther from the dlogonql Flgure 5 gives an’.

,,,,,
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~ in spatial relation defined by R is

example of one of these matrices. Note that the number of entries decreases
as we move away from the diagonal. This suggests that neighboring resolution
cells are similar. Choosing any resolution cell in an image ot random, we are
very likely to find nearly identical neighbors to the cell in all directions and less
likely to find dissimilar neighbors. Clearly, a measure which indicates how similar

the neighboring N-tuples are and how fast the similarity drops off with distance

must contain textural information about the object imaged.

It is therefore reasonable to measure the difference between neighboring
grey tone N-tuples and observe this distribution instead of computing the
number of times each N-tuple neighbors every other N-tuple. In both cases we 3
measure the co-occurrence of nearest neighbor grey tone N-tuples.

Since the textural features are based on the spatial dependence of grey tone i
N-tuples, our first step must be to define a binary relation between neighboring
resolution cells on which the co-occurrence of grey tone N -tuples can be counted.
As above, let Lx = {1, 2, ...,Nx}and Ly = {1, 2,. ..,Ny} be the set of column

and row indexes, respectively,so that Ly x Lx is the set of resolution cells in

the image. Let G = (0, 1,...,Ng} be the set of possible grey tones that each
component of every grey fone N-tuple can be assigned. Then, the image I can
be defined by IiLy x Lx + GxGx...xG.

Let R be the set of all pairs of resolution cells in a specified spatial relation. ;

Then R is a binary relation on the set Ly x Lx; RC(Ly x Lx) x (Ly x Lx). For example, i
the set of all distance 1 horizontally neighboring pairs of neighboring resolution

cells would be defined by: , | .

R=. {((k, D, (m, ﬁ:)) € (Ly xLx) x (Ly x Lx) | k=m ’=0‘, ll;n‘=1] .

The co-occurrence frequency of grey tone N-tl)ples (i], ;2”" .o .,iN) and (j], j2’-' . .,jN)

| ", Flfi, 1), (my m)eRTI, =Gy eensinde M=y o)
P ((i'll"‘liN)l (j]l"'le)):: {( : ) #R’ ,] ) N g ! I\D

where # denotes the number of g]ements in the set. ‘
Note that this R is symmetric. Assume that ((k, 1), (m, n)) is in R. - Then

k=m =0, and N nl ‘=l" from the deﬁnitiéns'of R. But ||,-n| =1 when |n-1] =1,

12
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And if In-t! =1 and k-m =0, then ((m, n), (k, |))is in R. Thus, R is symmetric.
In fact, by the symmetry of any distance function, R, in general, must be symmetric.

And since R is symmetric, P is also symmetric.

V.3 Textural Feature Extraction Procedure

Let R be a symmetric binary relation pairing nearby neighboring resolution
cells. We define the frequency of grey tone N-tuple differences co-occurring in

the spatial configuration defined by R as

g \((il j)l (m, n))GR I l(il j) —l(m’ n) :(XN) )

#R

P(xl, Xor« ..,xN) =

Note that P is an even function since \
' 1

P(x], XoreeerXpy) = {((1, j), (m, n))cR L1, j) ~I(m, n) = ;N)J}/#R
o 1

=F ‘((i, o, M) R 10, B -, 0 )£N>}/#R

o .l :

=# {(<m, ), G5y D)eR 1107, 3) =3m, 0) = %N>
n gy

= ‘((m, n), (i, )R 11(m, n) 101, j)=(-;<N)] /R

=VP("x], Xgpeess 'xN).

Referring to the monotonic behavior of nearly every column in the matrices
of Figure 5, and assuming that this behavior occurs on every band of the ERTS multi=

images, it is reosoncble to assume that the even frequency distribution P(x', . .,xN) ,

of the nearby grey tone N tuple differences can be odcquctely opproxnmated using

an e||1psoudol|y symmemc dlslrlbuhon, thus we may write

Pxyr Xpree e Xy ) = f(x* Ax)

for some monotonically decreasin funchon f.
| , 9
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This implics that only the function f ond fhc mamx A need to bc determined. We
take f to be one of the two forms c—] ' (|+U )™, Figure 6 is a scattergram
of the differences for the first two bands of distance 1 horizontally neighboring
resolution cells of o 64x64 sample image. Figures 6 and 7 clearly show the
ellnpsondolly symmetric functional form of the distribution of neighboring differences.
In Appendix 11 N-dimensional spherical coordinate systems and ellipsoidally
symmetric distributions are discussed and it is shown that the matrix A is proportional
to the inverse covariance matrix of the N-tuple differences. Thus, we estimate Abya
matrix proportional to the inverse of the estimate for the covariance matrix.

| Therefore, if the image is blocked into subimages of small area so that each
subimage is essentially of one category, we can expect the distribution of grey tone
N-tuple differences over each subimage to be a function only of the assumed form
of the function f and the covariance matrix of the difference vectors for grey tone”

N-tuples in a specified spatial relationship within the sublmcge. This leads us

“to consider textural features for multi-images based upon the elements of this.

spatial =spectral covariance matrix. ,

Consider each covariance matrix as a vector. Consider the distribution of the
set of covariance matrices from the blocked image. Since the entries of the covariance
matrix are the parameters of the distribution, we would like to have these entries
invariant with reépect to scale changes on the grey tone N-tuple differences. In
order to do this, we scale the grey tone N-tuple differences so that all components
have variance 1. The covariance matrix of these normalized differences is equivalent
to the correlation matrix. Appendix 11l shows that this normalxzcmon procedure
makes the covariance matrix invariant with respect to translating and scolmg
transformations on the grey tone N-tuples. The normalized covariance matrix can be

considered as an extracted texture feature vector in an N(N- ])/2 dimensional hyperspace.

‘ Initial classification eyperlments indicated a need for more textural information
and in order to provide this the dimensionality, N, of each rcsoluhon cell was increased
from the four provided by the four MSS bands to eight by appending higher order terms
and cross=band product terms for each cell, The resultant increase in correct classification

accuracy can be seen insection Vll

| REPRODUCIHILIEY O Luwg
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V. GROUND TRUTH ASSIGNMENT PROCEDURE

For all classification experiments, the only method available to determine ground
truth was based upon the ¢ inch by 9 inch ERTS image transparency . Initially, the land=
use category names were determined with the aid of two photo interpreters and, when
available, contour maps published by the U. S. Geological Survey.

After the categories to be used were decided upon, each ERTS image was processed.,
The image was blocked into 64 x 64 subimages for texture cnalysis on MSS band 5 and 32 by
32 subimages for cross=band texture analysis of MSS bands 4 thru 7. The ERTS Retrieval
Program was then used fo printout a picture of the same area that was processed. This
was subdivided into 64 x 64 subimages. In this way, the location of each subimage
was known and could be fairly accurately determined on a 7 inch by 7 inch print. Then,
on the basis of its location, the subimage is assigned a ground truth category. Figure 8
shows a picture printout by the ERTS Retrieval Program for a portion of image 1021-16333
(see Figure 12) over Kansas City. The picture has been blocked into 64 x 64 subimages
and by refering to the original image in Figure 12, each subimage was assigned a ground
truth category. '

Figures 8 and 12 also illustrate the major problem wn‘h ground truth assignment .
This is the determination of ground truth when a subimage covers more than one ground
truth category. The irregular boundary around the urban area of Kansas City makes
ground truth assignment difficult, The deciding factor was the amount of area within

the subimage from each category. The subimage was assigned tfo the category which had
the largest area within its boundary. For this reason the accuracy with which the location
of every subimage is determined becomes very important, and the picture printouts from
the retrieval programs aided in this.

Since the starting and ending image row and column coordinates were known,
the Retrieval Program could use the same coordinates for the picture printouf. This
printout could then be accurately divided into 64 by 64 subimages. The actual location
of these subimages could then be determined fairly well, although it is sometimes difficult
to locate objects in the printout that are on the original image. To aid in this, a few
of the we!l defined objects were used to construct a 64 by 64 grid on the 7 inch by 7 inch

V7
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print. When there was a question in the ground truth, the printout could be referred to
for the more accurate subimage location. The size of the subimage also relates dlrecﬂy
to the accuracy with which its location on the print can be determined. It was found
that 32 lines by 32 points per line was about as small as a subimage can be for good

accuizzy in ground truth assignment,

~

VI. IDENTIFICATION PROCEDURE

In the classification experiments two different classification algorithms were
used, a Bayes classifier and a piecewise linear classifier. The Bayes classifier assumes
a multivariate normal distribution and randomly choses pattern vectors for the training
set where the piecewise linear classifier does nof.

The problem of developing procedures for categorizing environmental units
consists of the following.

With reference to Figure 9, the Universe U consists of environmental units
(for example rocks) U], U2, ooy UT which belongs to one of R possible categorizs
C'I’ C2, .o er (dlfferenf land use categories). Of the large number of environmental

units present in ’rhe universe, we observe a smaller subset of units U-I ’ U2, .o e 'UN .

“Our observations consist of a set of measured values of n features f-I , f2, o .,f for

each unit U sampled. Based on the information contained in the feature vectors F],Fz,
veo,F N the categories of the environmental units which produce these measurements
being known, we want to develop an ‘algorithm to |denhfy fhe categones of new units

based on the measurements fhey produce i

e
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The decision rule which assigns categories based on the values of features
moy be implemented in the feature space F by portitioning F into vorious regions
and assigning categories to new units based on the regions to which their feature
vectors belong. Efficient partitioning of the feature space may require complicated
nonlinear decision boundarics (discriminant functions). Instead of deriving a deci-
sion rule in the feature space F we may transform the feature vectors into a new
space X and implement a decision rule in the new space X. By using cppropriate
nonlincor transformations, we may be cble to implement nonlinear decision boun=-
daries in F os linear decision boundaries in X. Several procedures are available for

deriving linear decision boundaries for partitioning X into verious regions, based on

the information contained in a set of sample patterns XI'XZ’ .. .,XN whose cate-

gories are known.

Identification Algorithms: In a widely used olgor\fhm (Fukunaga 1972, Fu and

Mendel 1970, Miesel 1972), the pattern space X is separated into @ number of -
regions using a set of hyperplanes (decision boundaries) whose locations are deter-
mined by the sample patterns. Each region is dominated by sample patterns of o
parhcu!ar category. When « new pattern is presented for identification, it is
assigned’ a category depending on the region in which it belongs. If the new potfern '
X is located in a region dominated by sample patterns of category ¢ then X is |
classified os coming from category c..

To illustrate the procedure for obfcumng the hyperplcnes, consider the
problem of separating the sample patferns X3 ,X2, oo r X belonging to category c,
and X , X , vees X n. belonging to cctcgor'y c.. We can write the

n,
linear élscrunmant f%nchon (hyperplonc) which separates the patterns belonging to

' cotcgoncs < Ond c‘| as

()\) V T)\ + v >0 for Xec;r

T
lj (X) V X{vj<0for)<c‘cj

The vector Vij and the scalgr yij) are to be determined from the mformohon contomcd
on the sdmplc patierns., | v
lf we introduce.a new form to express the pcttcrn vectors as

, . 8
- o - e 1V for Xee
z=1-1 X THg “xgl for-Xec,

21,'_




then the discriminant function can be written as

—w T
by (2) = W, Z . 0 1)

where -Wi'i is referred to os a weight vector and

h.(2)=w..Tz=o

is the equation of a hyperplane in the transformed feature space.

The weight vector W.. is chosen so as 1o satisfy equation 1 for as many
trcmmg patterns as possible.  Usually we do not kncw the precise form of h.. i But,
given our knowledge of the categories of the training potterns, we con postulate
recsonable vaives gij ( k) for hij (Z ) and choose WJ to minimize the meon square

error given by

2_ 1 Mim T, 2 -
Cam L) M A e @00

™ k=1

UsuaHy 9;: (Zk) is foken to be +1 for k=1 2, coeqnyF Ny We can rewrite 62 as,

e = m[w Y G ][YW - 1] (2)
where . Y=’[_Z] 22...2 n.]’ and

ni + i
ng=[ 9;;(Z)) 952 -+ gij(zn.+nj)] .

The weight vector vwhich minimizes e? ngén’ in equation 2 is given by

_ ooty |
W= (Y\ ) YGy

which is the well-known normal equation set from linear least square theory.

For the multicategory problem involving NR categories, a total of N (N "])/2

hyperplanes must be determined using the plocedure described above. Alter the

hyperploncs are determined, the classification of new pafterns is done as follows

For each category ¢, the number of hyperplones, V which give a positive response.

‘thcn the new poHeln X is prcsentcd are dctcrmmcd usung

7 I

b Ny .
v = Iw z|+w Tz i=1,2,. }.N

=1 s

A _2lw zl

22



L~

1
where Z= [X] .
X is assigned to category <:j if
Vj = max {Vi}

Tz=0

If there is o tie between categories ¢ and c.’ then X is assigned to ¢ if W mn
ortoc_ if W TZ < 0. Several modlflcahons of the linear discriminant function
method and a mulhtude of other classification procedures mey be found in the

references cited.,

VII. RESULTS OF CLASSIFICATION EXPERIMENTS

Tables 1 thru 24 show the results of the classification experiments, Unless
otherwise stated, the conhngency tables are determined using the piecewise linear

classification programs (RCMSS) given in Appendix IV, In each contingency table

the number of errors (*ERR) and percent error (%ERR) is shown for both errors of com-

mission and erfors of ommission. The final entry in the percent error column is the
average of the percent error for each category. The average correct classification

is SImply the number of correct classifications divided by the number of incorrect
classnflcahons. The final column in each contingency table (%SD) is an estimafe

for the standard deviation of the probability for correct classification. This was taken

from Afarani (Afarani, 1972) where he gives an estimate for the variance of the pro=

" bability of correct classification when the sample size is fixed as:

nij =
’ . , ( no.) ( no.>
' = “\correct errors

(total no .)3

where n is the fixed sample size and n, i is the number of classifications of units
assigned to category j whose true category is i. Used directly, this gives an es~
hmate over all categories for the entire contingency table. This isthe last entry

m the percenf s’rcmdctrcJ deviation (%5D) column. The remaining entries were deter-

‘mined by flxmg i and estimating the standard deviation for each category i. This
- estimate says that as the number of samples tested increases and the number of cor=

“rect classifications increase, the vanance of the probability of correct c|assnf|cahon G

decreases as one would expecf. ,
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In order to obtain an initial estimate of performance of the multi-image texture
features an experiment was performed on ERTS satellite imagery over Monterey Bay,
California, image number 1002-18134 (see Figure 10) taken on July 25, 1772,

Using a small set of 64 sampled 32 x 32 subimages and training on 34 of these, 80
per cent of the remaining 30 test samples were correctly classified according to

four land-use categories: coastal forest, annual grassland, urban area, and water,
as shown in Table 1. This is encouraging since previous accuracy using spatial de=
pendence matrices on band 5 with 64 by 64 subimages over the same general area
was only 70.5 per cent as shown in Table 2 (Haralick, 1973)4

- The ebility to obtain good ground truth and several distinct categories in the

California data was not the case for an ERTS image over Flnney County, Kansas ,which
was used in later experiments, Approximately a 40 mile by 60 mile section near
Garden City, Kansas, on image number 1330-16515(see Figure 11), taken on June
18, 1973, was processed with initially four categories: grassland, large fields, small
fields, and water. Both texture procedures, using the multi-image texture features
with 32 by 32 sublmages and the single=image texture analysis on MSS band 5 with
64 by 64 subimages, were used on the image. Tables 3 and 4 show the results of
classification for distance 1 resolution cells while Tables 5 and 6 show distance 8

results. In both cases the single image classification is higher. However, when

|
:
E
i
4
]
5
;
!
|
|
|
i

both distances 1 and 8 are used together, classification accuracy for both >p‘rocedures

" is nearly identical, as shown in Tables 7 and 8, about 70 per cent. Tables 9 and 10

show results using the Bayes Classifier.

This implies that more information is confumed in the single~band texture fea-
tures than the multi-image texture features, In order to add more texture mformatlon,
a measure of entropy (Kullchh 1959), given by

Iog IPI

~where P is the correlahon matrix, was added to the cross-band texture feature set,

Also, higher order components were appended to each grey tone N-tuple by squaring

- the grey tones and getting cross~band product terms. Only a few of these were added,

increasing *he grey toreN-tuple dmensnonaltty from 4 to 8, which results in an increase -

in the number of feature vector components (elements in the correlation matrix) from

b1to0 28 plus the entropy measure. The eight components in each grey tone N"tuple
~ are: MSS Band 5 Band 6, Band 7, (chd 5) ’ (chd 6) ‘ (Band 7) . (Bund 5) x (Bund 6),

c@‘
»



(Band 5) x (Bdnd 7). Figure 13 gives an illusiration of a correlation matrix with the
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feature vector component designation to be used in indicating the components selected
for input to the classification programs.

Table 11 shows the contingency table for the cross=band texture features using
9 of the 29 components (1,2,5,6,9, 12, 20; 24, and 27 of figure 13)for a portion of
the Garden City, Kansas, data. The increase in identification accuracy between the
large and small fields results in an increcse in overall correct classification, up to
87.1%.

The final classification experiment to test the cross=hand texture analysis was
made on ERTS i |mage 1021-16333 (see Figuwre 12) taken on August 13, 1973, over
Kansas City. Four land-use categories were chosen: cropland (directly north and
south of Kansas City), urban area (Kansas City, Topeka), grassland (southwestern
corner of the image), and water (Perry reservoir plus several small lakes). These

areas were processed three separate ways:

1) spectrally, 32 by 32 subimages
2) texturally, 64 by 64 subimages on band 5
; and 3) cross-band texturally, 32 by 32 subimages,

{ ‘ ‘Because of problems with ground truth and a small data set for water, thatcategory was
later dropped. The spectral processing involved obtaining the average grey tone over
the subimage for each spectral band, giving 4 components for each feature vector.,
The textural processing was over a larger subimage than either the specfral or the cross-
band textural processing. This was chosen because the 64 by 64 subimages have per=
formed better in the past than the 32 by 32 subimages for the single~image texture

analysis . The smaller subimage size was chosen for the cross~band texture processing

so that the subimage would more likely be from only one category. The cross=band

texture method uses spectral information which the single~image texture procedure

* does not have available. The smaller subimage size was also chosen for the spectral

pfocessing in order fo provide an estimate of the amount of spectral information con~

tamed in the four MSS bands that is available to the cross=band texture analysis.
Smgle-lmage texture analysis was done for distance 1 nearest nelghbors 4

at all angles and all of the 17 texture features defined in Appendix 1 were computed

for each subimage. The cross~band texture processing was also done for distance

1 -using hornzonfully odjacenr nearest nelghbor grey tone N-tuples. -

25

Lmtulianbatons, 4 R



Figure 10. Part of ERTS Image No. 1002-18134 (MSS Band 5) Cver
Monterey Bay, California, Taken on July 25, 1972.




No. 1330-16515 (MSS Band 5) Over Garden City,
Kansas, Taken on June 18, 1973.

Figure 11. ERTS Image




Figure 12. ERTS Image No. 1021- 16333 Over (MSS Band 5) Kansas City,
Taken on August 13, 1972.
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Ficure 13.

. (Banp 5) | (Banp 5)
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1
F(2) 1
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DESIGNATION OF THE ENTROPY MEASURE AND ELEMENTS OF

THE CORRELATION MATRIX AS FEATURE VECTOR COMPONENTS

FOR CROSS-BAND TEXTURE ANALYSIS OF MULTI-IMAGES.
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Table 12 shows the contingency table for all 17 single~image texture features
over image 1021-16333 with an average correct classification of 86.2% . Table 13
shows the resulting contingency table over the same image for the 29 cross~band texture
features with an increased correct classification of 88,8%. The spectral pracessing
on the four MSS bands for the same image gave four spectral features=the mean grey
tone over the subimage for each spectral band. The resulting contingency table using
these four spectral features is shown in Table 14, The relatively good performance,73.%%
correct, shows a significant amount of land-use information is contained in the four
spectral bands, accounting for the better performance of the cress~band texture analysis

over the single=image texture analysis.

R

It is interesting to see the c|assnf|c0f|on accuracy of the single-image texture
greafly improve to 93.8% with the addition of the four spectral features to the original
17 texture features, as shown in Table 15, As expected, the addition of the four spectral
features to the first 26 of the 29 cross~band texture features does not improve the classifi=

cation accuracy as well as with the single~image texture. Table 16 shows the result-

ing contingency table with an average correct classification of 91.6%. Note the
higher estimate for the standard deviation of the probability for correct classification
with the textural plus spectral features.

These tables show that the single=image texture procedure does well in extracting
texture information, but for this data set, the cross=band texture procedure by itself
performs slightly better by extracting more information texturally and spectrally.

| The remaining tables show the effect upon classification accuracy of using
fewer features. In each case it can be seen that the fewer the number of features
used, the lower the average correct classification. Also, it can be seen that the
Bayes classifier performs slightly better than the piecewise linear classifier,

Tables 20 thru 24 show that as the number of components is increased, the
specfral plus cross-band texture reache. a limiting accuracy of approximately 92%.

Ground truth assignment errors could easily account for the remaining 8% error.

ViI.1 Summary of Classification Results

It is apparent from these classification experiments that both texture extraction
procedures complement each other in that they extract different kinds of texture in=

| fc{rmution. When used without spectral features, the cross=band texture procedure

performed better. However, when the spectral features were added, the single-image

texture plus spectral features performed better than the cross=band texture plus - :

spectrol features. This indicates that the cross-buncl texture procedure does well in

*
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urban area, and grassland. o

- ter than the cross=band texture plus spectral features in classifying texturqlly disfinct e

extracting more information texturally and spectrally than the single-image texture
procedure. However, when the spectral information is made available to the single-

image texture procedure, it performs better than the cross-band texture plus spectral

features.
Programs used in these experimznts can be found in Appendix 1V, The single-

image texture programs are under the Texture Analysis Programs with mainline MAINLN,
And the cross~band texture programs are in the Cross=Band Texture Analysis Programs
with mainline SPECTR. RCLASS is the mainline program for the piecewise linear
classifier. Some of the cross=band texture feature components can be seen in Figure

14. Figure 14a shows the ground truth assignment for the image 1021-16333 (Figure 12)
for the area near Kansas City. At the bottom of the image, grassland was inserted

to give an idea of how well the features separate the three categories: cropland,

VIII. CONCLUSION

. The procedure developed here for the extraction of texture information from
ERTS multi=images gives encouraging results, The classificaticn experiments show
that the cross~band texture procedure can be used successfully in automatic land=
use classification of multi-images over Kansas.
. The cross=band texture procedure is a natural extension of the previous single=
imdge texture extraction proceduie based upon angular nearest neighbor gi'ey tone
spatial dependence matrices. It retains the power of the previous approach to tex-
ture by characterizing the spatial inter-relationships, or co-occurrences, of the
érey tone N-tuples present in a texture pattern in such a way as to be invariant
under linear grey tone transformations. And both procedures are simple to employ,
economical, and require a minimum of core-storage (see Figure 15).

Both procedures complement each other by extracting different kinds of textural i

information with the cross=band texture procedure using the cross-band spectral infor=

mation contained in ERTS multi-images. Results indicate that the cross-band texture

ﬁro’cedure does well by extracting more information texturally and spectrally than the

_single~image texture procedure when used alone. However, when the spectral in=

| formation is made available fo the single=image texture procedure, it performs bet-

land-use categories from ERTS multi-images over Kansas ..

g :




~s—— Cropland

~a—— Jrban Area

Figure 14-a. Ground Truth Map

~a—— Grassland

Figure 14-b. F(16) Figure 14-e. F(29)

Figure 14-d. F(24) ’ - Figure 14-c. F(20)
»
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Figure 14, Examples of Cross=Band Texture Feature Vector
Components; Resolution Cell Size is 32 x 32
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ToTAL CosT PER
Core ProcessING | TOTAL RESOLUTION
RequIReD | TIME JoB CosT | CeELL
SINGLE-IMAGE
TEXTURE 43k 0.788HR $223, | $0,000252
(64%64)
CROSS - DAND
Toxe | 25 | 0884w | $216. | 50,0024

Ficure 15, COMPARISON OF THE PERFORMANCE OF THE
SINGLE-IMAGE TEXTURE ANALYSIS PROGRAMS
oN MSS BAND 5 WiTH THE CROSS-BAND
TexTURE ANALYSTS PrRoGrAMs on MSS BANDS
4 THRU 7 IN PROCESSING THE SAME AREA,
Near Kansas City,on ERTS Imace No.
1021-16333 usine A HoneYweLL 635 CoMPUTER.
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ASSTGHEY  CATFGORY R s o
Tt D Bt UREAN Yunicr | Totac|l#err | Zzan | %SD
COASTAL .
FOREST 5 0 5 0 10 5 50. 115.8
3| crnssian | O 7 5 10 1R 101
F._
< | URBAN
= 1 AreA 0 1 I 1 } 113100
L
EE WATER 0 0 0 5 0 0, 0,
TOTA! 5 8 12 5 30 21.417.3
> = | #errors 0 1 / J
24 -
<z | ZERROR 0. 125 158351 Bl
DR e]

TaBLE 1. CONTINGENCY TABLE FOR IMAGE NO 1002-18134 usInG
MULTI-IMAGE TEXTURAL FEATURES., 6 COMPONENTS o
AVERAGE CORRECT CLASSIFICATION ON TEST SET=80.0%

. OVERALL
EEATUREs  |NO: OF SAMPLES IN N0, OF SAMPLES IN | cc’iniy
TRAINING SET TEST SET ey AP
MULTI - I MAGE
TEXTURAL 3l 30 80,07%
SINGLE=IMAGE .
TEXTURAL 260 172 70,53

TABLE 2. RESULTS OF LAND-USE CLASSIFICATION EXPERIMENTS
FROM ERTS IMAGE No., 1JU2-18134 OVER MONTEREY BAY.
CALIFORNIA,

*UNLESS STATED OTHERWISE, ALL CONTINGENCY TABLES ARE
DETERMINED USING THE PIECEWISE LINEAR CLASSIFICATION
PROGRAMS (RCLASS) .

Riui'R(_;i/’LbLuii,AL"L OF THi
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MULTI-IMAGE TEXTURAL FEATURES., DIS ANCE 1,

ASSIGHED  CATEGORY e atn
R e Yt SUALL . |water | toTaLfficRr | RERR %SD
_ Jerasstanp 47 11 5 0 63 16 |25.4 }5,5
2 [Fikins 3 142 30 | 1 |78 || 36 [20.2 |3.0
g 17 46 52 0o 115 || 63 |31.3 |4.6
22 | waTer 0 1 6 1 8 2 W Ul
TOTAL 67 200 95 2 1364 25.5 12.5
©5 | #zrrors 20 58 e
£ | terror 29,9 | 29.0 | 45.3] 50. |38.6
TABLE 3. CONTINGENCY TABLE FOR IMAGE NO. 1330-16515 UsING

6 COMPONENTS.

AVERAGE CORRECT CLASSIFICATION = 66.5%

EEATURES

NO,
TRAINING

OF SAMPLES IN

SES

OVERALL
ACCURACY
OF TEST SE1

NO., OF SAMPLES IN
TEST SET

MULTI-1MAGE

TEXTURAL 548 364 66.5%

SINGLE-I1MAGE

TEXTURAL lqo 88 76%
TaBLE 4, RESULTS OF LAND-US

FOR ERTS IMAGE NO.

CLASSIFICATION EXPEF IMENTS
355238515

AT DISTANCE 1.

REPRODUCIBILITY OF THE
ORIGINAL PAGE 1S POOR
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ASSIGHED  CATEGORY SRAURS ¥
LARGE S e 7! P I
sxassiaip | Freens | AL |waTer | ToTAL|dERR | ZERR | %D
_ JSRASSLAND 32 4 22 0 63 33 8.2 160
g3 ;ﬁl‘ / 147 24 0 178 3 2.8 19 0
=
S | sMALL :
EIELDS 18 4y 53 B 1115 62 153.9 | 4.6
L = ;
B | WATER 0 4 4y 0 8 4 50,0 |0,
TOTAL 57 204 103 0 |364 2.6 | 2.5
co & &
2; #ERRCRS 25 57 50 0
e N
s R o
£E | AERROR 43.9 27 .9 48,51 0. 130.1
TaBLE 5. CONTINGENCY TABLE FOR IMAGE NO. 1330-16515 USING
MULTI-IMAGE TEXTURAL FEATURES, DISTANCE , 6 COMPONENTS.
AVERAGE CORRECT CLASSIFICATION = 63.7%
a # i OVERALL
NO, OF SAMPLES IN INO OF SAMPLES IN 4
EEATURES oS = ACCURACY
TRAINING SET TEST SET O‘F TEST SET
MULTI=1IMAGE
TEXTURAL 548 364 63.7%
SINGLE-IMAGE
TEXTURAL 140 58 767%
TasLe 6, RESULTS OF LAND-US EXPERIMENTS

FOR

ERTS IMAGE NO.

LS

DISTANCE 8.




ASSIGNED  CATEGORY Samroty AT
P }fl‘ ;1”‘1: unter | Torac ) fcrr | %err | %SD
GRASSLAND 52 / 4y 0 63 11 117.5 4.8
S E1ELDS 2 145 51 | o 1i7s Hl 33 }18.5 12,9
gl oo 12 42 61 | o 115 || 54 |u7.0 |4.7
&2 | WATER 0 1 6 1 8 7 105 Bi.?
TOTAI 66 195 102 1. 1364 42,6 12.4
i%é #ERRORS 14 50 41 0
2% | Zerror 21.2 25.6 B 0 1118
TABLE 7. CONTINGENCY TABLE FOR IMAGE NO. 1330-16515 usING

MULTI-IMAGE TEXTURAL FEATURES, DISTANCES 1 AND &,
12 COMPONENTS. AVERAGE CORRECT CLASSIFICATION =/1%

: ’ OVERALL
NO. OF SAMPLES IN |NO. OF SAMPLES IN :
EEATURES 0, ACCURACY
TRAINING SET TEST SET g YA
MULTI-1MAGE
TEXTURAL 548 364 71%
S INGLE=1MAGE
TEXTURAL 140 38 737

TaBLE 8. RESULTS OF LAND-USE CbASSIFéCATION EXPERIMENTS |
FOR ERTS IMAGE NQ. 1330-16515 usING BOTH |
DISTANCES 1 AND 3,
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a

[SS10aD  CALGORY s hd
};_ j;ﬂ!v ree § rerat R %SD
. 49 4 6 : 60 11 118,53 150
5. 6 150 27 1 {184 34 118.5 | 2.9
) e 10 34 67 | 2 {113 || 46 |40.7 | 4.6
gl | WATER 0 4 0 4 8 4 151.9 117.7
AL 65 192 100 8 1365 21.912.3%
o s 16 42 33| 4
%%f OR 24,6 21.9] 33.0]50.0{32.4
TaLE 9, CONTINGENCY TABLE FOR IMAGE NO. 1330-16515 USING
MULTI-IMAGE TEXTURAL FEATURES, DISTANCE 1,6 COMPONENTS.
AVERAGE CORRECT CLASSIFICATION = 74,0% USING BAYES,
ASSIGHED  CATEGORY el
GRASSLAND lln:r)s tSllq:\lLlLF WATER | TOTALIFERR Tzxn | %SD
Nezssoimn | 31 10| 19 | o |60 || 29 |u83{6.5
= Lk 5 wo | 38 | 1 |18y || sy ]23.9]3.1
) Lt 12 ws | sy | 4 J1u13 || 62 | 54.9] 4.7
&= | WATER 1 Y : 3 8 7 | 87.5]11.7
SatiL 49 200 | 110 | 6 |365 53.7| 2.6
o | FiRnORS 18 s0 | 59 | 5
£ | humon 36.7 | 25.0 53.6183.3]149.7

TaBLe 10, CONTINGENCY TABLE FOR IMAGE NO, 1330-16515 USING
MULT1-1MAGE TEXTURAL FEATURES. DISTANCE 8,6 COMPONENTS.
AVERAGE CORRECT CLASSIFICATION =61,1% USING BAYES.
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ERRORS OF
ASSIGNED CATEGORY COMMISSION

GRASSLAND E1ELDS PlErDs (ToTAL | [#ERR | ZERR %50

> GRASSLAND 35 3 0 33 3 7.9 14.4

g e B 2 12 2 16 4 125.0 |10.8

S [ sMALL

w | FIELDS 0 2 14 16 2 112.518.5

= | toraL 57 17 16 /70 15,11 4.0

63 | #errORS 2 5 2

% | %error 5.4 | 20.4]12.5] 15.8

TasLe 11, CONTINGENCY TABLE FOR IMAGE NO. 1330-16515 USING
OF THE 29 CROSS-BAND TEXTURAL FEATURES, DISTANCE 1,
T§91%2103, #7esT=/0, AVERAGE CORRECT CLASSIFICATION
= 8/, USING THE BAYES GLASSIFIER. . TH FEATURE
COMPONENTS USED WERE: 1,5, 3 ,9,35,26,54,27.
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ASSIGUED CATEGORY o1 S5 101 ‘
CROPLAND ursan  lorasstanp | TotaL || #err | %err | %S0
> | cropLanD b1 2 1 b4 3 4,7{2.6
2| unen 6 18 0 24 || 6 |25.0]8.8
; GRASSLAND 6 1 21 28 7 125.018,2
" | rora A 73 21 22 116 18.213,2
Li,:‘;’; #ERRORS 12 3 1
% | #erro 6.4 | w2] 45 |17

TABLE 12. CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING
ALL 17 SINGLE-BAND TEXTURE FEATURES AT DISTANCE
#TRAIN=178, #TEST=116, AVERAGE CORRECT CLASSIFICATION

= 86.2%
ASSIGHED CATEGORY Eoit1 85 10°
CROPLAND URBAN GRASSLAND |TOTAL 4crRR Y ZERR | %SD
= ] W 150 15 3 168 18 {10.7]2.4
% URBAN 11 81 o | o2 |{u |12.0]3.4
gi GRASSLAND 11 2 M 12 11 HIuR ol
= | rora 172 98 106 | 376 11.3[1.6)
Lié #erroRS 22 17
2|t | 128|173 | 2.8 Ju.0

TABLE 13. CONTINGENCY TABLE FOR ERTS IMAGE.1021-16333 USING
ALL 29 CROSS-BAND TEXTURE FEATURES AT DISTANCE 1.
#TRAIN = 569, #T1EST = 376, AVERAGE CORRECT
CLASSIFICATION = 88.8%
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ASSIGHED CATEGORY Eomn1 55 10t |
cropiann | urean  lorassiaup | roraL || #err ] Zera | %S0
= CROPLAND 138 J 22 169 {137 1.913.0
%3 URBAN . 53 30 91 || 38 |u1.815.2
TELLL R 8 8l 112 1128 p5.0 14,1
TOTAL 166 70 136 372 29.612.3

- 28 17 52 |
uéi TERROR 16.9 %31 0 1wt

F—-—

TaBLe 14, CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 usiING
SPECTRAL FEATURES ONLY. #TRAIN=504,#TEST=372
AVERAGE CORRECT CLASSIFICATION = 73,97%

ASSIGHED CATEGORY Conmt1 8510
CROPLAND URBAN GRASSLAND |ToTAL |JfERR | ZERR | %SD
_ | cropLamD 62 2 0 b4 s i
% URBAN 4 19 1 24 5 120.8]8.3
EZ GRASSLAND 0 0 24 24 0| 0.,0{0.0
= | oA 66 21 25 {12 8.02.3]
ig #ERRORS b 2 1 ‘
%é %E_RROR 6.1 9.5 4.0 B ‘
{ TaBLE 15. CONTINGENCY TABLE FOR ERTS IMAGE. 1021-16333 USING |

ALL 17 SINGLE-IMAGE TEXTURE PLUS THE 4 SPECTRAL
FEATURES, 21 COMPONENTS. #TRA{N=175,,#TEST=112
AVERAGE CORRECT CLASSIFICATION = 93,8%
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ASSIGHED CATEGORY Conn1 8101 |
CROPLAND URBAN cRASSLAND | ToTAL || #cRri | %ERR | %SD
. | croriann 155 12 1 |88 ||13 |7.7 |2.1
C: it 12 80 o | 92 |[z |13.0]3.5
g SRASLAND 4 2 103 | 109 |6 |5.52.2
= | o 171 94 104 | 369 8.7|1.4
ég #ERRORS 16 12 1
g; TERROR 9.4 12.8 i 117

TaBLE 16. CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING FIRST
26 CROSS-BAND TEXTURE PLUS THE 4 SPECTRAL FEATURES.
30 COMPONENTS. #TRAIN=567,#TEST=3069
AVERAGE CORRECT CLASSIFICATION = 91.6%

ASSIGHED CATEGORY Eom1 8510

CROPLAND URBAN GRASSLAND JTOTAL #ERR | 7ERR |%SD
. CROPLAND 60 1 3 64 R b2 0
2 | v 8 16 o | o4 || 8 33.3]9.6
E GRASSLAND b 1 22 28 6 R1.4)7.8
= TOTAL /3 18 25 116 20.313.4
65 | #errons 13 2 3
2% | temeor | 178 |11 | 120 136

TaBLE 17. CONTINGENCY TABLE FOR ERTS IMAGE- 1021-16333 USING FIRST
8 oF THE 17 SINGLE-IMAGE TEXTURE FEATURES.
#TrRAIN=178.#TES1=110, AVERAGE CORRECT CLASSIFICATION

= 84,5%
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ASSIGHED CATEGORY e P S 1

CROPLAND URBAN 6RASSLAND | TOTAL || #eRR | %zrr | %S0
> | CROPLAND 138 22 8 168 30 | 17.9}3.0
L;S URBAN 21 68 3 92 24 126.1]4.6
o | consswn | 20 5 91 | 116 || 25 [21.6]3.3
o P 179 g5 | 102 | 376 21.9]2.1
ég #ERRORS 41 27 11
§§ TERROR 22,9 28.4 | 10.8 |20.7

TaeLe 18. CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING FIRST
9 oF THE 29 CROSSBAND TEXTURE FEATURES.,
#TRAIN=569 ,#TEST=376, AVERAGE CORRECT CLASSIFICATION

= 79.0%
ASSIGNED CATEGORY srtn B

CROPLAND URBAN GRASSLAND | TOTAL 4erRR JZERR |%SD
_ | crorraw | 142 25 y | 171 |} 29 f17.0]2.8
é URBAN 20 66 5 | 91 |{25 |27.5{4.7
z GRASSLAND 12 5 95 112 |17 115.2)3.4
= 1 TOTAL 174 96 104 374 19.912.0
65 | #errors 32 30 9
2% | tewon | 180 | 313 ] 87 |195

TaBLE 19. CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING FIRST
9 oF THE 2Y CROSS-BAND TEXTURE FEATURES.
#TRAIN=562, #TEsT=374, AVERAGE CORRECT CLASSIFICATION

= 81.0% US'NG THE BAYES CLASSIFIER.
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ERRORS OF

ASSIGHED CATEGORY COMMISSION
CROPLAND URBAN crassLanD | totaL ] #err | %err | %S0
> CROPLAND 158 6 ’ 166 81 4.8]1.7
E(.'J’ URBAN 13 58 18 89 || 31134.8]5.1
td | GRASSLAND 9 10 93 112 19 117.0}3.5
’—.
TOTAL 180 74 113 367 18.911.9
©8 | #erroRs 22 16 20
gg ZERROR 3.2 21.6 3.7 T
TABLE 20, CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING FIRST
6 oF THE 29 CROSS-BAND TEXTURE PLUS THE 4 SPECTRAL
FEATURES, #TRAIN=D69, #TEsT=3067, AVERAGE CORRECT
CLASSIFICATION = 84,27
ASSIGNED CATEGORY Eaml 8810
CROPLAND URBAN GRASSLAND JTOTAL HERR TERR 1%SD
. | SROPLAND 61 2 1 64 3L 84.712.6
[ "4
€D
g URBAN 3 19 2 24 5 120.818.3
<I
,___% GRASSI.AND 0 0 24 24 0 0.010.0
= 1 corat 64 21 27 112 8,52.4
S5 | #ERRORS 3 2 3
o= | ,
e | ~ERROR 4,7 2.5 11,1 8.4
TaBLE 21. CONTINGENCY TABLE FOR ERTS IMAGE. 1021-16333 USING FIRST

9 oF THE 17SINGLE-IMAGE TEXTURE PLUS THE 4 SPECTRAL
FEATURES, #TRAIN=175,#TEST=112, AVERAGE CORRECT
CLASSIFICATION = 92,97
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ASSIGIED CATEGORY CoMnI S5 101 |
CROPLAND URBAN 6RASSLAND | TOTAL || #err | %ERR | %SD
> | croPLAND 161 7 0 168 71 4.2]1.5
,%’ URBAN 15 77 0 92 15 1 16.3}3.9
;-S; GRASS LAND 9 6 97 112 15 113.813.2
| rora 185 90 97 372 11.3]1.6 |
=2 T hewon % | B 0 |
2F [ tonnor 13,0 s | 0.0 |91 |

TABLE 22, CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING FiRST
11 oF THE 29 CROSS-BAND TEXTURE PLUS THE 4 SPECTRAL
FEATURES., #TRAIN=504,#TEST=372, AVERAGE CORRECT
cLAssIFIcAaTION = 90,1%

ASSIGHED CATEGORY St ey

CROPLAND URBAN GRASSLAND |TOTAL |J#ERR | %ERR %S‘D—\
_ | cropraw | 159 8 o |67 || 8| s8]
% e 15 76 1 | 92 {16 17,440
AR 2 5 w0 {112 |{12 |w0.7].9
E | o 181 89 1 11 11,011.5]
68 | #errors 22 13 1 j
%i %ERROR 12.2 1 14.6 1.0 9.3 J

TABLE 23. CONTINGENCY TABLE FOR ERTS IMAGE.1021-16333 USING FIRST
16 oF THE 29 CROSS-BAND TEXTURE PLUS THE 4 SPECTRAL
FEATURES , #TRAIN=5G5,#TEST=371, AVERAGE CORRECT
cLAsSIFICATION = 90,3%
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ASSIGAED CATEGORY | corirasion

CROPLAND URSAN  BGRassLAND | ToTAL || #ERR | keri | #SD
- CROFLAHD 156 9 - 1 166 th 6.0]1.8
E_-J‘ URBAN 13 /9 -0 92 13 |14.113.6
;; GRASSLAND § 1 103 110 7 16.412.3
[ o 175 g9 | 14 |zes || . [8.8]14
Lig #ERRORS 19 10 1 |
2% |mewor | 109 | 12| 10 }77

TaBLE 24. CONTINGENCY TABLE FOR ERTS IMAGE 1021-16333 USING FIRST
91 oF THE 29 CROSS-BAND TEXTURE PLUS THE 4 SPECTRAL
FEATURES, #TRAIN=568, #TEST=368, AVERAGE CORRECT
‘cLAssIFIcATION = 91,97 | |
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APPENDIX 1
TEXTURAL FEATURES OBTAINED FROM THE GREY TONE DEPEN DENCE MATRIX

e T

In this appendix, we define 17 textural features which are computed fq(eciéh o

of the four cngular grey tone dependence matrices. :
The following notation will be used in defining the 17 textural features.

PG, - (i,j)th entry in a particular grey tone dependence matrix.

P_(i)
__#x___ - 'fb entry jin the marginal distributions of P(i, j) obfomed by
R ,ummmg ‘rows and calumns of P(i, ]) respectively.
#R i
R - number of resolution cell pairs which were considered in ‘computing
the entries in PG,
Ng - number of distinct grey fone values in the image.
u - mean of PG, j)/"R.
x+y (I)"‘l entry in the distributicn of the sum of grey tones of nesghbormg
' #R resoluhon cells.
1P X=y ().u enrry in the distribution of the absolufe dlfferencesm the grey B
#R tones of nelghbormg resolution cells. S T \\‘MJ ,

, " 47‘ .




TEXTURAL FEATURES

1. Angular Second Moment:

.,
-
N
M.z
(o]
[(o}
.
i)
pre)
g
S ST—————
N

T
-l

[ SN

i
—

#R " Plly
P i=1 =1 '
3 ,
OxiO

where Hy and o are the mean ond standard devnchon of P ' and

My and o are the mean cmd stundord devmtmn of Py'

4. 'Sum of Squores on x:

'f4 -1) 3P(|:J)

5'." ’P_roduct Momenr:'

w z:z e 8

o

}ﬂ —] j“

s e L e B




A

6. Inverse Moment:

8. Sum Average:

9. Mean: N

: 9 j
fg= 1 :P(i, R
N b 3 R ‘
g i=1 N

10, Sum Variance:

f]"0= yoriance of P* +/ #R

11, Sum Entropy:

49




13. Difference Variance:

P
x-y
#R

f.|3 = variance of

14, Difference Entropy:
-Ng-'l . .

f14= Z Py 1o Py

1\ R R

15, 16, 17 . Additional Measures of Correlation:

_ HXY - HXY] |
max HX,HY

Fre= V1 = expl-2.0(HXY2-HXV)I

. R

. | f17 = \/s:c’ond largest eige»n‘vulue: of’QQT

- where HX and HY are the entropies of the margmals of the fransmon mofnx

before quanhzahon, HXY is the entropy of the transition matrix, and
»HXY2 is the entropy of the product distribution of the mcrgmuls before

qucmhzohon,

Q(m) P(l,J)/VP (.)P (J)

A RIS S Sy
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" 3-dimensional system, :

APPENDIX 11

N-DIMENSIONAL SPHERICAL COORDINATE SYSTEMS
AND ELLIPSOIDALLY SYMMETRIC DISTRIBUTIONS %
§

We illustrate the N-dimensional spherical coordinate system in the calculation

of the volume of the N-dimensional hypersphere. Next we show how suitable functions
can be used to define ellipsoidally symmetric density functions and we determine the |
normalizing constont for any function. Finally, we show that for any ellipsoidally
symmetric density f (Vx' Ax), the matrix A is proportional to the inverse covariance

matrix of x and we determine the constant of proportionality.

| 1.1 Volume of an N-dimensional Hypersphere

Let V be the volume of a N-dimensional hypersphere of radius r . By

definition ‘ , .
v= f f... fd,xldxz...de“
& x2<l’
E i ~So

1=1

 To evaluate this N-fold integral, we transform to spherical coordinates.

; = ] . 51 : .
X r‘ cos 0‘1 cos 02 cos wcos 8N_3 cos eN—Z ¢qs oN-l

1
X, = T cos 101. cos 62 eee €05 Oy 4 COS B, ) sin Oy
%, =T cos 0; cos 9y ve- cos g S0 e.NZ'
(X TEees By Cos By paie Ones o100y
' i
i S 5

‘Figure 16illustrates the gébmet“ry‘df‘the ?ﬁﬁeriédi’cdordi‘ndte system, we use iyf‘ovr»q : o L

51




Thrcc-Dinicnsimml Spherical Coordinate System

X, = T cos 01, cos 923‘ L ‘Transformation betwezn rectangular
%, = r cos 0. sin © o coordinate system and sphelical L
2 1 2 coordinate sybten S
x3‘2,,s= r .,in 01 :

.v,:"‘Flgure 16 Three Dlmenslonol Spherlcal Coordlnofe System v’ i




(’“ The Jacobian J of this transformation is defined by the determinant J.
8x1 axz XN
or or °° or :
axl 3x2 X,
ae ae LI ) ae ?

J = 1 1 1 :
ax1 ax2 _aiN - .
| BGN_l aeN_l aeN-l
|
cos 61 cos 82...cos eN_l _‘ gé.s Bl,v‘cos 6:2.:..cos eN—Z sin eN—l eee . 8in 61
-’ sin 91 cos 62...,cos eN_l -r sin 61 cos 62... cos ‘eN—Z sin eN-l T COS 61
) -T ses ‘ - e s » . e s s
( , cos 61 s;in 61 cos EN_l - cos 61 sin 62 c<'>’s q\l-z,Sin BN_l 0
-r cos 611 cos 62..'.‘51:11 eN—l T cos'61 c‘ors ,"6'2"'.'.':08_,9.\"2 cos eN—l'v" -0
To find the value of the Jacobian, factor rﬂ 6ut:‘of° the last (N-l)
; rovs énd from each column factor out its first entry.
v | ;[5(’\(%%: 4/’ !




J = r'N.I cosN:'l '31 coan:Z
1 1
-tan 31 ~-tan el
-tan 62 ~tan 92
~-ta
tan 6 cot eN-l

cae 5 { si
02 ’co N in 0

1 o
~tan 81 . Q'
-tan 02 ° .
-tan BN"‘3 e s

cot BN 2 o« e

0 e e

sin 02 eses Sin &

cat ©

O © Os o o

Subtracting column 2 from column 1, column 3 from column 2, cee.es

column N from column N-1 there results

Since all entries in the upper left tnonglc are zero, the value of the

00"

o 0l 0 ‘o . .
0 0 0
. | ~tan GN_3 -cot GN_3
| ~tan € o —cot GN_Z"cot 9N~2
~tan EN.g cet ON]_‘:M cot ANy L.

0

cot

[ 3 L ] L] e »

°

2

+

e e o =tan 91 -cot el,

determmom is eoszly found as mmus one times the product of entrles on the |ower

|eft to upper nght dlogonol

\\ *

1

‘cot

|
i
i 1
;
g
3
]
i
1/
i
J
7
{
\\\

e s e 8 & ®




1/2 ,
. Na N2, © N-3 .
v = : 8 - R
l'f_ro el=-'2— eN_2=——5 SN_1=0
Seporating the integrations, | )
T, | n/2 n/2 SRR 3
. N_l : N_z : : . p : :
VvV = . q S0 v,
J 1 d§ | cos ¥ del oy COSGN-ZfaeN-Z ,deNr-l
L e A | _ ; o ‘
r 0 el 2 L aN—Z 2 o ” eNél ‘0 -
n/2 L |
. : | r{Na) (L
~Sinc | N‘ds = /5 V) AR
: ince cos §d3 = —SEeT

] 1
. el e Sl
Notice that tan 8 + cot § = =3

N-1-

il (-tan3 —cot%

N-1 N1 N-2 )
Jeur “cos 01 cou 92 ...gos gN‘l sin 01 sin 92...sin eN 1(—1)

N=1
Now upon simplifying we obtain

NN-1 - N2,

J= (1)~ _'pos ¢y cos 02...cosSN_2

N1 N-2

c:ps:, 61 cos 62 «se COS eN‘_z since

and |J] =«
cos 8; >0 for -m/2 < 0, < W/2, 171, 2, ...N-2.
" In spherical coordinates the volume V of the N-dimensional hypersphere

of radius r_ is readily evaluated.

nj2

9?5"‘
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11.2 Suitable Functions for Ellipsoidally Symmetric Distribution.

Suppose f is a real function, dcfmed on domain R, a subset of [0,=],
and satisfying f (4)> 0 for all win Rand ¥ f (1)d is finite for k < N+1. We
show that  is suitable for defining a ell:psmdolly symmetric density function and

we determine the constant ¢ so that of (Vx' Ax) is an ellipsoidally symmetric density.

Let A be a NXN symmetric positive definite matrix and X an NX1 vector,
Consider the ellipsoidally symmetric function f (vx' Ax). We wish to determine
a constant C such that of (Vx' Ax) is a density function.

: 1
It is clear that C= —
. f---f fvx! Ax dx]...de
‘/xl Ax€R : | . ]

To determine the value of the integral, we will make a transforination which rotates
andscales. Let T be an orthonormal matrix such that T'AT =D, where D isa

diagonal matrix. Make the change of variables

Q>
-l
(%)

3%, L0 BN
821 321 a.z].' .
2 ... 3_}23 _-1/2, k 1/2
az, 2z, 3z, | = 107 fz| o]~
J= | 1 S
9%, 9x 9
o gt
7 " N v N ) ‘“N
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L A 4 I A . soaniaE e S R

~

]
( Since T is an orthornormal matrix, [T} =1 ond

Iol = Iratl = | 1Al = [Al.
So the Jacobian is the determinant Il 2 hich is positive since A is positive

definite.

l=§ f...f f(‘J—;;\.x_) dxy . adxy
YxAx <R
NG e | f(Jz'o"/ﬁ'Aw’sz)az,...dzN

Voo V2raTD" 2 € R

AlV2 f/ Fz'z) dzy. « dzpy

1

( Vz'z € R
Now change to spherical coordinates.

=T cosal cosE, «.e COSH, 4
. be -

N

0S8, ... COS? ing
1 €059, cos -2 sind g

zly
2‘2 = v ¢cosd

. ;
z, = ¥ cosdy ... cos? , . sind

3 N3 TUNRIEL

{

s
5

i e T e




-1 |
N-T1 N-2 N-2, o

The Jacobian of this transformation is (-1)7c"" “cos 9, cos: 2 **+C0% y-2°
, n/2 /2 20
I = [A,-]‘/z J[ I ces ,[ I f(‘:)rN-lcosN‘zelcosN'Bez...

coseN_zdrdel. . 'd‘i\j?-l
n/2 ? 5/2

: _ . N. ‘ i
= IAI 1/2 [ T lf(‘r)dr I cosN zaldel I cosNh ezdaz...

reR 61=-H'l 2 ] 2=-II/ 2
, n/2 2n
sd )
I cos N-2 I d N-1
=7/2 =
) n/2 eN'l 0
/2

| : r(’.\’_"l) T (.1_) ; | |
Since I cosNeda = 2 . \2/, the integrals are readily evaluated.

N
Ny
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reR
| ' | .]N-2 |
) N rf ) o
= |Al 1/2 [fN ]f(r)dr (E-——— 27
r(3)
rer . 2
N/2 A
= 2(r) . rN ]f(r)dr
Al 1/2 i(%’—) reR .
Therefore, the constant ¢ is
|A}n/2f(§)
2@ )N/ 2 S N .
reR ‘ ‘

. 17y OF THE
| BEQEDDUGjﬂL 18 ?003 |
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2 9.~
Next we determine the normalizing constant ¢ for the forms e-lfu and (1 + uz_) "

Case 1. Multivariate Normal :
The density function for the multivariate normql distribution is of the form

f( VX"Ax) = -fx Ax, 0 < X'Ax<L ™
‘ 2

‘ .
rfr)=e2" , ozrg w .

" . 2 _ N-2
er b'i’(r)dr=f N ! -ir dr = ‘m(Zu)—i_; udu=2—2—_I‘ (—QN—-)

Since

re R °
then the norn: wlizing constant is

. 3
¢ r\2 = r\2
7‘ 4 ¢ N-1 R "r(
|AI™Z [ o(r)dr an ¢ |AZ 25 12
reR
_ 1
I |
(2m) 2 A , ! : ' |
and, f( /?‘Kx) = - ] : ‘e‘le'Ax, o‘_<_»x'Ax$r

N 1
C@n? A7

Case 2. Multivariate Pearson Tyge VL.

Let /AR = (14 XA ™, 0 <xAx< »

then, . N'I : N=7
" i = [T (142) M = " )T m
I [T
[ N
P= % F(T)PC'H‘T) ’ m>N .
And the normalizing ‘onstant is r(m) 7
%)
c= n2) - (m) - I (m)
N N N HAN N
on 2 A2 %I’(—Z—)T(m- ‘2") 2 |AbTZ 7 (rn—'i')
f(/x"Ax) _’&(_m),‘AFN (1 + x'Ax) ‘>—2'j,’o< x'AXL  w
n 2 I’ (m-2 )

11,3 Covarlance Matnx For Multivariate Dusfrlbutlons.
leen the clensnty function f(/x' Kx } we want to find fhe covanance motrlx $

3: E(XX')— c f fxx f(/_Ax )dx] ' .'. de’c\*““’f‘;_
, /m € R SR ‘

o .




R T2 et et
72 ,

Since [ 7" oK 9ds = ' :
,_,11'/2 30 T

where ¢ is a normalizing constant and N is the dimension of x. Using the orfho?ormo|

transformation T'AT = D, where D is a dnagoncl matrix, and scaling with x=TD ? z, :
i

we have L
E=cf. . .f (D% @07 i/ A Sdzy .. odzy

since | R EN S )
...l i} P
X AX = 2D ¥ ATD 2= 2 D D D'z |
and | I )
ax, SxN ’
W 21 Ty Aot o = ean e
3_}:.1. TN : . . )
8z 3z ' 3
| N N
Rearrahging, A 1 . _5
§3=c|A|2TD2 f...fzz'f(/z'z_f d_z]...dzN D-T',
‘ vz'z € R 5
where z'z is an N x N matrix. Lookmg at the off dlogonal terms, for i ¢J,
f. . .f"zi z; f(/i?i;) dzy. o o dzpT 0  since we are integrating an odd
vz'z €R R . o
function over even limits. I o
: For ferms of 3 along the dlcgonal " for i l—-_|, S
| f f 2,2 f(vz'z) dz]. . dzN f f (Y g'z) dz, e dzp
\/_'_i €R v/__—e R - '
and chongihi‘y to spherical coordinates, .
"/2 27 S
T, Tm. o A o
’ER 0= 77 O N=2 ON-1 9

k ] RN iy

NH 72 N 72 3 /2 2
x= f(ridr J sede..._, By yn de 2f ) de
f'_('/'f °°T,/1 1 f~°°5 N-2 N-2 N-1 Nfl.-_




then
f(vz'z) dz dzN ;.er *+1 f(r)dr r(uzﬂ 1(_%.) I(Zﬁ) %—) e T%)r ‘2]-) 21@:)1&;—_)

)

Jo S5t i) sta )
+
vz'z € R reR | I("T’) F(’"z‘l‘) r('zz)
N
- __ 2% 2 erH f(r)dr
Nr(2)
re R ‘\
J
From I1.2, N
c_ T<—2—) ‘Al%
N
21r2 er-;]f(r) dr
reR
so that Ny ‘ | N ‘
i- )t wWEwE an? M 0T
N — i _———N—Nr(_) o
2m 2 er—]f(r) dr - : | 2 . reR e
reR | |

ond, ¥=TD T

where T AT=D, or.,D—] =T'A T,

N F ) dr

..'|‘ ‘
Nfi T ) dr

-1

So that S er”f(r) g ‘
. }'.=A"
SAT TN
Nfr f(r) dr

Smce the mtegrols are constants for any f fhe covariance. matnx is dlrectly pro~

porhonc| to A "1 we determine ‘the constant of proporhonallty for the mulhvanate

| normal and Peorson Type Vil dnstrlbuhons.




Case 1. Multivariate Normal
Fo: the multivariate normal, the density is of the form f(r) = ce

r2=x'Ax, 0L rlow.

‘ k-1
Since, rk -zr dr =2 .z I‘(E;-l)
N
then f N ]f(r) dr -CZT (':%2—>

| N-2
and fr N-1 f(r) dr=c2T T (-2-)

N
sothat - £= A7) 27‘—_Z’N T'(zﬁ\
N
N2 2 r(3)

and thus, ¥ = ATl
or, ‘A =% ~-].

Case 2 Multivariate Péarson.Type VII.,
f(r) =c(l +r2)”~m , 0LFLo,

S‘m‘cé; I Ny ar= 5 _r(zﬂz,};)(»’"'z )

1 2
-3r

where

2N c T (m)
S ]
N
e 2("1f}3‘2‘7"1)
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| ( APPENDIX 111

NORMALIZATION PROCEDURE TO MAKE COVARIANCE
T MATRIX INVARIANT UNDER TRANSLATING AND
SCALING TRANSFORMATIONS

/7

/3’

- . Lefi' be a covariance matrix for the difference vectors of grey tone N- tuples
ina 5pecuf|ed spotial relationship within a sublmage. We transform the covariance
matrix to obtain the normalized covariance motrix i using y = Dx, where x is the

difference vector and D is diagonal. Thus, ossummg zero mean,

1., E(yy') = E (Dxx'D')
=DE (xx') D'
=D} D since D'=D.

For normalization, we have

1

G W
where o,; is the i element of i and is the variance 012 of the ifh component of x.

Assume that all grey tone N tuples have a scale factor a and an addmve :

P U

factor ¢ so that for N- tuples ax; + ¢ and ax2 + ¢, the dlfference becomes

= (ox] + c)- (cx2+ c) |
y= o(x - x2).

, Hence, translchonol effects due to bias terms are concelled but scolmg effects

" are marked by the diagonal tronsformchon y Ax 50 thot the elements of ihe covor—

iance matrix becqme

P :t - E (yy') E(AXY )‘

us o




where A is a diagonal matrix. We must show that j’N’ the normalized covaricnce

matrix of 3§, is identical to ty' Normalizing § we have

=D(ALAD

where D is agoin diagonal but in this case,

ﬁd“ ) 1
2

.. O..

i

with g the iith,;eiemenf of diagonal matrix A. For the ijth element of‘iN we

have

=2 TS 2
Yii % \{F’jj’" %i

Thus, this procedure of normchzchon mckes the entries of the normalized covariance

_matrix invariant wuth respect to tronslotmg und scollng transformohons on the grey

tone N ~tuples.
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Iv,2

APPENDIX 1V
COMPUTER PROGRAM DOCUMENTATION & LISTINGS

PROGRAM DOCUMENTATION

IV.1-a  ERTS Retrieval Programs

IV.1-b  Texture Analysis Programs

IV.1=c  Cross=Band Texture Analysis Programs
IV.1-d  Piecewise Linear Classification Programs

. PROGRAM LISTINGS

IV.2-a  ERTS Retrieval Programs

IV.2-b  Texture Analysis Programs

IV.2-c  Cross-Band Texture Analysis Programs
IV.2~d  Piecewise Linear Classification Programs

. ',“67‘ :
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IV.1-a ERTS Retrieval Programs - Documentation

RETV
ERTS
PIXEY

ZEQUAN-

PITCHR
WRTDSK
RDDSK]1

KEQUAN
RDDSK2
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Faia

PROGRAM TITLE:
VERSION:

DOCUMENTED BY:

ERTS RETRIEVAL PROGRAMS

REPRUDULLJILITY O Ths

RETV ORIGINAL PAC-:E IS POOR

I

January, 1974

January, 1974

Robert J. Bosley
" Robert J., Bosley

GRAM LANGUAGE: FORTRAN 1V

IMPLEMENTED ON:
PURPOSE:

HW635

Thls is the mainline for the ERTS Retrieval Programs which
retrieve ERTS MSS data from s standard NASA digital tapes
and ouiputs the image data in a picture, or greytone listing,

. or copies it onto an ovutput tape.

TERS under NAMELIST 'PARAM':

NBAND Band number, -1 fhrough 4 for MSS band 4
: through 7, to be selected, Set to 5 forall
4 bands, assumed to be 2.

IRSTRT, , Row, column starting coordinates.
ICSTRT Lo

IRSTOP, " Row, column stopping coordinates.
ICSTOP = , o

TITLE 80 Column title for output list. ;

MILLI " TRUE if coordinates are in inillimeters; ;

assumed to be FALSE, qbordinatéé are row,
~ “column points in ERTS image. |
CSMALL  TRUE if milliméfér coordinates are from a small
| 70ffmm by 70 mm negative; assumed to be
FALSE‘ coordihctes froma 7 ‘in‘ch' by 7 inch

B prmt. :
PRNT ",',TRUE for grcy tone |sstmg, c..sumcd FALSE

 TAPE TRUE for tape output, assumed FALSE

, -_@éf




REQUIREMENNTS:

COMMENTS:

IFIL Output file cade for 1ape; assumed to be 02.

5.

. 6.

For

PIC TRUE for picture output; assumed TRUE.
QUAN TRUE for equals probability quantizing of the
image; assumed to be TRUE,

SPIC TRUE for special piéfure run-see PIXEY;
assumed to be FALSE,

1. ERTS input tape must be on file code 'ES'.

2. Four disc files must bé on files 11, 12, 13 and 14.

3. Any output tape must be positioned on file code 'IFIL'.

4, Al coordinates must be determined relative to the

input tape rather than the print == that is, ICSTOP must
not exceed 824 points or 46 mm,
Core = 22 k
Subprograms required:
RETV.
ERTS
PIXEY
ZEQUAN
ERTS
PITCHR
- WRTDSK
RDDSKI
KEQUAN
PITCHR
RDDSK2

efFlcu,ncy, data is read by RETV in blocks of 41 Imes

by 41 poirits. Onc ERTS tape (one fourth of an image)

- will then be covered by 20 honzonml blocks, leaving 4 points

- Ieft ot the end of (cch line. Nofe ~-=- sometimes on the first - '\‘

tope of an image, the first four points are grcytones of 255 and

can advuscly affect a picture prmtout. If so, set ICSTPT 5.

70 -



A

Also note that if the point ICSTRT Is not @ multiple of 41
from the end of the line, then the last points may not necessorily
be listed since blocks are determined starting from ICSTRT .
A 'specfal picture run can be made to print out and reduce
any image over the entire tope by setting SPIC to TRUE and
specifying under namclist PARAM the folldwing poranwe'fell's:
IRSTRT, IRSTOP, ICSTRT, ICSTOP, NBAND, QUAN. Then
under nomellst PICTUR, parameters for PITCHR are specified.
See PIXEY for details. '




(
SUBPROGRAM TITLE: ERTS
VERSIOM: 1l
DATE: September, 1972 .
UPDATE: November, 1973 &
AUTHOR: G. Bunnels
DOCUMENTED BY: _ R. Bosley
PROGRAM LANGUAGE: GMAP
IMPLEMENTED ON: HW635
PURPOSE:
To read 7-track ERTS MSS dota topes. ’
l
ENTRY POINTS:
~ CALL EINIT (NOLS) ,
g ' ;
( cc:f\tt EZ:;:(:OLr:; R ‘3Dubm1LLES§SO§o%%D
omcmAL PAGE
CALL ER WND
ARGUMENTS: / |
~ NOLS Number of words ‘pér scan line; returned by EINIT,
NOSK The number of records to skip. |
I The array into which the NOLS words of data
from a line of ERTS data is placed.
LN Returned by EREAD giving the line number of the
T line of data returned. If LN =0, the end of file
| was recched on the ERTS tape.
S ERROR FLAGS: i ' T - ;
o , | - MB EREAD buffer is not large enough for a block of -
s T ERTS data. " o
L 7 Al EINIT was called twice. |
: @ Lo NI : EINIT was not called before cc:llmg EREAD

ERTS RETRICVAL PROGRAM

~ ESKIP, or EREWND.

1
I




UE EOF encountered while reading 1D or
annotation blocks on ERTS tape.
EF . EOF encountered while trying to skip records

in ESKIP.

COMMENTS:
EINIT initializes the ERTS tape so that data may be read, and
must be called first. ESKIP skips over NOSK records (scan lines).
EREWND rewinds the ERTS tape. EINIT must not be called twice.
The data placed into array 1 by EREAD is in standard corresponding
: J/ point forms. Since the ERTS MSS data has four channels, there
are actually NOLS/4 points or cells per scan line.
REQUIREMENTS:
ERTS tope must be on file code 'ES'.

REPRODUCLSILITY OF THE f
* ORIGINAL PAGE IS POOR

AT

-~ wg&
w :




Pl N

ERTS RETRIEVAL PROGRAMS

SUBPROGRAM TITLE: PIXEY

DOCUMENTED BY:

VERSION: 1

- DATE: Januvary, 1974
UPDATE: January, 1974
AUTHOR: Robert J. Bosley

Robert J. Bosley

PROGRAM LANGUAGE: FORTRAN 1V

IMPLEMENTED ON:

PURPOSE:

ENTRY POINT:

HW635

To provide a flexible option for printing a picture of ERTS MSS
data using user specified parameters to PITCHR.

CALL PINEY (ILINE, IMAGE, IRSTRT, IRSTOP, ICSTRT,
ICSTOP, QUAN, NBAND)

INPUT ARGUMENTS:

ILINE Array the ERTS line is read into.
IMAGE Array containing one line of the image.
IRSTRT, IRSTOP Starting, stopping row in the image.

’ ICSTRT ICSTOP Starting, stopping column inthe image.

QUAN _ TRUE for equal probability quantizing of
~ the-image.

NBAND Bond number to be processed set to

5 for all 4 MSS bands.

INPUT PARAMETERS under NAMELIST 'PICTUR':

. LNSI\IP ~Line and column mcrement for ERTS doto, ) :

KOLSKP assumed fo be‘ 4,3.
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(‘f' " SAMPLE RUN:

COMMENTS:

ICELL, J(;!.I‘LL
INIT

IMIN, IMAX
NRow
NFILES
IFIL(10)
NULW, NULD

AMAG, DMAG

Nuniber of rows, columns in imoge to be printed;
assumed to be 1,256,

Number of times entry to PITCHR is made at
SNAP: must be greater than 1; assumed to be 304,
Minimum, maximum greytones i image;

assumed to be 0,75 or 12 if QUAN is true .
Number of rows to be printed; equal to ICELL.
Number of output files availeble to PITCHR; ,
set to 0 for all output on file code 06, ser to 2
for files 06 and 42; assumed to be 2,

Array containing output file codes; assymed

to be 06 and 42.

Number of columns, rows per output page;
assumé‘d to be 129, 60.

Width, length magnification fc}r output picture;

assumed tobe 1. : S

$PARAM SPIC=T, QUAN=T, IRSTRT=1, IRSTOP=1216,
ICSTRT=5, 1CSTOP=772, NBAND—?QEND/SPICTUR INIT=304,

- NFILES=2, LNSKIP=4, KOLSKP=3, JCELL=2565END.,

This run will print out on files 05 and 42 a picture 256 points
wide hy 304 lines long. Note that 1216/4 = 304 and 786/3 = 256
g:ve= the values for LNSKIP=4, KOLSKP=3, JCELL=256,

'lNlT—-304 Also, usmg these values for LNSKIP and l\OLSKP

: wlll result in a pxcfum in proportion to the some area on an ERTS

image print, cnpprox1mme|y twelve 64 by 64 sublmcges across

by 12 sublmcges down the .ctpe

If SPIC =T in the SPARAM cord then a $PICTUR card must follow

Note that the perameters IRSTRT, IRSTOP, ICSTRT, ICSTOP,
QUAN NBAND are supphcd on the SPARAM cord while LNSKIP,

card,

KOLS!\P and cll PITCHR porometers are supphcd on the SPlCTUR S
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REQUIREMENTS:

CALLED BY:

The program will output a negative picture but a positive picture
can be made by setting IMAX=0 and IMIN=75 (or 12 if guantization
is used). The parameters are initialized to output an arca
approximately twelve 64 by 64 subimages wide by 19 down. For

a complete description of PITCHR parometers, see PITCHR.

1. Processor time for one band wfth parameters as shown in
the sample run is 0.075 hr with 3k lines of output.
2. Subprograms required are ZEQUAN, PITCHR.

ol
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ERTS RETRIEVAL PROGRAM

SUBPROGRAM TITLE:
VERSION:

DATE:

UPDATE:

AUTHOR:
DOCUMENTED BY:
PROGRAM LANGUAGE:
IMPLEMENTED ON:
PURPOSE:

ENTRY POINT:

ZEQUAN
1
September, 1973

- September, 1973

Z. Dinstein
Robert J. Bosley
FORTRAN 1V
HW635

To equal probobilityk quantize a large image on disc to NQ levels.

CCALL ZEOUAN (LINE, I\UMLIN NUMPPL NCOMP ICOMP
EFT NQ INFILE, IOUTFL)

INPUTARGUMENTS

LINE
" NUMLIN
NUMPPL

~ NCOMP
ICOMP
LEFT
NQ

INFL

Hi
LA

OUTPUT ARGUME NTS

1oum T

Array to store one line of the image.
Number of lines in the image.

Number of columns in the image.

,k ‘Number of components in the image.
“The component to be quantized.
Left-most cell desired in the line.
" Noumber of quantized levels.
~ File code of disc containing the mage

to be quonhzed

Outpuf file cyo‘dev fo‘r.thef q‘uqnt'izéd imoge.

Y e




COMMENTS:

Processing is done line by line after an initial pass through the

image is made fo determine the number of grey fone levels in
the imoge. The minimum ond maximum grey fones are printed.
The number of grey tone levels should not exceed 512. Input

data on disc INFILE must be in binary,

CALLED BY:
PIXEY
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ERTS RETRIEVAL PROGRAM

SUBPROGRAM TITLE: PITCHE - 7
VERSION; | n | S
DATE: July, 1969 . | {
UPDATE: = November, 1970 "
AUTHOR: . .. R.Cowles

DOCUMENTED BY: 1@, Elliott

PROGRAM LANGUAGE: GMAP

IMPLEMENTED ON: HW635

PURPOSE:

To print out images in 13 grey levels.

ENTRY POINTS: |
| CALL PITCHR (IRRAY, ICELL JCELL, INIT, IT, IMIN, IMAX,
'NROW, NFIL, IFIL, NULW, NULD, AMAG, DMAG, )

CALL SNAP
CALL SNAPA (IARRAY)
CALL ENDBNR
ARGUMENTS: ,
' ~IRRAY ~ Array to be prikni‘ed,either integer or floating
{ ~ point, ‘ ‘
ICELL Number of rows in array. (row dimension)
JCELL | i | Number of columns in array. (column dimcns'ton)
INIT =0 if all of image to be pnnted out is in core

, at time of call. Output. will be done. before =
return to calling program.
- =) for reinitialization entry, Any of the arguments
o prevnously specified with INIT = 0 with the
exception of INIT may now be chonged. Return:
, vnll be made to the calling program without
. any output. This is especially uvseful if the |mcgc
is read into core in pieces” “‘and the |usl piece.

does not completcly flll the army >| for mmuhwhon 4

.
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IMIN

IMAX

NROW

©NFIL

ML

NULW

NULD

entry. INIT will reflect the number of times

entry is made at SNAP before final horder is to

- be prinfed. Return is ‘.‘o the calling routine

without any oufput.

INIT =0 is assumed. ,
=0 if array is floating point n
=1 if array is in‘reger

H=1is ossumed. .
Minimum brightness level in array. Type of

IMIN should correspond to that indicated by 1.
IMIN =0 is assumed.

Maximum brightness level in array. Type of IMAX
should correspond to that indicated by Il.

- IMAX =12 is assumed.

Number of rows of array to be printed if full array

is not to be printed. This allows for partiol printing.

-~ NROW = ICELL is assumed.

Number of output files available if image is to
be output in strips that are NULW lines wide.

~..=0 for all output on file code 06

=1 ffor all output on file code IFIL
i for outputs in strips, on file codes specified- >
in crray IFIL. NFIL=0 is assumed.

: Array containing output file codes. Ignored mless |

NFIL 0. IFIL must be a variable rather thcn a

o lltera!, since SNAP alters the value(s) of IFIL
“to confcm the location of the relevent file

- com‘rol block in the upper half of the word.
: Numbor columns per output page. MAX ——129
. NULW =120 unless otherwise specnflcd

~* Number of rows to be prmfed before a slew on the e
- top of the nexi page is given. NULD ICELL*DMAG +1. .

,,*'ao‘
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1
1,

AMAG

DMAG

Floating point mognification in width.
AMAG =1 is assumed.
Floating point magnification in length,
DMAG =1 is assumed. '
Error return if not enough output files are

qvoilcxble." Return is made with NARG =-10.

If not specified, a message will be printed out

on the accounring report and an NF report

"~ will terminate execution,

N
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~ COMMEN:S:

ERTS RETRILVAL PROGRAMS

SUBPROGRAM TITLE: WRTDSK
VERSION: * o

DATE: September, 1972
UPDATE: January, 1974
AUTHOR: Robert J. Bosley

DOCUMENTED BY:

Robert J. Bosley

PROGRAM LANGUAGE: " FORTRAN IV

IMPLEMENTED ON:
PURPOSE:

ENTRY POINMNT:

HWé635

H

To write one line of ERTS data onto disc files, one file
for each band.

'CALL WRTDSK (ILINE, NHOR, IPSTR, IPEND, NBAND)

- INPUT ARGUMENTS:

ILINE ~ Array contalning one line of ERTS data
NHOR Number of horizontal blocks of 41 columns
1 in the line. ’ R
IPSTR, IPEND Starting and ehd\ing points in the‘ERTS line.
NBAND  The desired banéf} set to 5 for all 4 MSS
bands. ‘ o

* After reading a line of data into ILINE, RETV calls WRTDSK

to pick out the segment of NHOR blocks in the line and write

. it onto disc. If only one band is desired, only that band is

~ CALLED BY:

put onto disc. Disc files 11, 12, ]3; and 14 must be present,

RETV
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ERTS RETRIEVAL PROGRAMS

SUBPROGRAM TITLE:
VERSIOIN:

DATE:

UPDATE:

AUTHOR: |
DOCUMENTED BY:
PROGRAM LANGUAGE:
IMPLEMENTED ON:
PURPOSE:.

Ul /lix.v..i.'z OF Tﬂ'u

RDDSKL L
11 ,’}_"TCYL\A
September, 1972
January, 1974
Robert J. Bosley

Robert J. Bosley
FORTRAN 1V

HW635

To read the ERTS data from disc and print out a picture of the
image, proceeding vertically and then from left to .aght

ENTRY POINT:

INPUT ARGUMENTS:
. IMAGE
QUAN

NHOR
T NVERT
-~ NDSK

'ERROR FLAGS:

-~ COMMENTS:

- are processed together, except for the final strip of blocks when

NHOR is an odd number, It is recommended thot QUAN be set

~“to true since transmission errors result in very high ond very low

greytones ulong the line which will mcl\e the true image features

CALL RDDSKL (IMAGE, QUAN, NHOR, NVERT, NDSK)

Arrcy used to store two 41 x 41 blocks.

TRUE for equal probability quantization of the :

~ image.

Numbor of hornzontcl 41 x 41 blocks.

Number of vertical 41 x 41 blocks.,

File code of disc to be processed.

f Some as for PITCHR.

i

Smcc blocks are: 41 columns wide, then two horizontal blocks

) mdufmgut hcvblv unless equal probcbllny quanhzmg is used
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SUBPROGRAMS CALLED:
KEQUAN
PITCHR

CALLED BY: ,
RETV
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ERTS RETRIEVAL PROGRAMS

Ll
L

SUBPROGRAM TITLE: KEQUAN

VERSION: Il

DATE: September, 1971
UPDATE: June, 1973

AUTHOR: G. Elliot

DOCUMEINTED BY: Robert J. Bosley ,
PROGRAM LANGUAGE: " FORTRAN IV
IMPLEMENTED ON:; , HW635

PURPOSE:

To equal probability quantize the input array to NQ levels.

ENTRY POINT: . |
. CALL KEQUAN (1A, NGL, NQ, IASIZE) "

ARGUMENTS: | |
o IA Input array which §ﬁ~l_;reiurnéd quantized,
, NGL Number of greyfoné levels in 1A,
NQ Number of quantizing levels.

IASIZE Size of array 1A, '

ERRCR FLAGS: ' | |
If the number of greytone levels exceeds 512, an error message

is printed.

CALLED BY: |
- RDDSKI
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ERTS RETRIEVAL PROGRAMS

SUBPROGRAM TITLE: RDDSK?2 gﬁéﬁ\? U"ii;zuuy OF THE
VERSION: 1l GE 18 Paog
DATE: September, 1972

] UPDATE: January, 1974
AUTHOR: Robert J. Boiley .
DOCUMENTED BY: Robert J. Basley )
PROGRAM LANGUAGE: FORTRAN IV |
IMPLEMENTED ON: HW635 |
PURPOSE:

To read ERTS data from disc and print out the grey tones and/or

copy the data onto an output tape.

ENTRY POINT: ‘ |

¢ CALL KDDSK2 (IMAGE, IRSTRT, IRSTOP, NHOR, NDSK, ‘
‘ PRNT, TAPE, IFIL) |

INPUT ARGUMENTS:

IMAGE 7 Array data is read into.
lRSTRf IRSTOP Sfm’rmg, stopping lines of data.
NHOR Number of horizontal blocks of 41 columns
NDSK Fl}le code of the disc to be read.
PRNT TRUE for greytone listing.
TAPE TRUE for tape output
- IFIL Output tape file code.
COMMENTS: - | , =
. i R If neither the grey tone listing nor the output tape is desnrecl , ;
i - execution is returned to the cal lmJ program, RETV.
"  CALLEDBY: 7 o e e
: ' D _ RETV. i e e R e




IV.1-b Texture Analysis Programs - Documentation A g

MAINLN ! o
ERTS
3 MAING
i  KEQUAN
PITCHR
FPLXIT
INDEX
IMOMTR :
COR , ool
1EQPQ] | |
RITOWT =
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ERTS TEXTURE AINALYSIS

PROGRAM TITLE: MAINLN
VERSION: Il

DATE: September, 1972
UPDATE: June, 1973
AUTHOR: Robert J. Bosley
DOCUMENTED BY: Craig Paul
PROGRAM LANGUAGE: - FORTRAN 1V
IMPLEMENTED ON: HW 635
PURPOSE: |

To read the Texture Analysis parameteis, read in subimages
' from ERTS input tape, and send these subimages to MAING

for processing.

INPUT PARAMETERS:
1. Title Card: Up to 80 columns for use as identification

information.
2. Parameters under NAMELIST /PARAM/:
~ IBAND - Bond used for processing~

= 1 for MSS Band 4
= 2 for MSS Band'5.

= 3 for MSS Bangi 6

= 4 for MSS Band 7

assumed to be 2.

NUMPPL Number of points per line of each subimage;
| assumed to be 64. ‘
NUMLIN ’ Number of lines of each subimage; assumed
| to be 64. ’ :
NBVERT Number of the last vertical subimage to be
processed; assumed fo be 36. S
NUMIM Nurber of subimages taken hortzontcl!y in

~ one tun; assumed fo be 3. Note:
NUMPI L x NUMlM must not excecd 192 pomts

88




N1l

NUMSTR

NBSKIP

PNCH

-IF

NRED

'NSTART,
NTIMES

PICTUR
NQUANT

MERGE

The upper-left column coordinate for the
vertical strip (of NUMIM horizontal
subimages) being processed in this run.

The number of the vertical strip being processed;
assumed to be 1.

The number of vertical rows of subimages to
skip before beginning processing; assumed to
be 0.

Specifies the output option:

= THY for card output

= 1HT for tape output on file code IF

= THN for neither cord nor tape but a listing
of the LEX arrays; assumed to be tope (1HT).
Note: PNCH must be denoted as a Hollerith
constant in the $PARAM card,

~.Output tape file code which is assumed to be

in position (it is not rewound), assumed to be ‘03'
The base used for image reduction; assumed

to be 1,

Each subimage is processed NSTART through
NTIMES times, each time with a new reductiyion
factor NFT = NRED ** NLAYER where NLAYER
goes from NSTART -1 through NTIMES -1;

both assumed to be 1. '

TRUE for a picture of each subimage; assumed
FALSE. | |

Number of quantization levels of the probability
function in IMOMTR; assumed to be 16.

TRUE for all four LEX arrays to be merged into

‘one array; assumed to be TRUE.
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REQUIREMENTS:

1. ERTS input tape must be on file code 'ES'.

2. Corc - 43k.

3. Disc file must be on file code '02',

4, Subprograms required:

MAINLN
ERTS
MAING
KEQUAN
PITCHR
FPLXIT
INDEX
IMOMTR
INDEX
COR

IEQPQI
~ RITOWT

CARD SETUP FOR SAMPLE RUN:

ERTS TEXTUI‘V%E ANALYSIS PROGRAMS

$ IDENT 9999, ANYNAME

"¢ LIBRARY LB |

$  OBJECT

¢ DKEND

$ EXECUTE \ |

$ PRMFL LB, R, S, PATTERN/GEE/LIB |

$ TAPE  ES, ASDD, 60500, ERTSOO, (NPUT
$ FILE 02, AR, 2L

§ LIMITS 20, 43k, 10k .

$ INCODE IBMF

TEST-SETUP FOR TEXTURE ANALYSIS PROGRAMS

$  PARAM

$ ENDJOB

This run of the tovtur\. “analysis proqrams will process the ERTS

|mage in 64 x 64 sublrnoqcs, giving on|y printed outpuf plug S

Ni1l=1, PNCH = THN, PICTUR = TSEND

a plcturc of ec:ch summqgc
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COMMENTS:

This is the mainline of the texture analysis programs. Each
ERTS, image is divided into 4 vertical strips, each put onto a
7-trock digital tape. This image is divided up into subimages
for processing. For example, if the subimages are 64 columns
by é4 lines, then the first tape contains subimages 1 through 12,
the second contains 13 through 24, and so on up to 48 horizontal
subimages. And, each tape contains 36 vertical subimages.
Often, the first 8 points at the beginning of each line hcve'grey
tones of 255 and will adversely affect processing. Therefore,
the first eight points of each line are skipped.

Each tape contains usually 3296 points of 4 bands, or 824 points
per line for one bend. Skipping the first eight points leaves
816 points par line. If subimages are each 64 columns, then 12

will occupy 768 columns, leaving 48 points at edge of each

_tape unused.

Due to core limitations, each input tape is processed in vertical
strips of up to 192 horizontal points. This is 3,64 by 64
subimages,or 6,32 by 32 sublmaocs in one run. For example,

if NUMPPL = 64 and NUMIM =3, then the tape is processed as
follows: Run 1= (1, 1), (1, 2), (1, 3), (2, 1, 2,2), (2, 3),
3, 1),...,(36, 1) (36, 2), (36, 3). Run2-(1, 4, (1, 5),

(1, 6), (2, 4), 2,5), 2, 6), B, 4)s...,(36, 4), (36, 5),

(36, 6). Run3=-(1,7),(1,8), (1,9 7), (2, 8), (2, 9),
(B, 7), .0, (36, 7), (36, 8), (36, 9). Run4- (, 10, 1, 'H) |

{1, 12), .., (36, 10), (36, 11), (36, 12). This completes the

processmg of the first tape. Note that N11 is determined

relative to the entire image while NUMSTR is relative to the
input tape. That is, for tape 1, N11 and NUMSTR cre both 1
for Run 1. But for Run 2, NI11 is 4 while NUMSTR is 2 and for
Run 3, Nll is. 7 whlle NUMSTR is 3 etc. ‘

DR :

9




Continuing with the example, tope i will’ be processed as

follows: Run 1 (N11= 13, NUMSTR=1) - (1, 13), (1, 14),

(1, 15),4..,(36, 13), (36, 14}, (26, 15). Run 2 (N11 =16,
NUMSTR =2) = (1, 16), (1, 17); (1, 18), «v v, (36, 16), (36, 17),
(36, 18), etc.

See Figure 1 for an illustrotion of an ERTS image divided into

64 by 64 subimages. Note - the size of each subimage must

not excecd 4096 points,
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SUBPROGRAM TITLE: ERTS

VERSION: Il

DATE: September, 1972
UPDATE: November, 1973
AUTHOR: G. Gunnels .
DOCUMENTED BY: R. Bosley
PROGRAM LANGUAGE: GMAP
IMPLEMENTED ON: HW635
PURPOSE:

To read 7-track ERTS MSS data tapes.

ENTRY POINTS: |

" CALL EINIT (NOLS)
CALL ESKIP (NOSK)
CALL EREAD (I, LN)’
CALL EREWND

ARGUMENTS:

NOLS Number of words per scan line; returned by EINIT,
NOSK The number of records to skip.

I ' The array into which the NOLS words of data

' B from a line of ERTS data is plcced

LN | Returned by EREAD giving the line nuiber of the

|me of data returned. If LN =0, the end of file

was reached on the ERTS tape.

ERRORVLAGS:

MB | u EBEN‘ buffm is not |cxge enough for a block of
B ‘ ' ERTS data. :
Al EINIT wa s called twice.
N . EINIT was: not:called before collmg ERCAD
ESKIP, or EREWND :
94
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COMMENTS:

REQUIREMENTS:

UE EOF encouniered while reading 1D or
annotation blocks on ERTS tape.

EF EOF encountered while trying to skip records
in ESKIP.

EINIT initializes the ERTS tape so that data may be rcad, and

must be called first. ESKIP skips over NOSK records (scan fines).
EREWND rewinds the ERTS tape. EINIT must not be called twice.
The data placed into array 1 by EREAD is in standard corresponding
point forms. Since the ERTS MSS data has four channels, there
are actually NOLS/4 points or cells per scan line.

ERTS tape must be on file code 'ES'.
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ERTS TEXTURE ANALYSIS

SUBPROGRAM TITLE: MAING
VERSION: 11 v

DATE: October, 1971
UPDATE: June, 1973
AUTHOR: R. M. Haralick

DOCUMENTED BY:
PROGRAM LANGU

IMPLEMENTED ON:

PURPOSE:

Robert J. Bosley
AGE: FORTRAN 1V
HW 635

To print out a picture of the subimage, copy it to file-2, and

“then process it through the texture subroutines FPLXIT to get

the LEX arrays, IMOMTR to calculate the texture fectures,

- and RITOWT to output the results.

ENTRY POINT:

ARGUMENTS:

CALL MAING (IWORK, MERR, MERGE, PICTUR, IF)

IWORK NUMLIN by NUMPPL subimage array.
MERR Set to 1 if an error occurs in fitting the LEX
arrays inte IWORK. | | .
- MERGE TRUE to merge the four LEX arrays into one.
PICTUR TRUE for a picture of the subimage. ‘
IF ‘ File code for the output tape.

COMMENTS:

~ The sub:mcge sent in IWORK is scaled to fill a page for the |

picture printout, ond at the same time it is comed to a scratch ]

disc on file code '02', If the size of the LEX arrays is grecter

‘than NUMPPL x NUMLIM, then an error message is printed

~ and processing is fe rminated by MAINLM, after putting EOF

marks on the outputtape. Eoch subimage is quantized by
KEQUAN 1o 32 levels, ‘
' 96
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CALLED BY:
MAINLN

SUBPROGRAMS REQUIRED:
KEQUAN
PITCHR
FPLXIT
IMOMTR
RITOWT

:
;
i
3
|
iy
by i .
o/
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SUBPROGRAM TITLE: KEQUAN

VERSION: !
DATE: September, 1971
UPDATE: June, 1973 5
AUTHOR: G. Elliot
DOCUMENTED BY: Robert J. Bosley
PROGRAM LANGUAGE: FORTRAN 1V

IMPLEMENTED ON: HW635

PURPOSE: :

To equal probability quontize the input array to NQ levels.

ENTRY POINT: |
CALL KEQUAN (IA, NGL, NQ, IASIZE)

ARGUMENTS:
' IA Input array which is returned quantized.

NGL Number of greytone levels in IA.

NQ : - Number of quantizing levels.

IASIZE Size of array 1A,

' : ;
ERROR FLAGS:. - , :
' If the number of greytone levels gkceéds 512, an error mé‘x%soge i

is printed.




SUBFROGRAM TITLL:

VERSION:
DATE:
UPDATE:
AUTHOR:

DOCUMENTED BY:

PROGRAM LANGUAGE:
IMPLEMENTED ON:

PURPOSE:

ENTRY POINTS:

CALL ENDBNR

ARGUMENTS:

PITCHR

Il

July, 1969
November, 1970
R. Cowles

G. Elliott
GMAP

HW635

To print out images in 13 grey levels.

 CALL PITCHR (IRRAY, ICELL, JCELL, INIT, IT, IMIN, IMAX,

NROW, NFIL, IFIL, NULW, NULD, AMAG, DMAG,*)

CALL SNAP

CALL SNAPA (IARRAY)

IRRAY

ICELL
JCELL
INIT

Array to be printed, either integer or floating
point. o |
Number of rows in array. (row dimension)
Number of columns in array. (column dlmensmn)
=0 if all of image to be-printed out is in core

at time of call. Output will be done before

return to calling program.

=1 for reinitialization entry. Any of the orgumenfs
‘ prevnously specified with INIT =0 with the

“exception of INIT may now be changed. Return

will be made to the calling program vithout

~any output. This is especially useful if the image

is read info core in pieces and the last piece

does not compleicly fill the airay. =1 for initialization
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IMIN
IMAX
NROW

NFIL

IFIL

NULW

NULD

entry. TNIT will reflect the number of times
entry is made at SNAP before final border is to

be printed. Return is to the calling routine
without any ouiput.

INIT =0 is assumed.

=0 if array is floating point

=1 if array is integer

Il =1 is assumed.

Minimum brightness level in array. Type of

IMIN should correspond to that indicated by Il.
IMIN =0 is assumed.

Maximum brightness level in array. Type of IMAX
should correspond to that indicated by Il.

IMAX =12 is assumed. B

Number of rows of array to be prmted if full array

_is not to be printed. This allows for partial printing.

NRQOW = ICELL is assumed,

Number of output files available if imuge is to :
be output in strips that are NULW lines wide.
=0 for all output on file code 06 ; ‘Z
=1 for oll output on file code IFIL * ‘ t
S1 for outputs in strips, on file codes specified {
in array IFIL. NFIL=0 is assumed, :
Array containing output file codes. Ignored unless ‘
NFIL= 0. IFIL must be a variable rather than a
literal, since SNAP alters the value\u, of TFIL

to contain the location of the relevant file

control block in the upper half of the word.
Number columns per output page. MAX =129
NULW =120 unless otherwise specified.

Number of rows to be printed before a slew on the
| top of the next page is given, NULD = lCELL*DMAG +1.
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AMAG

DMAG

Floating point magnification in width.

AMAG =1 is assumed,

Floating point magnification in length,
DMAG =1 is assumed.

Ervor return if not enough output files are
available. Return is made with NARG =-10.
If not specified, a message will be printed out
on the accounring report and an NF report

will terminate execution.
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ERTS TEXTURE ANALYSIS

SUBPROGRAM TITLE: FPLXIT
VERSION: 11

DATE: September, 1971
UPDATE: June, 1973
AUTHOR: R. M. Haralick

DOCUMENTED BY:

R. J. Bosley

PROGRAM LANGUAGE: FORTRAN IV

IMPLEMENTED ON:

PURPOSE:

HW 635

To compute the four nearest neighbor greytone mairices
LEX1, LEX2, LEX3, LEX4, for angles of 90, 0, 135,

and 45 degrees.

ENTRY POINT:

ARGUME NTS:

CALL FPLXIT (IDATA, LEX1, LEX2, LEX3, LEX4, NUMPPL,

MERCE)

IDATA Scraich array holding two lines of the subimage.
LEX1 ~ LEX 4 Address indices for the four LEX arrays.
NUMPPL Number of points in each line of the subimoge.

COMMENTS: |

MERGE - TRUE to merge the four LEX arrays into one array.

ThIS subroutine reads two lines at a time from the subimage being
processed which is now on scratch disc file 02. After all

the LEX arrays are created, they can be merged into one by
setting MERGE to TRUE in MAINLN. The merge is perfor med

by adding eoch arroy term by term ond pumng thc total mto LEXT.

02
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SUBPROGRAMS REQUIRED:
INDEX

CALLED BY:
MAING

B L -
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. PURPOSE:

ERTS TEXTURE ANALYSIS

SUBPROGRAM TITLE: INDEX

VERSION: 1
DATE: September, 1971
UPDATE: | September, 1971
AUTHOR: R. M. Horalick
DOCUMENTED BY: R. J. Bosley
'PROGRAM LANGUAGE: FORTRAN 1V
~ IMPLEMENTED ON: HW 635

To return to the calling program the single subscript for
the LEX array that indicates where element (I, L) can be

found, given its row and column subscripts 1 and L.

ENTRY POINT: -
INDEX (I, J)

ARGUMENTS: |
1 | Row subscript for an element in the LEX array.
J ) Column subscript for’ an element in the LEX
array.. ‘
COMMENTS:

‘This subprogram is @ FUNCTION.

CALLED BY:
FPLXIT

_IMOMIR
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ERTS TEXTURE ANALYSIS

SUBPROGRAM TITLE: IMOMTR
VERSION: 1l

DATE: September, 1971
UPDATE: June, 1973
AUTHOR: R. M. Haralick
DOCUMENTED BY: R. J. Bosley
PROGRAM LANGUAGE: FORTRAN IV
IMPLEMENTED ON: . HW 635

PURPOSE:

To calculate the moment texture stotistics.

ENTRY POINT:

ARGUMENTS:

" CALL IMOMTR (LEX1, LEX2, LEX3, LEX4, F, IQ, MERCE)

LEX1 - LEX4  Address indices for the four LEX crrays.

B Cumulative distribution function.
1Q Quontized output array of IEQPQI,
MERGE TRUE indicates the four LEX arrays have been

TEXTURE FEATURES:.
' 1

merged into one. -

. Angular Second Moment

NN ‘
 ANGMOM=D , 3 P4, 1)
. : . e j___.] :

‘where N_is the number of grey tone levels, and

e P(l, j) is the array of joint probabilities. -

L
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2.

Entropy

N Ny
ENTROP = 2”.42.« P(i, J) tog PG, J)
=1 j=1
Meaon
N
g 9

AMEAN=>: Z i PG, )

=1 =1

Variance
N

SGMASQ = i > i - AMEAN)? P, J)
i=1 =1

Covariance

N

. 9 o8
SGMAXY = . 9, (1= AMEAN) (- AMEAN) PG, )

T

. Correlation

| RATIO = ——SCMAXY

. Average Controst

 SGMASQ

lnverse Moment

IVDMOM = i Z S

z

P : - (l"j;

Ng-1

DIFAVE= p k- DIFK)
k=1 '

whcre le(k) , P(': J)

|i- j| L | ‘
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9. Variance of DIF

N N
g-1 g-1
Y
DIFVAR= ) k2« DIF(R) - S ke DIFG)
k=1 k=1
10. Entrophy of DIF
g—]. N
DIFENT=- »  DIF(K) * log (DIF(K)
=1
11, Average olen'rensify
g9
SUMAVE= Y k- SUM(K)
k=2
where SUM = Z ()
. itj=k
12. Variance of SUM '
2N N
SUMVAR = K+ SUM(K)- i K - SUM(K)
k=2 =2

13. Entropy of SUM
| pY N

SUMENT = - }f SUM(K) * log (SUM(k)) '

14, True mean of probability function

TMEAN = —

= ) F(i)
N j
o 9 43
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COMMENTS:

2

The three remaining fexture features are computed in subroutine
COR: CORINF, CORMUT, and CORMAX, If MERGE is
TRUE, then these features are computed for only the merged
array, LEX1., Otherwise they are computed for cach LEX

array, corresponding to each of four angles.

SUBPROGRAMS REQUIRED:

CALLED BY:

INDEX
IEQPQI
COR

MAING
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ERTS TEXTURE ANALYSIS

SUBPROGRAM TITLE: COR |
VERSION: 1l
DATE: November, 1972 !
UPDATE: June, 1973 |
AUTHCR: Sam Shanmugam j
DOCUMENTED BY: | R. J. Bosley :
PROGRAM LANGUAGE: FORTRAN IV
IMPLEMENTED ON: HW 635 ‘
PURPOSE:

To calculate three measures of correlation between two discrete
random variables X and Y whose joint probabilities of occurrence

are known.

A,

ENTRY POINT:
CALL COR(PXY, N, 1OPT, Q, COR?, COR2, COR3)
INPUT ARGUMENTS: : L
PXY Array of joint probcbilities. |
N Size of the array PXY
10PT Option flag - if 1OPT =0, then only CORI 1
© and COR2 will be calculated; if 1OPT =1, R B
_ then COR3 will also be calculateds : | ‘
Q Scratch array of size N x N. Tl'ns array -
' . “is used only if IOPT is non-zero. }

OUTPUT ARGUME NTS

COR1 , Moxnmol correlation measure. |
COR2 lnfcn mation measure of conelohon.
COR3 3 Second type of maximal measure.
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COMMENTS:

CALCULATIONS:

These three correlation measures are the last three texture
featurcs. For details of the measures see " Mutual Information
and Maximal Correlation As Measure of Dependence,” by

C. B. Bell, in the Annals of Mathematical Statistics, vol. 43,
1962,

H(x, y) = Hy(x, y)
max (H(X), H()’))

where H(x, y) = Z Z log (Pxf, @, ]))
P v

1. COR1 =

i =2 22 (19 (7,0 7,0 P i 9

H(x) = Z(log l;x(i)) P (1)

and Hly) = 2(log P (1) Py(D)
; . b

2. corz= Vi-e™®®

where R = Ho(x, y) = H(x, y) , ;
Hylx, y) = ZZ flog 7,0 P, (;)) P 0P, 0

‘and P_(i) = Z ng(i, e P(0) = 5.;4 ny(i) e
, RN |
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3. COR3 is computed using the eigenvector corresponding

to the sccond largest eigenvalue of QQT, where

Q(l, J) =P

CALLED BY:
IMOMTR

m
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ERTS TEXTURE ANALYSIS

SUBPROGRAM TITLE: IEQPQI :
VERSIOMN: 1 REPRODUCIBILITY OF THE
DATE: . Septcmber, 1971 GRIG’H\IAL PAGE IS POOR §
UPDATE: » September, 1971 | @
AUTHOR: D. Goel | A
DOCUMENTED BY: R. J. Bosley |
PROGRAM LANGUAGE: FORTRAN 1V !
IMPLEMENTED ON: ) HW 635 :
PURPOSE: -

To determine k levels of equal probability quantization for
an array for which the cumuldtive distribution function is

known for all elements.

ENTRY POINT: _
CALL IEQPQI (N, K, F, 1Q, IMIN)

ARG UMENTS: o
N : ‘Number of items in array F to be equal
probabil ity quantized.

Number of quantizing levels.

F o Input array to be quantized. :
1Q - Output array of quantized levels.
CIMIN ~ The lowest possible level in the input data.
CALLED BY:
IMOMTR




| -~ SUBPROGRAM TITLE: RITOWT

ERTS TEXTURE ANALYSIS

VERSION: 1l
DATE: September, 1971
UPDATE: June, 1973
AUTHOR: R. M, Haralick
DOCUMENTED BY: R. J. Bosley
PROGRAM LANGUAGE: FORTRAN 1V
IMPLEMENTED ON: HW 635
PURPQOSE:
To output onto printer, cards, or tape the texture features.
ENTRY POINT:

CALL RITOWT (LEX1, LEX2, LEX3, LEX4, G, 1Q, MERGE,
" IF, PICTUR)

ARGUMENTS: 3 :

LEX1 -LEX4 ‘1 Address indices for the LEX arrays.

- G CDF for the image data
IQ Quantized output of IEQPQ1 of NQUANT
evels. o
MERGE TRUE |ndicates that the four LEX arrays have
been merged into one array.
IF File code for output tape.
PICTUR TRUE indicates that a picture of the subimage
"~ hos been printed. ' '

COMMENTS:

The output format for the listing is slightly different depending
vpon the PICTUR and merge options. The PNCH option determines

~ whether cards or tape or neither are used to output the 17

N3
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CALLED BY:

toxture features for each subimage. In any case, the texture

features are listed on the printer. If PNCH = THY in the

$SPARAM card in MAINLN, then cards ore punch aceoruing

to the following formats:

1. for MERGE = TRUE: M1, N1, NFT, ANGMOM, ENTRCP,
RATIO, SGMASQ, SCMAXY, AMEAN, VIDMOM, KOUNT/
TMEAN, DIFENT, DIFAVE, DIFVAR, SUMENT, SUMAVE,
SUMVAR, KOUNT+1/CORINF, CORMUT, CORMAX, KOUNT+2,

FORMAT (12, 1X, 212, X, 7F9.5, 19/8X, 7F9.5, 19/8X, 3F9.5,
36X, 19), where (M1, N1) is the subimage row, column
coordinate, '

2. for MERGE = FALSE: M1, NI, NFT/ANGMOM(4), ENTROP(4),
KOUNT/RATIO(4), SGMASQ(4), KOUNT+1/SGMAXY(4),
AMEAN(4), KOUNT+2/VIDMOM(4), TMEAN(4), KOUNT+3/
DIFENT(4), DIFAVE(4), KOUNT+4/DIFVAR(4), SUMENT(4),
KOUNT+5/SUMAVE(4), SUMVAR(4), KOUNT+6/CORINF(4),
CORMUT (4), KOUNT+7Z/CORMAX (4), KOUNT+8, where
(4) denotes four values, one for each angle.

FORMAT (/'THE SCENE(', 12, 1,, 12,") HAS BEEN
REDUCED BY', 15/8(1X, 8F9.5, 17/)/1X, 4F9.4, 38X, 15).

If tape output on file code 'IF! is selected by PNCH = 1HT, then
the texture features are written in binary s follows:

WRITE(IF) M1, N1, NFT, ANGMOM(K), ENTROP(K), RATIO(K),
SGMASQ(K) , SGMAXY(K), AMEAN(K), VIDMOM(K),
TMEAN(K), DIFENT(K), DIFAVE(K), DIFVAR(K), SUMENT(K),
SUMAVE(K), SUMVAR(K), CORINF(K), CORMUT(K),
CORMAX(K), where K is one for MERGE = TRUE and is

- 4 for MERGE = FALSE denoting the number of values for each

measure., :
If neither cards nor tape output is selected, then the LEX arrays

are listed after the texture features.

- MAING
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IV.1-¢c Cross-Band Texturé Analysis Programs -

Documentation

SPECTR
GETIM / GETIT
ERTS
DIFFER
COVAR

MNCVIN / MNCV

CORREL

ns
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CROSS-BAND TEXTURE ANALY SIS

PROGRAN TITLE : SPECTR
VERSIOM: 1

DATE: January, 1974
UPDATE: January, 1974
AUTHOR: Robert J. Bosley
DOCUMENTED BY: Robert J. Bosley
PROGRAM LANGUAGE: FORTY
IMPLEMEINTED ON: HW635
PURPOSE: '

This program is the mainline of the spectral-textural analysis
which obtain speciral-textural features for land-use classification

of ERTS MSS data.

ENTRY POINT: , | : | e |
CALL SPECTR (IMAGE, X, ILINE, IXDIM, IYDIM, NDIN)

INPUT ARGUMENTS:

IMAGE ~ Array containing o subimage.
(IYDIM, IXDIM,
IDIN) _ |
X (IYDIM, " Array containing the difference image.
" IXDIM, IDIN) UL
ILINE Array one ERTS line is read into.
IXDIM Column dimension of IMAGE, X. -
1YDIM " Row dimension of IMAGE, X. .
NDIN - Number of components, bond 5, in IMAGE X

lNPUT PARAM['IERS under NAMELIST 'PARAM'

NDIM Number of components desnred in IMACE
- , Assumc-d to be NDIN L
NUMLIN Numbcr of lmes in subuncge, Assumed to be IYDlM,.A‘
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AP ST . —

{ NUMPPL Number of columns in subimage; Assumed to
be 1YDIM.
FMT Format used to output elements of covatiance

matrix; ossunied fo be 'E11.4".

TITLE 80 column title for run.

OPT TRUE to print covariance matrix; assumed FALSE.

IDIST Distance between neighboring cells for difference
orray; cssumed to be 1.

IRSTRT Starting row in ERTS image; assumed to be 1.

IRSTOP - Stopping rowv in ERTS image; assumed as last row.

LAPHOR Number of horizontal points that subimages over=

lap; cssumed to be 0.
LAPVER - Number of vertical points that subimages overlcp,
assumed tm be O, . T e /

PNCH TRUE for output on ccrds, FALSE for oufput to
file code 01 for tape or disc.

DIMENSION IMAGE (16, 17, 8), X (16, 17, 8), ILINE (3300)
EQUIVALENCE (IMAGE, X, ILINE(130))
- IXDIM =17 R

§ | 1YDIM =16 i

o | | ~ NDIN=8 |

| | :CALLSPECTR(U%, | ILHQE IXDIM, IYDIM, t~DHﬂ):
stop , | —
END a

This driver w-.‘ set up the speciral- fex’rurcl analysis mainline

SPECTR to process 16 x 16 subimages over 8 components with ’
IDIST =1. Note IXDIM must include NUMPPL plus IDIST points,
ond arroy ILINE must have at least NUMPPL NDIM points
" outside of any other array. These points form array XLINE in.
Ccovar.

17
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REQUIREMENTS:
1. Corc = 25k for IMAGE (32, 33, 8)
2. ERTS finput tape must be on file code 'ES'
3. Random access disc file on file 11, eg. $ FILE I AlIR, OR.
4. Subprograms required:
DRIVER
SPECTR
GETIM
SETDIM (Fortran calldble program to initialize HEMP package)
GETIT '
. ERTS
DIFFER
COVAR
MNCVIN
MNCV
CORREL
SFAO7F
‘HEMDET (Fortran ccl!cb!n pr"grﬂ"\ f' crn HEMP library to

solve for determinant of matrix).

g S0 b w7 SRR R 3

it et St

COMMENTS:

These analysis programs obtain a series of NUMLIM by NUMPi’L
by NDIM subimages from the ERTS input tape and outputs a feature
vector with (1 + NDIM (NDIM=1)/2) components for each subimage .

The input data is _processed in horizontal rows of subimages that may
overlop both horizontally and vertically. The distance between
ne;qhbonng resolution cells used to get the difference array is variable.
Nofe that IXDIM must include NUMPPL plus IDIST points, and that e o
the array ILINE must hcxve at l(.osf NUMPPL NDIM points outside of ‘
any other array because these are used for array XLINE in COVAR. R L |  ,
’ther fhcn fhus, cxrroys IMAGE X, ond ILINE mdy be equwa|enccd ‘ e

‘e




CALLED BY:

fo conserve core, o in the example for a DRIVER, The first feature
component on the ouiput file is the entropy measure, and the remaining
NDIM (NDIM=1)/2 ccmponents are elements of the correlc Hon matrix.
Sec the GETIM subprogram for alisting of all & possible components

for a subimage.,

DRIVER
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- CROSS-BAND TEXTURE ANALYSIS

SUBPROGRAM TITLE: GETIM
VERSION: I

DATE: January, 1974
UPDATE: January, 1974
AUTHOR: Robert J. Bosley
DOCUMENTED BY: Robert J. Bosley
PROGRAM LANGUAGE: FORTY
IMPLEMENTED ON: HWé635
PURPOSE:

To get a row of subimages from the ERTS input fape and copy, them

onto a random access disc file.

ENTRY POINTS:
C/\LL GETIM (LINE, IDIST NDIM, IRSTRT, IRSTOP, NUMLIN,

NUMPPL, LAPVER, LAPHIOR, NHOR, INCR, IPEND)
CALL GETIT |

INPUT ARGUMENTS: ‘
ILINE ~ Array into which one ERTS line is read.

IDIST ‘ Distance between neighboring resolution cells

whose differences form the difference array, X.

o NDIM Number of components in each resolution cell.
~ IRSTRT . Starting line of ERTS data.
IRSTOP $fopping line of ERTS data.
NUMLIN | Number of lines in each subimage.
NUMPPL Number of points per line (columns) in each subimage.
: :‘L@PVER Number of lines that subimages overlap. :

~ LAPHOR R v,Nurhbér’ of “columyns_ that subimages overlap.

T R
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OUTPUT ARGUMENTS: - !
NHOR Number of horizontal overlapping subimages in image.
INCR Horizontal increment to the first column of the i

next subimage in the row.
IPEND Last cell in the row. :

REQUIREMENTS: |
Random access disc file on file code Il: and FILE 1I, AlIR, IOR. 3

COMMENTS:
This program is initialized by calling GETIM which initializes the

ERTS input tape and scts up the disc on file |l for random access

with fixed length records of NDIM words, up to a maximum of

NDIM =8. The eight possible greytone components are:

. Band 2 ' :

Band 3

Band 4

" Bond 2 x Band 2

. Band 3 x Band 3

" Band 4 x Bond 4

Band 2 x Band 3 L ,

Band 2 x Band 4, where band 1 through 4 is MSS band 4 through 7.

It is suggested that all eight components be used and the best of these

O N O A WN —

be selected for fecture vector components. This gives a total

of 29 components, including the entropy measure.
After calling GETIM, all further calls are made to GETIT which

‘ 'gb;es> down the input data file line by line copying to the random

. access disc an entire row of NHOR subimages of NDIM hoknpohenfs.
~ Note that MSS$ band 4 (band 1 here) has been deleted because of
‘ ihl;s—bhigh correlgtion with MSS band 5 (band 2 bére) . \

© CALLEDBY:
o ~ SPECTR
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SUBPROGRAM TITLE: RS
VERSION: S . |
DATE: . September, 1972
UPDATE: November, 1973

AUTHOR: : G. Funnels

DOCUMENTED BY: R. Bosley

PROGRAM LANGUAGE: GMAP

IMPLEMENTED ON: HW635

PURPOSE:

To read 7-track ERTS MSS data tapes.

ENTRY POINTS:
| ( o | " CALL EINIT (NOLS)
CALL ESKIP (NOSK)
CALL EREAD (I, LN)

CALL EREWND
ARGUMENTS: ?
’ NOLS Number of words per scan line; returned by EINIT
~ NOSK  The number of records to skip. '
1 © " The array info which the NOLS words of data
from a line of ERTS data is placed. |
LN Returned by EREAD glvmg the line nuraber of the
| ’vflme of data returned. If LN =0, the end of file
was reached on the ERTS tape.
 ERRORFLAGS: Ly |
| e S S MB ) EREAD buffer is not large enough for a block of
{ R e FT O ,:ERTSdato. | {{/“ﬂ
B o AL EINIT was called twice. R S
NI EINIT wos not called b\,forc collmg EREAD .

ESMP or EREWND

LY o o




COMMENTS:

REQUIREMENTS:

UE EOF encountered while reading 1D or
annotation blocks on ERTS tape.

EF EOF encountered while trying to skip records
in ESKIP.

EINIT initializes the ERTS tape so that data may be read, and
must be called first. ESKIP skips over NOSK records (scan lmes)
EREWND rewinds the ERTS tape, EINIT must not be called twice.
The data placed into array I by EREAD is in standard corresponding
point forms. Since the ERTS MSS data has four channels, there
are actually NDLS/4 points or cells per scan line.

ERTS tape must be on file code ‘ES'.

L
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CROSS-BAND TEXTURE ANALYSIS

SUBTROGRAM TITLE: DIFFLR :
VERSIOM: 1
DATE: January, 1974 |
UPDATE: January, 1974 ;
AUTHOR: Robert J. Bosley i
DOCUMENTED BY: | Robert J. Bosley |
PROGRAM LANGUAGE: FORTY /
IMPLEMENTED ON:  HW635
PURPOSE:

To calculate the nearest nelghbor difference array.

ENTRY POINT: ~ , | Y
'CALL DIFFER (IA, X, IXDIM, IYDIM, NDIM, IDIST, NUMPPL,"

NUMLIN)

INPUT ARGUMENTS:

IAQYDIM, Array contalning the subimage being processed.
IXDIM, NDIM) D o
IXDIM Column dimension of 1A and X.
IYDIM Row dimension of 1A and X.
+ NDIM Number of components of each resolution cell.
NUMPPL - - Number of columns in the subimage.
NUMLIN Number of lines in the subimage.

* QUTPUT ARGUMENTS: _
R X(IYDIM, Array of nearest nelghbor differences.

IXDIM, NDIM)

]24”. :




COMMENTS:

CALLED BY:

This subroutine will replace the original subimoge in array 1A

with the ncarest neighbor horizontel difference: (11 = J1,

12 =32, ..., IN = IN) where ] end J ave N-dimensional horizontally
neighboring resolution cells scparaied by distance IDIST. Arrays

IA and X may be equivalenced to occupy the same area of core,
Note that the absolute value is used to get the differences.

This gives only the positive half of the distribution of differences
1-J and J-1. This shifts the mean of the distribution from the

origin ond must be accounted for in COVAR when the covariance

matrix of the difference array is calculated.

e T AT T
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CROSS-BAND TEXTURE ANALYSIS

SUBPROGRAM TITLE:
VERSION:

DATE:

UPDATE:

AUTHOR:
DOCUMENTED BY:
PROGRAM LANGUAGE:
IMPLEMENTED ON:
PURPOSE:

COVAR

1

January, 1974
Jonuary, 1974
Robert J. Bosley
Robert J. Bosley
FORTY

HW635

To calculate the covariance matrix of the difference array.

ENTRY POINT:

CALL COVAR (XLINE, NDIM, NUMPPL, X, IXDIM, IYDIM,
NUMLIN, NDIN, COV)

INPUT ARGUMENTS:

XLINE(NDIM, Array used to send one line of the difference

NUMPPL)
NDIM
NUMPPL
X

IXDIM, 1YDI}

NUMLIN
NDIN

OUTPUT ARGUMENTS:

COV (NDIN,
NDIN) *

. REQUIREMENTS:

array to MNCVIN,

Number of components of each vector in X.
Number of columns of vectors in X.
Nearest neighbor difference array.
Column, row dimensions of array X.
Number of rows of vectors In X,

Dimension of COV array. N

Covarlance motr}xﬁof the difference array X. =

 Subroutine MNCVIN.

126
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COMMENTS:

CALLED BY:

Array XLINE Is formed from the fir.sl'NDIM x NUMPPL polnts

of array ILINE in SPECTR. Hence ot lcast the first NDIM x NUMPPL
viords of ILINE must not be equivalenced into array X.

Since only the positive differences were used fo make array X

by DIFFER, the mean is reset to zero for each component .

SPECTR

127
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CROSS-BAND TEXTURE ANALYSIS

(
SUBFROGRAM TITLE: MMCVIN
VERSIOIN: i
DATL: -~ Avgust, 1973
UPDATE: 7 August, 1973
AUTHOR: " James D. Young
DOCUMENTED BY: James D. Young
PROGRAM LANGUAGE: " FORTRAN 1V or FORTY
IMPLEMENTED ON: HW635.

PURPOSE:

To calculate the mean vector and covarlance matrix for each
category of a set of vectors, based on a specified percentage

of the vectors randomly chosen within the set.,

ENTRY POINTS:" o | ,
CALL MNCVIN (NVPCAL, NDIM, NCALL, PERCNT, NCAT,

X, NTRUTH, COV, XMEAN, SCTMEN, SAMSZ, IERROR, JERROR)
 CALL MNCV

INPUT ARGUMENTS:

NVPCAL  Number of vectors per call.
NDIM | ~ Dimension of data vectors.
. NCALL Number of calls. ;
< ot B PERCNT - PEerce.nfc:ge of total number of vectors from which
: 0(3@“){% © YDO : the mean and covariance matrices will be ‘
‘ g‘&??”o\)b\ﬁ} v , : _ kcgalculo'fed. o ‘
OY\»XG‘& | - NCAT: Number of categories considered; set to 1 if
» | : “only one set of statistics will be caleulated for
“all data, set to the number of categories in data
T L , - set if one sct of statistics will be calculoted for
{ N | ~ each category. ' '
%
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X (NDIM,
NVPCAL)

NTRUTH
(NVPCAL)

OUTPUT ARGUMENTS:

COMMENTS:

COV (NDIM,

Matrlx containing input dato vectors in its

columns.

Vector containing the ground truth integers, 1
through NCAT, associated with the data vectors
of X; if NCAT is 1 this vector is ignored.

Matrix containing covariance matrices of the data.

NDIM, NCAT) :
XMEAN (NDIM, Matrix containing mean vectors of the dctc.

NCAT)

SCTMEN(NDIM, Scratch matrix,

NCAT)

SAMSZ (NCAT) Vector with the number of vectors used to calculate

IERROR

JERROR

the statistics for each cafcgor) .

Error flag when returned non=~zeros

1. I NVPCAL .LE. O

2., if NDIM .LE. O

3. If NCAL .LE. O _

4, if PERCNT .5T. 100. or so small that less
than 2 vectors will be used to calculate
all the statistics.

5. if NCAT .LE. O

Error-flag when retumedb non=-zero:

1. if an illegal ground truth lubel is formed,

One call to MNCVIN Initializes this routine. Calls to MNCV

should be performed NCALL times, each with the next line of |

Vectors in X,

After MNC¥ has been called NCALL times, fhe '~

mean vector and covériance matrix for each cotcgory is complded

For use in the opecfral-Texturcl/\nc!ysxs programs, PERCNT is

set fo 100 cmd NCA1 issetto 1,
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CROSS-BAND TEXTURE ANALYSIS

SUBFRLOGRAM THTLE: CORREL

VERSION: I i R UG ALl Y O THE
DATE: Janvary, 1974 ORICINAT, PATE IS POOR
UPDATE: ~ January, 1974

AUTHOR: Robert J. Bosley

DOCUMENTED BY: Robert J. Bosley.

PROGRAM LANGUAGE: FORTY

IMPLEMENTED ON: "HW 635

PURPOSE:

To calculate the correlation matrix given the covariance matrix

of the difference array.

ENTRY POINT:
CALL CORREL (COV, NDIM, COR)

INPUT ARGUMENTS: ‘
COoV | Covariance matrix of the difference array

NDIM  Order of matrlx COV.

OUTFUT ARGUMENTS: o .
,COR Correlation matrix of COV.

CALLED BY:
SPECTR
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IV.1-d Piecewise Linear Classificati%n Programs -
Documentation oA | | j

RCLASS
XIN
LINEAR
& = WEIGHT o
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LINEAR DISCRIMINANT CLASSIFIER

SUBPROGRAM TITLE: RCLASS

VERSION: ]

DATE: September, 1972
UPDATE: . Noyember, 1972
AUTHOR: Sam Shanmugam !
DOCUMENTED 3Y: * Sam Shanmugam -
PROGRAM LANGUAGE: FORTRAN 1V
IMPLEMENTED ON: , - HW 635
PURPOSE: |

‘This subroutine is the mainline for routines which implement
a decision rule using piecewise linear discriminant functions.
It calls subroutine XIN to read in the pattern vectors, and

. calls LINEAR to get the decfsmn rule and classlfy the pattern

vectors.

ENTRY POINT: |
| ~ CALL RCLASS (WORK, ISIZE)

ARGUMENTS: o
‘ ‘ : WO‘RK‘ " Scratch array of size IS1ZE which holds
7 the training vectors and the weight vectors.
ISIZE - Dimension.of array WORK.

INPUT PARAMETERS
k Card 1. Format (4l'|)
NoOPTT Set to 1 to print out trommg pott.,ms,
- "  otherwise set to zero. o
NOPT2 ; " Set to 1 fo print out test patterns; otherwise
R _set to zero. :
NOPT3 - Sct to 0 to list only the contingency table
B ' for the training patterns; otherwise set to 1
“and the classification of cach training pattern

is listed as well as the conimgency toble.

@




REQUIREMENTS:

DWW N -
L)

NOPT4 Sct to O for only the contingency table of the

test set; otherwise set to 1 for the classification

of each test pattern as well.

Card 2. Format (515)

NTOT The total number of pattern vectors in the
~ daota set.
NPART  NPART out of every ten pattern vectors in the

data set will be used for training. The remaining

will be used as test patterns.

NDIM The number of measurements per vector plus two.
NC The number of ground truth categorles.
NPAIR Twice the maximum number of training patterns

in any one calegory.

Max!mum number of categories is 15.

Maximum number of "com'pbnenfs, NDIM, is 100.

Pattern vectors must be soried by category.
A scratch disc file must be on 02,

5, ISIZE must be af least

NDIM (NTRAIN + 10) + 1000

+ (NC (NC + 1)/2)ND + NPARR * ND
where ND = NDIM -1 ,
cnd NTRAIN = number of frammg paHerns.

as follows: '*5*
‘WRITE (0]) ICT, Ml NI NFT, (FFAT(I), =], NMEAS)
where e q J
IGT Is the growd trt/fh category. ,
Ml, N1, NFT are not used may be used as
- ID tags ' ‘ : ‘
" FEAT is the feature vector

- NMEAS is the number of measurements per feoturev

vector . :

133




ERROR FLAGS:

THEORY:

COMMENTS:

7. Subprograms required

DRIVER |
RCLASS
XIN |
LINEAR
WEIGHT

1f IS1ZE is too small, processing is terminated and an error

message is listed.

Using a regression type algorithm the program obtains a set of

hyperplanes for separating the training patterns of different

" category pairs. A total of NC(NC-1)/2 hyperplanes are
determined. Test patterns are identified by taking a majority

vote on this set of hyperplanes. For complete details, see

"Introduction to Statistical Pattern Recognition by Y. Fukunaga,
. Academic Press, 1972. ' |

The input data file on 01 should have @ total of NTOT logical
 records in binary. Each logical record must be of length
" NDIM + 2 words, where word 1 Is the ground truth category and ) |
“words set is sorted into training and test sets according to NPART. | ,

Tralnmg vectors are stor ed in WORK cmd test vectors are copled

to disc 02.
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CALLED BY:
DRIVER

EXAMPLE OF DRIVER:
DIMENSION WORK (10000)
ISIZE = 10000
CALL RCLASS (WORK, ISIZE)
STOP '
END




LINEAR DISCRIMINANT CLASSIFIER

SUBPROGRAM TITLE: - XIN

VERSION: 11

DATE: September, 1972
UPDATE: December, 1973
AUTHOR: Sam Shanmugam
DOCUMENTED BY: Robert J. Bosley
PROGRAM LANGUAGE: FORTRAN 1V
IMPLEMENTED ON: HW 635
PURPOSE:

Tg read the parameter cards and the Input data set, copying

““the fesf vectors to disc.

ENTRY POINT:
CALL XIN (WORK, U)

ARGUMENTS: |
WORK - Arroy fraining vectors are read into
AU Scratch array '
CALLED BY: o
"~ RCLASS

COMMENTS:

file 01. Hence the mpuf data file. must be the first file on 01,
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LINEAR DISCRIMINAINT CLASSIFIER

SUBPROGRAM TITLE:

VERSION:
DATE:
UPDATE:
AUTHOR:

DOCUMENTED BY:
PROGRAM LANGUAGE:
IMPLEMENTED ON:

PURPOSE:

ENTRY POINT:

ARGUMENTS:

CALLED BY:

7

Using the set of training patterns, this program obtains a set -

of hyperplanes for punrwnsn sepcu‘chon of training patterns of

different categories. The program also identifies the test
_patterns on a majority vote on the hyperplanes and outputs

contingency toble.

CALL LINEAR (XTRAIN, XTEST, W, U, DUMMY)

XTRAIN
XTEST
W

u

- DUMMY

CRCLASS

SUBPROGR/\M‘; REQUIRED:

WEIGHT

~ Matrix used for cclcula.mg the boundary

SO A e A

LINEAR

|

September, 1972
November, 1972
Sam Shanmugam
Sam Shanmugam
FORTRAN 1V
HW 635

Matrlx containing fraining ch’érn‘s.
Mdtrix containing test patterns.

Aﬁay of weight vectors.

between cufegory pairs.

Scratch array.
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LINEAR DISCRIMINANT CLASSIFIER

SUBPROGRAM TITLE: WEIGHT
VERSION: I

DATE: September, 1972
UPDATE: November, 1972
AUTHOR: Sam Shanmugam
DOCUMENTED BY: © Sam Shanmugam
PROGRAM LANGUAGE: FORTRAN IV
IMPLEMENTED ON: HW 635
PURPOSE:

" To find the minimum mean square fit hyperplane for separating '

the training patterns of two different categories.

ENTRY POINT: ‘
'CALL WEIGHT (U, DUMMY, WT, ND, NLJ)

INPUT ARGUMENTS: |
u ' ~ Array containing the patterns of category
| I and category J. E
DUMMY Scratch array.
ND ND+1 Is the dimension of the poﬂern vecfor.

NIJ Number of vectors in U.

OUTPUT ARGUMENTS: 7
WT Wetght vector whlch defines fhe hyperplcne
' . separchng categorues 1 and J. : ‘

'CALLED BY:
) LINEAR

SUBPROGRAMS’ PEQUIRED E ;
MlN\/  Matrix mvcr..lon program from the IBM

EA Sclenhfnc Subrouhnc Package.
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IV.2-a ERTS Retrieval Program Listings

RETV

ERTS

PIXEY
ZEQUAN
PITCHR

WRTDSK

RDDSK1
KEQUAN

RDDSK2

16
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18,974 ERTS RETRIFVAL PRUGRAM

ERTS RETRIFVAL PROGRAM

VERSION . WR:TTEN BY RJ BOSLEY JAN 1974
DESCRIPTION OF PROGRAM.

THIS IS THE MAINLINE FAR ERTS RETPLEVAL PROGRAMS HHICH WoLL
RETRIEVE "ATA FROM STANDARD NASA FRTS DATA TAPES AND O0JTPJT THE
IMAGE DATA IN A PICTUPE, OR GREYTONF L1IST NG, OR JOPY IT ONTO AN
0YTPUT TAPE ON FILE CONE *IF.L°. COORDINATES MAY dE ZITHER IN
MILLIMETERS OR IN R0W, .N_UMN COUNT. FOR REASONAZ_E EFFISIZNCY
DATA IS RFAD IN 8_0CKS OF L1 LINFS BY 41 POINTS. ONE ERTS TAPE
W_LL THEN BE COVERED CY 27 HORIZONTAL ELOUKS. LFAVING &4 POINTS
LEET AT THE END OF FAGH LINE. NOTE--SOMETIMES ON THE FIRST TAPE
OF AN TMAGE, THE FIRST FOUR POTNTS ARE 255 AND WiIcl AJDVERSELY
AFFECT A PICTURE PRINTOUT. IF SO, SKiP THE FIRST FOUR PDINTS BY
SETTING IrSTRT=5,. : . -

NOTE=~~IF THE POINT ICSTRT IS NOT A MULT.PLE OF 41 FROY THE
END OF THE LINE. THEN THE LAST POINTS MAY NOT NECESSARI .Y 8E
0JTPUTTED SINGCE TAE B.OIKS ARE DETERMINEUD 8Y THE iCSTRT PISITION.
THEREFORE IT IS SUGGESTED THAT IF THE DATA OUT Yo THE ZND OF EACH
LTNE IS GESIREDs THAT THE COORDINATES BE SPECIFIED IN ROW.COLUMN
FORMAT AND THAT ThEY 3E PREUETERMINED SO AS TO OUTPUT ThE UESIRED
POINTS IN THE E2TS LINE.

A SPECIAL PICTURE RUN TO PRINT OUT AND REDUCE ANY IMAGE OVER
THE ENTIRE TAPF CAN BE MAZE BY SETTING SPZC TO LTRUE. IN 3PARAM
AND THEN SPECIFYING PICTURE PARAMETERS UNDER NAME.IST 3PICTUR.
SEE THE PIXEY PROGRAM FORX AN EXAMPLE OF A SAMPLE RUN.

INPUT PARAMETERS UNDER MAMELIST /PAQAM/. ' v
BAND NUMBFR TO 3E SELECTED

P

NEBAND
; SET=5 FOR AL. BANDS
IRSTRT,ICSIRT ROW,LOLUMN STARTING COORCINATES
IRSTOP,iCSTOP ROW,COLUMN STOP.ING COORDINATES
NHOR NUMBER OF HORIZONTAL 41 X &1 3L0CKS
! ~THAT LOVERS AREA SELECTF)
NVERT NUMBER OF VERTICAL BLOCKS JIVERING

AREA SELECTED :

IPSTR, IPEND STARTING,ENDING POINTS IN ERTS LINE

; TITLE TITLE FOR THIS RUN

i - OIFIL OUTPUT FILE FOR TAPF, SET T2 02

: iLINE ARRAY WhERE ERTS «iNE IS RIAD INTO
IMAGE ARRAY TO STORE 41 X 41 SUZIMASE 8.0CK

PIC , TRUE FOR PICTURE OUTPUT

SPIC TRUE FO? SPECIAL PICTURE RJN

QUAN TRUE FOR QUANTIZED PL.TURE OUTPUT

PPNT TRUE FOR GREY-TONE +ISTING

TAPE TRUE FOR -TAPE 0QUTPUT _

MILLT TRUE 1F COORD ARE SPEJIFIE] IN MM.
TRUE IF MM. LOORD COME FROM A SMALL

SMALL

140 ' : | v

RETVDOOL
RETVDOD2
RETV0093
RETVOO0OL
RETV00O0S
RETVOO006
RETV0007
RETVO0NA
RETV0009
RETV0019
RETVO0011
RETVO0O12
RETV0013
RETYOO1Lh
RETVOOLS
RETVE216
QETV0017
RETVOD18

RETVO04L7 -

PETVO020
RETV00 2
RETVO022
RETV0023
RETV0024
RETV0025
RETV0026
RETV0027
RETV3028
RETV0029
RETV0030
RETVQ0 31
RETV0032
RETV0033
JETV0D 34
RETV0035
RETV00 36
RETV 0037

. RETVO003E

RETV0039

" RETVOOLD

QETVO0L1
RETVO042
RETVEOU3
RETVDN4L
RETVO04S
RETVON4E
RETVO0L7
RETV0OI4L8

RETV0040
. 70 X 70 NEGATIVE---OTHERW.SE ASSUMEIRETV0050

S N S
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18.974 ERTS REIRIEVAL PROGRAM

- To BE FALSE-=FROM A 7 X 7 INCH PRINTRETVOOS!

RFSTRICTIONS. ‘ ‘
1. ERTS INPUT TAPE MUST °E ON FILE CODE °ES®,
2, FOUR uISC F.LES MUST Z2E ON FILES 11,12,13,10%.
3. ANY OUTPUT TAPE MUST 7F POSITIONED ON FILE COGE *IF.L.
e ALL COORDINATES MUST 2f NETERMINED RELATIVE 10 T=E IMPUT
TAPE---THAT IS, IZSTOP MUST NOT EXCEES 824 [OLUMNS OR
w6MM. STARTING UGDRDINATES MUST 3E AT LEAST t.

SUBPROGRAMS REQUIRED.
RETV
ERTS (HITH EREWND)
PIXEY
ZEQUAN
ERTS Y5
PITCHR
HWRTOSK
RDOSK1
KEQUAN
. PITCHR
~-RONSK2

DIMENSION IMAGE(#l.BZ’qILINE(33UO$.TITLE(lQ)

EQUIVALENCE (IMAGE(1,1) 42LINE(L))

LOGICAL EOF-PIE,SPIGoOUAN;PRNT,TAPE'SMALL.HILLI-

DATA 2LANK/® v/ .

NAMELIST /PARAH/NBANDQPTC’QUAN9PRNTvTAPE,;RSTRTyICSTRT'IRSTOPQ
ICSTOP,iFIL,yTITLEMILLI,SPIC

#sww¥s SECTION [ --- SET UP PARAMETERS FOR PROCESSING *%¥e¥®s

: INTTIALIZE ERTS AND EOF FLAG
CALL EINIT(LENGTH) ' ,
CALL FLGEOF(05,EOF) .

' INITIALIZE PARAMETERS
PIC=.TRUE. :
SPIC=.FALSF.

"QUAN=.TRUE.

IFIL=2 : 1B
. - ORIGINAT pyit OP T
BAND= ) .
: ’I'RS:Rfii , o - AL PAGE 19 POOIIQ:IE
141 - \

PRNT=.FALSE.
TAPE=.FALSE.
SMALL=.FALSE.
”TLLI=-FALSEO
on -7 I=1le14

TITLE(I)=RLANK Eiﬁﬁﬂicuj

RETVODS2
RETVODS3
RETVONSH
RETVO05S
RETVDO656
RETVONGY
RETV0058
RETVO0SQ
RETVO0AD
RETVOO61
RETVO0062
RETV0063

RETVOO6HL

RETV0055
RETV0066

RETV0O067

QETVO0AE
RETV0069
RETVO070
RETVDO71
RETV0072
RETV0073
RETVONT74
RETV007S
RETV0Q 7S
RETVO077
RETV037%

QETV0072 .

RETVO0AD

RETVOOBL

RETVO00 82
RETV038C
RETV00A4
RETVO08S
RETV00 8¢
RETVO0287
RETV003E
RETVODRE
RETV003C
RETV00921
RETVOO9Z
RETV009Z

RETVODOL

RETV009S
RETVD09¢
RETV003T
RETVD09!
RETVO09C
RETVO101L
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18.974

ITSTRT=1
ISTOP=D
Icsropr=0

READ(0S,P
IF(ENF)

WITE(6,1
IF (NCAND.
IF(TAPE}
IF(PIC)
WRITE (645

ERTS RETRIEVAL PROGRAM

ARAM)

stop

EQ.5)

HRITE(BH ols)

) IRSTRT+IRSTOP.IUSTRT4ICSTOP

“FIo
QUAN

HRITE (64 2)
HR1ITE(643)

FORMAT(20X,*ERTS RETRIEVA.
BANG NUMBER IS
ALL FOUR ERTS BANJS WILL

FORMAT(®

‘FORMAT(®

FORMAT(®
FORMAT(®

IF€NOT-M
WRITE (646
FORMATC(®

IF {SMALL)

AN OUTRPUT TAPE WILL 2E CREATED ON FilE
PICTUR® QUANTIZATION IS ‘

ROW IS
GOLUMN

STARTING
STARTING

LLLI) GO
)

COORDINATES ARE IN

GO 10 10

T0 19

IRSTRY=IPSTRT*2336/180-12
IRSTOP=IRSTOP*2336/180
IZSTRT=ICSTRT*824/46-17

. ICSTOP=ICSTOP*824/46

G0 TO 15

-IRSTRT=IRSTRT*2336/70~-31

TRSTOP=IRSTOP*¥2336/710
ICSTRT=ICSTRT*A24%2/35-4b
I0STOP=1ILSTOP¥824%2/35

WRITE(6, 1
FORMAT(®

Ay IRSTRT4IRSTOPyICSTRTLICSTOP

.
\j

s

TR N

READ IN PARAMETERS

CHECK FOR END OF CARDS

WRITE OUT THE PARAMETFRS
) {TITLF(T)4I=1414) 4yNBAND

PROGRAM
3

BE PROCESSED®)

‘s L1}
*y16. 10)(’ *ENDING
*9I6410X4*ENDLNG

*,13)

ROW 1S
COLUMN IS

REFRODUCIBILITY OF THE
QRIGINAL PAGE IS POOR

VERSION II*///1Xs16AB////

'8/
*y-6)

CHANGE MM COORD INTO ROW AN3 CO.

MILLIMETEPS®)

GET THE CORRECT IMAGE SIZE

ASSUME

HOWEVER=-=-SINUE THE TAPE ON.Y
ONE FOURTH ALROSS AN
46MM ACROSS AND

’

THAT A PRINT HAS 133MM VERT
AND 184 MM ACROSS OR 2336 VWS VERT
AND 3296 POINTS ACROSS.

TMAGE,
824 COLUMNS ACROSS.

SOVERS
THEN USE

DO SMALL NEGATIVE COORDINATES

A NEGATIVE.

IS 70MM 3Y 70MM

“WRITE OUT THE NEW uOORDINATES

COORODINATES IN POW AND COLUMN FORMAT ARE===+*'/
STARTING ROW IS

*916410X, *CNDING ROW IS
STARTINGL CO.UMN IS *3i6010X,y "ENDING JOLUMN IS

“»16)

CHECK COORD;NATE° 50 THEY FAL. IN

ONE

P

142

TAPE

vI6/

RETVOL01
QETVO102
RETVOLD 2
RETVOLON
RETVOLDS
RETVO106
RETVO107
RETVOL08
RETVO109
RETVOL1C
RETVO111
RETVOL12
RETVO113
RETVOL1G
RETVO115
RETVO11E
RETVO117
RETVO119
RETVOL17
RETV0121

RETVO0121.

RETVOL22
RETVRL23
RETVOL24
RETV0125

RETVOL12®

RETV0127
RETV0127
RETV0129
RETVO130
RETVO131L
RETV0137
RETV0133
RETVO134
RETV0135
RETVO136
RETV0137
RETV(1 38
RETV0133
RETVO140
RETVO1641
RETV0142
RETV0143
RETVOLb4k
RETV0145
RETV0146
RETVO147
RETVO148

RETVO169

RETV0150

§
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-12-74  18.974 ERTS RETRIEVAL PPOGRAM

19 IF(ICSTOP.GT.824) GO TO 20 RETVOL151

3 CHECK PARAMETERS PETVO15”

IF (N3ANJ.GT.5) GO TO 20 RETV0153

IF (NBAND.LT.1) GO YO 20 RETVO15UL

IF (iRSTRT.LT.1) 6O TO 20 RETV0155

IF (ZCSTRT.LT.1) GO TO 20 QETVOLSH

IF (IRSTOP.LTLIRSTRTY GO TO 20 RETVO157

CF(ICSTOP.GT.ICSTRT)Y GO TO 22 RETV0158

20 WRITE(6,21) RETVDL59

21 FORMAT(///* ***EXECUTION TERMINATED FOR THIS RUN--cRRoz IN PAQAWET?Etvniéu

1ERS*/1F1) RETVU161

G0 TO 1001 CRETV0I162

v CHECK FOR SPECIAL PICTURE RUN. RETV0163

22 IF (.NOT.SPIC) GO TO 18 : RETVO15L

cALL P;XEY(LLINF,.LINE,‘RSTRT,IRSTOP,ICSTRT.ICSTOP.QUAN,NBAND) RETVI165

G0 7O 1001 RETVO156

c PCSITION THE INPUT TAPF RETV01A7

18 NOSK=TRSTPT-1 RETV0168

CALL EREWND RETV0169

TF (NOSK.NE.0) SALL ESKIP(NOSK) RETVOL70

WRITE(6,23) LENGTH RETV0171

23 FORMAT(® LENGTH OF ONF ERTS LINE IS°416) RETVD172

CIF(LENGTH.LE.3300) GO TO 25 RETV0O173

WRITE(642N) RETVO174

24 FORMAT(///°% LENGTH OF LINE ON ERTS EXCEEUS DIMENSION 0F ABRAY IL-NRETVO17S

4E-=--EXECUTION TERMINATEQ®) REYVOL7E

sToP RETVOL77

c DETERMINE THE NUM%ER OF 8LISKS PETVRLT7E

c ALLOW 15 PTS TO SE CUT OFF 3EFORE RETVOLT7S

c , STARTING A NEW STRIP GF BLIZKS RETVO1AL

25 NHORz(KICSTOP-I:STRT—iS)/hi)+1 RETVO181

o RESET ENDLNG vo..urw "RETVO0187

27 igstoP= NHOR*41 +ICSTRT -1 ) "RETVO19°7

IF (1CSTOP.LE.824) GO TO 26 ! RETVOL8L

N40R=NHOR-1 RETV018°

G0 TO 27 RETvVOL18¥

26 NVERT =( (ZRSTOP=-IRSTRT-151/41) +¢1 - RETV0187

1PSTOP=41¥NVERT+IRSTRT-1 RETVO18¢

s . : SET START;NG AND END;N" BTS IN ILINE RETVOL18C

' IPSTR=(ICSTRT-1) %L . RETV0L9¢

JPEND=.CSTOPY 4L , ' , RETV019:

¢ ‘ WRITE OUT NO OF BLOCKS AND STOPS CRETVO01S:

; WRITE(6+28) NRORINVERT,IRSTOP, 1cSToP C RETVO019

28 FORMAT(® NUMPER OF HORIZONTAL ELOCKS .S* 425/ RETH019°

1 ¢ NUMGER OF VESTICAL SLOCKSTZIS S *yI5/ A RETVO19

B} s REVISED STOPPING ROM Is NOW *+I5/ LT ‘ REﬂVO]%

1 . REVISE” STOPPINb uOLUMN 18 wa *,16) NREYV019

c : “RETVO1Q

c , S L = , IR - RETVO19

. = {i"?v SECTION 1T === PRocess»rne ERTS DATA TAPE svsess “ RETV020
gigip GDU lTy
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80

90

100

250

300
301

302

18.974 ERTS RETRIEVAL PROGRAM

PART 1=--READ THE DATA
- GO THRU EACH VERTIGAL 2L00¢
09 29 IN=11,14 :
REWING IN
00 100 _INE=TRSTRT,IRSTOP
CALL EPEAD(ILINEWLLN)
CHECK FOR ERROR
TF(LN.NE.N) GO TO 90 g
WRITE(h,BNILN ‘ ’
FORMAT(///® ***EXECUTION TERMINATEC-~-EOF JETECTRD ON ERTS TAPE®)
G0 TO 301

WRITE NHOR REZORCS ON JiSJsONE D1IST
PER SAND
CALL WRTOSK(ILINEsNHOR;IPSTR,.PENDyNBANI)
CONTINUE ; L '
PART 2--0OUTPUT ThE OATA
SET UP NO OF TIMES ANO OISC F.LE COOE
NTIMES=1 .
NDSK=10+NEAND-1 , :
TF (NBANJ.NE.5) GO TO 250
NTIMES=4
NDSK=10

GO THRU ONE TIME FOR FACH-BAND
DD 300 ITIME=1,NTIMES ‘ ' :
NOSK=NDSK+1 o : '
‘ : _ QUTPUT THE PIiCTURE FOR THIS 3AND
IF(PIC) wALL RUDSKL (IMAGE, QUANINHORy NVERT 4 HGSK)

: WRITE OUT ThE GREY-TONES
CALL,QDDSKZ(IMAGE,IRSTQTyZRSTOP.NHOR;NGSK,PRNT,TAPE,IFL-)
CONTINUE . ‘

GO 8ACK FOR ANOTHER RUN
IF(TAPE) ENDFILE IFIL
WRITE(6,302) ' ~
FORMAT(////* END QF THIS RUN®#1HLY
GO TO 1001 : - o ‘
gND

; xREER o R
: Dy : T
. ORR%DVv‘QEﬂZ S
& AL Pyl Op g
: R i J-qulg' i Zzﬂ?
o Fhoogpt

RETV0201

QETVD292
RETVO203
RETVO2ZnYy
RETVG2US
RETV3206
RETVNZ207
RETVO27S

/. RETV0209
RETV0210

PETVO211
RETVO212
RETVO213
RETVD214
RETVO21%
RETVO21¢
QETV0217
RETVO21¢
RETVO021%
RETvVOD22C
RETVO221
RETvVO22¢C
RETV022:

‘RETVH22L

RETVOD22%
RETVO22¢
RETV0227
RETVI22¢

“RETV0Z22¢

RETvV023!
RETV023:
RETVO23C
RETVD23.

LRETVE23!

RETVO23"
RETV023:
RETVD23,
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RiuwsubUUwWILIYY OF THE
ORIGINAL PAGE IS POOR

“RTS READINS PQOGRAH-EREAD,ESKfP.EINIT PAGE

DN VNSUNT

FOR CENTER FOR RESEARCH, INC.

LeL ERTS,ERTS TAPF REASING PROGRAM

TIL ERTS READING PROGRAN-EREADIESKLIPEINIT
TILS FOR CENTER FOR RESEARCH, ING.

DATE 9/711/72
CALLING SENUENCES ARE=-==-
T0 INITIALILE--

CALL EINIT (NOLS)

FINIT INITIALIZES THE ERTS TAPE SO THAT DATA MAY
9E @EAJ. IT RETURNS THE NUMIER OF WORJS PER
SCAN LINE IN THE VARIABLE NOLS. '

TO SKIP A NUMBER OF RECORDS
' CALL ESKIP(NOSK)

NOSK IS THE NUMBER OF RECORDS TO SKIP.
IF THE END OF FILE IS ENCOUNTERED BEFORE NOSK RECORDS
ARE SKIPPED, EREAD IS A30RTED.

TO READ A LINE
CALL EREAD(I.LN)

1 THIS IS THE ARRAY INTO WHICH THE NOLS WORGS OF 'DATA
"FROM A LINE oF EXRTS DATA IS PLACED. THE CATA IS PLACED INTO
THIS ARRAY 1IN STANDARD CORESPONIING POINT FouM.

THE ERTS DATA HAS FOUR CHANNELSy S0 THERE ARE

ACTUALLY NOLS/L DATA POINTS PER SGAN LINE. e

L'N ThIS IS RETURNED 3Y EREAD. IF LN IS RFTURNED AS ZERO,
END OF FILE WAS REACn®SE ON THE ERYTS TAPE. IF IT IS -
RETURNED NON-ZERO, THEN IT IS THE LINE NUMBER-

OF THE LINE OF JATA RETURINED.

NOTE-= THE ERTS TAPE MUST HAVE FILE CODE °ES*® FOR
THIS PROGRAM...

ABORT COGES POSSI3LE FROM THIS SUBROUTINE ARE=-"

Ma EREAD BUFFER *DATA® IS NOT LARGE ENOUGH

i FO% A 3LOCK OF ERTS DATA. IT MUST 3E INCREASED

.. IN.SIZE. : .

AL EINIT WAS CALLED TWICE. - S

NI EINIT WAS NOT CALLFC BEFORE CALLING EREAD OR ESKIP .

UE END OF FILE ENCOUNTERED WHILE REAJING L
o 10 0% AMNOTATION 3LDSKS ON:E2TS TAPE o
EF ENG OF FILE ENCOUMTERE) WAILE TRYING TO SKIP

_ RECOROS ON ERTS TAPE IN ESKIP.

FRTS000:
ERT5000.
ERTS000
ERTS000
ERTS000"
ERTS000
ERTS000;
ERTS000

CERTSOUO
ERTS001"
ERTSDO1
ERTS001
ERTSGO1
ERTSO001L
ERTS00 L
ERTS001
ERTSOD1
ERTS001
ERTS001
ERTS002
ERTSO002
ERTSV02
ERTS02
ERTS002

ERTS002
ERTS002
ERTS002
ERTS002
ERTS092
ERTS003
ERTS003
ERTS003

THERTS003
ERTS003
ERTSO003
ERTS003
ERTS003
ERTS002

ERTS003
ERTS004
ERTSOL
ERTS 004
ERTSOD Y
ERTSO004
~ ERTSOA4
ERTS00L
ERTS0OKL

ERTS004
ERTSO0L
ERTS00C.

e

P s

Ao
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STORAGE

WCEINIT
RECNO.
FOM

CHT1
CNT2
CONT
EOF A

DATA
or
Ir

STS
ST
STK

D13
OFC
VFD
FILCS
I0TY
1070
101D
Loq
MME
ass
4ss
3SS
TALLY

8SS
8SS

ZRTS READING PROGRAM=EREADESKIPyEINIT

PAGE

THIS IS NONZERO IF EINIT HAS BEEN CALLED .
THIS IS THE ZURRENT LINE NO.

18/FCB,170017142/041/7041/041/1
FCB8yESyer102hyyelesl '

DATALD
DATA,139
DATA,**
=3HOUE, DL
GEBORTY
1024

1

‘1

STKel
1
4

JCW FOR READING ID
D3W FOR READING ANNOTATION 3LOCK
OCW FOR READING DATA BLOCK

DATA BUFFER AREA
OUTPUT TALLY
INPUT TALLY

STACK TALLY

STACK TALLY
STACK AREA

146

ERTS005
ERTSO0L &
ERTS005Y
ERTSONGS
ERTS0057
ERTS0058
ERTS00572
EITS00AD
ERTS0061
ERTS00AZ
ERTSO0063
ERTS006L

ERTS006%
ERTS006E
ERTS50067

o

P

i




¢

IQTS READING

EINITY

9 EINIT

76

7T

s0

96

PROGPAM=EREAD yESKIPLEINIT

ik sobuCiLITY OF THER

ORIGINAL PAGE IS POOR PAGE

SAVE
SZN JEINIT HAVE WE GEEN CALLED 2EFORE
TNZ EA3TA YZS
STCt LEINIT MARK THAT WE*VE PEEN HERE ONGE
EAXO 241%
STX0 EIP SAVE AOCURESS
CALL OPEN(FDWs1) OPEN FILE
CALL READ(FCB,CNT1)  RIAD ID RECORD
CALL WAIT(FCB,EOFA) AND WAIT FOR IT TO GET DONE
Lon DATA+3 GET RECORD LENGTH
AMQ 017777740 ISOLATE IT
sSTN v GIVE IT TO CALLER
aLs 6+18
sTCa ADDCNT,70 SAVE TALLY COUNT
ArRL 6+18-1 MJLTIPLY BY 2
o1V 9400 AND OIVIDE 3Y 9
ARL 0 1S REMAINDER ZERO.
T2E 2 YES ' i :
ACA 1,0L NO, SO INCREMENT QUOTIENT
cMPQ 1025,0L IS IT 100 BIG =
TNC *+3 ND
Lo =3HOMB, DL '
MME  GEbORT YES, SO A30RT
s7CQ CONT, 07 ° SAVE IV IN DIW
MME “GESNAP . )
ZERD" CATA,9 SNAP OUT ID 3LOCK
CALL  READ(FC3,CNTZ) READ ANNOTATION BLOCK
CALL - - WALJ(FCB,EOFA) WAIT ON IT
o 3 ’ : c\\txv_,;r,fﬁ: . 3 ) s B
147 e

| ERTS0069

ERTS007C
ERTS0071
ERTS0072
ERTS0073
ERTS0078
ERTSO07¢

ERTS0076

ERTS0077

ERTS00.78
ERTSC07¢S
ERTSO003C
EXTS0091
ERTS0082

ERTS00A3

ERTS0084
ERTS003¢
ERTS0086
ERTS0087
ERTS008¢
ERTS0039

ERTS009C
ERTS0091

ERTS009C.

ERTSI093
ERTSO009¢

. ERTS009E

St

_ERTS0096




,\: ;
{ ERTS RFAJING PROGRAM-EREADJESKIP,EINIT PAGE 6
: ;
EINIT !
97 MME GESNAP ERTS0D0C
5 98 ZERO DATA,139 SNAP OUT ANNOATION B8LOCK ERTS00¢
. 99 RETURN EINIT AND RE TURN ; ERTS00C
; 7100 ESKIP SAVE , ERTSOL0
101 SIN - JEINIT ARE WE INITIALIZED  ERTSOLC |
102 TZE EAST3 NO ‘ . ERISOLC |
103 LOQ 2,1% ) GET NUMRER RECORDS TO SKIP ERTSALL
104 ECOMP TZE ESKR - NONE TO 00, SO RETURN EJTSOLC
105 CMPQ  AlsOL 1S IT > 63 ' : ERTSOLC
106 TRC ESK6U YES : ERTSOLL
107 AsQ RECNO. INCREMENT RECORD COUNT - . ERTSOLC
108 EAXL 0,0L , AR SRR ETSOLC
109 STX1 45 ; ERTSOLL
110 CALL FSREC(FCBy+ESKIP,EOFS) , : : .. ERTSO1
RO ) . REPRODUCIZILITY OF THE
( - ORICINAL PAGE IS POOR
L 111 ESKR  RETURN ESKIP : '  ERTSO1L1
¥ " {12 LESKIP 3SS 1 NO. OF RECOROS TO SKIP | ERTSO11
i13 EOFS LD =3HOEF.OL UNEXPESTED EOF S ERTSO01:
114 . MME GEBORT ‘ : 7 ERTSOL:
115 * TRYING Tn SKIP 64 OR MORE RECORDS , ; 7 grTSO0L:
116 £SKo4 LDA 63,0L o ~ SR ERTSOL!
117 ASA RECNO. INGREMENT RECORD COUNT - - ERTSO11
118 saq 63,0L o ~ Sl ; " ERTSO11
119 sTQ JESKIP = SAVE FOR LATER i ERTSO01!
120 CALL FSREC (FGB634EOFS) P F 0ERTSO1:
121 LbQ <ESKIP . IR o UERTSOLY
e Lo122 TRA = ECOMP o C ; i ; ERTSO01:
P 123 % SR e ‘ i . ERTSDLT.
| 124 EABTA LOn =3h0ATL,0L " YRIED TO CAL. EINIT TWICE - ..~ - ERISOLL
125 ~MME - GEBORT ' L Lo S BT ERTSOL:

o0 £aaT8 LDQ  <3HONI.DL DION®T CALL EINIT. ~ ERTSO01C

Mﬂwﬁdc:ua s
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ERTS READING PROGRAH-EREAD;ESKIP.EINIT

EINIT
127 MME GEBORT

B

R

o

PAGE 7

ERTSO12:




EEAD

129 EREAD

130
131
132

133 ADIJCNT

134
135
136
137
138
139

140

141

142

143 ERP
144

145 NEXT
146

147 NXTONE

148
149
150
151
152
153
154

‘155

157

153

159
160
11 MORE
o162
163

'156 AGAIN

SAVE

SZN
T2E
EAQ
0RrRA
STQ
EAQ
sT12

EAXD
STXO
CALL

CALL

AQGS
L0Q
sTQ
STZ
LoQ

CSTQ
TSX1

STA
TTF
ORL

TSX1
T STA
TTF,
Lo

ST

‘Loa

TTF

. 8TQ

TIF.

RETURN
sTQ
TTF
DRL

oS READING PROGRAM=-FREADESKIPLEINIT

+EINTT
EABTZ
241
*,0L
or1
DATA
IT
Jy1®
ERP

READ(FC34,CONT)

WAIT{FCE,EOF)

RECNO.
RECNO .
LY
LINLT
STS

ST

L s
0T,10

S ¥e2

L
ST,10
NXTONE
STS

-.ST
ST+ 1D

MORE
0T.10
NEXT
EREAU

or,I0

AGAIN

ERROR

Ao L : E .

ARE WE INITIALIZED
NO

GET ARRAY ADOIR.
ADD TALLY COUNT
ANO SAVE IT

_SET UP INPUT TALLY

INSERT AJORESS OF COUNT WD .

READ NEXT LINE OF DATA

WAIT ON IT

INCREMENT LINE NO.
GET LINE NO.

RETURN TO CALLER
INITIALIZE EXPANDER

INITIZE STACK TALLY
GET POINT ‘
AND PUT IT IN AR?AY

ERROR

GET NEXT POINT _
PUT INTO STACK TALLY
63 PROCESS NEXT

TALLY RUNOUT

S0 REINITIALIZE TALLY

" PICK UP' POINTS

GOT ONE
 TALLY RUNOUT

GO PROCESS NEXT CIGHT POINTS.
TALLY RUNOQUT. SO WE*RE DONE.

© SAVE. IT

GO GET NEXT ONE STACKED

9y

8

ERTS0129

ERTS01 30
ERTSO131
ERTS0132
ERTS0133
ERTSOL34
ERTSO0135
ERTS0136
E]T50137
ERTS01 38
ERTS0139

ERTS0140

ERTSO14L
ERTSO0142
ERTSOL43

\ ERTSOLu4b
* ERTSO0145

ERTS014¢

- ERTSOL47

ERTSO148
ERTS0149
ERTS0150
ERTSO151
ERTS0152
ERTS0153
ERTSO154

ERTS0155
 ERTSO15E

ERTS0157
_ERTS0158
ERTS0159
ERTS0160
ERTSO161
- ERTSUI62

ERTSO183
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4 sasisemr e e i e O It

el il A o

(A ERTS REAVDING PROGRAM-EREAD,ESKIP,EINIT PAGE

POINT FETCHING ROUTINE L

165 LSAVE 4SS 1 QR SAVED FROM LAST TSXL L
166 LIMIT 8SS 1 SHIFT INDIGCATOR FOR L
167 * ' . :
168 L SZN LINITY ARE WE READY FOR NEXT PAIR
169 TNZ LCONT YES
170 Loa IT+I9 NDO, SO GET NEXT -WORD
171 AOS LINIT INCREMENT LINIT
172 TRA LRET DONE FOR THIS ONE
173 LCONT AOS LINIT INCREMENT AGAIN
174 LoQ LINIT
175 cHPN 'Sy 0L 1S THIS STH TIME
176 T2F Ls YES - ,
177 ©CMPQ 9,0L " 0 9TH TIME
178 TNZ 242 MO
179 STZ LINIT REINITIALIZE
180 Leq LSAVE GET SAVED QR
181 LRET LDA 0,0L
18°? LLS 8 - SHIFT OVER
183 - STn ‘LSAVE SAVE QR FOR NEXT TIME
186 TRA Bel AND RETURN
185 LS L0A 0,0L
186 LoQ LSAVE RESTORE QR ~
187 LLS 4 THIS ONE IS DIVIDED OVER
1838 L0Q IT,1I0 . WORD SOUNDARIES
(‘ 1389 LLS A , : ,
190 ST LSAVE b
191 TRA Gs1 RETURN
192 + : : '
193 * EOF PROCESSOR FOR EREAD »
194 EOF . - STZ ERP,I MARK EOF TO CALLER
195 RETURN EREAJ AND RETURN
196 END

.. PA 091572/091472 JMP3 0531727070872

JMPC 072772/072772
IN THE ABOVE ASSEMBLY R

R  ;; f

ERTS0165
ERTG0160
EQT5QL67
ERTS501H3
ERTS0169
ERTS0170
ERTS0171
E37S0172
ERTSO173
ERTSOL74
ERTS0175
ERFS017¢€
ERTS0177
ERTSOL748

ERTS01779
ERTSO0180
ERTSO0181
ERTS0182

“ERTS0183

ERTSO184
ERTSO135
ERTS0186
ERTS0187
ERTS0183

ERTSO0159

ERTS0190
ERTSO191
ERTS0192
ERTS0193
ERTSO19%

- ERTSE195

ERTSD19¢
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02-09-74 20.623 SPECIAL PICYURE ROUTINE
[
CPIXFY SPECTIAL PYICTURF ROUTINF CPIXEY0D1
v i PIXFYIN2
c WRITTEN AY RJ BOSLEY JAN 1974 PIXEYDQ3
c s PIXEYDTML
c DESCRIPTION OF PROGRAM, PIXFYOOS |
c THIS SU2PPOGRAM OUTPUTS A PICTURE OF THE ERTS DATA FROM USER PIXryaos !
¢ SPECIFIED PARAMETERS TO PITCHR. INPUT PARAMETERS FOR 2ITChR PLUS PIXFYDO7 |
c THE PARAMETERS LNSKIP AHD KOLSKP ALL MUST BE SUPPLIED IO THIS PIXFYQns
c S IPROGRAM UNDER .THE MNAMELIST ¢PICTUR FORMAT, FOR A COMPLETE PIXEYINE ]
£ DESURIPTION OF THPUT ARGUHENTS TO PITCHR, SEE THE PITCHR WRITEUP. PIXEYULC |
c 3y TME USER SETTING IHAX=9 AND IMIN= MAX GREY TOHE LEVEL. IT IS PIXFYO1! ]
c POSSIALE TO OBTAIN A POSITIVE IMAGE INSTEAD OF A NEGATIVE. PIXFYOL:
£ NGTE==DISC FILES MUST RE ON FILE COCES 13 AND 1k PIXEYODLT
c ‘ . PIXEYNL:
c INTERNAL PARAMETERS., : . . PIXEYD1: .
(] IBAND 3AND NUMBER BEING PROCESSF) PIXEYOLL |
c IS.IE STARTING,ENDING BAND HUM3ERS PIXEYOL?
c LINES NUMRER OF LINES IN IMAGE PRINTED CPIXEYIL
c NOSK NUMIER OF LINES TO SKIP IN ERTS TAPE PIXEYIL®
c IPSTR,IPEND STARTING,ENDING POINTS IN ZRTS LINE  PIXEvD2" |
c LNSKIP,KOLSKP LINE AND oOLUMN INCREMENT : PIXFYDZ ;
c ISKIP COLUMN THCREMENT FOR ERTS LINE PIXEYD2 |
c KP o NUMBER OF COLUMNS IN IMAGE PIXEYD2 j
] L . PIXFYD?2 !
c INPUT ARGUMENTS TO PITCHR. PIXEYO2' |
c IMAGE ARRAY TO BE PRINTED PIXEYD2 |
c ICELLyJSELL NUMBER OF ROWS,COLS IN ARRAY PIXEYD2
c INIT NUMBER OF TIHES ENTRY IS MAJE AT SNAP PIXEY32
c MUST 3E GREATER THAN 1 ~ PIXEYD2
c IMIN,IMAX MINIMUM, MAXIMUM GREY TONES IN ARRAY PIXEYD3 !
c NROW NUMSER OF ROWS TO BE PRINTEJI=ICELL PIXEYU3-
c NFILES NUMSER OF OUTPUT FILES AVAILASLE, PIXEYO3. |
c SET=0 FOR ALL OUTPUT ON FILE CODE & PIXEYOS3
c SET=2 FOR FILES 06 AND 42 . PIXEY33
c ‘ IF .GTe2y USER MUST SUPPLY FILES. PIXFY( 3
c IFIL ARRAY CONTAINING OUTPUT FI.C CODES . PIXEYQ®
c NULW,NULD NUMBER OF COLS,ROWS PER OUTPUT PAGE - PIXEYOT.
c AMAGy OMAG WIDTHs LENGTH JOWN MAGNIFICATION “PIXEYO3
c ’ PIXFYQ3
(vl ENTRY POINT, . 5 PIXEYDL
c caLL PIKEY(ILINE.INAGE'IRSTRTleSIQP!ICSTRT,ICSTOP;QUAN.“B&ND) PIXFYOU i)
c : ’ PIXEYDY =
6 INPUT ARGUMENTS. ; L PIXEYOUW 1 :
c ) ILINE ARRAY ERTS LINE IS RCAD INTO S PIXEYOY ? Be
- C IMAGE IMAGE ABRAY FOR PITChR,HOLIS ONE LINE PIXEYI4 . ,
c . IRSTRT,IRSTOP STARTING,STOPING R0W IN IMAGE PIXEYOH ;
] "ICSTRT,ICSTOP STARTING,STOPING COL IN IMAGE - PIXEYOU Lo
C QAN ' TRUE FOR E7UAL PROSAIILITY QJANTIZING PIXEYOH P
c : : COF ITMAGEY’ ~ : : : PIXFYOUL m
C NRAND BAND NUMBER TO BE PROCESSED PIXEYDS*~ f
:
’

woo




02-09-74

000000000000

1

1

20.623 "SPECIAL PIGTURE ROUTINFE

SET=5 FOR ALL BANJS

EXAMPLE DF SAMPLE RUN.
CONTR0L CAROS=-
FPARAM SPIC=T,AUAN=T yIRSTRT=1,IRSTOP=1216,y ICSTRT=5,
CSTOP=772 4 NAND=23END

SPICTUR INIT=30Q.MFILESﬁQoLNSKIP=b'KOLSKP=34JCELL=256$ENO

THIS OUN WILL PRINT OUT O FILES 00 AND 42 A PICTURE
WIOE oY 304 LINES. NOTE THAT 121A/4=304 AND 768/ 3=2504
VALUES FOR LNSKLP=4+XOLSKP=34,JCELL=256y INIT=304, ALSO,
THESE VALUES FG® LNSKIP ANU KILSKPs THE PICTURE WILL BE
PPOPORTION TO THE ERTS PRINT.

256 PTS

PIXFYO0S1
PIXEYNS?
PIXEYDS3
PIXEYNSH
PIXEYO055

“PIXEYISH

PIXEYJS7
PIXEYNSS

GIVING THFPIXFY]513

USING
IN

SUBROUTINE PIXEY(;LINE,IMAGE'IRSTRT;IPSTOPgICSTRT,ICSTOP.QUANv

H3AND) :

DIMENSION ILINE(L),IFIL(2£0),IMAGE(L)
LNGICAL NUAN

NAMELIST /PICTUQINCILESvIFILoICELLqJCELLoINIT.IEIN,IﬁAX’

NULKe NU_D 9 AMAGsDMAG s LNSKIP ¢+ KOLSKP
INITIALIZE PARAMETERS
ICELL=1
JoELL=256
INIT=304

- IMIN=0

TF (NBAND.EN.S) GO TO 5

IMAX=7S
IF (QUAN) IMAX=12
NFILES=?
IFTLI1) =6
IFIL(2)=42
NROW=ICELL
NULH=129
NULD=60
AMAG=1
NMAG=1
LNSKIP=4
KOLSKP=3 o L
READ PARAME TERS
READ(5,PICTUR) o ‘
"WRITE OUT PARAMETERS '

WRITE(Ry1) . -~
WRITE(6,PICTUR) , P :
FOQMAT(//7/20%+*SPECIAL PICTURE RQUTINE®///)
FORMAT (1h1,*3AND NUMIER *,11) : : e

o -~ SET uP FOR THE DESIRED BAND
IS=1 : s T L 5
Ic=4 . -
ISKIP=4L*KOLSKP

R@RODUG&@&TY OF THE

153

* ORIGINAL PAGE :15‘ Poogyl

NROW

PIXEYUSD
PIXEYUG1L
PIXEYOE?2
PIXFY063
PIXEYDBY
PIXEYDES
PIXEYNHRH
PIXEYDHT7
PIXEYOBA
PIXEYNHA
PIXEYNT7D
PIXEYOT71
PIXEYOT72
PIXEYQ73
PIXEYQ74
PIXEYQ7S
PIXEYOD75
PIXEYQ77
PIXEYD7S
PIXEYQ7?
PIXFYO3C
PIXEYOS1
PIXEY032
PIXEYDAZ
PIXEYORL
PIXEY0AS

~PIXEYDR6

PIXEYQB7
PIXEYO8R
PIXFY0O89
PIXEYDNQ]0
PIXEY091

" PIXEYO09?
PIXEY093
PIXFYOau
CPIXEY0GS
CPIXEYD AR

PIXEYDQ7
PIXEY(Q9F
PIXEYD9T

PIXEY100




N2=05-74

SO

1

20

50

REPRODUCTIL,

ITY op
ORIGINAL PA&HBIS‘Pogggﬁ
20.623 SPECIAL PICTURE ROUTINE
IS=NFAND '
1€=1S
GO THRU EACH 3AND
00 100 IBAND=IS,IE

REWIND 13
PEWIND 14 ~
WRITE SUBTITLE
WPITE (5+2) IBAND
IPSTR=(ICSTRT-1) *4+I8AND ’
IPEND=ICSTOP®U
INITIALIZE SNAP IN PITCHR
CALL PITCHR(IMAGE,ICELL»JCELLsINIT 1 4IMAX, IMINJNROW/NFILESoIFIL,
NULWy NULD y AHAGy DMAG )

POSITION THE INPUT TAPE
NOSK=IRSTRT-1 :
CALL EPEWND .
TF (NOSK.NE.0) SALL ESKIP(NOSX)

GO THRU EACH LINE
00 50 LINE=IRSTRT,IRSTOP,LNSKIP -

" READ LNSKIP LINES 7

DO 10 LIN=1,LNSKIP ;
CALL EREAD(ILINE,LN)
IF(LN.NE.O) GO T3 10
L=LINE+LIN
WRITE(6,9) L ,
FOQHAT(/77* %#SEXECUTION TERMINATED--EOF JETECTED ON ERTS TAPE,
LINE NUM3ER IS *,16/1H1) '
RETURN

-CONTINUE

; GET THIS LINE FOR THE IMAGE
KP=0 : .

00 20 IP=IPSTR,1PEND,ISKIP

KPz=KP+1

IMAGE(KP) =ILINEC(IP)

CONTINUE | e

) | WRITE THIS LINE YO SCRATCH FILE 14
WOITE(14) (IMAGE (IP),IP=1,JCELLI -
CONT INUE

ENDFILE 14

GALL SNAP

REWIND 14 : : o
.. QUANTIZE FILE 14 AND PUT OUT ON 13
IF (QUAN) CALL ZEQUANCIMAGEINIT,JGELLslelels13414,13)
REWIND 13 R o :

: READ THE QUANTIZED IMAGE
00 Q0 I=1,INIT S i
READ (13) (IMAGE (K)4K=15JCELL) ; -

777 SNAP OUT THIS LINE

CONTINUE

RETURN
END

154

PIXFY101
PIXEYL102
PIXEY103
PIXFYLDY
PIXFY115
PIXEYL0AQ
PIXFYLN?
PIXFY10A
PIXEY19°7
PIXFYL1D
PIXEY111
PIXFEY112
PIXFEY113
PIXEYL14
PIXEYL11S
PIXFY116
PIXEYL17
PIXEYL18
PIXEYil19
PIXEYL121
PIXEYL121
PIXEYL22
PIXEY123
PIXEYL1ZH

PIXEY125

PIXEY126
PIXEYL127
PIXEY123
PIXEY12%
PIXEY 130
PIXEYL31
PIXFYL132
PIXFEYL33
PIXEYL34
PIXFYL35
PIXEY136
PIXEY137

PIXEY13d

PIXEYL3®
PIXFEY 140

PIXEYLHL]
PIXEY142

PIXFY143
PIXEY14HL
PIXEYLHLS
PIXEYLLE
PIXEYL4HT

PIXFY143
CPIXEYLLS

PIXEY150

<
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IS POOR
02-12-74 19,149 ZF QU AN
CZENUAN ZEQUAN
MODIFIEL ROM KEQUAN EY Z DINSTEIN SEPY 1973
NESCRIPTION OF PROGRAM,.

nonnndonndnaononmoooonnoonn

.

1

(9]

A
W

‘00 1 I=1,512

IRIGHT=LFFT+NUMPPL=1

THIS SUBROUTINE QUANTIZES AM IMAGE ON FILE CINFTLE® 2Y EQUAL
POBALLLITY YO MG LEVFLS AN OUTPUTS 1T T0 FIL.E *IOUTF.*e THIS
PROCESSING 4 € DONE LINE aY .INE AFTER A FTRST PASS IS vADE ThRU
THE IMAGE TO JETERMINE THE MINIMUM AND MAXIMUM GREY TONES.

ENTRY POTNT. : :
CALL ZEQUAN (LINEsNUMLIN, NUMPPL /NCOMPICOMP I LEFToNQ INFILE,
IOUTFL)

INPUT ARGUMENTS. 3 ; ,

' LINE = ARPAY ONE LINE OF IMAGE IS READ INTO
NUMLIN= NUMZER OF LINES IN IMAGE
NUMPPL= NUMBER OF SOLUMNS IN IMAGE

N;OMP = NUMBER OF COMPONENTS TN ORIGINAL IMAGE -
iroMp = THE COMPONENT TO ZE QUANTZ ZED

LEFT = LEFT-MOST CEL. IN LINE JESIRED

NQ = NUMSEP OF QUANTIZED LEVELS

INFILE=

INPUT FiLE CONTAINING IMAGE TO BE'QUANTLZEQ

QUTPUT ARGUMENTS. o )
IOUTFL= OUTPUT FI.E CONTAINING QUANTIZED IMAGE

i

SUBROUTINE ZEQUAN(;ZNE.NUMLIN&NUMPPL,NCOMP.IGOMPvLEFTﬁva,INF:;E.
IOUTFL)Y 7 '

DIMENSION LINE (NCOMP,1) KN (512) ‘ . '
' INITIAL:ZE HiSTOGRAM TO ZERD

KN (I)=0D
CONTINUE
MIN=10000
MaX=-10000
RE"IND INFILE .

. GO THRU EACH LINE = -
N0 2 Ii=1.NUMLIN

- READ(INFILE) CLLINE (UL )sJ=14NCOHP) 4 =14 NUHPPL)

SET STARTING,ENDING PTS IN INE

Do 2 I=LEFTsIRIGHT

JSLINE(ICOMP,I) ; ,
GET MiN,MAX ANJ Hi STOGRAM

IFIMAX.LT.J) MAX=J S i

IF (MINGGT oJ) MIN=J

P KH(J+1) =K (Ie1) 41

155

3 Ei‘nﬁ

“ZEQUAN3S]

ZEQUANNT
ZEQUARTZ
7EQUANO3 |
ZEQUANDGL ¢
ZEQUANDS

ZEQUANDG &
ZENUANDT |
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19.149 ZEQUAN

VONTINUE .
NGL=MAX
WRITE(6.100) MIN.MAX
FORMAT(1X,"MIN., MAX APE °*,4214)
GET NO OF PTS IN IMAGE
HP=NUMLIN*NUMPPL
J=1
MQ=NQ :
DETERMANF LEVELS
no 3 T=t1,NQ
N. =NP
GEYT NEW LEVE.
N_=NL=-MQ*KN(J)
NP=NP=-KM (J)
KN(J)=T=1
JeJd+t
IF LAST LEVEL,.SKXIP
IF(J.GT.NGL) GO TO 6
INCREMENT THE JEVEL AGAIN
IF(MQ*KN ()« LELNL*2)GO0 TO & ’
CECREASE THE NO. OF ~EVELS LE*T .
MA=MQ-1 ;
20 5 I=J«NGL
KN{I)=NQ~-1
GO 10 8 ,
: RESET THE LAST LEVEL -
N=(NQ-T)/2
IF(N.LT.1)GO TO B
00 7 I=1,MNGL
KN (I)=KN{I)+N
CONTINUE - L -
' REWIND DISC FILES
PEWIND INFTLE o
REWIND IOUTFL
: ‘ ASSIGN QUANTIZED LEVE.S LINE 3Y LINE
00 11 II=1,NUMLIN
READ CINF:LE) C((LINE(J L) 2J=14NCOMP),L=1,NUMPPL)
DO 9 I=LEFTIRIGHT ,
JELINF(ILOMPGT)
CINE(ZCOMP,I)=KN{J+1) )
WRITE OUT QUANT.ZED FILE
WRITE (TOUTFL) (LINELICOMP.K) ¢K=LEF T4 IRIGHT) '
CONTINUE - R ,
ENDFI.E IOUTFL
REWIND IOQUTFL
RETURN
END :

W,
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THAT MANY ?
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YES

\E

GET ADD®ESS IF ARPAY
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USE FOR Tali¥ CONT

A3ES INTO ARRAY
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CHWRTLS
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i0

100
c .

ey

NOSK=1n+]

" DO.101 J=1,NHOR

19.026 WRITE ERTS DATA ONTO D.5C

K WRITE ERTS DATA ONTO DISC

VERSION 1T WRITTEN BY RJ LOSLEY T _JAN

DESCRIPTION OF °ROGRAM.

THIS SIPROUTINE WRITES ONE LINE OF ERTS DATA FROM ARRAY ILINE
ONTOQ DISC FILESs ONE FILE FOR EALH BAND. JATA IS ARITTEN IN NHOR

aL OCKS.

INTERNAL PARAMETERS. :
NGSK DISC FILE CODE, 11 THRU 1t
TP POINT INDEX FOR ERTS LINE
IPSTRT,IPSTOP STARTING,STOPING POLNTS ‘IN LINE,

DEPENDENT UPON THE BAND

ENTRY POINT. | o
CALL WRTDSK(ILINE,NHOR,IPSTRyIPEND,N3AND)

INPUT ARGUMENTS.

ILINE ARRAY CONTAINJING ERTS _INE OF DATA
NHOR NUMBER OF HOR.ZONTAL BLOCKS OF
START AND END POINTS :iIN EPTS &

MEAND : " THE BAND CESIREJy SET=5 FOR ALl

IPSTRyIPEND

SUBROUTINE HRTOSK(IL:NEQNHOquPSTR,IPENQoNBAND)'

D.MENSION ILINE(1) :
, IF AL BANDS,SKIP UOHWN
IF (NBAND.EQ.5) GO TO 100
WRITE ONE BAND ONLY
NDSK= 10 +NBAND -
: WRITE NHOR BLOCKS
D0 10 J=1 +NHOR
IPSTRT=(J-1) *41*4+NEAND+IPSTR
IPSTOP=IPSTRT+40%4 e
WRITE(MISK) (ILINE(IP),.P=iPSTRT,IPSTOPy4)
CONTINUE ~

“RETURN

CONTINUE ’ T e
e WRITE ALL FOUR BANDS
D3 101 I=1.4 .

WRITE NHOR BLOCKS

,IPSTRT=(J-i)‘%l'h*I#IPSTR

101

'END

IPSTOP=IPSTRT+40%4
WRITE(NDSK) (ILINE(IP) (IPSIPSTRT,IPSTOPs4)
CONTINUE - 1 e S
RE TURN

161

| REPRODUQM;MH UF 1HE i
 ORIGINAL PAGE IS POOR

WRTCSKN1
WRTGSKO2
HRTISX03
WRTCSKOG
HRTISKDS
WRT™SKOH
HWRTZSKA7
WRTDO5K03
WRTISKO9
WRTDNSXK10
WRTOSK11
WRTOSK12
WRTCSK13
WRTDSK 14

MRTLSK1S

WRTDSK16

THRTLSKLT7

WRTOSK1R
WRTOSKLS
WRTDSK2C
WRTCSK21
WRTDSK2:Z
WRTISK2?T
HRTOSK2L
HRTDSK2E
WRTOSK?2¢

WRTOSK2T

WRTOSK2E
WRTLCSK2C
WRTGSK3L
WRTDSK3:
WRTLUSK3!

WRTDSK 3"

WRTGSK3!
WRTOSK 3¢
WRTLSK 3!
WRTCSK3:

WRTGCSK 3

HRTLSK 3!

S WRTLSK G

WRTOSKH
WRTOSKG
WRTCSKY
WRTLSKG:
WRTOSKY
WRTCSKG:
HRTCSKY
AR TOSKYS
WRTTSK L
WRTCSKS

CWRTGSKS
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L 02-12-74  19.078 READ IS0 AND OUTPUT-PLCTURE
{
CRODSKL REAQ DISC AND OUTPUT PiCTURE RDCSK101
¢ ' ‘ S ROLSKLN2
c VERSION I. WRITTFN 8Y RJ ZOSLEY , JAN 1374 RUDSK103
c A ROCSK10L
c DESCRIPTION OF PROGRAM. L RJDSK105
C ThiS SU3R0UTINE READS THE ERTS DATA FRUM THE DISC FI.ES AND. RJICTK106
c THEN PRINTS OUT A PICTURE OF THE DATA, PROSEFDING VERTIZA.LY ANJ ROLSK107
c THEN FROM LEFT TO R.GHT.  SINCE THE 8LOCKS ARE 41 CO.S THFN TW) RDDSK108&
c WILL FIT ON ONE PAGE, EL.MINATING ONE HALF OF THE TOTAL CINES. %, RDDSK109
c ' v . ~ RODSK110
c INTERNAL PARAMETERS. ; ROOSK111
c NGL : NUMBER OF GREY LEVELS IN IMAGE RDOSK112
c NQ NUMSER OF QUANTIZING _EVE.S RUDSK113
c IASIZE SIZE OF ARRAY TO oE QUANTIZED RIDSK1L1Y
c MHOR HALF OF NHOR ROOSK115
c NCOL NUMSER OF :COLUMMS USED IN IMASE RDOSK116
c NSKIP NUMBER OF RECNRDS TO SKIP T) STAY IN ROOSK117
c THE SAME STRIP ‘ RUDSK118
c LAST TRUE INDICATES THE LAST STRIP RODSK119
C ; ’ ' ROTSK120
c FNTRY POINT. — ROOSK121
c CALL ROISKL(IMAGE,QUAN,NHOR,NVERT,NDSK) ROCSK122
c INPUT ARGUMENTS. ! o - RDDSK123
¢ IMAGE ARRAY TO STORE  THWO 41 X 41 3_DCKS RDCSKL24
: c QUAN TRUE FOR EQUA. PROBAB.LITY QUANTI- ROCSK125
( c o : 'ZATION OF THE IMAGE S RUCSK125
- c MAX - MAXIMUM GREY TONE TN _MAGE RUDSK127
c MLN ; , MINIMUM GPEY TONE IN IMAGE RILCSK122
c NHOR ‘ ~HUMBER OF KORIZONTAL 3_0CXS RODSK129
c NVERT NUMBER OF VERTICAL B8LO0CKS : - RDESK130
c NOSK FILE COJE OF DISC TO 2E PRIZESSED RDCSK131
c ‘ .  RDLSK132
c ROGSK133
c _ R - ROCSK134
SUBROUTINE RODSK1(IMAGE,NUAN,; NHORyNVERT,NDSK) - RDDSK135
c : « RDOSK1 36
G:MENSION IMAGE(41,82) RDOSK137
LOGICAL EOF «QUAN,LAST ROOSK1 38
EOF=.FA_SE. RODSK1 39
LAST=.FALSE. _ ©  RDGSK140
CALL FLGENF (NNSK,EOF) , , , ' ; . ROLESK1NLL
c 1 : S P DETERMINE THE NUMBER OF LEVELS . RDOSK14?
: MAX=63 L ' : : "RODSK143
MIN=0 ; RODSK1 4G
CLIFC(QUANY MAX=11C 2 SR » , RODSK14S
c B e . SET UP FOR QUANTIZATION ROGSK146
: - NGL=TS o , , RS . ROOSKL47
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HOR=NHOR/ RIEE i LR ROCSK149
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OON (2

D

1

fo I B = weoOo -

“IF(EOF)

“CONTINUE
"~ CONTINUE
- EOF=. FALSE,

READ

19.078

IF (NHOP.NE.1) GO TO 2

NCOL =01
ML0e=1

IASIZE=41%NCOL

NSKIP=NHO®= (NCOL/41)

00 400 J=1,MHOR
REWIND NDSK

K=J

IF (LAST) K= (NHOR/2)+1

IF (K. €EQ.1) GO TO S

DO 1 T1=2,¥

TF(NHOR.GT.1) READINOSK)

READANDSK)

IFANVERT ME L4

JISC AND OUTPUY PLGTURE

SET THE NUMJER OF RECOROS T3 5KIP
.10 REMALN TN THE SAME STRIP

GO THRU HORLZONTALLY

IF FIRST ELOCK, DO NOT SKIP OVER

R

iF ONLY ONE B.0CK VERTICAL.Y, 00 NOT
INITIALIZE SNAP iN PITCHR

CALLuPITCHR(IMAGE.hl.ﬂGOL.NVERTq,MAX.MINq.ov,el.Zi,.)

00 S0 1TI=14NVERT
g0 20 JJ=1,461

READ (NCSK)
IF (NCOL.EQR.82)  READ(NISK)

IF (NSKIP.FQ.0Y f0 TO 20
00 16 N=i,NSKIP’ ~
REAJ (NDSKY 7

GO TO 20

"IF (QUAN) CALL KEQUAN(IMAGE

iF (NVERT.NE.1)
TF (NVERT.EQa1)

.CALL SNAP

GONTINUE
CONTI NUE

IF (NHOR.EQ.1) GO TO 101
TF (NHOR.EQ. (MHOR*2}) GO TO

IF (LAST)
LAST=.TRUE.

60 TO 101

“GO T0 3 st

163

(IMAGE(JJ.KO-);KOL=11hﬁ)

CALL PITCHRAUIMAGE 41l

101

READ IN THO 41 3Y 41 310CKS
READ 41 POWS
READ N(OL COLUMNS

THAGE (JJ+KOL) 5 KOL=42482)
SKIP OVER RECORDS NOT WANTZD

QUANTLIZE THE IMAGE

s NGL NNy LASIZE) — L
.ENAP OUT A 41 :3Y-82 8LOCK

NCO..#I:OMAX;"‘:N;viH1-211')

GHECK TO SEE IF NHOR IS EVEN

iF NOT,

DO THE LAST STRIP JF 41 COLS

ROCSK151
ROOSK1G2
RIDSK1L1S3
RIDSKLISGG
RDOSKL5E
RINSKLGE
RODSKLR7
RODSK151t

RGCSK15¢
RODSK1LAL
RO0GSK1A1
ROCSK16C
RDOSK16¢
ROGSK1BL
RODSK16¢
RDOSK1L6F
RIDSKLoHT
RIDS¥LIH’

RODSKLOS

RICSKL?!

RSDSKLT
ROCSKALT?”

ROOSK17:
RDCSK17!
ROOSKL7!

ROLCSK1L7-
ROGSKL7?

-RO0SK1LY?

ROOSK17
R0D0SK1LS
RDDSK18
RLOSK18
ROCSK18

~RDOSK113
‘ROPCSKLB

ROCSK18
QDOSK1 8
ROGSK1S
RJIDSK18
RO0SK19
RDDSK1?

"RODSX1S
‘RODSKLS
~ROOSK1¢S

RO0SK1©
RDOSK19
RDDSKLQ
RDDSK1E

T RINSKLS

RODSKLC
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IGAND=NDOSK=10
WRITE (H,102)

FORMAT(6X o *PICTURE FROM 3ANC NUMBER®.12)

RETURN
END

i7AND

READ N.ST AND OUTPUT PICTURE

WRITE THE BAND NUMSER
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CKEQUA

O 0000000000000 OOO0

10

Q

20 .896

N

WRITTFN RY Go ELLI
VERSION II BY RJ BOSLEY FOR IASIZE

JESCRIPTZON OF PROGRAM,
THIS PROGRAM WIL. QUANTITE 8Y EQUAL PROSABIL

K-E-Q~U~-A=N

K-E-Q=-U-A=N

SEPT 1971
JJNE 1973

ARRAY IA TO N0 LEVELSs

ENTRY POINT.

GALL KEQUAN(IA,NGLyNQyIASIZE)

ARGUMENTS.
IA

Ni:L
NQ
IASIZE

DIMENSION TA(1),KN(512)
IFINGL.GT.512)

INPUT ARRAY TO S8E CONVERTE) T3

QUANTIZED ARRAY

NUMBER OF GREY TONE LEVELS IN IA

NUM3ER OF QUANTLIZING LEVE.S
STIZE OF ARRAY 1A

'SUBROUTINF KEQUAN(IA,NGL,NQ+1ASIZE)

WRITE(H410)

ITY T=E INPUT

KEQUANDY -

KEQUAND?
KEQUANDZ
KEQUANDOY
KEQUANDS
KEQUANDNE
KEQUANDY
KEQUANDS
KEQUANAOQ
KEQUANLO
KEQUAN11
KEQUAN12
KEQUAN13
KEQUANLY
KEQUANLS
KEQUAN1E
KEQUANL7

KEQUAN1E

KEQUAN1¢®

" KEQUANZ2C

KEQUANZ21
KEQUAN22

KEQUANZ23

FORMAT(SX,"‘*““"‘*NUMUEQ OF GREY LEVE.S T0O LARGE“""""")KEQUANZQ

00 1 I=1,NGL

KN(I)=0

00 2 I= 192A§IZF

J=TA(T)

KN(J+1)‘KN(J01)01

NP = LAS;ZE
J=1
MQ=NQ

00 3 I=1,NQ

‘N =NP

NL=NL-MA*KN(J)
NP=NP-KN (J)

KNI =T-1

(%

T

J=Jd+i

TF(J«GTNGLY

IF(HQ'KN(J)-LE NL")

MQ=MQ-1 :
po s I= J-NGL
KN(I)‘NQ

.60 T0 8

COUNT EACK GREY'.EVE:
/‘/

60 THRU NQ LEVELS

GET NEW LEVEL

CHEGCK FOR LAST LEVEL

LNCRE%ENT AGAIN FOR LEVEL

>0 TO 4

‘BECREASE ‘NO. OF LEVELS LEFT

S o e
i

KEQUAN2E

KEQUANZE

KEQUAN2T
KEQUANZ8
KEQUAN2¢
KEQUAN30
KEQUAN31
KEQUAN32Z
KEQUAN3Z
KEQUAN34

 KEQUAN3S

KEQUAN3E

 KEQUAN37
KE QUAN 38

KEOUAN3C
KEQUANL D

KEQUANG 1

- KEQUAN&Z

KEQUANGZ

"KEQUANLUL

KEQUAN&E

KEQUANLE

KEQUANG 7

 'KEQUANGF
~ KEQUANG4©
 KEQUANSC




!
L
‘g'l
. 1
( © g2-12-74  20.836 K=E=-Q-U-A=N_ ;
¢ e SET LAST LEVEL KEQUANS1 |
6 N=(NQ-T)/2 KEQUANS2 |
IF(N.LT.1)GO TO 8 : KEQUAN53 |
00 7 I=1,NGe KEQI'ANSL
7 KN CI)=KN () +N KEQUANSS
¢ ASSIGN ELEMENTS TO A LEVEL AND RETURN KEQUANSSE
8 D0 9 I=1,.ASIZF KE QUANST
J=IALD , KEQUANS 3
9 LACI) =KN(J*1) KEQUANS9
RETURN  KEQUANGA
END KEQUANS1
, A
|
s
: )
{"" . ; \\ i
R : 1
Y ‘
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CRODSK2

C
c
c
c
c
¢
c
c
C
c
c
c
c
c
c
c
c
(7
]
c
c
c
c
c

QO

(2 T o OWO»NO

100

I (PRNT)

19.112 READ J.SC AMD LIST GREY TONES

READ DLISC AND LIST GRFEY TONES

VERSTON II WRITTEN BY RJ BOSLEY JAN 1974
DESCRIPTION OF PROGRAM,

THIS SUSROUTTNE READS DATA FROM OISC F.LE NISK ANO 3RINTS OUT
THF GREY TONES AND WRLTES THEM OUT ONTO AN QUTPUT TAPE,

INTERNAL PARAMETERS, : .
K BAND ZEING PROCESSED
LINE ERTS LiNE BEING READ

ENTRY POINT.

INPUT ARGUMENTS.,
IMAGE .

: ARRAY TO REAU JATA INTO
IRSTRT,IRSTOP

STARTING,STOPING LINES OF JATA

NUMBER OF HORIZONTAL 3LOCKS

NHOR

NDSK FILE CODE OF JISC WITH OATA
PPNT “* TRUE FOR GREY-TONE .ISTING
TAPE . TRUE FOR TAPE OUTPUT

IFIL

‘OUTPUT TAPE FilE (JODE

_ SUBROUTINE QQGSK?(IMAGEqIRSTRTyIRSTOP-NHORvNDSKvPQNT9TA°E'IFIL)

DiMENSION IMAGE (41,41)

LOGICAL PRNT,TAPE

REWIND NOSK

K=NOSK~10 ,
1F NEITHER TAPE NOR PRINT,RETJRN

IF (PRNT) GO TO 2 : - '

IF(TAPEY GO TO 3

-RETURN

WRITE HEADING FOR . IST
WRITE(6,1) K o o
FORMAT(1H1,'LINE STRIP®,20%X,°3AND NUMPER IS°®,I2)
, G0 THRU EACH LINE OF DATA

00 50 LINE=IRSTRT,IRSTOP - CE ‘

, . 60 THRU EAGH B.OCK ASROSS THE IMAGE
DO 50 J=1.NHOR | ’ ,
READ ONE LINE
(IMAGE (1,KO0.) 4KOL=1441) -

READ (NGSK)
Lo WRITE 1T OUT

LINE +Js (IMAGE(14KO-) 2KOL=14041)

WRITE(6,100) X
SE(TAPE)  WRITE(IFIL) LINEJys(IMAGE(1yKOL) KOL=1,41)
SONTINUF o o SO o
FORMAT(1%X415,I3,4113)

RETURN :

END

o

CALL RDDSKZ(IMAGEyiRSTRT':RSTOP,NHOR,NJSK.PRNY.TAPE.IF%L)

ROOSK201
R00SK202
ROOCSK203
RODSK204
RDDSK205
RIDSK206
RJDSK207
RJIDSK208

RODOSKX209

ROLSK210
RDDSK 211
RO0SK212
RUJ5%213
QD0SK214
RODSK215
RODSK218

RDDBSK217 .

RODSK218
RUODSK219
R0DSK220
R0CSK221
ROCSK222

-RDDSK223
- RJDOSK224

ROSSK22S5
apCsK22h
R00SK227
RDCSKX273
R{0OSK229
ROOSK23N
RODSKZ 31
QR00SK232
RDOSK233
ROCSK234
RDDSK235
RDDSK236
RDOGSK237

"ROGSK238

R0ISK239
RICSK240
R005K241

ROCSK242

R0D0SK243
RDNSK2u4

- ROGOSK?45

RODSK246

~ RDOSK247
ROLSK243

RODSK249

"RIDSK250

e TR RS T
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Iv.2-b Texturé Analysis Program Listings

MAINLN
ERTS (see IV.2-a) ) . 3
MAING .
~ KEQUAN (see IV.2-a)
- | ~ PITCHR (see IV.2-a),
| | FPLXIT :
INDEX
IMOMTR
COR
1EQPQT
RITOMT

168
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( ©gR-12-74 20,547 ERTS TEXTURE ANA.YS.S JUNE 1973 i
;
CMAINLN . ERTS TEXTURE ANALYSLS JUNE 1973 MATHLNDL
c . CMATNLNDZ
o WRITTEN AY RJ BOSLEY FOR PROCESSiNG LAWRENCE DATA, SIPT 1972 MAINLND?
C -  VERSION 1 BY RJ BOSLEY FOR PROCESSING ERTS DATA NOV 1972 MATNLNO4
c VESSION 2 BY ©J BOSLEY FOR MERGE OPTION JINE 1973 MAINLNOS
¢ o s MAINLNDG
YvverwssevvvrvvrerersrSTART OF DOTUMENTATION SOMMENT JARDSEFEEERESUESRSEMATIN.NTT
. B : MAINLND A
. MAINCNDS
»  PROSRAM IDEMTIFICATION. - : MAINLN1O -
. PROGRA%=TLTLE - TEXTURE ANALYSIS ’ MAINLNLY
L WRITTFN HY - RJ EOSLEY o ; MAINLN12
L AATE WRITTEN = JUNE 1973 MATNLN1 37 1
. SITE NAME -~ CRIMCy UNIV OF KANSAS MAINUNLY
. SITE AJDRESS - LAWREMCE, KANSAS . ' MAINLNLS .
. PHONE NUMBER = 1-913-3864~-4832 : ) MAINLNLE
s MAINLNL?
* | CATE OF MODIFICATION. . MAINLNLR }
. . ‘ . MATNLN19
L JUNE 1973 ~-- MODIFLED FOR MERGE OPTION. S MAINLN2R
’ . . : MAINUN21
¢ | FARDWARE / SOF TWARE SUMMARY. , MAINLN2Z2
» ~ N o ' . MAINLNZ23
* 2OMPUTER REQUIRED {- RONNEYWELL €35 : : MAINLNZG
{T‘ * SYSTEM EXECUTIVE \\Gs;ps 11 P v MAINLN2S
L . MEMORY REQUIRED = uZKS AY : MATNUNZE
¥ PROGRAM LAMGUAGE -«gQR)RAN *y AND GMAP MAINLN27
* PERiPHERALS - DNE(SJ,RATCH DISK, THO TAPE DRIVES MAINLNZE
M L e ‘ ‘ ‘ MAINLN2O
¥ PURPOSEe [ - L . SRR = MAIN.NZC
L THIS TEXTURE ANALYSIS PACKAGE WAS WRITTEN IN ORDER TI MATNCN3!
L PROCESS ERTS iMAGERY DATA USING PATTERN RECOGNITZON TZCHNIQUES. MAINLN3Z
A : , ’ ! o . MAINCN3™
s . MET=00. : : MAINLN3G
v SEE °*LANU USE CLASSIFICATION®,TECH. REPORT NO.2262-1,JANUARY 1973MAINLNTS ;
. ‘ : ST : ' :  MAINLN3S i
* | INPUT. s v N ‘ MATNLNZT 0
. E : : o S MAINLNTE
* _PARAMETER CARDS. B . ' ’ L MAINCN3S
. 1. TITLE CARD. THIS CARD IS USFD FOR TITLE INFORMATION TMATNLNGC
, ~ ANG IS LTSTFD ON THE OUTPUT L.STING. MATNCNG1
L 2. PARAMETERS ACCORZING TO THE FORTRAN NAME_IST FORMAT . MAINLNGT
. : UNDER THE NAME PARAM, SEE 2ELOW. : MAINLNGY
. : | . ‘ ' R L MAINUNGL
» | OTHER INPUT. - 9 o : ~ - MATNONGS o
LI L , , : E : C U UMAINLNGt L
. £RTS IMAGE ~ OATA TAPE ON INPUT FI.E CODE °ES‘*. © 0 MAINLNGT
. p ~ o - e o S DR COMAINLNGG
s aABOOTS. - R L mel s T ST MATINLNUG! o
. D e : ’ : B R R S . MAINLNSC oo
e 7 , , o A '
{ . T {\Lf s S . . . T ‘ . ‘ 3
i | S N '~ REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR

v "65 S
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.
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3
8
i
t
|

CARD

SPEC

oUTPUT .
PRIN

JARD
i

TAPE

RESTRIC
2.
3.
be
S
He

SH7 ERTS TEXTURE ANALYSIS

IFIED IN OYTPUT LISTING.

1ER CUTPUT,

t. PARAMETER VALUFS.

2., PICTURE OF IMAGE SEING PROGCESSED.
3., LOORLANATES OF THE IMAGF.

t.. VALUES OF TYE EXTRACTED FEATURES.
6. LJ_ISTING OF LEX ARRAYS. "~

QUTPUT . .

1. COOPDINATES OF TAS IMAGE 9FING PROCESSFD.
2. VALUES OF ThHE FEATURES EXTRACTED.

3, LARD COUNT. '

OUTPUT . : : ,
. LOORDINATES OF THE IMAGE DEING PROCESSED. .
2. VALUES OF THE YEATURES EXTRACTED.

TINNS,

DATA SET 1S STANCARD ERTS DATA TAPE

THE NUAGER OF POINTS IN ONE LINE OF
PROCESSED MUST MOT EX.EED 192 POINTS.

7

THE SIZE OF FASH IMAGE MUST NOT #£XCEED 4096 POINfS}

FROM NASA.
THE STRIP BEING

" QUANTIZATION MUST 3E 32 LEVELS OR -ESS.

THE ERTS INPUT TAPE MUST HAVE A FILE CODE "ES*.
I8 ANL MUST NOT EXCEED FOUR.

SU3PROGRAMS REQUIRED.

i

1
i

i i

EX B8 2 X

MALNLN

ERTS READ PROGRA
MAING ,
KEAUAN
PICTUR
- FPLXIT ,
' INBEX .
IMOMTR
INDEX ; o
so2 o ,
IfQPO1L
RITONWT

issTUq FOR SAMP_E RUN..
! : ! ;

L TDENT  9999,ANYNAME
! LIBRARY LB e e
OBJEST M=A=I-N~-L=N S :
¢ ves ERTS TEXTURE ANALYSIS PROGRAMS se.
JXEND = ) - : : R
~ EXECUTE ' ‘v\

\§ k
S e
REPRODUCIBILITY OF'
PR i St OF T
ORIGINAL PAGE IS POOgE

s

>3

= ]70‘

¢

JUNE 1973

MAINLNS1
MAINLNG2
MAINLNG3
MATNLHSH
MAINLNSS
MAINLNSE
MAINLNS7
MAINLNG A
MAINLNSQ
MAZNLNGD
MAINLNGL
MAINCLNG?
MAINUNG3
MAINLNGG
MAINLYBS
MAINUNGE
MAINLNGT?
MAINLNG3S
MAINLNGS
" MAINCNTC
MATINLNT!
MATIINLNT?Z

MA#HLN??W ;

MALNLNT S
MAINLNTS
MAINUNTE
MAINLN?7?
MAINLNTE
MAINLNTC
MAINLNAC
MAINLNS]
MAINLNEZ
MAINLNBT
MATNLNBL
MAINLNS8®
MAINLNSE
MAINLNAT
HAINLNS?

. MAINLNA®C
MATNLNG{
MATINLNY®
MAINLNIL
MAINL_NO"
MAI N_N9¢
MATNLNYY
MAT NLN 9/
MATINLNG
MAINULNI

CMATNLNOT

o MAINLNOS

2
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20.547 ERTS TEXTURE ANALYSIS JUNE 1973
3 PRMFL LByR+SyPATTFRN/GEE/." B MAINULNO1
3 TAPE ESsALDD 99999, s NNAME,INPUT MAINLNAZ
$ 0SPXK 02,APR 5. ' MAINLND?Z
$ LIMITS 32,4 3Ky 20K MATNLNOL
3 INCONE  I3MF o MAINLNDS
XAXXX TEST 0° TEXTURE ANALYSIS PROGRRAMS X XXXX “MAINUNDA
SPARAM Ni1=1yPNCH=1HYy PICTUR=TEEND MAINLNO?
% FNDOJOR MAINLHGR
~ ' MAINLNOAQ
THIS RUN OF T=E TEXTURE ANALYS.S PROGRAMS Witl pPPOCESS ThE ERTS MAINLNILC
NATA IN 64 X 64 LMAGES, SIVING ONLY PRINTED OUTPIT, pP_US A MAINLN1I
PICTURE OF THE IMAGES. . MAINLNL2
MATHLNLS
- MAINLN1G
BI13.I0GRAPHY, MAINUNLE
NASA TECHNIRAL REPORT H0.2262-1, JAN, 1973, °LANJ \se MAINLNLE
CLASSIFICATION USING TEXTURE INFORMATION IN ERTS-A MSS IMAGERY® MAIN.N17
BY Ko SHANMUGAM,Re HARAOLLUK. R. BOSLEY. ~ MAINUNLF
MAINLNLS

DESCRIPTZON OF PROGPAM. i

THIS IS THE MAINLINE OF THE ERTS TEXTURE ANA.YSIS PRIGRAMS,
EAGH FRTS TMAGE LS. DIVIDED INTO & STRIPS,EASH PUT ONTO ONF
TAPE. FOP EYAMPLE, TF THE IMAGFS ARE 64 X 5ls THEN THE FIRST
ERTS DATA TAPE SONTALNS SUSTMAGES 1 TO 12, ThE SECONDY FR0M 13
10 24, ETC, UP TO 48 HOR.ZONTAL IMAGES. -

DUE TO CORE LIMITATIONS, EALH INPUT TAPE IS PROSESSE3 IN
STRIPS WITH EAJH STRLP TOTALING UP TO 192 POINTS, HIRIZONTALLY.

" IF THE IMAGFS ARE b4 X 64s EACH STRIP WILL CONTAIN 3 SJUBIMAGES.

IMAGES WILL aE PROCESSED AS FOLLOWSY RUNl'(iql)y(le)v(lys)v
‘ (211)1(2v2)q(2'3)so-.9(36’1)9(33v2)9(36\5)- RUN 2#(19“)9(195)!
‘196),(294)9-0-1(36.Q)v(3695)9(36v6)e ETC.
MOTE THAT FOR RUN1, Nii IS 1 AND NUMSTR 1S 1. FOR RUN 2, Nii
IS & AND MUMSTR IS 2.0 AND Fp2 THE SECUOND TAPE FJIR RUN 1,
N14 IS 13 AND NUMSTR IS 1. Nit TS THE UPPER-LEFT COLUMN
VCQOQDINRTE AMD IS PELATIVE TO THE FNTLIRE iIMAGE, WHERE  NUMSTR
1S THE STELP‘NUMQER KE_AT.VE TO THE DATAL TAPE.
ALSO NOTE THAT THE c.?ST 8 POINTS AT THE BEGINNING OF EACH
LINE_ARE LEFT OUT. IT IS POSSIBLE To -AVE LESS THAN OME FULL
IMAGE AT THE ENO OF EAGH TAPE THAT CANNOT 3E PROCESSFD.

DESCRIPT.ON OF INPUT PARAMETERS UNDER NAME;IST /PAQAM/.'

CNOUANT NO. OF QUANTIZING LEVELS IN IEQPQL1.,SZT TO 16
NUMIM . THE NUM2ER OF IMAGES TAKEN HORIZONTAL.Y IN ONE
' ) PASS P ‘
NUMSTR THE STRLP NUM3ER NF THE 2uUN IN RELATLON.TO THE

‘ L ERTS INPUT TAPE;
NGVERT  THE NUMSER OF IMAGES IN. A VERT COL 07 THE STRIP

' REPRODUCIBILITY OF THE
 ORIGIVAL PAGE IS POOR

7

snyyvraspvrrrrrrrrsyxxrgEND OF DO;UMENTATION»COHMENT JARDS‘*’*“**“;*‘*"MAlNLNZ?

MAINCN2:
MAINLN27

CMAINLNZT

MATNLNZ!
MATN.N2F
MAINLNZF
MAINLHZ:
MAINLNZ-
MATNLNZF
MAINLN3G
MAINLN 3
MAINLNS
MAINLH3
MAINLN3
MAINULNS:

‘MAZNLNS
CMAINLN3

MAZNLNT
MAINLNI
MATMULNG

S MAINUNG

MATNLNG
MAINLNG

. MAINCNG

MAINLNG
MAT HUNL
MAINLNG
MAT NG
MAINONG-
MATNULNS

S ey i T
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ERTS TEXTURE AMNALYSIS
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02-12-74 20,547 JUNE 1773
c NUMLIN THE NUMRER OF CINES IN EACH NUMLLN X NUMPPL MATNLNS 1
c SUB-IMAGE MAINLNGZ
c NUMPPL THE N'MIER OF PTS PER LINE IN FACH SU3-IMAGE MA I NLNS3
c #EENOTE* #¥NJUMPPLENUMIM 4UST NOT EXCEED 192 MAINCNSG
s $EPEXAMPLEY**F NUMPP_=64, THEN NUMIi1=3 MAINLNSS |
c SYEEXAMPLE#¥*IF NUMPPL=32, THEN NUMIM=5 MATNLNS6
c INAND THE SPECTRUM BAND TO IE PROCESSED,FROM 1 T0 & MATNLNGY
c PNCH . SPELIFIES TmE OUTPUT OPTION-=--Y.FOR 3AR]IS, T MAINLNGA
c ‘ FOR TAPE, AND N FOR PRINTER ONLY . MAINLNSQ
c #*ENGTES*#*PNCH MUST BE DENOTED AS A JOL.ER.TH - MAINLNGD ¢
c CONSTANT (N THE DATA ZARD MAINCNBY ¢
c N1t THE UPPER LFFT COLUMN COORJINATE FOR THE STRiP MAINLNGZ
c BEING PROCESSED  MAINLNS3
c IF, THE FI.E COJF OF THE OUTPUT TAPE--ASSUMED TO BE MAINLNGL |
c ’ IN POSITION MAINLNGS
¢ N2SKIP THE NUM2ER OF VERTICAL ROWS OF SU3-"4AGES T0 MATNLNGE
c _ , 9E SKIPPFD PR.OR TO EXECUTION “MAIN-NG67
c MERGF IF WTRUE., THE LEX ARRAYS WILL BE ME2GED TO ONE MAINLNGA =3
c PICTUR IF oTRUE., A PIiCTURE OF EALH SUIIMASE WILL BE. . MAINLNGSG i}
c PRINTED ‘ ‘ MAINLN7O |
c ***NOTE*#*¥PROUESSING .Sy APPROXIMATE_Y=-- MAINCNT1 ¢
c : 100 PERCFNT= MERGE=OFF,PILTUR-ON MATNONTZ D
c 125 PERCENT= MERGE=ON ,PICTUR-ON MAINLNTZ
c 158 PERCENT= MERGE-ON ,chrua -OFF MAINLN7L |
; c MAINLN7E |
( c , MAININTE
E D.MENSION ILINE(4096),TITLE (14) MAINLNZZ
COMMON /s NQUANT MAINLN7E

COMMON M1, NLoF (15) g sMAX s IMINyNUMPPL o+ NUMUIN/NBUBLyIR1L+IR29IR3 IR MAINLN7SG |

1 DUMMY129) 3 LEAST14NREDsNCAYERGNSTART ¢NTIMES NI 4PNCH MATNCLN3Q
JOMMON ZET/ENTROP(4) yCIFENT (4) 402 FAVE(Q),OLFVAQ(Q).SUM NT(#). MAINCNAYL
1SUMAVE (4) ¢ SUMVAR (L) . MAINLNSZ
“COMMON /UORRF 7CORINF (4) 9 JORMUT(4) 3 CORMAX (&) MAINLNAT
GOMMON ZMAGE (644192} MATNLNSG
LOGICAL MERGE,PICTUR MAINLNSS

NAMELIQT/PARAM/NUW My NU4>TR9N3VEQTv_BAN09V11 MERGE,PIHTUQ9N3SK;Po MAINLNSE
1 PNCHyNUMPPL W NUMLLNyNPED NLAYERyNSTARTyNTIMES ¢ NQUANT,TF MATNCN37
UATA LEBANL NUMIMyNSVERTN3SKIP,MERGE,PICTUR, N11/2y3y36’0'.TRUE.. SMAINLNSR

GO0

o

£
1 .FALSE.q1/,TAPE/iHT/,NUMaTR/i/yLF/03/,1/1HY/'NItHV/ i  MAINLNSS !
PNCH=TAPE : , : ; e - MAINLNGO i
" NUMPPL=64 , : : S MAIINLMO9L ]
NUMLIN=64 MAINLNG?2 !
NPED=1 MAINLNO3
L NLAYER=1 “MAINLNO&4
NSTART=1 5 MAINLNSS
NTIMES=L ' MAINLNOE
NOUANT=16 MAINLNG7
MAINLNG®

f”"*""""SFCIION I--PREPAREwFOR ERTS READING AND PROuESSING""'MA;NLNQQJZ
G . . S HALNLNOO

© ORIGmAL polY OF THE
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02-12-7h 20547 ERTS TEXTURE ANALYSIS JUNE 1373

c . MAINLNO1L
C READ TITLE AND WRITE IT OUT MAINLNR?
c MAINULNO3
e READ(S,H) (TITLFLI) T=1,14) MAINLNN®
TR CWRITE(G,21) MAINLNOS
T WRITE(R,ZI(TITLF(I) 4 I=1,14) MAINLNOG
21 FORMATU////7//40%+*ERTS TEXTURE ANAL_YSIS®////) MAIN_NO7
6 FORMAT(1L3AR,A2) MAINLNOR
7 FARMAT(20Xy13A6,A2////) ‘MAINLNOS9
et MAINLN1O
c READ ERTS TFXTURE PARAMETERS MAINLNL1
c = MAINLNLZ
READ (5, PARAM) MAINLN13Z
Mz NUMIM*NUMPPL : MAINLNLY
IF(MeLE.192)Y GO TO 2 MAINLN1S
WRITE (641) MAINLN16
1 FORMAT(® NUMRER OF IMAGES TIMES THE NUMBER OF POINTS _N EACH LINE MAINLN17
1MJST NOT EXGEED 1932 *) : . MATNLN1LAR
STOP. MATINLNLG
c : MAINLN2D
c INITIALIZE THE ERTS READ PROGRAM AND WRITE OUT. PARAMETERS MAINLN21
¢ = S MATNLN22
2 uALL E;N;T(LENuTH) MAINLNZ3
c ‘ k MAINLN24
WRITE(6.11) LENGTH,NUMI M,NJM:TR,NBVERT.: AND yN3SKIP MALNLN25
WRITE(5,101) PNIH,NUMPPL,NUM_IMNyNREND, NSTA\..NTIMES.Nquawr MATINLNZE
11 CORMAT(10Y,*LEN3TH OF EBTS _INE IS % MAINLN27
: 1 15,* POINTS'/10X,*NUMSTR OF HORIZONTAL IMAGES,NUMIMyI% 432,/ MAINLNZA
210X, * THIS STRIP IS NUMBER *,12,/10X,°'NUMBTR OF VERTICAL IMAGES COWMAINLNZ2®
ZTAINED IN STRiP IS *472,/10X, *PROCESSING AIL. BE ON BAND 4224/ MAINCNIO
: 410X, *SKIPPED DOWN ',13, VERTICAL IMAGES 3EFORE START.NG*////) MAIMNLN31
104 FORMAT(L0X,"PUNCH="4A3s" NUMPP-" Tty *NUMCIN=® 3Tl * NRED="9I3,  MAINLN3Z
4%  NSTAPT=",i3.% NTIMES=*,I3,' NQUANT=*,I4) ‘ MAINLN33
IF (MERGE) WRITE(6,3) : MATNLON3Y
3 FORMAT (/710X *THE FOUR _EX ARRAYS HAVE BEFN MERGED ;NTO ONE ARRAY*MAINLM3S
: 170 ‘ MAINLN3®
; IF(eNOT.PILTUR) HWRITF(644) - ,g% MATNLN37
. FORMAT(' THE PICTURE opr oN iS5 OFF '///) o ‘ B MAINCN3S
e R | MATNLN39
c SKIP THE FIRST NBS/LP ROH§ oF IMAGFS : : S MAINLNGO
c Tl ’ MAINLNG1
NOSK= NUMLIN*N%SKIP MAINLNG2
{7 GALL ESKIP(NOSK) MAINLNG3
c . 'MAINLNGY
¢ | GO DOoyN THE STRIP e . : - MATNLNG&S
o IMAGE GOORDIMATES (M1,N1) ARE TRANSFERRED IN COMMON “MAI NLNUG
6 M1 G;vss ThE: oow vOUNT 60: NG DOdN THE STRIP MAINLNG7
G MAINLNGR
'»IDEGIN ((NU!STR 1)‘(192'u))+xannn MATNLNGLY

C MAT NCNSD

: of ; THE
R U(‘gﬁﬁﬂ ‘IS ?QOE
\3\;@09 B.GDX
: 0&16
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000000 oOao

IOV >
2.0

QOO

. . . N ,'/} 5 : . !
SLOCK IMAGE INTO NUMLIN X NUMPP. BLOCKS/FOR PROCESSING
KE=0 ' ‘

CKSTKE+H

2N 507 ERTS TEXTURE ANALYSIS

MOVE THE :MAGE TO THE RIGHT 8Y EIGHT POINTS
I3EGIN=ISFGIN¢32 :
JSTOP=Z7ELIN+ ( (NUMIM*NUMPPL) *14) =13AND
NA=NaSKIP+1

00 99 M1=NB,NBVERT

JUNE 1973

MATN_NG L
MATNULNG?
MAINLNS3
MAINLYSG
MAINUNSS
MAINLNSH
MAINLNGT

s verrere¥SECTION 11--READ ERTS AND MOVE DATA INTO IMAGE®*®***¥#®83NMATNLNGR

T.INE IS THE ARRAY INTO WHITH THE ERTS DATA IS‘READQEILINE AND
TWORK USE THE SAME STORAGE SPACE
MOOWN GIVES THE ROW COUNT LN IMAGE FR0OM 1 DOWN TO NUMLIN

DO 90 MIOWN=1,NUMLIN

READ ERTS LINE 3Y _INE

CALL EPEAR(ILINE,LN) |

{N,RETURNED BY EREAJ, G.vé§‘THs'L1NE NUMSBER, OR ERROR INDICATION
IF (LN.FQ.0) GO TO 996 ‘ o

MOVE EVERY POINT IN THE _INE THAT BELONGS TO iBAND, INTO IMAGE
JSTOP GIVFS THE STOPPING POLNT IN ILINE FOR THE TRANSFZER

TRE TRANSFER IS 1NCREMENTED 3Y 4, THE NUMJER OF 3ANDS .
L>OUNT GOES FROM 1 TO NUMPPL¥NUMIM, GIV.NG THE CENGTH JOUNT

‘LCOUNT=0

NO 80 iPOTNT=IBEGINGJSTOR 4

LOOUNT=_COUNT+1

IMAGE (MOOHN,LCOUNT) =IL INE(IPOINT).
CONTINUE ‘ '
CONTINUE

IMAGE IS FULL., START TEXTURE ANALYSIS

serrersvrsSECTION I11--PROCESS IMAGE. BLOGK aY S_OCKe*RErrRERS

00 60 J3i.0CKS1,NUMIM

KE=KS+NUMPPL =1
L=0 ' ;'(,' .
DO 59 KLINF=14NUM_IN
- BN

K. GOES FROM™t TO NBR OF PTS WHILF KCOL GLVES THE COLUMN SOUNT

- LIERODUCIRILITY OF THE -
- CRIGINAL PAGE IS POOR °

MAIN_NSQ
MATNLNSD
MAINLNGL
MAINLNGR?
MAINLNGZ
MAINLNGYG
MAINCNBS
MAINLNGZ
MAINLNA7
MAINLNG?
MAINLNRO
MAINLNT7GO
MATNLNT
MAINLNT?Z
MAINLN7Z?
MAINLNTY

MAINULN7E

MAINLN7E
MALNLNTZ?
MAINLNT72

 MAINLN79
MAINUNAD

MAINLNR21
MAINLNS2
MAINLNS?
MATINLNS4
MAINLNSS
MAINLN3S
MAINLNAT
MAINLNSE
MAINLNAZ
MATNLNAD
MAINLNOZ
MAINLNA9Z
MAINLNI3
MAINLNIG
MAINLNIS
MAINLNGG
MATINLNIY

“MATINLNO®E

MATNLNI?

MATNLNOO

g

B PRt e

NG B
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DD 58 KZO0.=KS,KE, MATNLNG
K.=KL+1 ' . MAINLNO
1. INE(K')=LMAFE(K INEWKCOL) . MATNLNO
58 GONTIMUE ' : MATNLNO
59 CONT INUE L : MAINLNG
: NL=(N11-1)+JBLOCK . MATN_NA
c MAINCNY
c USE ILINE AS A DUMMY ARRAY TO SEND IWORK TO MAING MAINLNA
c ; MA TNLNY
CAL. MAING(LLINE,MERRyMERGE,PICTURyIF) MATNONL
c . | MATHLNL
c CHECK FOR ERROR CONDITION iIN MAING e MAIN.N1
c . 4 : : MATN_NL
IF (MERR.EN.1) GO TO 992 . - . - MAINLN1
60 CONTINUE 4 - MAINLiIL
99 CONTINUE o ‘ MAINLN1
c f ) MAZHN.ML
c  wys¥3vsrz¥SECTION IV--ENJ OF STRIP, FINISH Upwweevevess . MAINLN1
c ; o MAINLN1
c PUT AN EOF MARK ON OUTPUT.FILE IF AND WRITE ANOTHER RE3Z0R2 MAINLNZ
c ' . ' MAT NUN2
ENOFILE IF ‘ ‘ - MAINLNZ
CWRITE(IF) (JLINZ(K),K=1,10) - ‘ MAINLNZ & o
sTOoP o . CUMAINLNZ
; c : ' e MAINLNZ
( c ERROR DETECTFD---WRITE. FILE MARK AND ANOTHER RECORD MAINLNZ
- c ' L _ MAINLN?2
992  WRITE(6,9393) M1.NL~ o ; MAINLNZ
993 FORMAT(inX,'ERROQ IN SUZROUT.INE MAING, CAST IMAGE WAS (*92124%y"y MAINUNZ
; 112, ') : S MAINLNZ
i ; : ENDFILE IF _ ‘ : ~ MAINLNZ
: WRITE(IF) (ILINI(K),K=1,10) ) e o MAINLN3
STOP v A , © MAINLNZ
¢ , , MATN_NT
c ERROR DETECTED---WRITE FILE MARK AND ANOTHER RECORD: MATNLNZ ¢
c o g ‘ , ’ . . MAINLNZ
996 WRITE(6.997) M1 : : - . “MAINLNT
937 FORMAT(L0%,*UNEXPESTED EOF ON ERTS, LAST R0W LOMPLETED WAS *yi3) "MAINLNS
: ENOFILF ‘IF ‘ R T - S e TMATMNLNG
WRITE(IF) (ILINS(K),yK=1,10) - L : R MATNLNY
STOP L sy ‘ . 2 o C . MAINULNL - ]
CEND o i o Sl ‘ ~ MAINLNG
"1\‘4‘ . L . ; S
s
L ‘ XB O J
eI BET ¢ J
(j&“?“g C
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* ERTS M=-A=I-t-G JJNE 1973 "MAINGONL

NG
MATNGDD?2
WRITTEN 8Y RMHK ' DATE 027 1971 MAINGOA3
_VERSION t& BY RJ BOSLEY FOR LAWRENCE DAYA SEPT 1972 MAINGDOO L
YERSION 2 BY RJ BISLEY FOR ERTS UATA PROCESSING NOV 1973 MAINGONS
VERSION 3 3Y RJ SOSLEY FOR MERGE QPTION JUNE 1973 MAINGUOA
: MAINGO9/

DESCRIPTION OF PROGRAM. , E . MAINGOIA :
TH.S SUPROUT.NE PREPARES THE iMAGE IN ARRAY IWORK FHOR PITCHR MAINGON®
AND THTN PROZESSES 1T, ALJORDING T0 TFE MERGE OPTINN, CALL.NS MAINSOLL
SU3IRQUTINES =03 THF _EX ARRAYS+CALCULATING TnE TEXTURE FEATURESMAINGO1?

OOOOOUOOGOC’00000000060002
>

AND THEN WR.TTING OUT THE WESULTS. . MAINGO12 =
E ' ' MAINGO1S |
MATNGOLH |
ENTRY POINT. ' ] MAINGD15 !
CAL. MAING(IWORK,MERRyMERGE,PICTUR,IF) - MAINGO1F ;
ARGUMENTS . ‘ : ' MAINGO17 i
TWORK TUE NUMLN®*NUMPP_ IMAGE ARRAY MATNGO1E
MERR ERROR F.AG FOR LEX ARRAY SIZE Co . MAINGDLS
MERGE OPTION TO MERGE THE FOUR LIX ARRAYS MATIRSD20
PICTUR OPTION TO PRiNT PICTURE OF THZ iMAGE MAINGOZ
if FILE COLF FOR OUTPUT TAPE IN RITOWT MAINGO2E
. B v ; sl MAINGO?2:
. INTERNAL PARAMETERS. ’ MAINGO 2L
( : NUMLIN | THE NUM3ER OF JINES IN THE IMAGE MAINGGZF
" c NUMPP_ | THE NUMBER OF POINTS PER IMAGE LINE  MAINGD2E
c "NOIM MAXIMUM ALLCWASLE SIZZ OF THE LEX CMAINGHZ2Y |
c ARRAYS, MUMPP_*NUMLIN o MAINGO2F
c NQ NUM3FR OF QUANTIZING .EVELS FOR. KFQUANMAINGD2C ;
c IMAX ~ MAXIMUM GREY TONE LEVE. IN TWIRK MAT NGO’
c IMIN MINIMUM GREY TONE LEVEL IN ZWIRK MAINGO3:
c 18 STARTING PT 0F A ROW OF IWIRK MAINGO 3L
c 1€ ENDING POLNT OF THE ROW IN LHORK MAING] 3’
c . NGL NUM3ER OF GREY TONE (EVELS IN TAORK MAING O 3!
c - IASLZE SIZE OF IWORK ARRAY . MAINGO3F
R HORZ HORI7ONTAL SCALE FACTOR FOR PITLHR MAINGO 3!
-G VERT VERTICAL SCALT FAGTO? FOR PITTHR MAINGOT:
c LEASTL = ONE GREY TONE J/EVEL BE.OW LMIN MAINGOS
c NOSL NUM3ER OF GREY" TONE LEVELS IN IWORK  MAINGOS'
g NBURL  THE NUM2ER OF LEVELS IN THZ TRIANGULAPMATNGON!
c. . CLEX_ARRAY.T ; : © OMAINGON
c CleesLb - ADDRESS INDEXS FOR .THE LEX ARRAYS MAINGOG.
c S : : , v + L MATNGOY.
c o e L MAINGO b
c : g o I R MATINGO&!
c o ' T 5 ST .0 MAINGOUui ; 3
SUBROUTINE MAING (IWORK, MERRyMERGEy PICTURLIF) - N ‘ MAINGO& R
c o S — R R ‘ R C MAINGOH © Lo
LOGICAL MERGE,PLCTUR ; S SR S : MAINGON: ,

DIMENSION IWORK(4095) o oo MAINGDS

{ ';RE?RQDUC g
el IBIIII’ : .
; €Ed§g}h§L'PAGﬂf§é%g;g§?E ‘

  17é/,
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DIMENSION G(64),IN(64) 7 MATNGOS1

COMMON /Q/ NNUANT ) MAINLOS2

COMMON nl.ui.r(xsx.;MAx.LMzN.NumpﬁL.NUML:N,NBUBL.:Rt,;Rz.:R}.:Ru. MAINGNSS

1 GUMMY(ZQ).Lensri,NoED,N_AVER.NsrARr.ernfs.No.PNCH~*' MATNGOSUY

SOMMON /E”/ENTROP(&)vGIFENV(Q)pD;FAVE(b).JIFV&R(%).SUHENT(“)o MAINGOSS

1SUMAVE (H) s SUMVAR (&) S MAINGOSH

COMMON /CORQEL/CO?INF(u),CORMUT(b),CORMAX(k) v MAINGNST

“OMMON IMAGE(H4,192) - , , MAINGOSS

NOT M=NUMPPL¥*NUMLIN _MAINGOSO

NR=32 - . = : MAINGOGO

c ‘ MAINGOG1

c QEWIND SCLRATCH FILE, COPY. IMAGE IN ALINE 8Y LINE FASHION ONTO MATNGNE2

¢ THE SCRATCH FILE, ANG DETERMINE THE MINIMUM ANJ MAXIMUM GREY TONEMAINGOSS

c : R MAIMNGOBUL

: REWIND 2 : MAINGOBE:

c . . . MAINGD6F

c FIRST, QUANTIZE THE ARRAY TO NQ LEVELS FOR PIJTURE AND EFFICIENCYMATINGOB7

c ~ ) « MAINGOS®

IMAX=-10000 ; ) ' MAINGOGS

IMIN=10000 : , oo , _ MAINGO?7T

00 13 J=1,NUMUIN B ' MAINGO 71

IS=NUMPPL¥(J-1)+1 A : ' ' MAINGO7C

IE=NUMPPL*J ' . MALINGO?7?

D0 12 K=IS,IE SRRT ‘ ' MAINGO7!

IF (IMIN.GTIWORK(KY) ITMIN=IWOIKIK) ez , MAINGO7¢

IF (TMAX.LT.IHORK (X)), IMAX=IHORK(K) . o MAINGOT7:¢

12 CONTINUE T . , o MAINGO7:

13 CONTINUE : R, MAINGO7.

U NGLETIMAXHL ' . MAINGO7:

IASIZE=NUPPL®NUMLIN ; ~ : " MAINGOB

CALL KENUAN(IWORKsNGL yNQyIASIZE) : ' MAING08”

c , o MAINGO3~

c COPY IMAGE ON SCRATCH FiiLE AFTER QUANT.ZATION Lo . . MAINGOS

c : o - ' =7 MAINGO 8!

DO 20 I=1 NUMLIN : : ; .~ MAINGOSB!

- IS=NUMPPL*(I~-1)+1 : S L+ MAINGO3

‘ TEENUNMPPL®I o ' . : ‘ MAINGOS

: WRITE(2) (IWORK(K) yK=1S,1E) o . ; MAINGOS

20 CONTINUE Lo : MAINGOA

C o s , MAINGOS

c THE MAXIMUMY AFTER KEQUAN QUANTIZES TO NQ LEVELS IS NQ=1s MINIMUM=0MAINGOO

c ' ‘ ‘ ’ R I CMAINGOS

IMAX=NQ-1 - : o o L MAINGO9

S 1MIN=0 = L S e MAINGO9

e B : F ©MAINGO9

- TEST FOR PICTURE OPTION Chw e S T MAINGD9

¢ : o N S UMAINGD®

IF(.NOT.P.CTUR) GO TO 16 v ' e Sl CMATNGO9

C . , ; e . o S o . MAINGO9
¢ TRANSPOSE ‘IWORK FOR PITCHR

BEFRODUCISILITY OF THE
 GRIGINAL PAGT 1S POOR -

1

MAING10

ot

v,

et

[ROR—
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L=0

DO 14 I=1.NUMCIN
L=L+e
ISSNUMPPL*(T-1)+1
IE=NUMPPL*]

K=0

00 15 J=IS.IE
K=K+l

IMAGE (LK) =IHORK(J)
CONTINUE

CONTINUE

PRINT OUT PICTURE OF THE IMAGE

HORZ=(64.0%¥0.90) /FLOAT (NUMPPL)
VERT=(64.0%0. 75) /FLOAT i 0eMuIN)

CALL PITCHR (IMAGE, NUMLINyNUMPPL,O

LEAST1=IMIN-L

NOBL IS THE NUMBER OF BSRIGHTENESS (EVELS

NOBL=IMAX-LEAST1

YNBU8L=NOEL‘(N03L+1)/2

QOO0

r< Xz X3

L OO

1

(eNe

SET UP THE INDEXS FOR THE LEX ARRAYS

Li=1
L2=L1+NUMPPL*2
L3sL2+NSU3L

Lt =L 3+N3UBL
LS=LG+NBUCL
L6ILS +NBURL -1

CHECK THE SIZE

IF(LB GT.NOTM) GO TO 78
DO & NN= NSTAPT,NTIM’S
REWIND 2
NLAYER=NN-1

GET THE LEX ARRAYS

NUMPPL, MERGE)

’ALCU;ATE THE TEXTURE FEATURES

J1s09IMAXs 90y 999 HORZIVFRTy )

"UNBUBL IS THE NUM3ER OF _EVELS IN THE TRIANGU.AR LEX ARRAY

CALL FPLX*T(INOQK(LI)9INORK(L2)oIHDRK(L3)oIHOQK(LQ).IN)QK(LS)'

JUNE 19373

MAINGLINY

MAING102
MAINGLN3
MAING10Y
MAING10S
MAING106
MAINGLO7
MAING108

MAINGLNG
. MAINGL10

MAINGL 11
MATNG112
MAING113
MAINGL14
MAING115
MAINGL1H
MATNG117
MAING118
MAING119
MAINGL20
MAING121
MAING122
MAING123
MAINGL12L
MAING125
MAING125
MAING127

MAING128
MAING129

MAING130

CMAING131

MAING132
MALNG1 33
MAINGL 34
MAING135
MAING136

"MAING137
+ MAING138

MAING13°

MAING 140

MAINGL LY

MAING142
"MATNGL 43
"MAINGL G4
MAING1 A4S

MAINGLLE

“MALNGLH7

MAING LGP

MAING14S |
MAING1SC

PO U TN s s
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(2 Xo K] (]

QU0

4

78
104

MAING1S

SALL TMOMTR(LIWORK(.2) 4 IWORK(L3)9THORK (L) INORK(LS) 4GoI2)MERGE)  MAINGLS
, MAINGLS

OUTPUT THE TEXTURE DATA ‘ MAING1S
: MAING1S

CALL RITOWT (IWORKI(. 2)oxNOQ<(L3)'.NORK(Lh).LNOHK(LG) GyiNWMERGE yIF4 MAING1S
1t PICTU®) , MAING15
CONTINUE . : ' ‘ MAING1S
: T MAINGLS

SET ERROR INDIZATOR TO NO ERRORS -, MAING16
! MAING 16

MFRR=0 . : MAING16
RETURN . MAING16
WRITE(6,104) NDIMJLS ’ : o MAING16
FORMAT (6H NOIM=,I5,16H NJITM MUST BE = ,17) : MAING1 6
MERR=1 ~ ) ‘ MAING1E
RETURN o : MAING16

END MAINGLE

o N I R
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T F=p=i=X=I~T JUNE 1973 FPLXITO1
: FPLXITO"

WRITTFN BY RMH SEPT 1971 FPLXITO3
VERSION 1 B8Y RJ Q0SLEY FOR MERGE JUNE 1973 FPLXITOY
FPLXITAS

DFESCRIMTION OF PROGRAM, FPLXITOA
THIS SUPROUTINE COMPUTES FOUR NEAREST NEIGHBOR GREY TONE MA- FPLXITO7?
TRICES, LEX1, LEXZs LEX3,s AND LEXt FOR ANGLES OF 90=-0ZGREES, FPLXITO®
N=DEGREES, 135-"ECREFS, ANu 45-DFGREES RESPECTIVELY. FPLXITOC
INCLUJED IN THIS SUTROUTINE IS AN OPTION TO MERGE TnE FOUR LEX FPLXITLN
ARRAYS INTO ONF, LEX1 ; , FPLXIT1
FPLXIT12

FPLXIT12

ENTRY POINT. L FPLXIT1Y
CALL FPLXIT(IDATASLEX1+LEX24LEX34LEXL,NUMPPLMERGE) FPLXIT1S

’ FPLXIT1#

ARGUMENTS s FPLXITL7
ICATA  WORKIMG ARRAY FOR TWO LIMES OF IMAGE FPLXITLE
LEXL1=LEHL ADDRESS INDEXS FOR LEX ARPAYS FPLXIT1Y

NUNPPL = NUM3ER OF PTS PER IMAGE. LINE FPLXIT2S

MERGE T -OPTION TO MERGE THE FOUR LEX ARRAYS FPLXIT 21

“AINTO ONE ARRAY, LEX1 FPLXIT2?

) ‘ FPLXITZ23

INTERNAL PARAMETERS. L : . ’ FPLXIT2Y
NPUSL » NYUM3ER OF LEVELS IN THE TRIANGULAR FPLXIT2€

j/  LEX ARRAYS FPLXIT2€

IST POINTER TO FIRST LIME FPLXIT27

NND POINTER TO SECOND LINE FPLXIT?¢

NRED BASE FOR IMAGE REDUCTION o FPLXIT2®

NLAYER THE POWER TO WHICH NRED IS RAISED FPLXIT3C

MM - AMOUNT OF REDUCTION OF THE. IMAGE FPLXIT3t

FILE 2 SCRATCH FILE CONTAINING ThE IMAGE FOLXIT3?

TeJaleK Gakv TONE VALUES OF NEIGHRJRING FPLXIT3Z

: fRESOLUTION SEL.Sy ONE TO EACH ANGLEFPLYIT3U

INDEX(I,J) FUNCTION USEJ TO RETURN A SINGLFE FPLXIT3®

: SUBSCRIPT FOR THE LEX ARRAY EPLYTIT3¢

INDICATING WHERE ELEMENT (I,J) CAN FPLXIT37

BE FOUND - , FPLXIT3¢

o FPLXIT3C
SUBROUTINE FPLXIT(IDATALLEX1sLEX2sLEX3yLEXY NUMPPL,MERGE) CFPLXITHC
) FPLXITHI

DIMENSION IJATA(NUMPPL2) yLEXL1(L) sLEX2(1)4LEXI(1)LEXLIL) CFPLXITHE
COMMOM M1 ,N1,TYPELF (14} g , o FPLXITHT
COMMON 11,12, HYMPPL,NUMLINGN3UTL 4IR1,IR2IR3,IRG,0UNNY (29) Cr FPLXITHL
COMMON LEASTL NREJWNLAYER,NSTART,NTIMES S FPLXITWS
LOGICAL MFRGE , CEPLXITYE
o ‘ . o FPLXITUT

“ INITIALIZE LEX1, LEX2, LEX3, AND LEXb ARRAVS TO ZERQD - : FPLXITH®
e > f EERR o FPLXITWS

1 4NBUBL i

00 10 I = L FPLXITSC

£

i
e
i

% LrbRODUCISILITY OF THE

180
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0000000000

c
¢
c
8
29
c
¢
c
c
c
18

00.19

N =0

20,451 Fop-lL=X=I-T JUNE 1973
LEXL1(I) =0 FPLXITS1
LEX2(I) =0 FPLXITS2
LFX3(I) =0 FPLXITS3
LEX4(T) =0 FPLXITSH

l FPLXITSH
IRL = 0 FPLXITSA
IR2 = 0 FPLXITS?
1?3 =1 FPLXITSH
IRy =0 FPLXITSY
FPLXITAI

IST POINTS TO FIRST LINEe NNO POINTS TO SECOND LINE FPLXITH1
' FPLXITH2

IST = 1 V . FPLXITS3
NND = 2 : R FPLXITA4
‘ : FPLXITHS

MLAYER IMDICATES 3Y HOW MUCH THE IMAGE WILL 3E RECJCED . FPLXITHA

NREQ IS THE FAGCTOR 3Y Whilk THE IMAGE WIL. BE REDUCEJ. (IT IS THEFPLXITHT
BASE WHICH IS RAISED TO THE POJER NLAYERS) THEH, 3Y ODEFINING THE FPLYITAHA

QUANTITY MM, WHERF MM = NRIFD¥®NLAYEZR, HE HAVE A $INGLE FACTOR
THAT DETERMINES THE REJUCTION 3ASE AND THE AMOUNT OF TwE REQUC-

FPLXITAQ
FPLXIT7D

I0N. IF, FOR EXAMPLE, N2ED = 2+ AND NLAYER RANGES FROM € T3 3 -- FPLXIT71

THIS RANGE IS JETERMIMED 3Y THE PARAMETER MTIMES {(SEE °*MAIN®),

FRPLYITT2

THE RESULTANT PRICESSING WILL YIELD FOUR IMAGES THAT WILL BE SUC-FPLXIT72

CESSIVELY REDUCED B8Y 1y 1/2y 1/4, AND 1/8 RESPECTIVELY.

‘MM = NRED¥*MNLAYER -
NUMPLZ = NNMPPLZMM

DO 111 KK1=1,MM

DO 111 KK2=1,MM

GET THE,  FIRST LINE OF DATA FROM OISC FILE 02

00 A LL=1,KK1 ,
READ(2) (IDATA(L,IST),L=1,NUMPPL)

DO 29 J=KK2,NUMPPL 4 MM
N = N+ 1

IDATA(N,IST) = IDATA(JLIST)
MMMEMMAKKL y . ‘ 7
00 1 LCNT = MMMy NUMLIN, MM : : L

GET THE SECOND LINE OF DATA, AFTER EACH ITERATION, THE oLD SFC-
OND LINE BECOMES THE NEW FIRST LINE. ) '

D0 18 LL=1,MM . ~
READ(2). (IDATA(LyNND),L=1,NUMPPL)
N =0 ’ ‘ : g
J=KK? o NUMPPL o M

N=N®1L1 .

REPRODUCIBILITY OF THE
_ ORIGINAL PAGE IS POOR

1) R

FPLXIT74
FPLXIT?5
FPLXIT76
FRLXIT7?
"FPLXIT73
FPLXIT72
FPLXITAO
FPLXITB1
CFPLXLITS2
FPLXITS83
FPLXITA4
FPLXITS5
FPLXITSO
FPLXITS7
"FPLXITIA
FPLXITAY
FPLXIT9D
FPLXITA1
FPLXIT92

CFPLYXITA3

FPLXITAY

S FPLXITYS

FPLXIT96
FPLXITA?
~FPLXITA8
CFPLXIT99
FPLXITOO

R
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IDATAINGNND) = IDATA(J,NND) FPLXITNL
FPLXITO2

_ ‘ ' ~ FPLXITO3

SET I. Ls Jo AND K EQUAL TO THE (NORMALIZED) VALUES OF GREY TCNESFPLXITNH
OF RESOLUTION UFLLS IN POSITIONS (1/IST)s (1,NNDV, (2,IST), AND FPLXITNG
(2,NND) RESPECTIVELY. ! ' FPLXITOD
FPLXITO?

I = IDATA(L1,I5T7). = LEASTY FOLYITO®
J = IDATA(2,IST) = LEASTL FRLXITI9
L' = IDATA(1,NND) = LEAST1 FPLXIT10
K = IDATA(2,NND) = LEAST1 FPLXIT11
: ' FPLXITLZ

oyT TWO DIMENSIONAL INFORMATION INTO ONE JIMENSIONAL FORM. THE  FPLXIT13
FUNCTION NEEDEU TO CONVERT A DOUBLE SUSS32IPTED ARRAY, IMM(X.Y) FPLXiT1h
INTO A SINGLE SUISCRIPTED ARRAY, IMM(Z), IS OF THE FNRY G(X) +  FPLXIT1S
FUY), WHEBE G(X) = (X=1)¥X/2, ANDJ F(¥) = Y. THEREFORE, FPLXIT15
7 = (X=1)%¥X/2 + Y. FPLXITL?7

THIS IS CONE IN THE PROGRAM 3Y THE EXTERNAL FUNCTION, INDEX(X,Y).FPLXIT1%
‘ , FPLXIT1O

SINGE THE OPDER OF OCCURRENCE OF THE GREY TONES BELOMGING TO A FPLXIT2C
RESOLUFTON CELL. PAIR IS IMMATERIAL, THE ARRAYS ARE SYMMETRIC. FPLXIT?1
WE LET THE LARGFR OF THE TWO FAVE THE FIRST SUBSCRIPTy I.Ees FPLXITZ2
THE APRAY IS STORED IN LOWER TRIANGULAR FORM. THE ORJER OF Su3- FPLXIT23
SCRIPTING IS AS FOLLOWS, , FPLXIT24

COIMM(L.1) = IMM(1), FPLXIT25S -

TMM(2,1) = IMM(2),. FPLXIT2E

IMM(2,2) = IHM(3), © EPLXITRY

IMM(3,1) = TMM(4), FPLYLIT27

o JFPLXLIT2®

. , CFPILXIT3Y

, . o : FPLXIT31

_ IMM(NO3L s NOBL) ~= IMM(N3USL) 4 WHERE ; FPLXIT3?

NBUBL = NO3L*(HOSL + 11/2, AND NOBL IS THE TOTAL NUMBER OF GREY FPLXIT37
TONES IN THE ARRRAY. . FPLXIT3G
: FPLXIT3S

: . FPLXIT3E
THE SCANNING PROCEQURE, THAT IS, THE METHOO B8Y WhICH THE PAIR-  FPLXIT37
WISE COMPARISONS ARE YASE, IS DESCRIBED 3ELOW FOR THE GENERAL FPLXIT3F
CASF. FPLXIT3C
CONSIODER A PESOLUTION CELL WITH SPATIAL COORDINATES (MyN)y AND  FPLXITHT
CALL THIS CELL °*I®e THE STAMNING OPFRATION BESINS IN THE UPPER  FPLXITG4!
LEFT HAND CORNER OF THE IMAGE (THE FIRST PUSITION OF*I* IS 1IN FPLXITH!
THAT OF PESOLUTIAN CELL {141) AND IT THEMN PR20SEEDS B8Y COMPARING | FPLXITHh.
THE GPEY TONE NF *I°* WITH AT MOSY, FOUR GREY TOMES OF LTS NEIGh-FPLYLITG
BORING RESOLUTION CELLSe o - : FPLXITH
THAT *I* NEVFR NEFOS TO CONSIDER MORE THAN FOUR NEAREST NEIGHBORSFPLXITUS
CAN BE SEEN FROM THE DIAGRAM OF THE SEARCH PATTERN SHOWN BELOW  FPLXITH:
: ‘ : o FPLXITL:

1 J CFPLXITH!

FPLXITS!

MoL K.

AT
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i
c . FPLXiTSY |
c ON A GIVFEN ITEPATTON, °*I* WILL LOOX FIRST AT ITS NEAREST VERTIGALFPLXITS! !
c NETGRAO® (“L*)s NEXT AT LTS MEAREST WORIZONTAL NEIGHIOR (*J*), - FPLXITS.
c THIRD AT ITS LONER RIGHT NEIGHSOR (*K®)y ANO FOURF+ AT ITS LOWER FPLXZITS5!
c LEFT DIAGONAL NEIGHACR (*M*). °*I° THE MOVES INTO THE POSITION NFFPLYITS!
G THE LEFT=MOST 9E30LUTINN CELL OF THE PREVINUSLY SCANNED SECOND — FPLXLTS
{ c ROW (THE POSITION OCCUPIED BY *M*). THE OPERATION IS REPEATED UN=FPLXITSI
c TIL ALL NEIGHZ0RING PAIRS OF RESOLUTION CELLS HAVE 3EEN EXAMINEDFPLXITS!
c Y : FRLXITSS
c v il , FPLXITAI
¢ MAKE COUNT FOR THE FIRST TWO COLUMNS. ' FPLXITH:
c : _ ‘ ' FPLXITH:
c FPLXITA™ !
IL = INDFX(IL) FPLXIT&!
¢ FPLXITHT 1§
c COUNT VESTICALLY ADJACENT (90-3EGREE) NEAREST NEIGHBORS FOR FIRSTFPLXLTH
c TWO COLUMNS. = FPLXITA:
c ‘ ‘ : FPLXITA
LEX1(IL) = LEX1(IL) + 1 ’ FPLXITHS
IRL = I1 + 1 = : . FPLXIT7"
c T . FPLXITT!
IJ = INOFX(I.J) FPLXIT7:
c ‘ ’ o . . : FPLXIT7.
c COUNT HORIZOMTALLY ADJACENT (0-GEGREE) NEAREST NEIGHB0RS FOR THE FPLXIT7!
( c FiRST TWD COLUMNS. FPLXIT?® |
: c ~ : : ‘ FPLXIT7¢ |
LEX2(IJY = LEX2(IJ) + 1 P - FPLXIT7:
IR2 = IR2. + 1 : ) o FPLXIT7:
c ' : ; . FPLXIT7¢ |
IK = INDEX(I,K) . FPLXITS
¢ . . : FPLXITS:
c COUNT *LEFT OIAGOMALLY® ADJACENT (135-DEGREE) NEAREST NEIGHBORS FPLYITA"
c FOP FIRST TWO COLUMNS. : FPLXITS
c , : FPLXITS.
LEX3(IK) = LEX3(IK) + 1 e FPLXITB'
IR = IR3 ¢ 1 . ~ FPLXITS |
) c . FPLXITA" § :
| - NOW SHIFT ONE COLUMN TO THE RIGHT AND CONTINJE THE FPLXIT3 P
f c  PROCEDURE FOR GENERAL CASS IM WHIGH A RESOLUTION CELL (1) 44S FPLXITA P
e ONE VFRTICAL NEAREST NEIGA30R (L)y ONE HORiZONTAL (J), OHE LOW- FPLXITH it
. C ER RIGHT OIAGONAL (K)y AND ONE LOWER LEFT DIAGONAL (M) ITERATE FPLXITY P
c UP TO NEXT TO LAST GOLUHN. : : : T FPLXITY o %
¢ ¢ . R : : ~ FPLXITS ’
S DO 2 N = 3,NUNPL2 , : ; , FPLXITOY: :
I = - : R : CFPLXITI! 3
M=L L D ‘ e FPLXITO! :
L =K SR FPLXITI. .
J = IDATA(N,IST) - LEASTL e o S FPLXITY g
: “K = IDATA(N,NNI) = LEASTL = : e - FPLXITI

0 SR S FPLXITO
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IL = INODEX(I,L) FPLXITORY
o FPLYITO?
COUNT VERTICALLY ADJACENT (90-DEGREE) NEAREST NEIGHBORS. FPLXITO3
‘ ' - FPLXITOL
LEXL(IL) = LFXL1(IL) + 1 FPLXITOS
IRL = IR1L ¢+ 1 FPLYITOG
FPLXITN7
1J = INDEX(I,)) FPLXITNA
| FPLXITOQ
COUNT HORIZONTALLY ALJACENT (0-OEGREE) NEAREST NEIGHBIRS. FPLXIT19
: . FPLXITLL
LEX24IJd= LEX2(IJ) + 1 FPLXITL2
IR2 = IR2 ¢+ 1 ‘ FPLXIT13
q . FRLXITLY
IK-= INOEXIIsK) FPLXIT1S
. , : , : FPLXIT1S
COUNT *LEFT DIAGONALLY® ADJACENT (135-DEGREE) NEAREST NEIGHBORS. FPLXITL7
FPLXIT18
LEX3 (IK) = LEX3UIK) + 1 FPLXIT1Q
IR3 = IR3 ¢ 1 : FPLXIT20
FPLXIT21
IM = INDEX(IM) FPLXIT22
: o FPLXITR23
COUNT *RIGHT DIAGONALLY® (45-DEGREE) AODJACENT NEAREST NEIGHS50RS. FPLYIT24
. : FPLXIT25
LEXL (TM) = LEXW(IM) + 1 FPLXIT?%
IRt = IRL + 1 FPLXIT27
FRLXIT23
CONTINUE FPLXIT29
FPLXITSO
MAKE COUNT FOR LAST COLUMN. FPLXLT31
FPLXIT3?
1=J < FPLXIT33
N =L CFPLXIT 3
L =K FPLXIT3S
o FPLXIT36
IL = INDEX(T,L) FPLXIT37
S ; ; FPLXIT33
COUNT VERTICALLY ADJACENT- NEAREST NEIGHAORS FOR LAST COLUMN. FPLXIT3?
: : . : FPLXITHE
LEX1(IL) = LEX1(IL) ¢ 1~ K ‘ Y FPLXITHL
IR1L = IRL + 1 L ) , B FPLXITH2
‘ - ; , [\ FPLXITH3 "
IN = INDEX(I.M o ; i : R FPLXIT4Y
: ‘ _ : L o  FPLXITHS
COUNT *RIGHT DIASGONALLY® ADJAGENT NEAREST NEIGHB3ORS FOR THE LAST FPLXIT LA
COLUMN, S Ry ' CFPLXITH7
: : _ = L FPLXITHA
LEX&(ITH) = LEXHIIM) + 1 - FPLXIT49

FPLXITS0

|>W . : “ “

el e T R S
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20,0651 F-p=L-X-1-T JUNE 1973
FPLXITS1
INTERCHANGE THE LINE POINTERS. FPLXITY?
FPLXITS3
MN = IST - FPLXITOU
IST = MNO C FPLXITSS
NND = MN : FPLXITSH
FPLXITS?
CONTINUE FPLXITH?
FPLXITGS
MAKE COUNT FOR LAST ROW. FPLXITAS
‘ FPLX1IT6I
1=IDATA(1,IST) - LEASTH FPLXITGZ
=1DATA(2,iST) - LEAST1 FPLXITAZ
FPLXITAL
1J = INDEX(T.J) FPLXITBE
~ FPLXITAf
COUNT HORIZONTALLY ADJACENT NEAREST NEIGH30RS FOR FIRST TWO COL=- FPLXITSY
UMNS F LAST ROW. ' FPLXITG!
FPLXITHS
LEX2(IJ) = LEX2(IJ) + 1 FPLXIT7C
IR2 = IR2 + 1 FPLXIT71
FPLXIT7!
COMPLETE COUNT FOR LAST ROW. FPLXIT7:
: FPLXIT7!
00 12 N = 3,NUMPL2 FPLXIT7®
I =J ' . FPLXITYS
J = IDATA(N,IST) - LEAST1 FPLXIT7:
: FPLXIT7:
IJ = INOEX(I4J) FPLXITT!
FPLXITS
COUNT HORIZONTALLY ADJACENT NEAREST NEIGHBORS FOR REMAINDER OF FPLXITS"
LAST ROMW. - FPLXITS
FPLXITS
LEX2(IJ) = LEX2(IJ) + ¢ FPLXITS
192 = 122 + 1 h FPLXITSY
SONTTNUE FPLXITS:
REWIND 02 . FPLXITS
CONT INUE CFPLXITS
_ - CFPLXITS
. FPLXITY
NOW DOUBLE THE DIAGONAL TO MAKE EVERYTHING COME OUT RIGHT FPLXITA
: FPLXITO
NOBL=I1-T24+1 FPLXITQ
00 100 I=1,NOBL FPLXITY
TI=1NOFX(I,1) FPLXITO
LEXLC(II)=P*LEXLLIT) o : : , FPLXIT9
LEX2(ITV=2%LEY2(II) . « G FPLXITQ
CLEX3(IIN=LEX3(IIN*2 : : . : FPLXITY
- X = L ] ; : rro
LEXH (11D LFX’O(II)k 2 REPRODUCIBHIITY OF THE ;gt;i;é

100

CONT INUE A
| ORIGINAL PAGE IS POOR

185

Shah e




;
( 02-09-74 20,451 Fep-l=X-I=T JUNE 1973 ?
IF (.NAT.MERGE) RETURN FPLXITO |
c . o : FPLXITO |
c IF MFRGE IS TRUE, SUM ALL APRAYS INTO LEXL FPLXITO |
c FPLXITO. |
DO 112 I=1,NBUSL FPLXITO |
LEXL(I)=LEXTI(I) +LEX2(I) +LEXI(I)+LEXL (T) FPLXITO ¢
112 CONTINUE FPLXITO. i
PETUPN FPLXITOD ]
ENO , FPLXITO |
;
769 WO020S OF MEMORY USED 2Y THIS COMPILATION :
REPRODUCIBILITY OF THE
ORIGINAT, PAGE IS POOR :
:
:
5 1
|
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20,677 I1-N-D=-£=-X

I-N-D=~E=X

WRITTEN BY MH

SEPT 1971

GIVEN THE ROW ANO COLUMN SUBSCRIPTS I AND L, INDEX RETURNS
THE STNGLE SU3SGRIPT FOR THE LEX ARRAY INDICATING WHERE

ELEHFNT'(E;L) CAN NE FNUND.

1

2 3

5 5 6

7 8 9 10

FUNCTION INDEX(I,L)
INDEXL (I, L) = (I-1)*1/2 + L
IF(1.6T.L) GO TO &

INCEX = INDEXL1(L.I)

RETURM

INGEX = INDEXL(I.L)

RETURN

FND

INDEX001
INCFX030%2
INGEXON3
INDFXDOL
INDEXQO®
INDEXDOE
INCEXON7
INDEXDOH
INCEXODC
INCEXT1LC
INDEXOLY
INDEXO1C

INDEXO01Y

INDEXD 1L
INDEXO1L!
INDEX01¢
INDEX01-
INDFXO01’
INDEX01
INDEXQ 2"

INGEX02:
INDEXD 2!
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02-12-74 20,781 1-M-0-M-T-R JUNE 1973 :
CIMOMTR I-M=-0=-M=T-R JUNE 1973 IMOMTROL i
c . IMOMTRO2 :
c WOITTEN BY RMH SIPT 1971 IMOMTRO3 ;
c VERSTOM 1 BY SAM SHANMUGAM FOR LAWRENFE DATA JUNE 1972 IMOMTR04 !
c VERQSION 2 BY RJ BOSLEY FOR MERGE OPTION JUNE 1973 IMOMTROS ]
c IMONTRO6 1
S DTSCRIPTION OF PROG?AM. IMOMTRAOT £
c THIS PROGRAM CALCULATES THE MOMENT TEXTURE STATLSTISS (A5 IMOMTROB :
S DEFINES OFLOW UNDER TFXTURA. FEATURES) FROM THE LEX ARRAYS, IMOMTRNY I
c ACCORDING TO THE MERGE OPTION. - IMOMTRLD §
c Co IMOMTR11 :
¢ , IMOMTR12 .
c ENTRY POINT. IMOMTRL3 {
c CALL IMOMTR(_EXLsLEX2y-EX34LEXUsF91QsMERGE) IMOMTR1LY
c ‘ : IMOMTR1S
c ARGUMENTS . ; : IMOMTR16
c LEX1-LEXY ADDRESS INDEXS FOR LEX ARRAYS IMOMTRL7
c F CUMULATIVE DISTRIZUTION FUNCSTION IMOMTR1A
c In o  QUANTIZED OUTPUT ARRAY OF I1£QPQL IMOMTR19
c MERGE - OPTION TO MERGE THE FOUR .EX ARRAYS IMOMTR20
c INTO ONE ARRAY IMOMTR21 7
¢ . v MomMTR22 i
c LNTERNAL PARAMETERS. ) IMOMTR23
, c ANGMOM, s « CORMAX TEXTURAL FEATURES=-=-SEE BELIW TMOMTR? L
{ c NQUANT ' NUM3ER OF QUANTIZING (EVELS FOR CEQPQLIMOMIR2S
" c NQUAN2 TWICE NQUANT ‘ : IMOMTR2%
c 1MAX MAXIMUM NUMBER OF GREY TONE .EVELS IHOHTR2T
c iMIN MINIMUM NUMEER OF ‘GREY TONE _EVE.S IMOMTR2R
c IR1-IRY THE NUM3ER OF RESO_UTION 3EL. PAIRS ~ IMOMTR2S
c R1-RG4 INVERSE OF iR1-IR4 C . IMOMTRZO
c ' COUNTED IN EACH LEX ARRAY - IMOMTR31L
c QD SCRATGH ARRAY USE3J 8Y SUSROUTINZ COR TMOMTR32
c P(XY) AQRAY OF JOINT PROSABILITIZS IMOMTR33
S NOSL NUMBER OF GREY TONE LEVELS ' IHOMTR3Y
c NADD1-NADDW SUM OF ELEMENTS OF ThE LEX ARRAY IMOMTR3S
c , v , ' © IMOMTR36
c TEXTURAL FEATURES. . : , © IMOMTR37
c ANGMOM= SUM SUM P(IsJ)¥P(14J) ' IMOMTR3E
c I , IMOMTR 39
c ' IMOMTRALD
c , . v IMOMTR G
c AMEAN= SUM SUM I*P(I,J) = : ’ IMOMTRULZ
o PRI | - , , - IMOMTR4Z
c o AT - ' ©IMOMTRBL
¢ - , S ‘ , CIMOMTRGS
c AMEAN= SUM SUM J*P(I.J) : ' . IMOMTR46 ;
c ‘ L d ‘ . - L TMOMTRYT L
c S ‘ : IMOMTRLE
c B T : - :  IMOMTRAL? :
c  SGMASQ= SUM SUM ((I-AMEAN)*¥2)%P(I.J) e ‘; G IMOMTRSE
c o ~ R ~ REPRODUCIBILITY OF THE SR
B » L - ORIGINAL PAGE IS POOR - e -

A B




02-12-74

OOOOOOOﬁOOOQOOQOOOOGUOO()OOOOt’)O0.00C)C)OOOC)OOOOC)QOOOGO

204781

SGMASQ= SUM SUM

I

I=-M-0-M=-T=R

((J-AMEAN) #v2) %P (]
J

JUNE 1373

'J)

SGMAXY= SUM SUM (I-AMEAN) *J- AMEAN)IP (Z4J)

J

TVOMOM= SUM SUM (P(f,J)/(1+(I J)#e2)

I

J

RATIO=SGMAXY/SMGASQ

ENTROP==SUM SUM P(I,J)L0G(P(IyJ))

1

DIF(K)= SuM

A3S (I~

SUM(K) =

DIFENT
, X

DIFALVE

K

J

SUM P(I4J)
J)Y=K ’

SUM SUM PU(I,J)
T+J=K

SUM K¥DIF(K)

SUM DIiF (K)¥LOG(D.F(K)) *(-1)

OTFVAR IS THE VARIANCE OF THE DISTRIBUTION DiF

NOTE THAT

DTFMOM=2* (SGMASQ-SGMAXY)

THE INTEGERS 14242344 FOLLOHING,THE‘VARIhB

TRE FOUR ANGLES--

LEX

SUBSCRIPT ’ A
ARRAY ' MOMENT ' ARRAY

LN
N £ N

189

NGLE

90 DEGREES
0 DEGREES
135 DEGREES

45 DEGREES

IMOMTRS L
IMOMTRS?
IMOMTRSZ
IMOMTRGH
IMOMTRSS

IMOMTRSE:

IMOMIRSY
IMOMTRSA
IMOMTREA

IMOMTR6D:

IMOMTRA1L
IMOMTR5?
IMOMTIRAZ
IMOMTRE:
IMOMTRES
IMOMTRGR
IMOMTRSE7
IMOMTREA
IMOMTRAEQ
IMOMTRT7G
IMOMTR71
IMOMTR72

IMOMTR7T
IMOMTR 74

IMOMTRT7S
IMOMIR 7%
IMOMTRYT
IMOMTR73
IMOMTR79
IMOMTRSO
IMOMTR A1
IMOMTRA2
IMOMTRAZ
IMOMTIRBY
IMOMTRSS
IMOMTRAR
IMOMTRAT7

ITMOMTR S8

IMOMTRARQ
THMOMTRO]
IMOMTR91

‘IMOMTR9I2

MOoOMTR33
IMOMTRIL
IMOMTRAS
IMOMTRSH
IMOMTRA7
IMOMTRI8
IMOMTRY90
IMOMTROO

VIR IR LRI,

P
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20,781 I =H=-0=M=-T-R JUNE 1973
. TMOMTRNY
TF MERGE IS «TRUE«, THE FOUR LEX ARRAYS HAVE BEFEN. MER3ED INTO IMOHTRAZ
LEX1e. IMOMTRO3
IMOMTROY
. IMOMTROS
SJUBROUTINE IMOMTRILEXLsLEX2,LEX3yLEX U F+IN0,MERGE) IMOMTROG
: IMOMTRN?
REAL IVOMOM ITMOMTR0A
LOG.C AL MERGE IMOMTROY
DTMENSION LEXL(1),LEX2(1),FX3(1),LEXGLL) IMOMTR LR
DIMENSION F(64),I0(b4) IMOMTR1L
D.MENSION DIF1(54),0IF2(o4),07F3(6H)DIF(6L) IMOMTR12
N.MENSTON SUM1Y (128) +SUM2(128) 4,SUM3(128) +SUML(128) IMOMTRLS
“IMENSION P(3600),07(300) IMOMTR1L 4
EQUIVALENCE(P(1) 4AD(1)) IMOMTRILS
COMMON 7Q/s NQUANT IMOMTR16.
ZOMMON M1.N1,TYPE,G(14) ~ , iMOMTR1L7
COMMON I%AX«IHiN,NUMPP;.NUM;IN,NBUBL,IRI,IRZ,I?3,I?Q.ANGHOH(b). TMOMTRL®
AHEAN(&):3GMASQ(Q),SGM&XY(%)'DIFMOH(M)qRATIO(h),IVDMOM(h).TMEAN IMOMTR1S
SOMMON /FC/ENT?JP(Q)1D-FENI(&),DIFAVE(M),DIFVAR(M),SUHENI(Q)v IMOMTR20.
1SUMAVE (4) s SUMVAR (4) IMOMTR2Y
COMMON /CNRRIEL/ZZORINF (4),C ORMUT(4) s CORMAX (4) IMOMTR 22
ITMOMTR23
INITIiALI7ZE ARRAYS TO ZERO . IMOMTR2Y
: IMOMTR2S
no 1 I=t,4 IMOMTR?E
LYDMOM(Z) =0 IMOMTR27
ANGMOMI(1) =0 IMOMTR2%
AMEAN(I) =0 IMOMTR2Q
SGMASQ(I) =D IMOMTR 3D
SGMAXYLI) =0 IMOMTR31
ENTROP(I)=0.0 IMOMTR 32
DIFENT(:)=0.0 IMOMTR3?
DIFAVE(IY=0.0 IMOMTR3Y
O.FVAR(I) =0.0 IMOMTR3S
SUMENT(I)=0.0 IMOMTR3E
SUMAVF(I)=0.0 IMOMTR3?
SUMVAR(I)=0.0 IMOMTR38
PATIO(I)=N T IMOMTR3Q
D0 86 K=1«NAUANT IMOMT240
N.FL1(K)=0.0 IMOMTRG1
DIF2(K)=0.0 IMOMTRGL?Z
NIF3(K)I=N.0 CIMOMTRUL3
D.F4(K)=0.0 ITMOMTRALY
NQUANZ2=2*NQUANT IMOMTRYS
DO 87 KS=1,NQUAN?2 IMOMTRYE
5'1M1 (KS)=0,0 IMOMIRGL 7
SUM2(KS)=0.0 IMOMTRALE
SUM3(KS)=0.0 IMOMTRG4Y
INOMTRSD

a7

SUML (KS) =00

190
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20.781 [-M=-0=-M=T=R

GET THE MNUMBER OF ARIGHTNESS LEVELS,NOOL
IF THF _EX ARPAY WERE SQUARE ANJ NOT COMPACTED, IT WoyLD B
UIMENSIONED 'NO2L 8Y NOAJL

NOBL=IMAX-IMIN+1

NOW DFTERMIME THE TOTAL NUM3ER OF RESOLUTION GELL PAZRS
COUNTED IN EACH NF THE LEX ARRAYS '

I21=0

IrR2=0

IR3=0

I°4=0

IF (4 NOT . MERGE)
00 42 I=1,NO°L
D3 42 J=1.NORL
IJ=INDEX (1 4J)
IR1=IR1+LFXL(II)
CONTINUE
Ri=i./FLOAT(IRY)
GO TO 41

Do 5 I=1,NO3L

D0 5 J=1,N0O3L
I1J=.NDEX (24 J)
IRL=IRI+LFXL(TN)
TR2=IR?+_FX2(IJ)
IR3=IRI+LEXI(ZJ)
IRL=IRU+LFXGATI)

GO TO 40

GET R1,R?,R3,R% TO SAVE OIVISIONS
; s
Ri=1./FLOAT(IPL) v
R2=1./FLOAT(IR2)
R3=1./FLOAT (IR3)
Ru=1./FL0AT(IRY)

FIND THF ZORRELAT_LON MEASURES : ’
PUT THE LEX ARRAYS IN P MATRIX ANO CALL CORRELATION ROUYTINE

D0 LEX2' ARRAY

JJ=0

00 201 I=1,NOAL

00 201 J=1,H08L

IJ=INDEX (L 9J)

JJd=JdJ 1

PIJII=FLOAT(LEX2(IN)) ¥RL ,
CALL UOQ(P'HUQ-vvaD,CORvaQQZ'COR3)
CORINF (1) =COR1L :

o . o (ﬁgf‘ ]
OB Coom
Rﬁiﬁﬁﬂliwy¢mgaxs-eqo_

T R

JUNE 1973

IMOMTRS ¢
IMOMTR52
£ IMOMTRBR
IMOMTRS Y
IMOMTRSS
IMOMTRSE
IMOMTRS7
IMOMTRS 8
IMOMTRSG
IMOMTRGN
IMOMTRAGL
IMOMTRG2
IMOMTRG3
IMQMT26Y
IMOMTRGEY
IMCMTIRGE
IMOMTRAY
IMOMTR6PR
IMOMTRG®
IMOMTR7D
IMOMTR71
IMOMTRT72
IMOMTR73
IMOMTR7Y
IMOMTR7S
IMOMTR 76
IMOMTIRT77
IMOMTR7E
IMOMTRY7Q
TIMOMTRAN
IMOMTRS
IMOMTRS?2
IMOMTRAZ
IMOMT284
IMOMTRSES
iMoMTRAE
. IMOMTRA7
IMOMT= 82
TMOMTRAG
IMOMTRAN
IMOMTRAL

IMOMTRIZ

IMOMTROZ
IMOMTRIY
IMOMTROS
IMOMTRIE
 IMOMTRI7
IMOMTRIA
IMOMTR9¢
IMOMTROD

Y
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211

DOOS

221

OGO

231

FOO0

20.731 I-M-0-M~F=-R

CORMUT(1)=COR2
CORMAX (1) =COR3
JJ=0

DO LEXHL ARRAY

00 211 I=1,NO7L

nn 211 J=1.,NOBL

TI=LNDEX(TyJ)

NNENNAD!

PLJJ)SFLOATILEXH (L)) ¥R2

CALL CO®{P,NOBL+1,Q7+COR1,COR2,CORI)
CORINF(2)=COR1

CORMUT(2)=00P2

CORMAX(2)=COR3

JJ=0

DO LEX1 ARRAY

D0 221 I=1,NOBL

DO 2241 J=1,NOSL
IJ=INDEX{I,J)

NNENNES
P{JJ)=FLOATILEXL (D JYI=R1
CALL COR{PyNOB_+1,Q049C0R1vC0R2,COR3)
CORINF (3)=CORY

CORMUT(3) =COR2

CORMAX (3)=COR3.

IF (MERGE) GO TQO 43

JJ=0

D0 LEX3. ARRAY

D0 231 I=1,NOSL

pn 231 J=1,NO°L

IJ=INDEX(I,4J)

Jd=Jdd+1

PlJIJ)=F OAT(LEX3(IJ))‘RH

CALL COR(P,NOB_,1,Q0 +CORL4COR2,COR3)
CQRI'F(Q) =C0OR1

CORMUTIY4) =COP2

GORMAX (4) =CORZ

GET THE PROBASILITY FUNCITON IN F

DG 379 I=1,64
20(I) =0

379 FLI)=0

OO

RE?ROT“"
Qﬁﬁ&ﬁﬂﬁli

TF MERGE, GO TO SEGCTION..I TO MAKE THE COMPUTATIONS

e A 1

(pILiTY OF 1EE
PAGE 1S POOR.

192

JUHE 1973

IMOMTRDY
IMONTR02
IMOMTRO3
IMOMFRD Y
IMOMTRNS
IMOMTR 06
IMOMTRO7
TMOMTROA
IMOMTRIA
IMOMTR10
IMOMTR11
IMOMTR12
IMOMT?13
IMOMTRL Y
IMOMTR1S
IMOMTR LA
IMOMTR17
IMOMTRLS
IMOMTR19
IMOMT220
IMOMTR21
IMOMTR22
IMOMTR23
IMOMTR? L
IMOMTR25
IMOMTR2E
IMOMT227
IMOMT228
IMOMT229
IMOMTR I
IMOMTR31
IMONTR32

<EMOMTR3S

THOMTIR 3L
IMOMTR3S
IMOMTR 35
IMOMTR37
IMOMTR 39
IMO"TR3Q
IMOMTR41
IMOMTR41
IMOMTRL2
IMOMTR43
IMOMTRAY
IMOMTRLS
IMOMTR 46
IMOMTRL7
IMOMTR 48
IMOMTRGA
IMOMTRSO

i AL AT 6

N

LT e
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c
C
C
10
c
c
c
8
c
C
c
C
c
c
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20.781 .=M=0-M=T=-R

IF (MERGE) GO TO 911

00 6 I=1sNOSL

Ia=0

Dn 7 J=1,NOBL

TJ=INDEX(T,J)

TAZLA+LEXL (L) 40 EX?(IJ)*LCXS(LJ)+;¢XQ(IJ)
FUI)=FLOAT(IA)/TLNAT(IRI+IR2+.R3I+IRG)

FIRST COMPUTE THE TRUE MCAN

TMEAN=0

00 10 I=1,NORL
THAEAN=TMEANF (I)*FLOATL])
TMEANSTMEAN+FLOAT (IMIN-1)

GET CUMU_ATIVE DISTRIBUTION FUNCTION IN F

Do 8 1=2,NOBL
FLI)=F(I)+F(T~-1)

DETERMINE THE NUANTIZING FUNCTION
CALL IEQPO1(NOBLsNQUANTF41Qy2MIN)
NEXT COMPUTE THE QUAMTiZED TRANSLATED MEAN FOR EACH ARRAY

DO 2 I=1,NQUANT .
DO 2 J=1,NQUANT ‘
NSI=1

IF(I.NE.1) NSI=IQ(I-1)+2-1MIN
NPI-;Q(I)-.M N +1

NSJ=1 :

IF (JoNFo1) NSJ=IQ(J-1)42=-_MIN

NFJ=IQ(J) =IMIN +1

IF INST.GT.NEI) 50 7O 2

IF (NSJ.GT.NEJY GO TO 2

NADD1=0

NADN2=0

NADD3=0

NADD4=0

DO 9 NI=NS.yNEI

DO 9 NJ=NSJ,NEJ

IJ=INDEX(NT,NJ)

NADDL=NADTL+LFX1(TJ)
NADD2=NADD2+LFX2(TJ)
NADG3=NADO3+LEX3(IJ)
NADDL=MAD DL +LEXH (1J)

AMEAN (1) =AMEAN(1)+FLOAT(NADD2® I) o
AMEAN(4) =AMEAN (4) +FLOAT (NADD3*I) s
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IMOHTRS 1
IMOMTRS 2
TMOMTRS
IMOMTR5Y
IMOMIRSS
IMOMTRSH
IMOMTRS 7
IMOMTRG3
IMOMTR59
IMOMT24A0
IMOMTRA1
IMOMTRE?
IMONMTRE3
IMOMTRGEH
IMOMTRSBS
IMOMTRES
IMOMTRA7
IMOMTRAR
IMOMTR59
IMOMTR7 O
IMOMTR71
IMOMTIR72
TMOMTRYZ3
IMOMTR74
IMOMTR7S
IMOMTYR 78
IMOMTR77?
IMOMTR78
IMOMTR79
IMOMTRSO
IMOMTRA]
IMOMTRA2
+MOMTRSE3
IMOMTRSBY
IMOMTRSS
IMOMTRA6
IMOMTRE7
IMOMTR938
TMOMTRB9
IMOMTRAD
IMOMTR91Y
IMOMTR92
IMOMTRN3
IMOMTRIAY
IMOMTRSS
IMOMTRYE
IMOMTRAT7
IMOMTRO8
IMOMTRIY
IMOMTROS

T T IR
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AMEAN(2)=AHEAN(2)'FLOAT(NQODM‘ n
AHEAN(3)=AHEAN(3)bFLOAT(NADQi' I
CONTINUE

NOW NORMALIZE TO GET THE HEANS

AMEAN (1) =AMEAN (1) *R2
AMEAN(2) =AMEAN(2) "PL
AMEAN (3) =AMEAN(3) ®*R1
AMEAN (L) =AMEAN(4) *R3

NOW 0O MOMENT SALCULATZIONS

DO 3 T=1,NAUANT

DO 3 J=1,NQUANT

NSI=1{

IF (1.NEo1) NSi=in(i=-1)+2=-IMIN
NEI=IQ(i) ~=IMIN ¢}

NSJ=1

IF (J.NE.1) NSJ=IQ(J=-1)+2 -IMIN
NFJ=1n{J) -1MIN +1
IFINS..GT.NEI) GO TO 3

IF (NSJ.3T.NEJ)Y GO TO 3
NA3D1=0

NAOD2=0

NADD3=0

NADD4=0

DO 13 NI=NSI.NEI

DO 13 NJ=NSJWNEJ
NINJ=INDEX(NI+NJI)

SUM UP.THE ELEMENTS IN EACH LEX ARRAY

NADD1=NADT 1+LE X1 (NTNJ)
MADD2=NADN2+LEX2 (NINJ)
NADOZ=NADDZ+LEX?(NINJ)
NADDG=NADDB+LEXH (NINJ)

, (i
NOSMALIZE T
RL1=FLOAT (NADD1) *21 e AN
R.2=FLNAT (NADN2) ¥R2 éﬁgyf’
QL 3=FLOAT(NACD3) *R3 @] Op
RLL=FLOAT (NADDG) *RY4 . ‘94Q9 222?
%

CALCULATE THE MOMENTS
ANGHMOM (1) =ANGMOM (1) +PL2%*2 | o {

ANGHOH(?):ANGHOM(2)#PLH"’
ANGMOH(K)=ANGHOH(1)4RLL"?
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IMOMTR O
IMOMTRO?
IMONTRO2
IMOMTRNYG
IMOMTRNS
IMOMT2ANF
TMOMTRO7
IMOMTR0~
IMOMTR0C
IMONMTRLT
IMOMTRYLS
IMOMTR1L:
IMOMTRYL®
IMOMTR LY
IMOMTR LS
IMOMTR LS
IMOMTR1T
IMOMTR L
IMOMTRL
IMOMTRZ:
IMOMTR2:
IMOMTR2?
IMoMTe?2
IMOMTRR2:
ITMOMT22
IMOMTR?
ITMOMTR2
IMOMT22
IMOMTR2
IMOMTR3
IMOMTR3
IMOMTR3
IMOMTRZ
IMOMTR3
IMOMTRI
IMOMTR3
IMoMiR3
IMOMT22
IMOMTIRZ
IMOMTRY
IMOMTRY
IMOMTRY
IMOMTRY
ITMONTRG
IMOMTRU
IMOMTRY
IMOMTRG
IMOMIRL
IMOMTRYL
IMOMTRS
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ANGMOM (1) SANGMOY (L) +RL3*®? IMOMTRS )
sonnsn(i):ssvnqv(l)f((ﬂLOAr(I)-AMEAN(t))"Q)'£~2 IMOMTIRS2
SGMASA(2) =SAMASA(2) + ( (FLOAT (L)=AMFAN(Z) }¥¥2) ¥2_4 IMOMTIRG
SGMASQ(3) =SGMASA () + L(FLOATIII=AMEAN(3))Pe2)*0L L IMOMIRS Y
SHMASO(L) =SHMASN (L) ¢ ((FLOAT (I )=AMEAN (L)) ¥ 2) #RUL1 IMOMTIRSS
SEMAXY (1) =SGMAXY (1) 4 (FLNAT(I)=AMFAN( L)) * (FLOAT (J)=AMEAN (1)) *PL2 IMOMTRG 6
SEMAXY(2) =SGMAXY(2) ¢ (FLOAT(I)-AMEAN(2) ) *(FLOAT(J)-AMEAN (2) D ¢0LL IMOMTRS7
SGMAXY(3) =35MAXY () ¢ (FLOAT(I)=AMEAN( 3 ) ¥ (FLOAT (J)=AMEAN(3) I *RL1 IH0ITRS S
SGMAXY (4) =GGHAXY () ¢ (FLOAT(Z) ~AMEAN(4)) * (FLOAT (J)-AMEAN (L) ) *RL3 IMONTRSE
TYDMOM (1) =IVOMOY (1) +RL 2/ (1 +FLOAT((I-J)**2)) IMOMTRAL
IVOMOM(2) =TVrMOM(2) +2LL /(1 ¢7F LOAT ((I-J)**2)) IMOMTRAY
IVOMOMI3) = VNMOMIS) 4RLL/ (L. +FLOAT (L =) **?)) IMOMTRGE
IVOMOM(4) S2VE"0 (L) 4RL3I/ (L +FLOATI(I=J)**2)) INOMTR6T
IF(RL2.LT.0.000001)G0 T4 50 ITMOMTRAL
ENTROP (1) =FNTR0P (1) -RL2*AL06(RL2) IMOMTRSS
IF(RLL.LT.0.000001)G0O TO 5% IMOMTREE
ENTROP(2) =ENTROP(2) ~RLL*AL0G(2LY) IMOMTRAH7
IF (RL1..T.0.000001)G0 TQ 52 IMOMTRES®
ENTROP(Z)=ENTR22(3)-RLL¥A_IG(RLL) IMOMTRAS
TF(QL3LTN.U00001)G0O TO 53 IMOMTR7C
ENTROP(4) =ENTROP (#)=RL3*A_0G (RL3) IMOMIR71
CONTINUE ) IMOMTR7C

IMOMTR7Z

SET UP THE SUM ARRAY IMOMTR7Y
IMOMTRTFE

K=1IABS(i=J)+1 IM0MTRT7E
IMOMTRT77

SET UP THE DIFFERENCE "ARRAY IMOMTR7E
’ IMOMTR7G
KS=TARS(I+J)+1 IMOMTRAL
DIFL{KI=DIFL (K)#RL2 IMOMTR84
SIF2(K)=3.F2(K)+RL 4 IMOMTREZ
DIF3(KI=D.F3(K)+RL1L IMOMTR87
DIFHIK)=NIFLI(K)I+R. 3 IMOMTRBL
SUML (KS) =SUMT1 (KS) +RL2 IMOMTRSS
SUM2 (KS)=SUM2 (KS) +RL 4 IMOMT3E
SUM3I(KS)=SUM3(KS)I+R_1 IMOMTR87
SUML (KS)=SUML(KS) +RL 3 IMOMTRBF
CONTINUE IMOMTRAC
00 & I=t.t ‘ IMOMT29(
RATIO(T)=SGMAXY(I)/SGMASQLI) IMOMTRAL
o O IMOMTRAIY

CALCULATE THE ENTROPY,AVERAGE,AND THE VARIANCE OF THE DIFFERENCE IMOMTRAI?
ARRAY . s ; ~ IMOMTRQU
: i MOMTRO®

DN 31 K=1,NAUANT , , IMOMTRA
IF(DIF1(K).LT.0,000001) GO TO St IMOMTRI7?
DIFENT(1)=0IFFNT{L)=0TF1(K) *A_OG(RIFLIK)) IMOMTR QP
IFCOLIF?(K)ouT.0.000001) GO TO S5 IMOMTR9¢

GIFENT(?)=DIFENT(2)=DIF2(K) *A.0G(DIF2(K))
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IF(OIF3(X).LT.0.000001) GO 10 56 :
DIFFN[(3)=UIFENT(J)-D.FJ(K)‘A;OG(DIFB(K))
IF(DIFH(K).LT+0,000001) 5O 10 57
J:FENT(%)=DIFENT(B)-OIFth)‘ALOG(DIFQ(K))
CONTINUF

G=FLOAT(K)

D:FAVE(l)=GZFAV‘(1)*(G'§IF1(K))
DZFAVE(2)=7IFAVE(2)0(b‘?ZFE(K))
DIFAVE(S)=01FAVE(3)+(G'Q,F?(K))
DiFAVE(k)=DIFAVE(h)#(043:F“(K))
D.FVAR(1)=GIFVAQ(1)*(G*G)‘D;FL(K)
DIFVAR(2)=GIFVA°(2)#(G‘G)‘DIFZ(K)
DIFVAR(3)=DIFVQ?(3)+(G‘G)*?IF1(K)
DEFVAR(5)=QIFVAQ(Q)Q(G’u)‘D;Fh(K)

DD 32 KK=1.4 (
DlFVAR(KKl=DTFVAR(KK)-(D-FAVE(KK)’DIFAVE(KK))

CALCULATE THE ENTROPY . AVERAGE,AND THE VARIANCE OF THE SUM
ARRAY ; :

Do 33 K=1,NQUANZ

IF(SUMl(K).LTa0.0UOOOl) GO 70 58
SUMENT(i)=SUMENT(1)-SUW1(K)*A-OG(SUMI(K))
TF(SUM2(K)eLT.0.000001) SO T0 59
SUNENT(?)=SUHENT(2)-SUﬂ2(K)‘A;OG(SUMZ(K))

IF (SUMZ (K).LT.0.000001) 592 TO 60
SUMENT(S)=SUMEN[(3)—§UM3(()‘ALOG(SUMS(K))

IF (SUML(K) L T.0.,000001) GO 70 61 ‘
SUMENT(Q)=SUHENT(h)-SUH%(K)‘ALOG(SUMQ(K))

JUNE

CONTINUF

G=FLOAT (K) WO

SUMAVE (1) =SUMAVF (1) ¢ (G*SUML (K)) REPRODUCIBILITY OF THE
SUMAVE (2) =SUMAVE (2) + (5*SUM2 (X)) ORIGINAL PAGE IS POOR

SUMAVE (3) =SUMAVE (3) 4 (G¥SUM3 (K))

SUMAVE (4 ) =SUMAVE (4) # (G*SUML(K))

SUMVAR (1) =SUMVAR (1) # (G*5) #SUML(K)
SUMVAR(2) =SUMVAR (2) +{G*0) *SUMZ (KD
SUMVAR(3)=SUMVA2 (3) + (G*G) *SUMB (K)

SUMVAR (4) =SUMVAR () + (G¥G) *SUMH (K)

DN 34 KK=1y9b ;
SUWVAQ(KK)=SUMVAR(KK)-}SUMAVE(KK)‘SUHAVE(KK))
RETURN

SECTION il IMOMTR FOR THE MERGED LEX ARRAY
GET THE PROBABILITY FUNCTION IN F FOR MERGE OPTION

DO 16 I=1,NOBL
IA=0
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IMOMTRO1
IMOMTRO2
IMOMTROZ
IMONTROL
IMOMTR0OS
MoMTenE
IMOMTRDY
IMOMTROF
IMOMTRQ®
IMOMTRLL
IMOMTR LY
IMOMTRLC
IMOMTRL S
IMOMTR U
IMOMTR1E
IMOMTRLF
IMOMTRL7
TMOMTR1?
IMOMTR1LC
IMoMTR 2
ITMOMTR?!
IMOMTRZ!
IMOMTRZ
IMOMTR2.
IMoMYTR2:
IMOMT?2:
IMOMTRZ
IMOMTR?2
IMOMTR2'
IMOMTR3
IMOMTRY
IMOMTR3
IMOMTR3
IMOMTR3
IMOMTR3I
TMOMTR3
IMOMTR?3
IMOMTR3
IMOMTR?
IMOMTRY
IMOMTRY
IMOMTRY
ITMOMTRY
TMOMTRY
IMOMTRY
IMOMTRY
IMOMTRY
IMOMTRY
IMOMTRY
IMOMTIRYS
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no 17 J=1,N0OBL
IJ=INPEX (79 J)
IA=TA+LEXVL(ID)
FLI)=FLOAT(IA)/FLOAT(IRY)

FIRST COMPUTE THE TRUE MEAN

TMEAN=0

nn 939 .=1,NOB_
THEANSTNEAN+F (I) *FLOAT(D)
TMEAN=TMEAN#FLOAT (IMIN-1)

5ET CUMULATIVE OISTRIBUTION FUNCTION IN f

Do 91 I=2,NOBL
FEIV=F(I)+F{I-1)

CETERMINF THE QUANTIZING FUNCTION
CALL IEQPQL1(NOB.yNQUANT F,I10y.LMIN)
NEXT COMPUTE THE QUANTIZED TRANSLATED MEAN

D0 92 1=1,NIUANT

DO 92 J=14NQUANT

NST=1 .
IF(INE.L) NSI=IQ(I-1)+2-.M.N
NEI=IQ(1)=-iMIN +1

NSJ=1

TF(JoNEo1) NSJ=TIQ(J=-1)+2=1MIN
NEJ=IQ(J) =-1IMIN +1
IF(NSI.GT.NEI) 50 TO 92

IF (NSJ.GT.NEJ) GO TO 92
NADD1=0

DO 93 NI=NSIWNEI

00 93 NJ=NSJJNEJ

TJ=INDEX (NI4NJ) v
NADDL=NADCL4LFX1(IJ)

AMEAN (3) =AMEAN(3) +FLOAT (NADDL* I)
CONTINUE i

NOW NORMALIZE TO GET THE MEANS
AMEAN(3)=AMEAN{3) *R1

NOW 00 MOMENT ZALJULATIONS

DG 95 I=14NQUANT 11Ty OF THE
=1, : RQDmeﬁJ
?,;’{.j’i J=1, NQUANT . Bﬂ%gmﬂ ?AGE S POOR
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IMOMTRS 1
IMOMTR6?
IMONTHSZ
IMOMTR5Y
IMOMTRSE
THOMTRSH
TMOMIRS?
IMOMTRS P
IMOMT25¢%
IMOMTRAC
IMOMTRA
IMOMTRAS
IMOMTRGZ
LMOMTRBL
IMOMTRAS
IMONTRBE
IMOMTRA7?
IMOMTRAE
IMOMTRGC
IMOMTRYZC
IMOMTR 7
IMOMTR??
IMOMTR7Z
ITMOMTR 7
IMOMTR7E
IMOMTRTS
IMOMTRT77
TMOMTR7S
IMOMTR7C
IMOMTRBC
TIMOMTR8]

- IMOMTR A7

IMOMTRBYT
IMOMTR 34
IMOMTRBE
IMOMTR8E
IMOMTRS7
IMOMTR8F
IMOMTRBC
IMOHMTRIN
IMOMTR2
ZMOMTR92
IMOMTRSY?
TMOMTRIL
IMOMTROR
IMONTR It
IMOMTRA7
IMOMTROS
IMOMTRI<
ITHOMTROC
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IF(I.NE.1) NSI=IQ(L-1)¢2=_MIN
NEIZTQ(I) =IMIN +1

NSJ=1
IF(J.NESL) NSJI=IQ(J-1)+2 ~ININ
NEJ=IQLJ) - MIN  +1

IF(NST.GTLHEI) 50 FO 95
IF (INSJ.GT.NEJ) GO TO 95
NAODL=0 '
00 96 NI=NSIWNEI
N0 96 NJ=HSJINEJ
NINJ=INDEX(NIyNJ)
SUM UP THE ARRAY
NADD1=NAGDLI+LEXL (NINJ)
NORMALIZF
RLL1=FL.OAT (NADOL) *R1
SOMPUTE MOMENTS

AMGMOM(3) =ANGMOM{3) +R_1%¥2

SGHASO(3)=SGHASQ(3Y?((FLOAT(I)-AM”QN(3))‘“2)*?L1
SGMAXY(R):SGMAXY(3)*(FLOAT(1)-AMEAN(3))*(=LOAT(J)-AMEAN(3))*RLI
TVDHOM(3)=IVDMOH(?)0QL1/(1.+¢;0AT((I-J

IF(RLL.LT.05000001)G0 T 533

ENTPOP(3)=ENTROP($)-RL1‘&_OG(RL1)

CONTINUE
SET UP THE SUM ARRAY

K=IABS(I~-J)+1

SeT UP THE DIFFERENSE ARRAY AIERuLy

Ghiay

KS=IARS(I+J)+1
DIF3(K)I=D.F3(KI+RL1

SIM3 (KS)=SUM3 (XS) +RL1
CONTINUE , ,
RATIO(3)=3GMAXY (3)/SGHASAL3)

CALCULATE THE ENTROPY ¢ AVERAGE . ANG THE VAR.ANCE

ARRAY

DO 97 K=1,NRQUANT

IF(DIF3(K).LT,0.000001) GO TO 577 ‘
DIFFNT(3)=DIFENT(Ji-UIFS(K)‘ALOG(DIF3(K))

CONTINUE

G=FLOAT(K)
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TMOMTRO1
TMOMTRN2
IMNOMTRD 3
IMOMIROG
IMOMTRO5S
IMOMTR0A
IMOMTRO7
IMOMTRDA
IMOMTRNQ
IMOMTR10
IMOMTRL
IMOMTR12
IMOMTR12
IMOMTR1LY
IMOMTR1LE
IMOMTQ1F
IMOMTRL7
IMOMTR1E
IMOMTRLC
IMOMTR2D

‘IMOMTR 21

IMOMTR2?
IMOMTR 2T
IMOMTR20
THOMTR 2T
TMOMTR2¢
IMOMTR 27
IMOMTR 2t
IMOMTR2G
IMOMTR3(
IMOMTR 31
IMOMTR3?
IMOMTR 33
IMOMTR3L
IMOMTR3E
IMOMTR3E
iMOMTR3Y
IMOMTR3E
IMOMTR 3¢
IMOMT2 4 (
IMOMTRLY
IMOMTRYT
IMOMTRY:

‘TMOMTR4L

IMOUTRY!
ITMOMTRU4L
IMOMTRLTY
IMOMTRUE:
IMOMTRNS
IMOMTRS L
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JIFAVE(3)=DIFAVE(3)Y + (C*DF3(K))
DIFVAR(3)=DIFVAO{3)+(G*3)¥DIF3(K)
D.FVAR(3)=DTFVAR(3) =(DIFAVE(3) *DFAVE(3))

CALCULATF THE ENTROPY,AVERAGF,AND THF VARILANCE OF THE SUM

ARRAY

DO 928 K=1,NQUAN? v
JFASUMS(K) . LT,0.000001) GO TO 99 :
SIMENT (3) =SUMENT (3) =SUMI(K) *ALOGISUM3(K})
CONTINUE

G=FLOAT (K)

SUMAVE (3) =SUMAVE (3 + (G*SUMT(K))
SUMVAR(3) =SUMVAR (3} + (G*() *SUMS (K)
SUMVAR(3Y=SUMVAR (3) = (SUMAVE (3) *SUMAVE(3))
RETURN

END
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IMOMTRS
IMONTeS
IMOMTRS
IMOMTRS
i1 MOMTRS
IMOMTIRS
IMOMTRS
IMOMTRS
THOMTRS
IMOMTRE
IMOMTRE
IMOMTRE
IMOMTR®
IMOMTR6
IMONMTRE
IMOMTRS
IMOMTRSE
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SUBROUTLNF C0R

SURROUTINE COR

WOITTEN 8Y SAM SHANMUGAM

V‘!‘O..O“‘l“..'!‘Q...ll“‘."!.’!‘l".l“.‘l

0BJECTIVE,

ENTRY POINT.

NOV 1972

CORO000N01L
corRNOON2
SOR00003
ZOR00UTY

SRSV SBEBEFIBL Y ‘5.6COR000f)§

CORDODIS
COoRQOO0O7
CORO00003
$0P009078

TH_.S PROGRAM CALCULATES THREE MEASYRES OFCOROO0O1N

CORRELATION COR1,30R2,C0R3y
UISCRETE RANCOM VARIABLES X AND Y

JOINT PROBASILITIES OF DCLURANCE ARE

STORED IN THE ARPAY PXY

CALL COR(PXYaNoIOPTonCORl,COQ2'30R3)

INPUT ARGUMENTS.

PXY
N
10PT

ANNALS OF MATHEMATLIC
P.SAT, "MUTUAL INF
CORRELATION AS 'MEASURE OF DEP

ARRAY OF JOINT PROBABILITIZS

SIZE OF THE ARRAY PXY

OPTION FLAG=-IF 10PT=C THEN $ORL AND
COR2 oOM.Y WIL. 3E IOMPUTZ 3,

IOPT=1,

SCRATCH ARRAY OF SIZE N X Ne TH.S

ARRAY IS NEEDED ONLY IF I0PT 1S
IF ZOPT -S ZERO THEN A
UTED FOR COR0003:

NON=-ZERQ.

DUMMY VARZABLE MAY BE SUBSTIT

THE ARGUMENT Q

outTePuT ARGUMENTS.,

MAXIMAL CORRE_AT.ON MEASURE

Cefle BELLS

GAUTTON.

W

COR1
COR2 INFORMATTON MEASURE OF CORRE.ATZON
CORZ SECOND  TYPE OF MAXIMAL MEASURE

- BISLIOGRAPHY. ' N

ENOENZE® 3Y

RN
e N

SETWEEN THWO
AHOSE

IF

THEN CPR3 WILL 3E COMPUTED

COR0OO1L
COR00012
COR0ONLZ
COR00014
COR000N1S
COROOD1E
CORDOO017
COROO0D1LF
CORO0001C
COR00D2E
CORD00D2!
cOP0002:¢
CORO00027
coraog2t
CORO0002F
corRnog2¢
soR00027
CORGO02¢
£OR0002°
CORDOO3!
CORD003!

- CORDOD3C
COoRO003!
CORO0GD3’
CORO0D 3
CORO0O0D3
SORO0CD3
S0rR0003
COROCOO0H
COR0OGY
CORDOOA
CORODOY
cor000k

A. STATISTICS,» V3.e43, 1962,70R0004
ORMATION AND MAXIMAL

COROOOU

- CORO0DN4L-

COROOOM
COROOOY
_COR0005

e e L

o G S

i
¥

. e e ey
L e s e e s




02-12-74 204860 SUBROUTINE COR
c eeemmaca— CORNODSA
c L. THE ARRAY PXY MUST HAVE A JIMENSION OFCORO0DS52
¢ N X N IN THE CALLING PROGM. OR PXY SHOULICOROUNSS
c SE A ONE DZMENSIOMAL VECTOR.ZONTAINING THCOROQ0SH
S JOINT PROSA3ILITLES IN A LOLUMN 8Y COLJMNGORO0NSS
c ARRANGEMENT . SORNONSE
c 2, TF N IS LARGE ,THE COMPUTATIONS FOR  CORDU1S?
c COR? WIL. TAKE CONS.DERAALE TIME. HENCE COR0005G%
c THE USE OF THIS ROUT.NE .S RESTRICTED TO £O0R00059
c N LESS THAN OR EQUAL TO 32 Z0R0006N
c o : ¢OR00061
c COMPUTATTONS., COR000K2
c D b Dt CORO0NG3
c CORD006L
c PX(I)= SUM PXY(I,J) COR00065
c . 4 CORQ0066
c . PY(J)= SUM PXY(I.J) GOROONGT
c: J ' LOR00J6A
c . HXY - = SUM SUM LOG(PXY(I.J) *PXY(I,J) CORO00N6S
c” S ST COR00070
8 HXY1 = SUM SUM LOG((PX(I)*PY(J)) *PXY(I,JCORODO7L
& . i J ‘ COR00072
c -REPRODU MXY2 =SUM SUM (LOG(PX(I)*PY(J)) *¥PX(:)* (COR00073
¢ ORIGnvar CBILITY I J : PY(J) COPODOT74
c "'HVAL.RA Op 7 HX = SUM (LOG(PX(I))* PX(I) CORNODT7S
c GE I p,  HE 1 COR0007E
o TUOOR HYy = SUM (LOGIPY(J)) * PYLN) CORDGOT77
c ‘ J _ COR00073
c R=HXY2-HXY « EMAX= MAX(HXyHY) . COR00079
c COR1 =(HXY=-HXY1)/EMAX COR00080
c CORZ2=SORT(1.0-EXP (=2:5%0)} CORO0081
- C . COR3- IS COMPUTED USIN&G TSE EIGENM VECTOR CORO0082
c CORRESPONJING TO THE SEZOND LARGEST COR0ONR3
c EIGEN VA_UE OF Q*QTRANSPOSZ. WHERE ~ COP0008%L
c QIT,J)=PXY (L4J)/SARTIPX(TI*PY (J)) CORD008S
c : v - COR00086
. c '-‘-Ol-'I*ltl'&l!#l#l-‘##l!!-'»l!¥i¥§¥#¥t¥'~'-1-!'-#4##-&‘!:!8-'-"!#4'».'}!&!'i!tcoqggg87
c COR00N8A
SUBROUTLNE GCOR(PXY,NyI0PT4QsCOR1,C0R2,CORT) COR000NS9
c P COoR00090
ITMENSION PXY(1),Q(1) DA CORNGO0 S
NIMENSION PX(60) 4PY(54) E(6U) V(128)4B(66),C(64),0(64)9F(54) 50800092
B ODIMENSION IZERO(32) . ' : " OR00093
c .#l!‘-¥¥I¥¥¥i¥¥l4li¥¥l¥'~4$!'l¥'~!l‘!l#i*ll#‘¥ll~¥'ﬁ¥¥¥l‘¥!-¥'.6'-'!-1!‘».-!!(;0;!00[)()[‘
c ' » ’ ; L . 30R00095
c INITIALIZE PX,PY HXoHYsHXYoHXY14AND HXY2 COR00096
c i : , : COR00097
00 80 I=1,N COR0D0098
: PY(I)=0.0 COR00099
80

[y

PY{I)=0.0

201

COR00100 -
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OO0

81

82

83

84

(o R N o)

68

69

OO0

Qo [¢X 2N 2]

20.860 SURROUT.LNE "OR

hX=0.,0
HY=0,.0
HXY=0.,0
HEXY1=040
HXY2=0.,0

COMPUTE THE MARG.INA_S AND THEIR ENTROPY

DO 82 TI=1.N

00 81 J=1,N

TJ=(J-1) ¥N+]

PX (L)Y =PX (1) +PXYI{IJ)
IF(PX(I)eLT.0,000001) GO FO 82
HX=hX=(ALNG(PX(I) 1) *(PX (. ))
CONTINUE

DO B4 J=1,N

0N 83 I=1,N

IJ=(J=1) *N+I

CTpY (G =PY (LY #PXY (T )

IF(PY(J)..T.0,000001) GO TO 84
HY=HY=ALOG(PY{J))*PY (J)
CONTINUZ

COMPUTE THE ENTROPY OF THE JOINT DISTR.

00 69 I=1,N

00 69 J=1,N

TJ=(J-1) *N+1

IF(PXY(IJ).LT.0.000001) GO TO 68 AT
hXY:HXY-(ALOG(PXY(IJI))*(PXY(IJ)#REEHRCH)UC&BILKEY'
PXPY=PX(I)¥PY(J) ORIGINAT, p OF THE
IF (PXPY,_ T.0.000001) GO TO 69 ' AGE I3 POOR,
hXY1=HXY1-(ALOG(PXPY))*PXY (1J) T /
HXY?=rXY2=(ALOG{PXPY) ) * (PXPY) ,
CONTINUE o

SOMPJUTE COR1 AND COR2
EMAX=HX

IF (KXaLToFY) EMAX=HY

CORL= (RXY-HXYL) /EMAX
REHXY2=HXY

CORZ = SQRT(1.0-EXP{-2,0%R)) |
o __F COR3 NOT ASKEJ FOR RETURN
iF (1OPT.EQ.0) RETURN

R S AND COLUMNS OF ZEROS
DO 599 INDFX=1,32 , ¢ oRUR .

e

i SN i

S3AN PXY AND DELETE ROWS OF ZER0S

CORO0101
corP00102
CoORON103
CORODLON
COROO0105
Cor00106

coro0107

CORQ01DA
corO0109
COrR00110
COROO111
GOROO112
CorROD0113
CORGO11Y
COROD115
corD0116
COR00117
corP00113
COoRO0119
CoRrR00120
CoOrRO00121
CORODO0122
coro0a123
CORO012%4
CoR00125
COROO12% .
COoRDOLEZ7
CORD012%
CoRrpg129
CORO0D0130
COR00131
CORGC132
CORO00133
COR00134

CORDOL3S
 COR00136

COROO1 37
CORO0138
COR09139
COR00141
COROO1N1
CORO0142
COR00143

CORDO14G

SORDO145
CORO00146
COR0O147
COROD0148

CORONLLI

CORD0150
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599

601
600

641

649
6510
651

662
661

672
671

ADOOOO

- 58

20.860

17ERO(INDFEX) =0
NZERO =0

00 600 I=1,4N

& =YI

SUBROUT.NE

SOR

IF(PX(I)«5GT.0,000001) GO TO 601

NZERO=NZERO+1
I7ERC(NZERO)=T1
CONTIMUE
GONTINUE
iF(NZERD.EQ.D)
Ju=0

DN 650 J=1,N

00 650 I=1,4N

DO 640 KK=1,NZERO
NDEX=1ZERN (KK)

GO 10 651

IF((I.EQ.NIEX) «OR4 (J+EQNIEXD)) GO TO 649

CONTINUE
JJd=JdJ+1
IJ=(J-1)*N+I
PXY(JJI)=PXY(IJ)
CONT INUE
CONTINUE

CONT INUE

JJ=0
D0 661 I=1.N,

IF(PX(I).T.0,000001)

JJd=JJt1
PX{JJI)=PX(I}
CONTINUF
CONTINUE

JJ=0

D0 671 I=1.N

QEMOVE ZERO ENTRIES IN THE MARSINALS

GO 10 662

IF(PY(I).LT.0.,000001) GO TO 672

JI=JJ+d :
oY (JJ)=PY(I)
CONTINUE
CONTINU=R
NNNN=N
N=N-NZERO

00 58 I=1.N
NO 58 J=1.N
1J=(J=1) ¥*N+D

SONS=SART(PY (I

QtIJI=PXY (IJ)7CONS

"NORMALIZE

203

PXY AND STORE IN Q. SAVE PXY

~COR0D1659

'COR0019%

COR0019¢
-COR@GO0L9°

SOR00151
COR00152
COR00153
COROD154
COR00155
COR00156
COR0D157
COR00158 i
CORO0159 |
COROU1BD
COR00161
COR00162
COR00163
COROC164
COR00165
CORDO166
CORO01AT
CORDO16A

1
1
‘
|
i
it
i
‘
-t

COROGL7"
CORO0171
coroot72 ¢
cOR0017Z -
SJOR00L74 ¢
CORO0L7E
COROO17F
SORO0L77
COR00178
CORO00U179
COR00180
CORO0181
coRr00182
CORO00183
COROG18Y
CORD018E
CORDO13E
COR001%7
CORDO1L8¢E
£OR0018¢
COR0012C 1
COR00191 +
CORDO019?
CORO0019Z

]
i
!
{
&

COROB19%
COROO19¢
CORrRDO197

corR00240¢C



( v 02-12-74  20.860 SUNROUTLINF OR :
c coro02nt |
c COMPUTE THE UPPER/D.AG ELEMENTS OF Q®QT CoR00202 |
c STORE IN Q SOR0N203 é
c . coR00204
00 49 I=1.N COR00205
N0 51 J=IsN CORD0205 |
B(J)=0.0 COR00207 |
DN 52 K=1.N Cor0020°
IK=(K=1) %1+ ' COR0020° !
JK=(K=1)*H+d - . CORDD21) ;
52 9(J)=B(J)+Q(IK)*QLIK) COR00211 '
51 LONTIMUE ' CORNO212
02 50 J=1,N ) COR0O0213
TJ=(J=1) *N+] COR0D214
50 Q(IJ)=B(J) COR0021G
49  GONTINUE COROO21F
c : COR00217
c FILL IN THE EELOW DIAG E_EMENTS OF Q¥QT COROD0217 i
c CORD021% |
00 48 J=1,N R ; COR00220 |
DO 48 I=J.N . ' COR00221 %
IJ=(J=-1) ¥M+] ' ‘ coP00222 !
JIS(I-1)¥N+J : . . COROO222 |
48 QI =Q(JII) » COR00224 i
. £ FORM SQRT(PX) * Q*QT * SQRT(PY) $OR00225 |
{ cc STORE TN Q ‘ COR0022% |
: 00 91 I=1.N ‘ COR00227
DO 91 J=1.N - .o : COR00228
TJ=(J-1) *N+I ‘ : " .. CORgg22¢°
91 Q(IJ)=Q(IJIZ{(SQRTIPX(I) *PX(JI)) ‘ COR00230
c : , , ‘ £LOR00231
c GET THE EIGEM VECTORS AND EIGEN VALUES ~ CORO0232
c OF Q*aT COR00233
c ' - COR0N2 34
c 5 CORO023%
c CALL THE SUBROUTINE TO GET THS EIGENVALS CORO023¢
c GET A MAX OF 5 EIGENVALUES. IF ALL FIVE COR00237
c ARE NEAR UNITY,SET COR3=17.9993. ' RETURN SORONZ23P
c IF ALL OF THEM (JTHER THAN THE FIRST ONE)ICORO0023®
c ARE _ESS THAN 0,001 » SET 2023=0.0001 ANJISOR0024T
c RETURN. THE FIGEN VA_UES ARE CALZULATED <SORQ0241
c W.TH AN ACCURACY OF 0.0001. S0R00242 ‘
c e SN - L : COR00243 )
c : : COR0O24Y :
MAX =5 S - , COROO2US o
IF (NJLT.MAX) MAX=N , : .. CORO024& ;
CR=0.00N1 , , : : I COROD247 §
EPS=0.00001 : : ' : _ : . COR0O2u4¢ ;
CALL SFANZD(QsNyNyCRyEPSIMAXINEYEIV9BeCyDyFo1ED o ~CORO00249 L
c ' ’ ¢ I : R CorO0250,
; : o Y : Lo : : Ce . . -
: A\ S
Lo
i |
i

204
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y 02-12-7h 20.860 SUBROUTINE COP

2
&4
IF(NE«GT41) GO TO 60 . cor0025
¢ ’ 50R0025
¢ SET COR3=0,0001 AND RETURN ¢oronzs
c COR0O25
corid=g.n1 . COR002S
WRTTE(H,200) CORDO2S
200 FORMAT(tr1.,10%,* AL. ELGEWN VA_UES OTHER ThAN THE FIRST ARE _ESS ThCOR002S
1AN 0.001. COR3 IS SET=0,0001)°'/10X,"AS0RT AA®) COR0OD2S
N=NMHN CORDD25
PETURN ' CORNOZH
60 CONTINUE ) CoP0O25
c FINO THE EIGEN VALUF CLOSEST TO 1.0 SOR0026
D0 63 T=1.NE S0R0026
D.F=A3S(E(I)=1.0) ) CoRrR0026
JUE=T o corPO0n26
IF (DIF«GT+0.00003) GO TO b4 L SOR0026
63 CONTINUE “ S0R0026
c SOR0026
c 1F PROGM IS AT TH;S PO-NT, THEN THE FIRST.OR0024
c FIVFE EIGEN VALUES ARE CLOSE TO 1. o. SET CoRO0027
c COR3= 0 99993 AND RETURN TOR0027
c COoRO027
COR3=0,9949 COR0027
WRITE(64202) ‘ Z0R0027 i
202 FNRMAT{1H1,10X," THE FIRST 5 E;GtN VALUES ARE NEAR UNZTYe */10X,* CORNO27 ?
1 SO0R3 TS SFT =0.999.40¢+A30RT BR*) S0R0027
N=NNHNN . ‘ coR0027
RETURN . COR0027 :
c C . : - COR0027 |
c ' FOUND A PROPER E.GEN VALUE : © SoR0028 ;
64 I1F OUND=JJE , CORO0022
COR3=SORT (E (IFOUND)) CORO002#
Nz NNNN : CORO00238
RETURN : , COR00232
END : . : CORDO0238

205




02-09=7h

cleeeq

o OOOOOO_OGOOOOO'ODOOOOOOOOO

OO0 O0O00

OO0 O00

o206 e

20 034 1-E-Q~P-n-1
1 1-E-Q-P=0-1 I1EQPNL01
1£QPAL02
WRITTEN 3Y  DENISH GOEL SEPT 1971 IFGPQLD3
IEQPQLON
DFSCRIPTINN OF PROGRAM. ~ IEQPNL05
THIS SUARDUTINF DETERMIMES K LEVELS OF QUANTIZING FOR AN ARRAY 1£0PQ106
FOR WHIGH THE CUMMULATIVE DISTRI3UTION FUNCTION OF ALL THE EL- 1ERPALNT
MFNTS HAVE ALREADY BEEN 09TAIMED. IEQPQL0R
' 1EQPQL0°
: IFQPNL1LY
EMTRY POINT. . IEQPALLL
CALL TEQPNL(NyKyFy IQy IHIND IEQPAL12
: 1EQPQ113
AQGUMEMTS. CIEQPOLLY
1EQPNL15
N NUM3ER OF ITE4S TO 3E QUANTIZED, THE 1EQPQL16
DIMENSION OF THE F ARRAY, I5QPA117
K THE NUM3ER OF QUANTIZING LEVELS 1ERPALLR
F INPUT ARRAY OF CUMULATIVE JISTRIBUTIONIEQPIALLD
FUNCTION, tegpaian
L] OUTPUT ARRAY OF QUANTIZING LEVELS. 1EQPQL21
IMIN THE LOWEST POSSIALE LEVEL IN 1EQPQ122
THE INPUT JATA. IEQPN123
, 1EaGPAL 2N
- 1EQPAL2S
SUBROUTINE IEQPRALINyK.F IO, IMIN 1EQPQ125
o , 1£0PQ127
DIMENSION F(1),1Q(1) I1EQPa123
DIF=10.%*6 : 1£QPQ129
: IEQPQ130
03TAIN THE FIRST QUANTIZING LEVEL. IEQPAL3L
G0 THRU THE WHOLE ARRAY OF C.0.FyS 1EQPQAL32
IEAPQL33
00 1 J=1,M 1EQPQL 34
: I1£QPAL 35
FIND PERCENTAGE OF DISTRIAUTION FOR FIRST QUANTIZING LEVEL ANO IEQPN136
CHECK FOR THE NFAREST CedeFe ‘ 1EQPQL 37
"I£0PNL 33
X=A3S (1. /FLOAT(KI=F (J)) TEQPA13A
IF(DIF.LE.X)GO TO 1 1EQPQ140
DIF=X IEQPN1GL
ISAVE=J : IEQPNL 42
CONTINUE , I 1EQPQ143
- IEQPQL AL
FI®ST QUANTIZING LEVEL 1ENPQLLS
v L ~T1EQPALH6
IN(1)=ISAVE+IHIN-L AFapPaiu7
, : o IENPQLLY
YO GO FOR NEXT LEVEL 1EGPA1 49
1EQPQ150

s 4

e
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204 AL ' [-€-2-P-Q-1

LFTOFF=ISAVE "
00 2 I=2.XK

CFCIDE FOR OTHER AUANTIZING LEVELS IN THE SIMILAR WAY,

DIF=10.%%6
an 3 J=LFTOFF,N

THE PCSRCENTAGE OF 0ISTRISYTION FOR NEXT>QUANTIZING LEVEL WILL
BE DECIuEC AMONG REST OF ELEMENTS.

X:&BS(((l.—F(LrTDFr))/FLOAT(K-I#l))+F(LrTOFF)-C(J))
IS(OIF«LE.XIGOD TO 3

DIF=X

ISAVE=J

GET THE NEXT NUANTIZING LEVEL

CONTINUF
IN(I)=ISAVE+IMIN-1
LFTOFF=ISAVE
CONTINUE

RETURN

END

207 SECE R A "

1EQPN1L51
1£QFNLS2
1£9PN153
1EQPN15H
IEQPQL5S
IFQPN1L56
1EQPNLS7
IEQPALSA
1EQPA1S9
IEQPQLGO
ItnPal16t
IEUPQLA2
ISCPAL 63
IEQPALEY
IEQPNLAS
IEQPALAH
IEQAPQLET7
1FQPQ16%
IEQPQL6Y9
1EQPQL70
1EQPALTL
1EQPQ172
IEQPAL?3
IEQPQL7H

|

yrovis s
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¥

WAITTFN 3Y RMH
VERSION 1 RY RPJ RBOS.EY FOR TYAPE OUTPUT OPTION
VERSION 2 RY RJ BOSLEY FOR MERGE

4™ GESCRIPTION OF PROG
THIS SUsROUTTNE PUN

RAM,
SHES,PRINTS,0R WRITES TD FILE(IF) THE TEXTURE

R=T=T=0=H~T

ReI=T~0=H=-T

CATA ACCORIING TO THE PN3H / MERGE OPTIONS

ENTRY POINT. ’
" CGALL R:TOHT(LExl’LEx?’~EX3%LEX“'G':Q'MERGEQMERGE.IF'?IJYUR)

ARGUMENTS.

LEX1-LEXH
G
Iq

MFRGE

IF
PTICTUR

INTERNAL PARAMETERS.

PNCH
PNCH
PNCH
NPED
NLAYER
NET

N

M
M1
N1
K OUNT

ANGMOM, . . CORMAX

NOBL
IMT

JUNE 1173

JINE 1373

SEST 1971
NIy 1972
JUNE 1973

ADDRESS INDEXS FOR THE LEX ARRAYS

COF FOR THE

QUANTIZED OUTPUT OF IEQPQL OF

LEVELS

1MAGE DJATA

OPTION TO MERGE THE FOUR LIX ARRAYS

INTO ONE

ARRAY

FILE COCE FOR OUTPUT TAPE
OPTION TO PRINT A PICTURE 07 Tht
IMAGE, USEJ TO VARY SPAZING

=TAPE FOR TAPE QUTPUT ON F.LE IF

=¥ FOR PUNC

H OUTPUT

=N FOR PRINTER OUTPUT ONLY
REDUCTION FACTOR F.ROM FPLXIT

THE POWER TO WHICH NRED 1S RA:ISED
AMOUNT OF REDUCT.ON IN FPLXIT

THE NUMBER OF ANGLES USED IN LEX

ARRAYS

THE LEX ARRAY CONTAINING A.. THE

MERGED AR
IMAGE ROW IN
IMAGE COLUMN

RAYS
DEX
~NJEX

CARD COUNTER

FEATURES
NUMBER OF B8R

iIGHTNESS

<EVE_S IN IMAGE

LINE COUNTER FOR MERGE OPTION

SUBROUTINE erowr(Lex1.tsxz,LEx3,LExu.G.IQ.MERGE.IF;PL;rUR)

DI MENS

IoN LEXi(i)}LEX?(l)vLEX1(1),LEK“(1)'G(Sb)pﬁﬂ(ﬁh)v3(h)
COMMON Ml.Ni.TYDF.F(th)yIJD(Q).ANGHOM(h),AMFAN&%J.SG

HASI(L)

1‘SGMAXY(Q),DIFMOM(Q),RATIO(&),VIOHON(“)vTNEAN-LEASTloN?EO
COMMON N_AYFRNSTART NTIMES,NOyPNCH

COMMON /ZE_/ENTROP(4)CIFENT

1SUMAVE () ySUMVAR (L)

208

(L) O-FAVE(L) 411

FVAR(4) s BUMENT (4D,

NQUANT

RITOWTDYL

RLTOWTI2
RITQWTN3
RITOWHT I
RITQWTDS
RITOWTA
RITOWTN?
RITOWTNA
RITONTNO
RITOWTLO
RITOWTIL
RITOWTL2
RITOWT1L3
RITOWTLY
RITOWT1S
RITOUTLA
RITOWT1?
RITOWT L8
RITOWT1Q
RITONWTZ20D
RITOWTZ21
RITOWNTR?2
RITOWT23
RITOWT24
RITOUT2S
RITOWT 26
RITOWT27
R1TOHT 23
RiTOWT29
RITOWT3
RITOWT31
RITOWT 32
RITOMT3?
R_TOUT 3L
RITOWT 35
RITOUT 36
RITOWT37
RITOWT 34
RITOWT 34
RITOWTHLO
RITOWT LY
RITOWHTH2
RITOWT L3
RITOWT 44
Q. TOWTUS
RITOWT46
RITOWT4L?

RITOYT4HA

RITONTHA
RITONHTSO

SRR e s e s
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000 000 000

106

600
601

400

[ 2 YN <]

20.743 R=T=T=0=W~T

COMMON /unRQEL/COQINF(“a.QOPNUT(Q!'CORHAX(“)
LOGLICA. MERGE,PICTUR

DATA B(L),8(2)oB(o)qU(h)/0.995o.90..139./
UDATA TAPE/LHT/

DATA Y/1HY/

DATA KOUMT/0/4.1MT/0/

NF T=NREJI**NLAYER

N=4

KKJ= 50

M=3

cHECK For THE MERGE opTIoN  BEPRODUCIBILITY OF THE

ZF (MERGE) GO TO 22 ORIGINAL PAGE IS POOR

PUNCH OR NO PUNCH
LF (PNCP.ME.Y) GO TO 400
PUNUH TEXTURE FEATURES FOR ALL FOUR kNG'ES

WRITE(43,60) M1,NL,NFT

F0°HAT(1X,2A5.12H’S COMPLETED)

KOUNT=KOUNT+1

WRITE (43,5600 )(ANGMOM(K),K=1,u).(ENTROP(K)yK=1sQ).KOUNT
KOUNT=KOUNT+1 :
WRITE(43,6060) (QATIO(K).K=1qu),(SGMASQ(K),K=1'M)'KOUNT
KOUNT=KOTINT 41 !
WRITE(43,600) (SGMAXY(K)oK=1ob),(AHEAN(K).K=1ok)'KOUNT
KOUNT=KOUNT+1

WRITE (43,000) (VIOMOM(K’oK=19h)'(TMEAN;K=19%)|KOUNT
KOUNT=KQUNT+1

WRITE(43,600) (DIFENT(K).K=1,MD.(01FAVE(K).K=1,#),KOUNT
KOUNT=KOUNT+1 ,

WRITE (43,600) (DIFVAR(K)qK=1'M).(SUHENT(K).K=1,h),KOUNT
KOUNT=KOUNT+1

WRITE(43,600) (SUMAVE(K),K=1,Q),(SUHVAR(K)oK=1oh),KOUNr
KOUNT=KOUNT+1 ‘
HRITE(QX.aﬂo)(uORINF(K),K=1.h).(GOQMUT(K)aK=1,h).KOUNT
KOUNT=KOUNT§1 .

HRITE (43,601) (,ORMAX(K),K=1,Q)'KOUNT
FORMAT(1X+8F9:5417)

FORMAT(1X s 4F Qelbe 3BXy I5)

FOQMAT(le‘OFQ- 59.36X17)

CONTINUE

HRITE TEXTURE PEATURCS 70 TQPE FILE *1F°*

IF (PNCH.NELTAPE)Y GO TO 500

HRITF(IF)MloNloNFV.(AN MOH(K).K 1'N)0(ENTROP(K)oK qu)o(QATIO(K)o

209

JUNE 1773

RITOWTSY
RITOWTL2
RITDWTS3
RITOMWT S
RITOWTSS
RITOWTSE
RITOWTS?
RITOWTHA
RITOWTSA
RITOWTHD
RITOWTE1
RITOWTE2
RiITOWTBES
RITOWTHY
RIYOWTES
R. TOWTHA
RITOMTET7
RITONHTHS
RITOWTEA
RITOWT70O
RITOWT71
RITOWT?72
RITOWT73
RITOWT 7L
RITOUT7E
RITOWT7A
RITOWT7T
RITOWT7?
RITORT7C
RITOWTBC
RITOWTSAL
RITOWTBE
‘RITOWTAT
RITOWT 8!
RITOMWT AL
RITOWTAF
RITOWTAT
RITOWTS®
RITOWTS:
RITONTA
RITOWTO"
RITOWTO"
RITOWTI

"QITOWTY:

RITONWTS
RITOWTA
RiTOWTI

RITOWTI
RITOWTY
RITOWTO

srrrten vy
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Y
02-12-7h 20,763 R-I=T=0=W=T JUNE 1973 i "
1K=1 o N) ¢ (STMASOIK) oK=L 9Ny (SGMAXY (KD oK=L yND o (AMEAHIK) 9K=1 4N )y RITOWTNYL
LOVIOMOMIK) ¢K=1 yN) o ({TMFAN,K=1 M) o (DIFENT (KD oK=L yN) o RITOWTO2
P4 TFAVE(K) oKX=t oH) ¢ (OIFVAR(K) yK=1 g NY o (SUMENT (KD 9K=14N)y RITOWTDS
LOSUMAVE (K)o K=1 N « (SUMVAR(K) 4K =14N) s LCORLNF (K) 9K=14N), (SORMUTIK), RITOWTO4 4
1K=14N)y (CORMAX (K) oK=1yN) RITOHTAS i
500 CONTINUE RITAWIOA
c RITOWYO?
c PRINT TEXTURE FEATURES FOR EACH ANGLE AND TITLE RITOWTOR
¢ ‘ . RITOWTI9
WRITE(6+60) MLyN1.NFT RIYOWT1O |
60 FORMAT(/* THE STENE (*9TI2,%y"»12,°) HAS 3EEN REDUCFD B3Y °*+I5) RITOWT1L ¢
WRITE(5,303) ‘ v RITOWT12
303 FORMAT(Ar ANGLE ,9H ANGMOM ,8H ENTROP ,8H RATIO ,84 SGMASQ RITONTLI3
18H SGMAXY Bk IVDMOM 48F _FFNT .8k DIFAVE 48n ODIFVAR ,8H SUMENT ,RITOWT14
18H SUMAVE o8H SUMVAR ,8H CORINF ,7HT0PMUT ,8H JOR4AX ) RITOWTIS
WRITE (64300) (R(X),ANGMOM (K) » CNTROP (K} yRAT.O(KY s SGMASRIL) 9 SGHAXY(KIRITONTLA
1, VIOMOM(K) 4 DIFENT (K} 4LIFAVE (KD JIFVAR(K) g SUMENT (K)o SUMAVE (KD » RITOWTL?
PSUMVAR(K)  CORINE (K) y CCRMUT (K) yCORMAX (K) 3K=14N) RITOWT1A :
300 FORMATILX.FS541415FB.4) RITOWTL9 ¢
WRITE(6,600) TMEAN RITOWTZ20 !
100 ONTINUE RITOWT2L |
c : RiTOWT22 |
c IF NEITHER PNCY NO® TAPF, PRINT LEX ARRAYS RITOWT23 i
c RITOWNT?4 :
TF((PNCH.EQ.Y) +OR. {PNCH.EQ.TAPE)) RETURN RITOWT25 ;
WRITF(6,30) G : RITAWT26
WPITE(S,31) IN ) RITAWT27
30 FARMATI2H F/ (1X41657.3)) RITOMWT 28
31 FORMAT(3H 10/7(1X416i7)) RITOWT29
NOBL=TDD(1)-10D(2)+1 RITOWT3D
o ¥ ITOWT 31
c iF MERGE, JUST DO LEX1 AND RETURN RITONT 32
c RZTOWT 33
IF (MERGE) 60 TO S4 RITOWT 34
WRITE(6,566) RITOWT 35
P06 a0 et inone | o REPRODUCIBILITY OF THE RITONT 37 |
NS=.1*(T-1)/2+1 ORIGINAL PAGE IS POOR RITOWT 38 §
NE=(I+1)*7/2 ’ RITOWT3S :
c RITOWT4LO |
c PRINT LEX2 FOR 0 DEGREFS RITOWT 41 4
c . RITOWT4L2 It
50 HRITE(6,700) (LEX2(J) 4J=NS4NE) RITONT 43
700 FORMAT(1X,26I5) = : RITOWT
HRITE (6,567 RITOWT4S
567 FORMATI(//10X410H45 DEGREES RITOWTUR
D0 51 I=1,N08L : - RITOWTLT7 -
NS=1i*(I-1)/241 RITOWTLS
NE=(I+41)%./2 - RITOWT4H9
c

210

RITOWTSO




02-12-7h 20,743 R=1=-1=0-H=T JUNF 1373
c PRINT LEX4 FOR 45 DEGREES RITOWTSL
c ; RETOWTS?
51 WRITE(6,700) (LEXYL (J) 9 J=NG I HE) RITOWTHI
HWRITE(6499) RITOMW;SH
99 FORMAT{i+1) RITOUTSS
54 WRITE(H,456H8) R-ZTOWTSH
568 FOWHAT(//IQX,lUHQO NEGREES) RITOWTS7
0N 2 L=1NOBL RITOWTSA
NRzi®*(T=-1)/2+1 RITOWTSA
NE=(I+1)*2/2 RITOWTAD
c RITOWTBL
c PRINT LEX1 FOR 90 OEGREES RITOWT62
c R-TOWTH?
52 WRITE(6,700) (LEX1 (J) «J=NSHNE) RITOUTHYG
IF (MERGE) RETURN RITOHTES
WRITF(6,5069) RITOWTHEA
569 FORMAT(//10%,114135 DEGREFS‘ RITOWTH?
no 53 I=1,NOBL- RITOWTEA
NS=I*(I~-1)/2+1 RITOWTGS
NE=(T+1)*1/2 RITOWUTTE
c RITOWT?!
c PRINT LEX3 FOR 135 DEGREES RITOWT7?
c ' f RITOWT7?
53 wRITE(5.7oo):(L=x3(J),J=Ns,NE) RITOWT7U
RETURN : RITOUT 7T
c RTTOWT7E
c RITOWT FOR THE MERGE OPTION RITOUHTT®
c : ITORTT®
c CHECK TO SEE IF A PICTURE +AS BEEN PRINTED RITOWTTE
c - RITONTAC
22 iF(PICTUR) GO TO 23 RITOWTA:
c . RITOWTA"
¢ INCREMENT PAGE COUNT RITOWTS
c RITOWTA:
IMT=IMT+1 RITOWTAS
c RITOWTA:
c IF PAGE IS FULL GO TO TOP OF NEXT PAGE AND WRITE TITLE RITOWTA
c - RITOWTS
TF(IMT..E.1) WRITE(6,662) RITOWTA
IF (.MT.GE.14) IMT=0 : : RITOWTS
662  FORMAT(1h1,40Xs"ERTS TEXTUPE ANALY IS/ RITOWTY9
1 1%, *ANG.E ANGMOM ENTR0P RATIO SGMASA S5MAXY IVOMORITORTA
4M OIFENT OIFAVE DIFVAR SUMENT SUMAVE SUMVAR CORINF CORMUT RITOWT9
1 CORMAX */) , CRITOWTY
c : RITOWTS
¢ CHECK FOR PUNCH RITOWTA
c RZITOWTO
23 17 (PNCH.NELY) GO TO 40 RITONTS
c RITOHTS
c PUNCH THE MERGED TEXTURE FFATURES RITOMWIO

ya

o
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663
664
665
4N

(1]

OO0

sFO00

666

667

G

20,743 CR=1=T7~0=~H=T JUNE

WRITE(H3.6563) Ml,Nl.NFT.ANGHOM(M),FNTROP(M).RATIO(M)oSSNASQ(M)v
1 SGMAXY(M)qAHEAN(ﬂ)cV:DNOH(M),KOUNT

KOUNT=KOUNT +1

HWRITF (43,66N) THEAN,DIFENT(M)-DIFAVE(H)qDIFVAR(N).SU*ENT(H).
1 SUMAVE (M) y SHHVAR (M) o KOUNT

KOUNT=KQUHT+1
WRITE(4T,655)
KOUNT=KOHUMT+1
FOQMAT(l?.iYqI?vI?lev?FQ.G,TQ)
FORMAT(3X47F345+19)

FARMAT(8X 3F9.5+36X+19)
CONTINUE S

<HECK FO= TAPE OUTPUT

1F (PNCH.NE.TAPE) GO TO 41

CORINF(M).CORMUT(M)oCORMAX(H).KOUNT

WRITE OUT ONTO FILE °*IF’ THE MERGED TEXTURE FEATURES
WR/ITE(TF) MigNt’NFT'ANGMOH(M),ENTQOP(M).QATIO(M).SGHASQ(N).

1 SGHAXY(M),AHFAN(M)yVIDHOM(H).TMEAN,DTFENT(M)'DIFAVE(“)v

e DIFVAD(M),SUMEVT(M)ySUHAVE(M),SUMVQR(H),GORlNF(ﬂ),CORWUT(M)1
3 CORMAX(M) ! :

IN ANY CASE,PRINT THE MERGED TEXTURE FEATURES

WRITE (/,60)
WRITE (6,5666)
1.VIOMON(M)yDlFENT(W),nIFAVE(N)oD;FVAR(M),SUMENT(M),SUMAVE(M),
ZSJMVAR(M);CORIN?(M)yCOQMUT(M)qCORHAX(M)
FOQMAT(lX.'HERGE‘,iSFS.Q) '

WRITE(6,6A7)  TMEAN

FORMAT(LX,F9+57)

MLaNLWNET

NOW GO PRINT OUT THE MERGED _EX1 ARRAY AND RETURN

G0 TO 100
ENO

REPRODUOIRT '
REPRODUOIBIL 1y
ORIGINAL Pagp zs%%gﬁ .

e

1973

RITOWTNL
RITONTNZ
RITOHTOS
RITOWTOL
RITOWTOS
RITOWTO6
RLTOHTN7?
RITOWTOS
RLTOWTO?
RITONT 10
RITOWT11
RITOWT12
RITOWT 13
RITOWT14
RITOWT1S
RITOWTLE
RITOWTL7
RITOWTLE
RITONT LS
RITOWT2C
RITOWT 2!
R.TOMT2?
RITOWT2:
RITOMWT2L
RITOWT P
RITOKT 2¢

ANGMOH(M)qENTROP(M).RATZO(M)ySGMASQ(“.).SG?“'AXY(M)RITGHTZ~

RITOWT 2!
RITOWT2¢
RITOWT 3(
RITOWT 3
RITOWT 30
RITOWT3
RITOWT 3!
RITOWT3!
RITOWT3!
RITOWT3

B = T




IV.2-¢ Cross-Band Texture Analysis Program Listings

SPECTR !
GETIM / GETIT | - |
ERTS (see IV.2-a) ‘ *
DIFFER
COVAR
MNCVIN / MNCV . |
CORREL | ' e

L

- e

213
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CORRELATION MATRIX.
THE ERTS TAPE IS PR

DISTANZE PETWEEN NE
IS VARIAB.E.

GROSS-BAND TEXTURE ANALYSIS
CROSS-RAND TEXTURE ANALYSIS
WOITTEN SY RJ BISLEY

DESCRLPTION OF PROGRAM
TS THF MAINLINE OF PR
NUMLIN X NUMPPL X NDIM SUBLMAGE FROM THE ERTS
EACH SU3ZMAGE CALCULATES THE COVARIANCE M
TH-S MATRIX IS WPLITTEN.T

PROGRAM

AHALYSIS.

ERTS INPUT TAPE MUST EE ON FILE €S,
A RANDOM DISC FILE IS

INTERNAL PARAMETERS

REQUIRED ON FILE 11--- 3 FILE 114A11R, 30R

NOIM NUM3ER OF GREY TONE N-TUP_E SOMP.
NUMLIN NUM3ER OF LINES IN A SUBIMAGE - "y
NUMPPL . NUM3ER OF COLUMNS IN A SURINAGE e
NROW K  ROW COORD FOR THE SU3IMAGE
NCOL ~ COLUMN COORD FOR THE SUBIMAGE
"IDIST : DISTANCE BETHEEN NE.GHBORING JES.

CELLS FOR THE OIFFERENCE IMAGE
TBSTRY : STARTING ROW FOR THIS RUN '
IRSTOP STOPING ROW FOR THIS RUN

SET=0, THE STRIP WIilLL B

0GRAMS WHICH N3TAIN A
INPUT TAPE AN) FOR
ATRIX AND THE

0 FILE IFILE

DRESSFU IN HORIZONTAL /ROWS OF
SUBTMAGES MAY OVERLAP RORLZONTALLY AND VERTICALLY, ANJ THE
IGHIORLNG CELLS USED IN

JAN 1974

SU3TMAGES,

THE DIFFERENZE ARRAY

10 ITS END OF FILE

E PRJIESSED

LAPHOR HORIZONTAL OVERLAP OF SU

LAPVER VERTILAL OVER.AP OF SURIMAGES

NHOR NUMBER OF OVER.APING HORIZONTAL

; © SUITMAGES IN A POM

TPEND .  ENDING POINT 7OR ONS LINE FROM ERTS

LASTIM  FINA. ROW OF SJ3IMAGES

COR,COV CORRE: ATION,COVAR.ANCE MATRICES

TTL f TITLE-FOR THE MATRIX ¢

TITLE TITLE FOR ThE MATRIX : ‘

FMT S "FORMAT FOR PRINTLNG OUT MATRIX TERMS

oPT TRUE TO PRINT OUT SOVARLANSE 4ATR.X
FILE FOR FEATURES

PNCH  DETERMINES OJTPUT
? : TRUE FOR FI.
; ERR FALSE FOR FI_E 01y
°F. . QUTPUT FILE FOR FEATURES

LABEL . % ROW AND COL NAMES FOR MA
CDET R DETERMINANT OF THE CORRELATION
ENTROP. ¢ ENTROPY MEASURE : o

KT , '

214

- 'CARD COUNTER

~ REPROD
. ORIGINAL

£ 43,PUNTRED JARDS
TAPE OR' 0ISC

JUGIBILITY OF THE
PAGE 1S POOR

T2IX PRINTOUT
MATRIX

LAY

SPE.TRO1L
SPECTRO2
SPECTROJ3
SPECTROA

SPEGTROS -

SPECTROA
SPECTRO7
SPECTRDA
SPECTROQ
SPECTRLD
SPELTRLL
SPEGTR12
SPELTRLZ
SPECTR14
SPECTR1S
SPELTR1A
SPEZTRL?
SPECTR1S
SPEL TR19
SPELTR20
SPECTR21

/SPECTR2?
- SPECTR23

SPECTR2Y
SPECTR2S
SPELTR26
SPECTR27
SPECTR23.
SPEZTP29
SPECTR30

SPECTR31L

SPECTR3Z
SPECTR33
SPECTR 34

- SPECTR3S

SPECTR3®
SPECTR37
SPECTR38

 SPECTP39

SPELTRLD
(SPECTRL1
SPEUTRAZ
SPECTRH3
SPECTR4L

" SPEZTRALS

SPECTPLG

CSPECTRLT

‘SPECTRALS

- SPECTRHLY.

SPECTRSO
SPECTRS!
SPECTRS52

FXR B '4 .
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{' 12-12=-74 18.629 CROSS-BAND TEXTURE ANA_YSIS
INPUT ARGUMENTS. .
IMAGE 4 X ARRAY CNNTALNING SUBIMAGE
TLINE ARRAY FOR REAJING ERTS TAPE
_YDIM ROW ODIMENSION OF IMAGE
IX0IM COL DIMENSION OF IMAGE
NOIN ) EQUAL TO NDIMJNO OF BANOS

ENTRY POINT,
CALL SPECTQ(IHAGE,X.ILINF.IXDIH.lYDIM,ND;N)

EXAMPLE OF DRIVER.
CIMENS1ON TMAGE(1b, 17.“).X(16917p%)v;L NE(3301)
EQUIVALENCE (IMAGE (LeL141) 4X(141,1) 3 ILINE(130))

+XDIM=17

+s¥YDIM=16

NDIM=4

CALL SPECTRE(IMAGE Xy l1LINE,IXDIM, IYDLH.ND H)
STOP

END

ThIS PROGRAM WT| L SET UP THE TEXTUR RUN FOR 16 X 16 SUBIMAGES
OVER ALL FOUP BANDS, WITH IDIST=1. *¥¥¥NOTE¥**IXDIM MUST INJ LUDE
NUMPPL PLUS IDIST, AND ARRAY ILINE MUST HAVE AT LEAST NUMPP_ *NDIM
POINTS OUTSINE OF ANY OTHER ARRAY., THESE POLNTS FORM ARRAY XL INE
WRICH IS USEC IN COVAR TO SEND ONE LINE Or DATA TO MNOV.

SUBPROGRAMS REQUIRED.
DRIVER
SPECTR
GETIM
SETOTM
GETIT ,
ERTS (WITH EREWND)
DIFFER
COVAR
MNCVIN
- MNCV
CORREL
SFAQ7F
HEMDET

SURROUTINE SPECTR(IMAGE, X,ILINE.IXD’NvIYDIN,NDINT

DIMENSION IMAGECIYDINGIXGINZNIIND ZILINE(L)oT2 TLE(ih)oA?(S)v

h S LABEL(8),20R(848) y20V(8+8) X (2LYDINyIXDNNDIN) o
CHARACTER ROW*12,20u%12,TTL¥6(14)

EQUIVALENCE (ROWsTTL(13)),y (0L, TT (11))

LOGICAL OPTyPNCH

NAHELIST /PARAM/ VDIM.NUM;LNQNUMPPL,FMT TITLE, OPT,IDIST:IRSTRTf

f . 1 IRSTOP,LAPHOR,LAPVER,PNCH

i REPRODUG H:ITY OFf A

215 .

DATA TTL(i)/'COVARIAN EOVER SUBIMAGE === '/vTTL(B) OR?E’ATION

L

SPECTRS
SPECTRS
SPECTRS
SPECTNS
SPECTRS
SPECTRS
SPECTRS
SPECT®6
SPECT®A
SPECTRE
SPELTRE
SPECTRG
SPECT®6
SPECTRSG
SPECTPE
SPECT®5
SPECTRA
SPECTR?
SPECTRY?
SPECTRT
SPECTR7
SPECTR7:
SPECTRT7
SPECTRT:
SPECTRT
SPECYRY
SPECTRT
SPECTRS
SPECTRS
SPECTRS"
SPECTRS
SPECTRS!/
SPECTRSE!
SPECTRA!

SPECTRS’

SPECTRS8!
SPECTRS!
SPECTRY
SPECTRO"

. SPECTRY’

SPECTRY’
SPECTRS!

SPECTRY!
“SPECTRYS

. SPECTR9:

SPEC TR
SPECTRO"
SPEC TRO!
SPECTRO:
SPECTRO!

SPECTRO:. -
- SPECTRO!

et sk e A L
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( 12-12-74 18.629 CROSS-BAND TEXTURE ANALYSIS L g
10VER SU3IMAGF ==~ */ SPECTRD |
DATA LABEL(1)/°BAND 2 2X2 BAND 3 3X3 2X3 SAND 4 GXb 2% %/ SPECTRD
DATA FORMAT/®E11.4°/ TITLE(1)/0.0/4FN/"F.5"/ : SPESTR0
¢ : SPECTRO
c ' SPECTRO |
c sessvs SECTION T --- SET UP PARAMETERS FOR PROCESSING we¥®ed SPECTRL  §
c ) SPECTR1
OPT=.FALSFE. SPECTR1 !
PNCH= .TRUF,. ' SPECTRL |
IiNIST=1 ’ . SPECTRYL &
TRSTRT=1 . . SPECTRL |
IRSTOP=0 SPECTP1
LAPHOR=0 SPECTR1
LAPVER=0 ‘ : ‘ SPECTRY
IXDIM=IXDIN \ SPECTRY
IYDIM=.YDIN : : SPECTR2 .
NOIM=NDIN . : SPECTRZ - |
MCIN=NDIN ; SPECTR2
NUMLIN=IY2IN ‘ K SPECTR2
NUMPPL=NUMLIN : SPECTR?Z
FMT=FORMAT . SPECT=2
- KT=0 : SPECTR2
c READ IN PARAMETERS ' SPECTR2
READ(S,PAPAM) SPECTR?Z
c WRITE OUT PARAMETERS . SPECTRZ2
WRITE(6,1) : SPECTPI"
1 FORMAT(20X, *SPECTRAL~TEXTURAL ANALYSIS PROGRAN®) . SPESTRZ
¢ IF (IRSTOP.EQ.0) IRSTOP=93232339 ~ SPECT=3
" HRITE(év?)NUHPPL.NUMLIN.NDIM'FMTgIDISTqLAPHOR,uAPVER,iQSTRT,;%STOP SPECTRZ
2 FORMA T(1X,*NUMBER OF COLUMNS .N SUBIMAGE IS '»13/ o ‘ SPELTR3
1 * NUMBER OF LINES IN SUSIMAGE IS *,I13/ ' SPEGCTRS3
1 * NUMBER OF EANIS IN SU3IMAGE 1S °*,13/ SPECTR3
1 * FORMAT USED TO OUTPUT MATRICES IS *,AS5/ - SPECTR3
P ¢ DISTANLE BETWEEN CELLS FOR DIFFERENCE IMAGE IS °,I2/ " 'SPECTR3
1 * HORIZONTAL SU3IMAGE OVER-AP IS",I3,"' POINTS*/ ) SPECTR3 r
1. * VERTICAL SU2IMAGE OVERLAP IS®4I3," POINTS®/ SPEGTRY ;
1 « STARTING ROW IN STRIP IS *yI6/ S SPECTR4 ‘
1 * FINA. ROW IN STRiP IS °*,I6) , “SPECTRY
c : CHECK PARAMETERS ‘ “SPESTRY
 IF(.NOT.OPT) WRITF(6,11) , . SPECTRY
‘11 FORMAT(® ONLY THE CORRELATION MATRICES WiLlL 8E LISTED®) ' ; . SPECTRY4
IF (NUMPPL.LE.IX0IM) GO TO 5° SPECTRY
WRITE(6,4) . . : , T SPEZTSY
4 FORMAT (* ERROR=--=-NUMBER OF POINTS PER LINE EXCEEDS "4IW) : : " SPECTRY4
; stToP . v B SPECTRY
5 IF (NDIMJLEWLNOIN GO TO 7 : E : S , .. SPECTRS
* WPITE(6,6) NDIN ; ' : ; . SPECTRS
6 . FORMAT(* ERROR---NUMBER OF BANDSsNDIM, MUST NOT EXCEED *+I3) , SPEGCTRS
, STOP R ' o : - SBECTRS
4 K2=TXJIM-NUMPPL : ~ R , : ZSPECTRS :
IF(INIST.LE.K9) GO TO 12 SR . SPECTRS, ‘w
HRITE(6,32) K9 o : , ~ : v : SPECTRS . :
R \lﬁ ‘200 B ' i
R AR e i
: SO T i *
A@ﬁ§ﬁa' N3y : : R g
{ . G‘g\\ gl
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32

12
13

14
15

»OOO00

o o

OO0

OO0 OO0

KOIM=NOIM-1

0O 50 LLN=1,NUMLIN |
UPETPEND®(LLN-1)

CROSS-0ANU TEXTURE ANALYSIS

FORMAT(® FRROR---1I0IST MUST NOT EXCEECD *s L4}

sTOP

IF(LAPHOR.LT.NUMPPL) GO TO 15

WRITE(6,14)

sTOP

FORMAT(* FATAL ERROR-=-OVERLAP EXCEEDS SIZE OF SUBIMAGEZ")
IF (LAPVER.GE.NUMLIN) GO TO 13

IF (NUMLIN,LEL.IYDIM) GO TO 17

WRITE(6,16) IYDIM ' o
FORMAT(®* NUMLIN EXCEEDS®yi3s° LINES=-=-=-EXELUTION TERMINATED*)
STOP

ssvevy SECTION II --- PROCESS ThE SUBIHAGES FEFERE

INITIALIZE THE GETIM PROGRAM

CALL GETLM(ILIN:'LDLSTQ”DLMQ-RSTRT’IRSTOPQNUM IN. NUMPPLyLAPVER,

LAPHORyNHORy INCR,y IPEND)
INITIALZZE HEMP PACKAGE PGYS
CALL SETDIM(COVsMDIN,MDIN)

IF=01
IF (PNCH) IF=43 '
FIND THE PGN SOORD AND THE _AST ROMW
NROW=IRSTRT/ (MUMLIN-LAPVERY) '
LASTIM={TRSTOP-TRSTRT+1)/ (NUM.LIN~ LAPVEP!*i
KPE=NUMPP_+IDIST
NO 100 M1=1,LASTIM
NROW=NROW+1
SET UP FOR TITLE OF MATRICZS
PUT THE COORD.NATE (NTO HOL_ERITH
LITERAL FOR MATRIX PRINTING
ENCODE (ROW48) NROW

FORMAT(IB46X):
GET A ROW OF KORIZ OVERLAPPING
SUBIMAGES FROM ERTS AND PUT 'THEM ON
DISC FILES 11,12,13+1% FOR & BANDS
CALL GETIT
PULL OFF EACH SUBIMAGE, GOING AZROSS
THE ENTIRE ROW
KS==INCR :

po 90 NCO--l.NHOR TR S

: ©  SET START AND END PIS FOR SUBIMAGE
KS=KS+INC® S T :
by . GO THRU NUMLIN LINES

. READ A LINE OF THE SURIMAGE

DO 45 KOL=1,KPE ST

IP=JP+KS+KOL : vk : L e ‘
&~ READ IN THE RESOLUTION ‘CELL

‘ }iﬁPB&ﬂJUCKBILKEY OF‘ﬂﬂiE

ORIGINAL PAGE Is POOR

217

SET THE OUTPUT FI.E FOR TA®E OR PUNZH

e

L

SPECTRS
SPECTRS
SPECTPS

PECTRG

PECTE
SPECTRE
SPECTRE
SPEZTPE
SPECTRG
SPECTRE

“SPECTRE

SPECTRB
SPECTRSE
SPECTR7
SPECT=27

SPECTR7

SPECTRY
SPECTRY
SPECTPY
SPECTPY
SPECTRY
SPECTRY
SPECTR7

. SPECTRE

SPECTRS
SPECTRA
SPECTRE
SPECTRE
SPECTRE
SPECTRE
SPECTRE
SPECTRE
SPECTRE
SPECTRS
SPECTRS
SPECTRS

: SPECTRS
- SPECTRS
"SPECTRE

SPECTRS
SPEC TPS
SPECTPRS
SPECTRS
SPECTRC

- SPECTRC
" SPECTRO
SPECTRC

SPECTRO
SPEC TRO
SPECTRO
SPECTRO.

VSPECYRO

SIS
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45

0OQ OO0 OO0

(o]

90
91
100

200

" RNSS-GAND TEXTURE ANALYSIS

"READ (11°IP) (IMAGE (LLNYKOL »18) »1B=1,NDIN)

1

1

CONTINUE

CONTINUF
GET THE OIFFERENULE IMAGE

LALL DIFFEQ(IMAGEyX,IXDIM;IYDIH.NDIHvIOISI.NUHPPL.NUMLIV)
PUT THE COOROLNATE INTO HO__ERITH
LITERAL FOR MATRIX PR.NTING

ENCODE (COLy8) NCOL

. GET THE COVARIANCE MATRIX F2R THIS

' SUBIMAGE
CALL COVAR(ILIN‘vNDIMqNUMPPL,X}IXDIH,IYGLH'NUMLIN'MDIN'ZOV)
; ‘ WRITE OUT THE COVARIANTE MATRIX

WHOSE COORDINATES AZE (NCOL.NIOW)

IF(OPT) CALL SFAD?F(COV;NJ;M'NDZM'ND;M.201.2.FMT.TIT;E,TTLQI)9

TTLL11) s TTL(13),LASEC v ABEL) ’
. GET THE CORRE_ATION MATRIX

CALL CORREL(COV,NIIM,COR)

WRITE OUT THE CORREL MATR.X

CALL SFAO?F(COQ.NJIH»NDZH.NDIM,Z,1.2.FM,TIT;E,TTL(6),TT-(il),

TTL(1L3),LABFLyLABEL)

COPY COR TO GOV SINCE HEMIET JESTROYS

ITS INPUT MATRIX .

DO 6% IS=1,NDIM )

D0 65 J5=1.NDIN

COV{I5,J51=CORI1I54J5)
CONTINUE ;
" GET THE DETERMINANT FOR THE
: . CORRELATION MATRIX
CALL HEMDFT(COV,NOIM,DET)

"ENTROP={-1,) *ALOG(DET)
"WRITE (6,491) ENTROP

SAVE THE CORRELATION COEFFIZIENTS AS
VECTORS FOR PRINCIPLE COMPONENTS

KT=KT+1 ‘

WRITE (IF,200) N20W,NCOL sENTROPy ((COR(J,K+1) s K=JyKDIM) 4 J=1, KOIM) o KT

CONTINUE S

FORMAT(* ENTPOPY MEASURE IS *»F15.5)

CONT INUE , e

FORMAT(2I 341 XsEL13.6,6F10.6/8F10.6/8F10.6/6F10,6+15X,15)

sTOoP '

END

7 MEMORY EXPANDEL. USE SLIMITS OR CORE= OPTION FOR NEXT RUN

Tl

. gPRODUCIBILITY OF THE
%ﬁc&mm PAGE T3 POOR

|9

SPECTPO
SPECTF1
SPECTRY
SPECT®RL
SPELTR1
SPE(TPL
SPECTR1
SPECTR1
SPECTRY
SPECTR1
SPEC TR
SPECTP2
SPECTR2
SPECTP2
SPECTR2
SPECTR2
SPECTR2
SPECT®2
SPEZTP2
SPECTR2
SPECT®2
SPECTE3
SPECTRZ
SPECT®R3
SPECTR3
SPECTRZ
SPECTRS
SPECTR3
SPECTRZ
SPEGTRZI

SPECTR3I'

SPECTRA
SPECTRY
- SPECTRG
SPECTPRYL
SPECTIRL
SPECTRY

\ SPECTRY

'SPECTRA
SPECTRY
SPECTRYL

5

-




2=12-74  18.73% GET THE IMAGE FROM ERTS Ls
CGET.M GET THE IMAGE FROM ERTS GETiMDOL
c : - - ‘ GETIMDO0/
c WRITTEN RY RJ B0SLEY : : JAN 1974 GETIMOG:
c GETIMOGL
c DESCRIPTION OF PROGRAM : ‘ GETIMODL
c THiS PROGRAM TS INITTALIZED BY CALLING GETIMH. ALL FOLLOWING GETIMOO0¢
c CALLS MUST 7E TO GETIT WH.JH GETS THE SURIMAGE FROM THE ERTS GETIMUOT
¢ DATA TAPE ON FILE COGE °"ES*y AND OUTPUTS A ROW OF DVER_APPING GETIMOOF
c SUBIMAGES TO0 DISC FILE 1. ' ; GFTIMOD"
c . GETIMO1L
c INTERNAL PARAMETERS. . GETIMO1!
c ~ENGTH LFNGTH OF ONE ERTS LINE OF JATA . GETIMN1T
c NOSK : NUMBER OF L1INES TO SKXIP AFTER CGETIMECL:
c ; REWINJING ERTS INPUT TAPEZ ' GETIMO1L
c LNSTRT ) STARTING LSNE IN ERTS DATA FiLE GFTIMO1S
¢ LNINCR VERTICAL INCREMENT FNR THE MEXT ROW GETIMO1E
c F ARRAY COMTIAN.NG UROSS BANJ N-TUPLE ‘ GETIMC17
c COMPONENTS ) GETIMO1
c ' GETIMD1LC
c ENTRY POINT, GETIMOZC
c CALL GETIM(ILINE,IDISToNDIMyIRSTRT,:RSTOPNUMLINyNUMPP_, . GETIMG24
c LAPVER, . APHOR{NHOR s INCR, IPEND) ’ , GETIMN2:
c . . : GETIMG2:
c INPUT ARGUMENTS. : ' GETIMp2!
c ILINE ' ARRAY WHERE ERTS LINE IS RZAD INTO GETIMN2C
¢ IDIST OISTANCE BETWEEN NEIGHSORING GELLS S GETIMO2E
c _TO FORM DIFFERENGE ARRAY - GETINMNZ7
c NOIM : NUM3ER OF COMPONENTS OF EAZH RES CELL ~  GETIMOZ.
c IRSTRT STARTING LINE OF ERTS CATA FI-E£ GETIMC2’
c IRSTOP ENDING LINE OF ERTS DATA FILE GETIMO3(
c NUMLIN o NUMBER OF LIMES IN SUSIMAGE. : GETIMO3:
c NUMPPL NUMBER OF COLUMNS IN SU3IMAGE GETINO3:
c LAPVER NUMRER OF LiNES SUB.MAGES JVERLAP GETIMO3!
o AP HOR NUMBER OF COLUMNS SUBLMAGES OVERLAP: GETIMO3L
¢ GETIMN3®
c OUTPUT ARGUMENTS. - : GETIMN3f
c NHOR L NUMBER OF HORIZONTAL OVERLAPPING GETIMO3:
e _ SUBIMAGES PER ROW , . GETiIMD3:
c INCR HORIZONTAL -NCREMENT FOR FIRST ZOu OF GETIM0D3c
c THE NEXT SUSIMAGE IN THS 20 L GETIMOUI

c TPEND , LAST POINT IN ROW . GETIMOu! g

c : : - GETIMOME |

SUBROUTINE GETIM(ILINE,.DIST,NDIM,iRSTRT,IRSTOP,NUMLIN, NUMPPL, GETIMOULT s

o 1 LAPVERyLAPHORyNHOR,INCRy IPEND) , , GETIMNGL J

c ' ‘ B GETIMOALS :

, DIMENSION ILINE(1),F(8) C o GFTIMOhLE :

" C , INITIALIZE ERTS INPUT TAPE ‘GETIMOL] {
CALL EINIT(LENGTH) , GETIMOUL!
. HRITE (fy4) LENGTH : , < GETiMOu«
4 FORMAT(® _ENGTH OF ONE ERTS LiNE IS °*4i6) o o GETIMOSC
c - A _ CHECK THF NO. OF WORDS PER RECORO : GETIMOS!
IF(LENGTH.LE.3300) GO TO 5 Ce : ~ GETIMOS:

) A . y M

: )

:

' o ' ~ SR o P - R

; : TRTE T : S L ol ‘ .
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18.716 GET THE IMAGE FROM ERTS

WRITE(R,1) LENGTH
FORMAT(®* _ENGTH OF ERTS LINE EXCEEDS 3300-=.ENGTH=',16)
STOP
‘ REWIND THE _NPUT TAPE
CALL EREWND
F_NO THE STARTING LINE OF FIRST ROW
AND iNCREMENT FOR SUCUESSIVE ROWS
IRSTR=IRSTRT -1
LNSTRT=IRSTR
LNINCR=N"MLIN=-LAPVER
ASSIGN 951 TO JP
ASSIGN 971 YO KP
1F THERE IS NO OVERLAP, 00 NOT REWIND
IF (LAPVER.NE.O) GO TO 940
ASSIGN 950 TO JP
ASSIGN 970 TO KP -
FIND FNOING HORIZONTAL POINT IN EAUH
LINE OF THE ROW, AND THE NJMBER O°
OVER_APPING SU3iMAGES OF NUMPPL POINTS
THAT HILL F.T ACROSS THE RIOHW
LEN= (LENGTH=32)/4
NHOR=0
IPEND=8
INCR=NUMPPL-LAPHOR :
INCREMENT THE ENDING POINT
IPEND=IPEND+INCR ~ ‘
NHOR=NFOR+1
" K=IPEND+NUMPPL+1DIST .
’ “T-LL NO MORE SUSIMAGES WILL FIT
iF(KLELLEN) GO TG 1991
IPENO=IPEND=-INCR+NUMPPL+IDIST
SKIP THE FIRST 8 POINTS IN EACH LINE
18=32
, FIND THE LAST POINT IN EACH ERTS LINE
IE=IPEND*4+32-1 :
WRITE(64955) LEN,IPEND,NHOR
FORMAT(® TOTAL POINTS PER ROW IS v, 16 /° FINAL POINT IS *y»16/
* NUMBER OF OVERLAPPING HORIZONTAL SUBIMAGES IN THE R4 IS *»I5)
SET THE RANDOM DISC FILE FOR A FIXED
LENGTH OF NDIM WORDOS PER RECORD
CALL RANSIZ(11.NDIMy1) o
. SKIP TO THE L-NE 'BEFORE. IRSTRT
IF(IRSTR.FQ.0). RETURN o «
CALL ESKIP(IRSTR) o
RE TURN . R s
’ ENTRY POINT TO GET A ROW 0° SUBIMAGES
ENTRY GETIT .

GO TO JP,(950,951) : o 4 :
_ CHECK FOR FIRST CALL=IF SO0,JONT SKIP

IF (LNSTRT.EN.IRSTR) G0 TO 950 S

NOSK=LNSTRT '

Le

GETIMOS3
GETIMOSY
GETIMOSS
GETIMNGE
GFTIMOS7
GETIMUGE .
GETIMO059
GFTIMOBD
GETIMOB!
GETIMUB?
GETIMOAY
GETIMOBL
GETIMCGS
GETIMNBE
GETIMO67
GETIMOGF
GETIMOBE
GETIMOTL

GETIMO7:

GETIMO7?C
GETIMOTS
GETIMO7L
GETIMOT7E
GETIMOTE

CBGETIMO77

GETIMO7¢E
GETIMOT7C
GET.MDSC
GETIMQA!
GET[MORE
GETIMGE:
GETIMOBL
GETIMOS8E
GETIMOSF
GETIMDETY
GETIMD 8+
GETIM08C
GETIMOS3(
GETIMOS1

- GETIMDIE

GETIMOQ:
GET M09
GETIMDSS
GETINOGL
GETIMO97

GETIMOOF

GETIMNSC
GETIM10C
GETIM101

CGETIMLOL
S GETIM10Z

GETIM10L

'y




2-12-74 18.736 GEYT THF .MAGE FROM ERTS Lt
K=NOSK+NUMLIN GETIMLOC
c CHECK IF END OF RUN GEY-M10F
IF(K.LF..PsTOP) GO TO 9Nl GET-H107
WRITE (6,900) TRSTOPWNOSK GETIMIO0F
900 FOPMAT(® PROCESSTHG TERMIMATFJ=--NEXT ROW WOULD EXTEND 2AST LAST L. GFTINL0C
INE *4y 1B,y LAST LINE COMPLETED WAS *416) GETIMLLC
STOP : : GETIMI1L
[y SKIP OVER NOSK LINES IN ERTS FI.E GFTIM1L1Z
901 CALL ESKIP(NOSK) : GETIMLLY
950 SONTINUE GETIML1L
c : INCREMENT FOR NEW STARTINS LINE GETIMLLC
LNSTRT=LNSTRT+LNINCR GETIMILE
c READ IN NUMLIN LINES FOR THE NEW ROMW GETIML17
KT=0 : GETIMLLE
00 903 =1 +NUMLIN GETIM1ILS
CALL EPEAJ(ILINEs.N) , : GETIML2L
.C : CHECK FOR EOF ON ERTS INPUT TAPE GETIM124
IF(LN.NEL.DY GO TO 902 : GETIML2Z
WRITE(6,905) GETINL2:
905 FORMA Tt®* EOF NETESTED ON ERTS INPUT TAPE--PROVESSZNG TcRM*NATEJ‘). GETIM12!
STOP GETIM12¢
c 60 THRU THE LI NE CELL 8Y uE L GETIM12¢
902 No 960 IP= Is,IE.u GETIMI27
KT=KT+1 GETIM12f
¢ GET ALL :8 CROSS=3AND ,OﬂPOWENTS FOR GETIML2¢
c . THIS RESOLUTLON CELL GFTIML3C
F(1)=ILINE(IP+2) GEYIM13!
F(2)=(ILINE(IP+2))*ILINE(IP+2) GETIML3:
F(3)=IZLINF(IP+3) GETIMI3Y
F(4) = (ILIRE(IP+3NIFILINE(IP+3) GETIML3L
F(S)=(Z_INE(IP+2))*ILINE(LP+3) GETIML3:
FI6)Y=ILINE(IP+4) GETIML3€
FAZ)=(ILINF(IP+L))*ILINF(IP+4) GET-M137
F(s8)= (TuLhE(IP*Z))’IL¢NF( P+l) GET-M13¢
c WRITE OUT THE N-TUPLE OF LINGTH NOIM GFTIML3C
WRITE(LL°KT) (F(I),I=14NDIM) GETiM14L
9640 CONTINUE s GETIM141
903 CONTINUE GETIM14z
GO TO KP,(3970,971) GETIMLYLE .
c : IF THERE IS OVER.APPING, RZIWIND TAPE GETIMLUL
971  CALL EREWND GETIMLALS
9790 RETURN" GET.MLiUE
END CGFTIMLLT

7 MEMGRY EXPANJED. USF $LIMITS o COQE- OPTION FOR NEXT PUN
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12-12-7h

15.819 ’ GET THE DIFFERENSE ARRAY

COIFFER GET THE DIFFERENGE ARRAY :

c
c
c
c
C
C
c
c
c
c
c
c
c
c
c
c
c
C
c
c
c
c
c
c
c
c
c

o0

V& W

WRITTEM BY RJ BIOSLEY JAN 1974

DESCRIPTION OF PROGRAM

THIS PP0GRAM REPLACES THF ORIGINAL IMAGE IA WITH THE NEAREST
NEIGHPOR HORIZOMTAL ODIFFERENCF, (11-J1,12-J24e0ey-N=JN) HWHERE
1 AND J ARE N=-OLMENSIONAL YORLZONTALLY NEIGHPORING RESI_UTION
CEL_S OF DISTANGF I0DIST, NOTE THAT THE AISOLUTE VA_UE IS USED
GIVING OMLY THE POSITIVE HALF OF THE CISTRIYUTION OF ‘
DIFFERENCES I-J AND J-I.

ENTRY POINT,
CALL DIFFER(IA#XOIXDiHleDIM’NDIﬂQIDISTQNUMPPL'NU"LIV’
ARGUMENTS.

IA THE SUBIMAGE BEING PROCESSE)D

X DIFFERENCE ARRAY

IX0IM COL DIMENSION OF X

IYDIM ROH DIMENSION OF X :

NOIM THE JIMENSION OF EACH RESO.UTION TELL

101IsT DISTANGE BETWEEN RESOLUTION GELLS
USED FOR THE DIFFERENCE ARRAY

NUMPPL NUMBER OF COLUMNS ZN SU3IMAGE

NUMLIN NUMBER OF LINES LN SUB.MAGE

SUBROUTINE DIFFEQ(IA.X.IXQIH.IYDIH.NDIM.IDIST.NUMPPL.NUML-&)

DIMENSION TACIYSIM,IXDiMy1)4X{IYIIM,IXDIM,1)
50 THRU EACH ODIMENSION OR 3AND
Do S IBANL=1,NOIM ' ) ‘
‘ . GO THRU EACH LINE
D0 &4 LINE=1,NUMLIN ,
GO THRU ALL BUT THE LAST COLUNN
DO 3 KOuL=1,NUMPPL e
KKOL=KOL+IDIST
REPLACE EACH 2ESO.UTION CE.. COMPONENT
8Y THE OIFFERENCE ;
X(LINE»KOLoIBAND)=IABS(2A(LINE)KOL&IBAND)-iA(-INE,KKOLvIBAND))
CONT INUE ; .
CONTINUE
CONTINUE
RETURN
END

222
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DIFFERD
DIFFERD
OIFFERD
DIFFERD
CIFFERD
O1FFERD
DLFFERD
JLFFEROQ
NIFFERD
DIFFERL
DIFFERL
DIFFERL
CIFFERPL
OIFFERL
DIFFEPL
OIFFERL
DIFFERY
DIFFERI
DIFFER1
DIFFFR2
DIFFER2
DIFFER2
DIFFER2
DIFFER2
DIFFER2
DIFFEP2
DIFFE=2
DIfFERZ
DIFFERZ
DIiFFER3
DIFFER3
DIFFER3
DIFFER3
DIFFERZ

-GIFFER3

JIFFER3
DIFFERS3
SIFFERS
OIFFERZ
DIFFERY
DIFFERL
DIFFERL
OIFFERY

s
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SOVARDODL
COVARONZ
SOVARDI 3
COVARQLAL
COVARGO®
SOVAROODR
SOVARDOQ7
COVAROQR
2OVARONS
cova?01d
COvVARO1LL
S0VAR012

COVAR013

COVARO LY

COVARD1S
COVARD LD
sOVARNLY

COVARDLS
S0VARDL®
COVARQ20
COVARD 2!
COVARD 22
SOVARD2Z
COVARD2Y

JOVARDES

govaggzs
J0VARD27
COVARQ2¢
SQvAaRQ02¢
COVARD 3C
SOVARD3Y
TOVARD 3z
COVARD 3!
COVARD 3L
COVARD 3¢

COVARDO3E"

COVARO 37
COV A0 3¢
COVARD3C
COVARD LS

S govAROL:

COVAROL
COVARDY
COVARDN!

02-12-74 18977 F_ND THE COVARIANSE MATRIX FOR THE SUIIMAGFE
CCOVAR FIND THE COVARIANCE MATRIX FOR THE SU3IMAGE
c . _
c WRITTEN B8Y RJ BOSLEY JAN 1974
c
c DESCRIPTION OF PROGRAM
c ThoS PROGRAM TAKES ThE DIFFERENCE SUBINAGE AND CALCJLATES THE
c COVARIANGE MATRIX FOR IT,
c
c DESCRIPTiION OF PARAMETERS ' :
c PERCNT PERCENTAGE OF TOTAL VECTORS X FROM
c : WHICH COVARIANCE IS CALCULATED
c SCRyXLINEySAM SCRATCH ARRAYS '
c IER ERROR FLAG FROM MNCVIN
c JER ERROR FLAG FROM MNCV
c ENTRY POINT.
c CALL OOVAR(XLINE.NDIM'NUHPPL.XoIXDIM.IYOZM.NUNLIN,NJIN.SOV)
- C INPUT ARGUMENTS. ,
C XLINE AQRAY USEG TO SEND ONE LINZ TO MNGV
¢ NDIM DTMENSION OF VESTORS Xs NO 07 BANDS
c NUMPPL NUM3ER OF CO_UMNS IN SUBIMASE
c X FLOATING POINT DIFFERENCE ARRAY
¢ IXOIM,IYDIM COL.ROW D:MENSIONS OF X
c NUNLIN NUM3ER OF LINES LN SUGIMAGZ
© NOIN DIMENSION OF 30V ARRAY
c
c OUTPUT ARGUMENTS. - »
c cov COVARIANGCE MATRIX FOR THE SUB.MAGE
g .
o SUBROUTINE COVAR(XLINE;NDZM.NUMPPL.XqIXDIH,LYDIM,NUHLIN.NDIN,COV)
DIMENSION X(IYDIM.Ixozn.i).xLINE(NDIM.NUMPPL),XMEAN(a).s:q(e).
1 NTRUTH(1) +SAM(1) S0V (NOIN,NOIN) ’
PERCNT=100.0
INITIALIZE THE COVARIANCE PROSRAM
CALL MNCVIN(NUMPPL,NDIM.NUH;IN,PERCNT,1.XLINE.NTRUTh.COV,XMEAN.
1 SCRy SAMyIER, JER) : :
c : CHECK FOR AN ERROR
IF (IER.EN.0) GO TO 1 o
WRITE(6,2) IER o
2 FORMA T(*  ERROR IN MNCVIN, IERROR IS *9id)
STOP o
1 CONTINUE -
c 60 THRU EACH LINE OF | YBIMAGES

00 10 LINE=14NUMLIN

223
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18.927

‘ GET ONE LTNE OF DATA

DO 6 I=1,NOIM

DN 5 KO.=1,NUMPPL

X_INE(ILKNLY =X (LINEWKOL,I)

CONTINUE .
INCREMENT COVARLANCE CALCULATIONS

CALL MNCV .
CHECK FOR GROUND TRUTH ERRIR

IF (JER.EQ.0) GO TO 10

WRITE(6,7) JER

FORMAT(* ERROR IN MNCV, JERROR iS *,.2)

STOP

CONTINUE
NOTE***ONLY THE POSITIVE DIFFEREMNCES
WERE USED IN THE CALCU_AT. ONS==-ThE
TRUE MEAN MUST 3 ZERO. SO WE MUST
AGD XMEAN®*2 TO EACH ELEMENT

DO 20 I=1.,NOIM ’

00 20 J=I,NDIM .

COVI(Isd)=sOVIZe ) +XMEANLL) *XMEANLY)

COVI(J,aI)=LOVIIeD)

RE TURN

END

224
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FZND THE COVARIANLE MATRIX FOR THE SUQIMASE

COVARO 4G
COVARD 47
COVARONA
COVARDALA
COVAROSG
COVAROSY
COVARDS?
SOVARDSS
COVARDS L
COVARDSS
COVAROSE
COVARSS7
SOVARDSH
COVERNGE
SOVAR06.

" COVARDAL

JOVARDBZ
COVAROAZ
COVARDAL
COVARODGE
COVARDGE
COVAROD?
COVAROAE

£l
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02«09-74 20 o 11s0 MNCVIN - NNCV

CMNCV

Commm-

OOOQOQOOOOOOOOO

;GO(‘)OnﬁﬂOOOOOOGOOO.QOOOOOOOQOOOOOOOﬁ

i
MNCVIN = HNCV

. . +
- - - - - - - - - A > "> WD PR TH A WP T S 0 - - - - - - - D W W N . W S S

IDENTIFICATION

PROGRAM NAMF MNC4IN

OTHER ENTRY POINT MNLY

SYSTFM PrP-15

SNURCE LANGUAGE FOPTRAN IV

AUTHOR JAMES D YOUNG

DATE 8/18/73 .
PHRPOSE |

TO CALRULATE THE MEAN VECTOR AND COVARIANCE HATRIX FOR EACH
CATEGORY OF A SET OF VECTORS. THE CALCU.ATIONS WILL BE
BASED ON A SPECIFIED PERCENTAGE OF THE VECTORS QANDOMLY
CHOSEN WITHIN THE SET. ) '

ENTRY POINT - MNCVIN(NVPCNL9NQIM9NCALLyPE?CNT'NCAT,XqNTQUTH.COV.
XHEAN.SCTHEN;SAMSZ'IERROQQJERROR)

THIS INITIALIZES THE FOUTINE. AFTER MNCVIN HAS QEEN CALLED
CHECK IERROR 10 SEE IF IT IS NONZERO WHIGH INDICATES THAT AN
EPROR HAS OCCURRED. B '

_ ENTRY POINT = MNCV

THE CALL TO MNCV SHOULD 3E PEQFORMED MCALL TIMES, EACH

TIME WITH THE NEXT GROUP OF VECTORS IN X, IF MORE THAN ONE
CATEGORY IS JEING CONSIDERED, THE GROUND TRUTH INTEGERS IN
NTRUTH ASSOCIATED WITH THE VECTORS SHOULD ALSO BE UPDATED
EACH TIHE MNCV IS CALLFD, AND JERROR SHOULD RE CHECKED AFTER
EACH CALL TO SEE IF IT IS NOMZERO WHICH INUDICATES THAT AN
ILLEGAL GROUND TRUTH INTEGER HAS REEN FOUND. IF ONLY ONE
"CATEGORY IS BEING CONSIDERED HOWEVER, THE VALUES IN NTRUTH
ARE NOT USED IN THE ROUTINE.

AFTER MNCV HAS BEEN CALLED NCALL TIMES THE MEAN VECTOR AND
COVARIANGE MATRIX FOR FAGH CATEGORY IS UOMPLETED. IN
AGDITION, THE NUMIER OF VECTORS USEU FOR THE CALCULATIONS FOR
EAGH CATEGORY IS OUTPUT, THESE NUMJERS SHOULD 8F SHECKED
WHEN APPROPRIATE Y0 SEE IF ENOUGH VESTORS WERE USED FROM

EnGH CATEGORY 7O GIVE A RESONA3LE ESTIMATE OF THE 9ESIRED
STATISTICS. e

ARGUMENTS
CINPUT -

NUPGAL ~NUMBER OF VECTORS PER CALL

R
e TN Ok i

ot o

| B B e
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OnnOOOOOOOOOOOﬂOOOOOOOO000(‘)0(‘»5‘40ﬁOOOGﬂOOOOOOOOOOOOﬂﬁﬂ

NOIM
NCALL

PERPCNT

NCATY

NTRUTH

ouTPUT -

cov
XMEAN
SCTMEN
SAMSZ

"IERROR

M NCVIN = MNCV

DIMENSION OF DATA VECTORS
NUMBER OF CALLS

PERCENTASE OF TOTAL NUMPER OF VECTORS FROM WHICH
MEAN AND COVARIANCE MATRICES WILL BE CALCJLATED

NUMBER OF CATEGORIES CONSIOERED

=1 IF ONLY ONE SET OF STATISTICS WILL RE
CALCULATED FNR ALL JATA

=NUM3ER OF CATFGORIES IN DATA IF ON% SET OF
STATISTICS WILL 8E CALCULATEO FOR EACH CATEGORY

X (NOIM,NVPCAL) MATRIX CONTAINING INPUT DATA VECTORS
IN ITS COLUMNS

NTOUTHINYPCAL) VECTOR SONTAINING THE GROUND TRUTH
INTEGERS,y 1 THROUGH HNCAT, ASSOCIATED WITH THE DJATA
VECTORS OF X. IF NCAT EQUALS 1 THIS VECTOR WILL NOT
BE USED. .

COV (NDIMyNDIM,NCAT) MATRIX CONTAINING COVARIANCE
MATRIX/MATRICES OF THE DATA .

YMEAN (MDIMoNCAT) MATRIX CONTAINING MEAN
VESTOR/VECTORS OF THE DATA

“SCTMEN(NDIH,NCAT) SCRATCH MATRIX CONTAINING AN

ESTIMATE OF THE MEAN VECTOR/VECTNRS

SAMSZ(NCAT) VECTOR CONTAINING MUMBER OF VECTORS USED
YO CALCULATE THT STATISTICS FOR FACH CATEGORY

ERROR INDICATED IF RETURNED NONZERO
=1 IF NVPCAL .LE. 0 e

"=2 IF NDIM «LEs O

=3 IF NCAL LE. O ' v :

=4 IF PERCNT .GT. 100. OR PERCNT IS SO SMALL THAT
FEWER THAN 2 VECTORS WILL 3E USED TO CALCULATE
ALL THE STATISTICS :

=5 IF NCAT +LEes O

(IF MORE THAN ONE OF THESE ERRORS OCCURS,
THE HIGHER VALUE WI.L BE RETURNED)

+ JERROR

ERROR INGICATEQ IF RETURNED NONZERO
=1 IF ILLEGAL GROUND TRUYA LA3EL IS FOUND

INTERNAL PARAMETERS

REPRODUCIBILITY OF THE |
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12-G39-74 20,440

ICALL
VECTYS
vrsu

MNCVY

NUNMABER OF TIMES
TOTAL NUMAFR OF
TOTAL NUM3ER 9F

I N = MNCV

MNCV HAS BEEN CALLED 5
VECTORS HWRICH WIli B8E INPUT TO HNCV
VECTORS TO BE USED IN CALCULATION : §

- P . P WD P D wa - A D W R G G o D - — > G S - - . mn D w00 S

(2 Xy}

OO0

OO0

OO0 ODNOOOOO00

OF STATISTICS :

vLTSSU NUMBER OF VECTORS LEFT TO BE USED IN CALCULATION
OF STATISTICS

VLEFT NUMBER OF VEGTORS LFFT TO BE CONSIOERED

INTRU INTEGER OENOTING GROUND TRUTH CA[EGORY

1P ARPGUMENT TO RCM

10 ARGUMENT YO RCM

INITIALIZER ENTRY POINT

bJBROUTINE HNLVIN(NVPFAL.NDIWqNuALLyPERCNToVbAT XyNTRUTH,COV,
1 XME ANy SGCTMEN, SAMSZyIERRORy JERROR)

OIMENSION X (NDIM, 1)'NTRUTH(i,vCOV(NOIM'NDIMvNCAT)’XMEAN(NCAT'I)9‘

1 SCTMEN(NDIM,1),SAMSZ(NCAT)

ICALL=D
VECTS=NVPCAL®NCALL
IERROR=1
NVTBU=VECTS*PERCNY/Z 100, +0.h9999
VIBU=NYTAU
VLTBU=VTAU
VLEFT=VECTS
INTRU=1

IP=33333

1Q=5555%

JERROR=0

CHECK LEGALITY OF SOME NUMSERS

IF (NVPCAL .LE.0) IERROR=1
IF (NDIM +LE.0} IERROP=2
IF(NCALL +LE.0) IERROR=3 '
IF (PERCNT 46T +1004+0R.VT3ULT24) TERROR= h

IF (NCAT <LE.D) IERROR 5

" 76RO OUT A FEW AQRAYSj

DO 4 K=1,NCAT
SAMSZ (%) =0

00 14 J=1.NDIM
XMEAN (JoK) =D
SCTHEN (J4K) =0

DO 1% I=1,NDIM v e ,
14 COVII JeKI=0 fRflﬁitﬁ}U*nw

ORIGIy ALbli)is;fz g; N
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02-09-74 20400

OO0

c

cll"""'l!‘i"" ¥

O O0O00

OOOO0

oo ooo0o

.ASSIGN & TO IGO

MNCVIN = MNCYV

SET TPANSFER TO REFLECT NUM3ER
OF CATEGORIES

IF (NCAT.GT«1) ASSIGN 15 TO IGO

RETURN

ENTRY MNCV

ICALL=ICALL#+1

CECRERBEF LTS ‘#I'!.‘l""‘%'4"6"*"‘."."."F‘lll“

ENTRY POINT FOR ALL CALLS AFTER THE FIRSY

IF({ICALL/50)*50.NE. ICALL . AND . ICALL.NE.10) Ga 10 1

DO 10 K=1.NCATY

UPDATE ESTIMATE OF THE MEANS AND MODIFY
COVARIANCE CALCULATIONS TO REFLECT
THIS UPDATE

IF (SAUSZIK) .ER.0.) GO TO 10

00 2 J=1.NDIM
Do 2 I=14J

2 COVII JyKI=COVIIsJo K’—SAM%Z(K)'(XMEAN(I K)/?AMSZ(K) SCTMEN(I.K))’ i

1 (XMEAN (Je¥)/SAMSZ (K)=SCTHEN(JsKD) L _ e

D0 3 J=1,NDIM

Femlo N

SCTNEN(J,K)'XWEAN(J,K’/SAMS?(K)

3 CONTIMUE
10 CONTINUE

1 00 8 I=1,NVPCAL

CONTINUE TD CALCULATE MEAN AND
UPPER TRIANGLE OF COVARIANCE HATQICES

DETERMINE WHETHER TO 'SKIP THIS VECTOR

IF(RCM(YP,IQ)-GT VLTBU/VLEFT) Go TO 11

VL TBU=VLTBU=1.

G0 -TO 1600(15’5)

15 INTRUSHTRUTHID)

INCLUCE THIS VELTOR IN CALCULATIONS

HE ARE 10 CONSIDER MORE THAN ONE
aCATEGORY

| CHEGK LEGALITY OF GROUND TRUTH LASEL

Emo UGmILﬂY oF THE
%memm PAGE IS POOR
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02-09-74 20,440 ‘MNCVIN - MNCV

IF(INTRULLE.D.ORJINTRUL.GT,NCAT) GO TO 9
5 D0 & J=1.+NQIM

c
c SUM FOR MEAN
c
XMEAN(J.INTRU)-YVEAN(J;INTRU)*X(J.I)
00 & K=1,J
c .
c SUM FOR FOR COVARIANCE
c
GOV (K +J ¢ INTRUIZCOV (K ¢Jy INTRUD # (X(Js II=SCTHMEN (J, INTRUII* (X (K, I) =
1 SCTMEN(K,INTRU))
4 CONTTINUE
SAMSZ (INTRU)=SAMS7 (INTRU) +1.
11 GONTINYE o
VLEFT=VLEFT-1,
8 CONTINUE
{F (ICALL.LT.NCALL) RETURN
c
c ALL VFCTORS HAVE 3EEN INPUT
c FINISH CALGULATION OF STATISTICS
c : : ‘
D0 7. K=1,NCAT
IF (SAMSZ(X) .EQ.0.) GO TO 7
D0 6 J=14NDINM
00 6 I=1.J ' . A
COVITad KIZCIV (T 9 JsK) /SAMSZ (K)= (XMEAN(I 4K) /SAHSZ(K)=SCTMEN(I,K))*
1 (XMFAN(J,K)/SAMSZ (KD ~SCTHEN (JeK))
c o
c FILL IN LOWER TRIANGLE
c .

6 COVIJyI,KI=ZLOVIT J9K)
D0 13 J=1,NOTH
XMEAN (1K) = XMEAN (J9K) /SAMSZ (K)
13 CONTINUE
7 CONTINUE
12 CONTINUE
RETUBN _ : -
9 JERROR=1 : ; SR
60 TO 12 ‘ : e
END

B ﬁﬁlY OF THE N | ‘ 1]
EEP.?%& pggv*v‘?=ﬁm « - S R
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02-12-74  18.936 GET THE JORRELATIOM MATRIX FOR THE SU3IMASE
CCORPEL GET THE CORRELATION MATRIX FOR THE SUBIMAGE
¢
c WRITTEN RY RJ 80SLEY N JAN 1974
c St
c DESCRIPTION OF PROG
c IHTS PROGPAM CALCULATES ThHE CORRELATION MATR.X GIVEN THE
c COVARIANCE MATRIX AND ITS OROER.
c
¢ ENTRY POINT. .
c UALL SORREL (COVyND.MyCOR)
c ARGUMENTS.
c cov COVARLANGE MATRIX ARRAY
c NOIM ORCER OF MATRICES
c COR CORRELATION MATRIX ARRAY
c

(@]

(]

SUSROUT.LNE CORREL (COV4NDIMyTOR)

DIMENSION COV(NITM,NOIM) ySOR(NDIM,NOTIH)

: GO THRU EACH ROW OR LINE
00 10 LINE=1,NDTH
COVLEABS (COVILANELINED) v

GO THRU UPPER DIAGONAL

D0 9 KOL=LINE,NDIM B
COVC=ASS(COVIKOL 4K0OL))
COR(LINE.WOL)=CGV(LlNE,KOL)/SQRT(COVC*GOV;)
COR (KO s INE)=COR(LINE,XOL)
CONTINUE )
RETURN
END

' «mwﬂ@iﬁ%lﬁ Sogo()& :
'%%&Em& pAGE B FT
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LA

CORRE. 014
CORRE. 02
CORREL 03

"CORRELOY

CORREL 05
CORREL 05
CORRE:. 07
CORRELOS8
CORFELDS

CORRE. L0

COR%EL 1}
CORRE.1Z
CORFE_1&
CORRE. 1L
CORREL 1S
CORREL 1€
CORREL 17
CORRELLS
CORREL1C
CORREL 2(
CORRE. 2!
CORREL 2¢
CORRBEL 2L

CORRE. 2!

CORREL2®

-CORREL2F

CORRE. 20
CORREL 2
CORREL2¢

>
-

TS ey

Py
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IVv.2-d Piecewise Linear C]aésificatiqn Program Listings

RCLASS
XIN
LINEAR
WEIGHT

.

e e
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02-12-74 20.517

CRCLASS

C
c
c
c
c
c
c
c
C
v
c
c
c
C
c
c
c
c
c
c
c
c
C
v
c
c
c
c
c
C

=4

¢
c
c
c
c
c
c
c
c
c
c
c
c
c
c.
c

"PATTERN VECTOPR C.ASSIFICAT.ON

PATTERN VECTOR CLASSIFICATION
WRITTEN nyY SAM SHANMUGAM ’ ~ STIPT 1972
ps 1373

DOCUMENTED BY RJ 30SLEY

DESCRIPTION OF PROGRAM, ‘

THIS SUSROUTINE CLASSLFTES A GIVEN SET OF PATTERN VESTIRS iNTO
0HE OF MANY POSSI3LE CATEGORLES USING THE INFORMATION CONTAINED
IN A SET OF TRAINING PATTFRNS WHOSE CATEGORIES ARE KNOWN.

ENTRY POINT. ) o
CA.L RCLASS}HORK'ISIZE)

INPUT ARGUMENTS.
WORK - SCRATCH ARRAY USEC BY RILASS .
ISIZE - SIZE OF ThE SCRATCH ARRAY WORK . THE ARRAY
WORK MUST BE DIMENSIONED IN THE CAL.ING
:PROGRAM,HITH A DIMENSION GREATER -THAN OR
EQUA. TO ISIZE. THE VA_UE OF ISIZE IS GIVEN

TSTZE=NDIM* (NTRAIN+10)+1000
‘ A (NC*(NG+11/2) ¥ND+NPAIR*ND
WHERE ND=NOIM-1

INPUT PARAMETER CARDS.
CARD t. SHOULD CONTAZN THE PROGRAMN OPT-ON PARAMETERS NOPT1,
NOPT2,NOPT3,NOPT4,y IN FORMAT(4I1) e ) .

IF (NOPT1.NE.0O) THE TRAINING PATTERNS ARE PITNTED OUT

IF(NOPT2.NE. Q) THE TEST PATTERNS ARE PRINTED 0JT

IF(NOPT3.NE.U) THE CLASSIFICATION OF EACH TRAINING
PATTERN IS LISTED. OTHERWISZ+ONLY THE
CONTINGENCY TA3_E IS PRINTEZO JUT

1F (NOPT4.NFE.0) THE CLASSIFiCATLON OF EACLH TEST

: i PATTERN IS LISTED. OTHERWISE ONLY
THE CONTINGENCY TABLE IS PRINTED QUT.

7 CARD 2. SHOULD CONTAIN PARAMETERS NTOT,NPART.NDIH,NS;NPAIRkIN
: FORMAT (5I%). .
NTOT == TOTAL NUM3ER OF PATTERN VECTORS IN THE DATA
o SFT ‘

RULASSO01
RLLASSD2
RCLASSN3
RCLASSNG
RCLASSOS
RCLASS N6
ROLASSH7
RCLASS AR
RCL ASS29
ROLASSLP
RCLASSLL
R.LASS12
RCLASS13
RCLASS 14
RCLASS LS
RCLASS16
QGLASS1Y
RCLASS1A
RCLASS1?
RCLASS20
RCLASS21
RCLASS?2?
RCLASS?23
RCLASS?24
QCLASS2%
ROLASS26
ROLASS27
RILASSZ2¢E
RCLASS2¢
RSLASS3C
QULASS 31
RCLASSTY

" RULASS3T

RCLASS3L
QCLASS3®
RCLASS 3t
RCLASS37
RCLASS3¢
ROLASS3¢
RCLASSY
ROLASS

RULASSH: -

RCLASSH’

NPART == NPART QUT OF EVERY 10 PATTERN VESTORS IN THERCLASSA!

DATA SET WILL 2E USE)D FOR T@AINING. THF
REMAINING PATTERNS WILL BE USED FIR TESTING
PR THE C_ASSIFIER :
'‘NDIM == NUM2ER OF MEASUREMENTS PER VECTNR

pLUS 2
C —= NUMBER OF GROUNU TRJITH CATEGORIFS

NPAIR -- 2% (MAXIMUM NUMAER OF TRALNING PATTERNS iN.

RCL ASSEY,

RuLASSMi&mjj4

RCLASSH:

RCLASSL.

RCLASSH
RLLASSS!

* REPRODUCIBILITY OF P
ORIGINAL PAGE IS POOR

—
o

[}
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02-12-74h

C
c
c
c
c
c
c
c
c
c
c
C
c
c
C
c
S
c
C
c
c
c
C
c
c
c
C
c
C
c
c
c
c
c
c
c
c
C
C
c
c
c
c
c
c
c
c
G

20,517 PATTERY VECTOR CLASSIFLCATLION

ANY ONE CATEGORY)

INPUT DATA SET.
INPUT CATA VECTORS ARE READ IN BINARY FROM FILE COOZ 01
ASCORJING TO THE FOLLOWING READ--- f
READ(OL) THToHL M1 NFT, (FEATII) 9I=1,NHEAS)

WAERE  IGT IS ThE GROUND TRUTH CATESORY

M1.N1sNET ARE NOT USED (MAY BE USE) AS 7D TAGS)

FEAT(I) IS THC FEATURE VESTOR I-TH COMPONENT

NMEAS 1S THE NUMBER OF LOMPONENTS OR MEASUREMENTS 1N

EACH FEATURE VECTOR2=NDIM-2.

IHE DATA FILE SMOULD HAVE A TOTAL OF NTOT LOGicA. RECORJS IN
AINARY FORM. EACA LOGICA. REMORD MUST BE OF ENGTH (HJit+2)
HORDS. WORD 1 IS THE GROJND TRUTH CATEGORY AND 5 THRU ND-M+2 ARE
THE MEASUREMENT VALUES. THE PATTERN VE.TORS MUST BE SIRT=D BY
AATEGORY. THE JATA SET I3 SORTED INTO-TRAINING ANC TEST SETS
ASCORD.NG TO THE USER SPECIFIED RATIO IN NPART. TRAINING PATTERNS
AXE COPIEZ TO CIRE AND TEST PATTERNS ARE COPIED TO DISC ON FI.E
CODE. 02.. ,

LAMITATIONS. ' :
"L T4. MAXIMUM NUMBER OF CATEGORIES IS 15.
2. MAXIMUM VA_UE OF NOIM IS 100,
3. SCRATCH DISC FILE MUST SE ON 02 AND INPUT DATA ON 01i.
4. PATTERN VECTORS MUST 3E SORTED 3Y CATEGORY.

THEORY. .

USING A PEGRESSION TYPE ALGORTITHM, THE PRIGRAM
OBTAINS A SET OF HYPERPLANES FOR SEPARATING THE
TRAINING PATTERNS o THE SEPARATLON IS OONI FOR’
DIFFERENT CAYEGORY PAIRS. A TOTAL OF NC®(NC=-1)1/2
HYPER PLANES ARE DEYERMINED. TEST PATTERNS ARE
CLASSIFIED ON THE 2ASIS OF A MAJORITY VOTE ON THESE
HYPERPLANES,

8.8LICGRAPHY. - e v . ot
FOP A COMPLETE DISCUSS.ON OF DETAILS) SEE **INTRODUSTION TO
STATISTICAL PATTERN RECOGNITION®® 8Y FUKUNAGA, ACADEMIS PRESSH
NEW YORK,1972. g . i :
SUBPROGRAMS REQUIRED.
DRIVER ' ‘ » i
RCLASS , ~ S
LINEAR o
 WEIGHT o B ' ,
MINV. == A FORTRAN CALLABLE ROUTINE FROM I3M SSP

b

i
i
HA

EXAMPLE. - S T e R
IN ORDEP 10 PROCESS A DATA SET REQUIRING A SCRATCH ARRAY OF

-EEPEGDUCIBEM o

'233’

o

dd

RCLASS51
RCLASSH?
* RCLASSS 3
RCL ASS5H
RCLASSSS
RCLASSSH

RCLASSSH7:

RCLASSS®R
RCLASSSA
2LLASSAD
RS LASSS1
RCLASSHC
Az LASSH3
PCLASSHL
QLLASSHS
RCLASSAHA
RCLASSART
ReLASSAE
RCLASSH®
RLLASS7C
RCLASS 7!
RCLASS7?2
RGLASS72
RCUASS7Hh
RCLASE7*
ROLASSTE
RCLASSTT
RCLASS7¢
RCL ASS7¢
RCLASSAC
RCLASSS?
QCLASS AL
RCL ASS8H7
RCLASSSL
RCLASS 8"
RCLASS 8¢
QCLASS3T
RCLASS 8¢
RCLASSAS
RLLASSAC
RSLASSS!
RCLASSO!
RCLASS9:
RCLASSY!
RCLASSYO"
RCLASS 9!
RCLASS9

~RCLASSI

RCLASSS

RCLASSO:

A

o

it e YT

s TR
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02-12-74  20.517 PATTERN VECTOR CLASSIFICAT. ON }
i
! c S’ zZE 15000, THE DRIVER SFT U° IS AS FOLLOWS === 4 RCLASSOL U
c _ RCLASSN?
: c CORIVE - SAMPLE DRIVER FOR CLASSIFICATION PSH RCLASSO3 :
c DIMENSION WORK(15000) RILASSOL i
c ISIZE = 15000 ) RCLASSOY :
c CALL RCLASS (WORK,ISIZE) RCLASSIA !
c stoP , ) RCLASSO07
c END RCLASSNA ;
c RCLASSDO
c . RCLASS1C
SUBROUTINE RCLASS(WORK, ISIZE) RCLASS11
c : ’ RCLASS12
c : RCLASS13
DIMENSION WORK(ISTZE)D0(50) - RILASSLY
COMMON NTRALN.NTEST,NQIM.Na,Nc.NPAIR.Nk.Nopri.Noprz,Nootz.nopra. ROLAS31E
1 NTOT.NPART ' . RCLASS1%
c : , RCLASS1L?
c READ IN PARAMETER CARDS ANU DATA SET QCLASSLE
CALL XIN(WORK(1),30(1)) . RCL ASS1%9
c . : RCLASS20
c . LOCATE THE BEGINN_NG ADJRESS OF THE RCLASS2Y
c VARIOUS ARRAYS FOR THE LINEAR SJRPGM RCLASS2Z,
I1=2 ) RCLASS23 |
‘ 12=11+NTRAIN*NDIM .. ‘ ' RCLASS24
{ I3=L2+NDIM : v ] : RCLASS25
. 14=13 +NH¥ND ) , : RCLASS26
15=14+NPATR¥ND+1500 RCLASS 2T
c : CHECK THAT THT DIMENSION 0F THE WORK RCLASS2Y
c : ARRAY IS ADEQUATE . R3LASS?29Q
IF(i5..E.iSIZEY GO TO 53 RCLASS30
WRITE(6+82) ' : : ROLASS3
g2  FORMAT(LHL1,5X,"PROB.EM W..L NOT FIT THE GORE ALLOTED FOR THIS PROSRCLASS3L
1AM, *) : : RCLASS 33
RETURN : ' : RCLASSZ4
53  CONTINUE o - ' RCLASS35
NOW GO 00 THE CLASSIFICATIOIN - RCLASS3{
CALL LINEAR(HORK(ii;,wonxtzz».uoax(xs).HORK(:u).woax(zsl) RCLASS3Y
RETURN : : : : ‘ RCLASS3E
END : ' ‘ RCLASS 39
o \\;‘/ oy o : . ) B U O B&LYLY OF O‘B’ : ;
T - | o GPROD g 18 POUR e
/ : ' ' o o OB'XGXN ’ o
2 . . a . A
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{1 02-09-74  20.409 READ IN THE DATA !
CXIN - READ IN THE DATA . XIN0DO0O1
c , XINODO0O2 ;
c WRITTEN 8Y SAM SHANMUGAM SEPT 1972 XINGDON3 i
¢ DOCUMENTED BY RJ 30SLEY pDES 1973 XINDOUDL
¢ : § XIN0QOOS
c DESCRIPTION OF PROGRAM. XIn00006 !
c THIS SURROUTINE READS IN THE TWO PARAMETER CARDS AN) THEN XINAGINT
c REAQS IN THE DATA SET, COPYING THE TEST PATTEIRNS TO 0ISC FILE 02.XIM0037%
c ' : XINGD0NA
c ENTRY POINT. YINONO LN |
c CALL XIN(WORK,U) _ XINDOOLL
c XINOOOt2
c INPUT ARGUMENTS. _ XINDOOL13
c WORX ARRAY DATA IS READ INTO XINOOOLL |
c V) SCRATGH ARRAY XIMOONLS :
c ; . XINOOD1E
c INTERNAL PARAMETERS. ' XINO0O1L7
c NTRAIN NO. OF TRAINING PATTERN VESTORS XIN00018
c  WTEST .~ NO OF TEST PATTE®N VECTORS XIN00D13
c NDIM 24NO, OF MEAS PER FEATURE VECTOR S XINOOU2C
c ND - NDIM-1 XIN0OO21
c NC  NO. OF GROUND TRUTH GATEGORIES XINOOD2Z
c NPAIR TWICE MAX NO. OF TRAINING PATTERNS XIN0DDO2Z
c NH . NO. OF HYPERPLANES XINC0I24
c NOPT1-4 PROGRAN OPTIONS. SEE RCLASS - INGDO25 |
;- c NSKIP NO. OF VECTORS OUT OF 10 TO SKIP ~  XiN0DD2F :
{; c : ~ YTRAINING : XIM00D27
c NTIMES ’ NO. OF BLOCKS OF 10 PATTERN VECTORS ~ XIN0OI2§
c : IN INPUT DATA FILE XINOD02¢
c ILEFY NO. OF VECTORS LEFT AFTER RTADING AL XINODD3D
c BLOCKS OF 10 VECTORS . XINDOO 31
c ~ X XINDOO3E
c : , ~ XINODD33
SUBROUTINE XIN(WORK,U) : XINOOO 3
c XINODO 35
DIMENSION WORK(1),U(1) ‘ XINDOO 36
C OMMON NTRAIN.NTEST.NDIM,NO.NC,NPAIR,NH,NOPTIoNOPTZ.NOPT3yNOPTQo XIN0OD37
1 NTOTyNPART S " XINO0O3G
c READ IN PARAMETER CARD 1. XINDOD 39
‘ READ(5,100) NOPT1,NOPT2,NOPT3I,NOPTL ~ XINGOD4O
c . : o READ In PARAMETER GARD 2. XINgOOL!
.  READ(S,101) NTOTyNPART,NDIMsNCoNPAIR XIN00O D
4100  FORMAT(LI) XINODOG3
) 101 FORMAT(5I5) : : : XINODDGY
c READ THRU THE INPUT FILE T4O TIMES -- xIN00045
c: ' ‘ ONCE TO GET THE TRAINING PATTERNS-AND XIN0OO W
c " ONCE TO GET THE TEST PATTERNS . XINOOOb47
REWIND Ot , ' ~ XINONOuY
c s INITIALIZE INTERNAL PARAMETERS = - XINOOOWT
"INEGIN=1 - e s - o XIN0OOSD
GOUCERPL 5 PO
. REPR enRt o :
oRIGENSS
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02-09-7%  20.4N9 READ IN ThE DATA 1
i
NTRAIN=0 i : XINGOOSL
NCO=SNPIM+2 XInoonsz o
NTIMES=NTOT/10 - ‘ : XIN00053
c OUT OF EACH OF THE NTIMES 3LOCKS OF  XINOOOSH i
c TEN INPUT PATTERNS PiUK THE FIRST XINDDOSS ¢
c NPART PATTERNS AS TRAINING PATTERNS  XINN0OSE |
NSXIP=10=-NPART . XINDOOS7
c . XINOOOSH
c WRITE HEADING XIN0ODS9
1F (NOPT1.NF.0) WRITF{6,201) ; ~ XINDOOAD
201 FORMAT(1h1,10Xs 'TRAINING PATTERNS®) ‘ . XINOOOBL
c GO THRU EACH 3.0CK OF TEN XINDOD62 q
c PATTERN VECTORS xIN000S3 |
DO 20 NN=14NTIMES XINOZOSH
‘ IF (NSKIP.EN.0) GO TO 16 » . XIN0ODOAS 4
c | SKIP OVER THE TEST VECTORS XIN0OODES |
: DO 15 JJ=1,NSKIP ' _ XINDOOB7
c : READ PAST THIS VECTOR XINDDOGE
15 READ (1) (U(K)K=1,NOD) : XINODO6KY %
c XINGOO70 J
16  CONTINUF ' XINQOOT71 :
c PEAD NPART TRAINING PATTERN VECTORS  XIN00O72
00 10 JJ=1yNPART ' XINODO73 ¢
¢ COUNT THE NO, OF TRAINING .VECTORS XINOOO74
NTRAIN=NTRAIN+1 o XINNOO7S
c INOEX THIS VESTOR INTO WORK ; XIND0O7E
IBEGIN=(NTPAIN=1) *NOIM+1 . XIN00OO77
IEND=NTRATN#NDIM ~ XIN00072
I51=I8EGIN+1 ' XIN00O7S |
IA2=1E1+1 - XINDDOBO |
c : SET THE FIRST COMPONENT TO 1.0 XIN00OA1L
WORK(IB1)=1.0 - XIN0OO82
c READ THE TRAINING PATTERN VECTORS XINDDOS3 |
READ(1) WORK (IBEGIND4NM1,NM2,NM3, (WORK(K) K=1B2,15N0) XINOGDSL
c WRITE OUT THE TRALNING PATTERNS XINDODSE
IF (NOPTL1.NE.O) WRITE(6,102) NTRAIN, WORK (I3EGIN) ¢NML s N¥2 5 (WORK(K).y XINOOOSE
1K=I31+IFND) , o - XIN00OS7
102  FORMAT(1X,I343%,6(F10.4)) R XINOOG 32
10  CONTINUE , N ' XINGOD8®
20 CONTIMUE ‘ ' : XIN0DOaL
c - READ IN THE LEFTOVER PATTERNS . XINDBO91
ILEFT=NTOT-10N*NTIMES - . XINO002:C
‘IF(ILEFT.EQ.D) GO TO 26 t , XINGODS2
N0 25 JJ=1,ILFFT " : XINOOO9L
c 1 INCREMENT TRAINING VEGTOR COUNT XIN0O0O95
' NTRAIN=NTRAIN+1 : . , - XINOOO9E
c . INDEX THE VECTOR INTO WORK XIN0ODA7
ISEGIN= (NTRAIN~1)®NDIMeL : - XINODOO¥
TENO=NTRAIN®NDIM : o V _ XIN0009"

181=IREGIN+L. R _ ’ ' XIN0O10C

R
N
§
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02-09=74 20,409 READ IN THE DATA 3
4
132=T11+1 XINOD1O1Y E
WORK (IB1)=1.0 : XIN00102 3
c READ A TRAINING PATTERN XIN0OLO3 4
READ (1) HORK (IBEGINY o NM1oNMZ o HM3 (HORK (KD 4 K=1524 1END) XINOOLOH !
c WRITE NUT TRAINING PATVTERNS XINODLGS
IF (NOPT1.HF,0) WRITE(6,102) NTRALN,WORK (IBEGIND ¢NMLyNM2, (WORK(K) o XINDOLO6
1K=1I81,TEND) XINOOLD7
c XINGO0LOH
25  CONTINUE XINCO109
26 CONTINUE XINGOLL10
REWIND 01 XINSOL11
REWIND 02 XINOD112 B
c cOPY TEST PATTERNS V0 DISC FILE 02 XIN0O113
c XINOOLLG
c WRITE HEADING XINOD11S
IF (NOPT?.NE.0) WPITE(6,103) XINO0115
103 FORMAT(L1H1,10X,* TEST PATTERNS®) XINODL17
NTEST=0 XINOO113
c SKIP IF THERE ARE NO TEST PATTERNS XINDO119
IF (NPART.EQ.0) GO TO 99 XIN0O120
DO 45 NN=1,NTIMES XINOO121
00 43 JJ=LyNSKIP DR XIN00122 ﬁ
c COUNT THE NO. OF TEST VECTORS XIN00123
NTEST=MTEST+1 : . XINGO124
: c N QEAD INPUT DATA FILE THE SECOND TIME XIND0125 l
( QEAD(1) (UIKK) yKK=14NCD) . XINOO126 |
- c SET COMPNONENT FOUR TO 1.0 XINOOL27 !
Utu)=1.0 : XINOD128
c ’ WRITE OUT THE TEST PATTERNS XINOOL129
IF (NOPT24NF.0) wRIrsta,ioz)fNrEsr,U(i).U(z»,U(3).(U(Kxi,KK=u.u00» XINODL3OD
c WRITE TEST PATTERN TO DISC FILE 02 XINOL131
43  WRITE(2), (UIKK) KK=1,NDD) XINDD132 |
c 'SKIP OVER THE TRAINING VECTORS XING0133 |
[ DO &4 JJ=14NPART XINDOL134 !
Ly READ(1) (U(KK)XK=1,NDD) XINGD135
45  CONTINUE 22 ¥IN00136
END FILE 02 C XIN0O137
REWIND 0?2 XINDO138
99 CONTINUE XIN00139
REWIND 01 ; XIN0O 140
c ~ WRITE OUT A PROGRESS NOTE XINO0OL41 :
: WRITF (6,4707) : ' - XINOOL42 :
702 FORMAT(5X,'0ATA HAS BEEN COPIFD ON TO DISK 82°*) : XIN00143 ;
c : : DETERMINE THE NO. OF HYPERPLANES O XINODLLE '
NH=NC* (NC+1)/2 ' L S XINOO1LS ¥
NG=NOIN-1 : ) XINDO 146 ;
- RETURN XINOO147 :
END XINOO148 |
z
< f
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i 02-09=74 20,415 LINEAR DISSRIMINANT FUNGTION
CLINFAR LINEAR DISCRIMINANT FUNCTION LINEAROY
c LIMNEAROP
c WOITTEN AY SAM SHANMUGAN SEPT 1972 LINEARNS
c DOCUMENTED BY RJ 8SOSLEY DEC 1973 LINEARGN
c ; LINEARDS
c DESCRIPTION OF PROGRAM. ) LINEARDA
c THIS SUBRCUTINE CALLS THE REGPESSION QAUTINE WEIGHT TO GET THF LINEARD7
c DISCRIMIMATION FUNCTIONS, COMBINES IHESE TO 03TAIN A PIECEWISE LINEARNS
c LINEAR DISCRIMINANT FUNCTION FOR EACH CATEGORY, AND CLASSIFIES LINFARD®
c THE TRAINING AND TEST PATTERNS. THIS ROUTINE ALSN OUTPUTS THE LINEARILD
c RESULTS. ] : LINEARTL
c , LINEARL2
c THEORY. LINTARLZ
c THE ALGORITHM FOR DETERIMINING THE WEIGHT VECTOR FOR SEPARATING LINEARLS
c THE T AND J-Th CATEGOPIES IS W=l (U¥e) #¥=1)*(U*T), WHERE T IS LINEAR1S
c A VEGTOR OF LENGTH NO WITH COMPONENTS OF VALUES ENUAL TO 1. FOR LIKEARLD
¢ OFTAILS SFE *°*INTROJUCTION TO STATISVICAL PATTERMN RECOGNITION®® LINEARLY
B 8Y FUKUNAGA, ACACEMIGC PRESS,1972. ‘ ‘ LINEARLY
c ThHE MATRICES (DIMENSIONED AS ONE DIMENSIOHAL IN PG4) HAVE THE LINEARLY
c FOLLOWING STRUCTURES—- ‘ LINFAR2Q
c XTRAIN === XTRAIN IS AN MOIM X NTRAIN MATRIX. FEACH COLUMN LINEAR2Y
c VECTOR LN XTRAIN REPRESENTS ONE TRAINING 2ATTERN., LINEAP22
c THE FIRST ENTRY IN EACH COLUMN IS THE CATEGORY NAME LINEAR2S
c THE SECOND ENTRY IS THE CONSTANT 1. THE .ENTRIES 3 LINEARZ2Y
. c TO NDIM ARE THE VALUES OF THE COMPONENTS- 3F THE LINEAR?S
{ ¢ _PATTERN VECTOR X(J)e XTRAIN HAS NTRAIN COLUMNS AND  LIMEARZ2E
c ND+1 = NDIM ROWS. . LINEAR27 -
c . = LINEAR2A
c XTEST ==~ XTEST HAS THE SAME CONFIGURATION'AS XTRAIN. . LINEAR2S
c LINFAR3SE
c ] -e= DATA MATRIX U IS USED FOR CALCULATING THE SOUNDARY LINEARTZ!
¢ BETWEEN THE CATEGORIES I AND J. U HAS ND R0WS AND LINEARRZ
c : NTR(IV4+HNTR (J) COLUMNS, AS FOLLOWS=== ! _ LINEAR3E
c »s¥PATTERNS FROM CATEGORY [verress2¥PATTERINS FROM CATEGIRY J -¥ex { INEARIY
c 1 1 esdesssne -1 -1 ‘@0 e -1 LINEAP3E‘
c L ;.Qc-t-oo'o L ] L] o ove . LINEAR?(
c [ ) [ ] FEAEKEEEENRN] [ ) [ ] Y N ] [} LINEAR:‘T
c X X sess0sese -X . -X 'R ER] -X LINEAQ-SP
c . [ ] ;.0.....0!0’ L [ ] [ XN ] . LINEAR3C
(v B . . ‘seeessense . ’ ® ceoe e . LINEAOYT
c ssvewx | FAS NO ROWS AND NTR(I)+NTR(J) COLUMNS #¥¥#8prsssrssrasvsa| INFARL]
c. - SR ’ LINEARYT
c SR LINFARN?T
c ENTRY POINT. : . L LINEARY!
c CALL LINEAR(XTRAINGXTEST W U,0UMMY) LINEARY:
c v ‘ , / w U LINEARNF
c INPUT ASGUMENT S, ’ CLINEARYY
c ~ XTRAIN S HATRIX CONTAINING TRAINING PATTERNS LINEAR N
c YTEST MATRIX CONTAINING TEST PATTERNS LINEARY!
¢ W o WEIGHT VECTORS . T LINFARSH
238 : g -
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1

1401

1402
1
c

DO 3 I=1,NTRAINM

T s e sa et s aa . TP T o £ Tt T

20,415 LINEAR DISCRIMINANT FUNGTION
U MATRIX USED FNR CALCULATING THE*
BOUNDARY ZETWEEN THE CATEGORIES I
AND Je ‘
OUMMY SCRATCH ARRAY

-

INTERNAL PARAMETERS.

NG NUMBER OF CATEGORIES .
NAME ARRAY CONTAINIMNG CATEGORY NAMES
NTR (D) NUMBER OF TRAI9ING PATTRRNS I CAT I
NIJ TOTAL NO OF TRAINING VECTORS IN
. CATEGORIFS I AND J
NTRAIN,NTESY NUMBER OF TRAINING,TEST PATTERNS
NCOLU,N3OHUY COL,ROW INDEX FOR MATRIX U : :
NO NOIM-1, NOe. OF COMP 1IN WEIGHT VECTOR
W ARRAY CONTAINING WEIGHT VEZTORS
LA} ARPAY CNNTAINING ONE AEL{GAT VECTOR
INDEX CLASSIFICATION LOOP INDEX, =1 FOR
: TRAINING SET, =2 FOR TEST SET
BEING CLASSIFIED :
NPT NO. OF PATTERNS TO CLASSIFY
ICLASS CAT FOR WHICH VOTING IS MAXIMUM
KOUNT VOTE TALLY :
KMAX MAXIMUM VOTE, MAX KOUNT
TEPROR

GCONTINGENCY TABLE
SUSROUTINE LINEARCXTRAINyXTEST oy Uy DUHNY)

DIMFNSION XTQAIN(l)'XTEST(i)oW(l)oU(l)'DUHNY(li

DI MENSION IERQ“R(15015)'NTR(lg)'NAME(15)

DIMENSINON L(100) ,M(130)

DIMENSIOM WT(100) ,

COMMON NTRAIN,NTEST{NDIH’N31N09NPAIR9NHqNOPTloNOPTZ,NOPT3,NOPT“¢
NTOT,NPARY ‘ ‘

REAL NAME e

WRITE OUT INPUT PARAMETERS

WRITE(641401) :

FORMAT (1h1410Xs *INPUT DATA SUPPLIED BY YOU®)

WRITE (6y 1402) HTOT ¢NPARTZNIIM :

LLINEARS L
LINFARG?
LINEARS 3
LINCARSH
LINEARSS
LINFARSH
LINFARST
LINEARSS
LINEARSH
LINFARSD
LINFARDL
LINTARG?
LINEARSZ
LINEARGY
LINFEARRS
LINEAREB®
LINEARAT
LINEARAR
LINEARARS
LINEARTC
LINEART7L
LINEART?
LINEART7Z
LINEART7L
LINEART®
LINEART7F
LINEARTY

LINEART? .
LINEARTC -

LINEARAS

LINEARGS -

LINEARSAT
LINEARS®

LINEARA! -
LINEARB® |
LINEARS!

LINFARA:

T LINFARS

LIMNEARS
LINEARA

FORMAT (/710X " TOTAL NUM3ER OF PATTERNS=%,I4/10X,13,°0UT OF 10 PATILINEARD

ERNS “WERE USED IN TRAINING® /10X, *NOIM=",13)
. o INITIALIZE NO. OF TRAINING ARRAYS
DO 1 J=1+NC ,
NTR(J)=0 g , o
~ §ET UP NAME OF FIRST CATEGORY
J=1 : :
NAME (1) =XTRATNI(1) ‘ S
60 THRU ALL THE TRAINING PATTERNS

239 - .

LINFARS
LINEARS
LINEARD
LINEARY

LINEARD

LINEARS
LINEARS
LINEART
LINEARD

R BN T T e B Tl L




g2=09-74h 20,415  LIMFAR DISCRIMINANY FUNCTION
I1=(I-1)*NDIM+L LINFAROL
c ' SKIP. IF WE HAVE THIS CATEGIRY NAHE LINEARD?
IF (NAMF(J) .EQ.XTRATN(I1)) 6O TO 2 LINFARDS
c _ OR, SET UP A NEW CATEGORY LINEARDY
J=J+t : LINEARDS
c GET THE NEW NAME LINEARDG
NAME (J) =XTRAIN(IL) ‘ LINEARDG?
c COUNT THE NUMBER IN THIS CATEGORY LINEAGY
2 NTR(J)I=NTO(J) +1 ' ‘ LINEARND
3 CONT INUE ; LINEARLD
c i WRITE OUT NO. OF TRAINING AND TEST LIMNEARLY
c PATTERNS ANO THE NO. OF CATEGORIES LINEARLZ
c FOUND : LINEARLS
WRITE(AH,1403) NTRAINGZNTEST,J LINEARLY
1403 FORMAT (10X *NUMAER OF TRAINING PATTERNS US ED=yI64/10%, "NUMBER OF LINSA2LG
LTFST PATTERMS USED=",I4/13X, 'NUMBER OF SROUND TRUTH LA3ELS FOUND=*LINEARLS
1eID) LINEAQL7
c L WRITE OUT THE NO. OF CATS SPECIFIED LINEAR1LS
c BY THE USER ’ LINEARLS
WRITE(6,1404) NC LINEAR20
1404 FORMAT(/10X,y *NUMRER OF -GROUND TRUTH LABELS SPECIFIED =°,13) LINEAR21
WRITE{h,1411) LINEAR22
14511 OPMAT(1H1.5X,'SUMMARY OF WEIGHT VECTORS 1777) LINFARZS
c LINEAR2Y
c FIND THE HYPERPLANES WHMICH SEP/RATE  LIMEAR2S
c CATEGORIES I AND Jy WHERE I GGES FROM LINEAR?A -
c 1 TO NC AND J: GOES FROM I+1i TO NC. LINEAR?T
c V LINEAR2S
INCOL=0 ; , . , LINEAR29
D0 10 I=1,NC ' ' . LINEAR3D
IPLUS1=T+1 LINEAR3L
DO 10 J=IPLUS14NG o ' , , LINEAR32
c CHECK FOR FINAL LOOP R . LIMEAR33
IF(J.GT.NC) GO TO 868 o v ‘ LINEAR3Y
c , , INGREMENT COLUMN INDEX LINEAR3S
IVCOL=INCOL+L , LINEAR3S
IsuM=0 ‘ R LINEAR3YZ
c , SET UP MATRIX U FOR CAT. I AND J LINEAR3S
00 9 K=141 o v S L LINEAR39
9 ISUM=ISUM+NTP (K) , ' ‘ LINEARND
c FIND - HF COL IN XTRAIN WHERE THE LINEASHL
c : , PATTERNS THAT 3ELONG TO I ANC J SEGIN LINSARGLD
INBEG=ISUM=-NTR(I) CLINEARNZ
Isun=0 _ ~ : ‘ ‘ LINEARYYH
DO 8 K=1,J ' , LT LINEARUS
8 ISUM=ISUM+NTR (K) : : LINEARUD
JHBEG=TSUM-NTR (J) ‘ o ~ : LINEARAT7
c S » ' ‘ LINSAR4LA
c GET ENTRIES FROM XTQAIN AND PUT INTO LINFARGY .-
c N

THE MATRIX U ' , , - LINEARSO

T R T L

o
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02-09-70

o o o O

18
19

0

100

101

20415

NI=NTR(I)

NJ=NTR(J)

LINEAR OISCRIMINANT FUNCTION

NIJ=NTRUI)+NTR(J)

D0 7 NCOLU=1,4NI

NCOLXT=NCOLU+TIHAFG

00 6 NROWU=1,ND

NOOWX=NPOHU+1

NRGU= (NCOLU=1) #ND+NSOWY
NRCX= (NCOLXT=1)*NIIM+NROWX

U(NRCUY=XTRATIN(NRCX)

CONTINUE

D0 19 NN=1,NJ

NCOLU=NI+NN

LINFARSY
LINEARG?
LINEARSD
LINFARSE

GO THRU EACH TRAINING PATTERN IN CAT ILINEARSS

INDEX CO

L FOR XTRAIN

GO ThR!} EACH £OMP IN VECTOR

SET Up I

TRANSFER

00 THE S

GO THRU

NCOLXT=JWSEG+NN
DO 18 NROWU=1,4NO

NROWX=NROWU+1

NRCU=(NCOLU=-1) *ND+NROWU
NRCX=(NCOLXT-1)‘NDIM+NRONX

UINRCUI=(~1.0) *XTRAIN(NRCX)

CONTINUE

CALL WEIGHTUU, OUHﬂYiNT.ND NIJ)

DO 40 IROWW=1,4ND

IRCH= (IWCOL=1) *ND+IROWH
WOIRCH)=HT (IPOHH) ‘

WPITE(6,100) I,J
“IOCHL=(IWCOL=-1)*ND#+1
IRCH2=IWCOL¥ND
{(WCIRCH) IRCH= IRPwi.Iocwz)

WRITE(6,101)
FORMAT(2X J 44 HTHE WEIGHT VE TOR FOR SEPARATING CAT

I

FORMAT((LX,iUFlZ.S))

WOITE(43,100)
HRITE(L3417A1)

1.9

241

SET UP G

SET UP R

TRANSFER
AND CHAN
CALL THE
GET WEIG

INDEX TH

NDEXS

PATTERN TO U FRON XTRAIN
AME FOR CATEGORY J
EACH PATTERN IN CAT J
oL INDEX
oW INDEX

THE VECTOR IN XTRAIN ro u
GE THE SIGN

REGRESSION ROUTINE.

HT VECTOR FOR CATS I AND J

£ VECTOR INTO W ARRAY

WRITE OUT THE WEIGHT VECTOR

PUNCH OUT ThE HEIGHT vecroq '
(HUIRCH) 4 IRCH=IRCH1 IRch) ‘ ‘ 1

LINFARSSH

LINEARS?7

LINEARSS
LINEACSQ
LINEARAD
LINFARSG1L
LINEARGZ
LINEARG S
LINEARGY
LIMEARGS
LINEAREE

LINEARB? .
LINEARDBI:
LINFARS9 =

LINEARTO
LINEART71
LINEARTY?2
LINEARY7S3
LINEARTS

CLINEART?S
LINEARTA.

LINEART7Y
LINEAR7S
LINEAR79
LINEARAD
LINEARS1

CLINEARS2

LINEARAT
LINFARSY
LINEA?8S

LINEARSSH

LINEARSY

- LINEARSS
CLINEARAY

CINEARID
LINEARIL
LINEARAZ
LINEARID
LINEARON

EFORIES oI3,3HAN)LLNFA°95

LINEARYA
LINEARI?

- LINEARIA
LINEARIY
LINEARDD

»n

Y ——
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02-09-7h 20.415 LINEAR DISCRAIMINANT FUNSTION
1761 FNRMAT((LX,6F12.5)) ; LINFAROY
868 CONTINUF ‘ - , LINEAQD?2 ;
10 CONT INUE LINEARD 3 g
c : . LINEARON
f ¢ LINEARDS
i c AEGIN CLASSIFICATION : LINEARDS
* c ‘ LINFARA7
? c GO THRU FIRST FOR TRAINING PATTERNS LINEARDA i
; c THEN FOR. TEST PATTERNS LINEARDQ §
; , DO 67 INDFX=1,2 1 } LINFARLD :
‘ c WOITE READING ' - LINEARLL :
If((INaEx.En.t).Auo.(Noorx.NE.O))waszts,auqa) ' LINEAR:2
IF (OINSFX EQa2) eAND . (NOPTLLNE, D)) WRITE (Ay1439) LINEARLS
1498 FOIMAT(1h145Xs "SLASSIFICATION OF TRAINING PATTERNS*) LINFARLYG
1499 FOPMAT (1H1,10X, *CLASSIFICATION OF TEST PATTERNS®) LINEAR1LS
c : INITIALIZE CONTINGENCY TA3LE FOR ALL LINEARLS
c : CATEGORIES LINEARLT i
DO 78 IMN=1,15 ; ; : LINEARLA
39 78 JMN=1,15 T LINEARLQ
78 TERROR(IMN,JIMNI=0 B ‘ . UL INEAR20
¢ WRITE HEADING' ‘ LINEAR?2Y
IF ((INDEX.EQe1) LAND. INOPTI.NELD)) WRITE(6,1500) ‘ LINEARR?
IF ({INDEX +EQe2) o AND4 (NOPTHNELD)) WRITE (641500) . . LINEAR23
1500 FORMAT{////2%,"PATTERN HOo* s5X 9 *TRUE CAT® 46X *ASSIGNED CAT®y9X,* VOLINEARZL
‘( 1TE*) ‘ o ' . LINFAR2S
c , . SET NO. OF PATTERNS TO CLASSIFY LINEAR2G
IF (INDEX.FQ.1) NPT=NTRAIN . LINEAR2Y
IF (INDEX.EQ.2) NPT=NTEST ‘ LINEAR2S
c : RETURN IF NO TEST SET - - . LINEAR2G
IF ((INDEX.EN.2) «AND. (NTEST.EQ.0)) RETURN ) : . LINEAR3D -
c .. : GO THRU EACH PATTERN TO B3E CLASSIFIED LINEAR3L
D0 66 III=1,NPT : o ' ' LINEAR3Z
c : GO THRU FACH COMPONENT AND PULL OUT LINEAR3Z
c : THE TRAINING VECTORS FROM JORE LINEAR 34
D055 NDUM=1,ND . : , LINEAR3S
IXROW=NNUM+1L : LINEAR 3R
© IXTII=(III-1)*NOIMeIXROW - : ER et B LINEAR3?
 IF(INDEX.FQe1) U(NDUMI=XTRAINCIXIII) ) ‘ : LINEAP 3R
55  CONTINUE : = R CLIMEAR3®
* c : S OTHERWISE,READ TEST VECTORS FROM 02 CLIMEARGT
» : IF(INDEX.EQ.2) READ(2) JUMMY 1y DUMMY 2y CUMMY 34 (UCNDUM) o NOUM=14 ND) LINEARSL]
- , _ KMAX=-20 : ‘ B T i S . LINCARGL?Z
i : c ~ ' - GO THRU EACH CAT FOR VOTING = . _LINEARAZ
Lo : : - D0 65 1IC=14NC S T SRRty LINEARLY
o KOUNT=0 R R » . : LINFARLS
~ c e N T ‘ LINEARLF
; . c N ‘ 'LOCATE THE hYPERPLANE THAT SEPARATES LINEARNT
- . c /- A © GATS 1IC AND JJC.  THE SIGN OF THE = LINEARWL?
: o el R  WEIGHT VECTORS IS CHANGED JFPENDING. LINEARGLS
L ‘;»cg R . (PON WHFTHER OR NOT JJC.GF.IIC  LINEARSC
{“, , {
e \ 2
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( 02-09-74

53

51
53

L3

42
43

45

i
3

u
3
12

O

ER )

63

00 O o

20.415

LINFAR OI%¢

00 64 JJC=1,NC

IF(JJC.EN.IIC)
IFCJIC.GTL.IICY

GO 70O A3
GO TO S0

52

6t

IF(JJC.LT.IICY GO TO 4i
CONTINUE

SIGN=1.0

ISUM=n

1S=1I0-1

IF(IS.EN.0) GO TO 53
DO 51 KS=1,1S ‘
ITERM=NC=-KS
ISUM=ISUM+TITERM
CONTINUT
NCOLW=ISUM+JIC-TIC

GO TO 45
CONTINUE

ISuUM=0

ST GNz==-1.0

Is=JJycC~-1 :
IF(IS.EQ.0) GO TO 43
DO 42 KS=1,TIS
ITERM=NC-KS

ISUM= TSUA*ITEQW
CONTINUE -
NCOLW= IQUW*IIV'JJP o
CONTINUE

SUM=0.0

DO 52 IWROW=1,ND
IXROW=IWINH+ 1
IWRCW=(NCOLW=1) *NI+IWRO

'l‘ .

RIMINANT FUNGTION

SET PARAMETERS

THEN GO TO VOTE CALCULATIONS

ty
\

i
SET PARAMETERS FOR SIGN”CHANGE

7

/

}

COMPUTE XTRAIN®*W(NCOLW)

SUM= SUM*(U(IN?OH))‘(N(IWRCN)“(SIGN)

CONTINUE

CIVOTE=0

IF (SUM.GT.0.0) IVOTE=1

IF (SUMLT . 0.0}
CONTINUE

Kouwr=xouur¢1voref

IVOTE==1

IF(JUC.ENLIIC) IVOTE=0

VOTE POSITIVE IF SUM .GT. ZERO

"ELSE VOTE NEGATIVE

iF SAME CATEGORY, DONT VOTE

‘ TALLY THE GCOUNT

OF TERMINE ThE CAT FOR WHICH vore 13~f

MAXIMUM

IF(KOUNT GT KMAX) ICLAS? IIC

43

- LINEARG
LINEART

S LINEARY
- LINEART
- LINEARY

 LINEARS
LINEARS

LINEARD
- LINEARS
. LINEARS
LINEARS

LINEARD

LINFARS
LINEARS
LINFARS
LINEAQS
LINEARS
LINEARS
LINEARS
LINEARS
LINEARS
LINFARR
LINEARA
LINFARB
LINEARS
LINEARS
LINEARS
LINEA®QS
LINEARS
LINFARS

LINEART
LIMEARY
LINEARY
LINEARY
LINEAR7
LINEART.

LINEARS

LINEARB
LINEA®S
LINEARS
LINEARS
LINEARS
LINEARS
LINFARRA

LINEARY
CLINEARD
LINEARS

LINEARY
LINEARS

LINEARY
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{ : 02=-09-74 20.415 LINFAR DISCRIMINANT FUNGTION
c ' _ RESET MAX COUNT LINEARD. ]
1F (KOUMT .GTKMAX) KMAX=KOUNT . LINCARD
65  CONTINUE ‘ LINEARD . 4
¢ : LINEARA.
(] GET THE RESULTS AND OUTPUT THEM LINEARD
c . LINEAROD: 3
TITL=(ITI-1)*NDIM+L . LINEARD :
IF(INDEX.FNe1) TCAT=XTRAINCIIIL) LINEARD ;
: IF(INDEXeFN2) TCAT=DUMMYL LIMEAR] ;
c WRITE RESULTS FOR THIS PATTERN VECTOR LINFARL i
. IFCUINGEXEQal) cAND . (NOPT3.HE.0)AND. (KMAXLEQ. 0)) WRITE(6Y1SD1IITLILINFARYL i
1,TCAT LIMEARL. ©
IF ({INDEX.EQe2) «ANDs (NOPT 4o NEL D) oAND . (KMAX.EQD)) WRITE(H,1502) ITILINEARL o
1, TCAT LINEARL
IF ((INDEX.EQe1)« A0, (NOPTI . NE. 0).AND.(KMAX GT.0)) HWRITE(641502)IIILINEARY i
1 TCAT NAMELICLASS) + KMAX LINEARY !
IF CCINDEXWEN.2) . AND. (NOPT4  NEL0) o AND. (KMAX.GT 0)) HQITE(G.iSO?)IIILINFAai i
1, TCAT,NAME(ICLASS) 4KMAX LINEARL i
1501 FOIMAT(AX,I3411XsAS 10X, 14HNAT CLASSIFIED) . LINEARYL g
1502 FOPMAT(6X,I3,11X3A45,10%sA5,12X413) LINEARZ i
DO 71 ITCAT=1,4NC » - LINEAR? }
IF (TCAT.EQ. NAMECITCAT) ) JTCAT=ITCA S LINFAR?
7t CONTINUE : - CLINEARZ i
ITCAT=JTCAT ’ . . LINEAR? |
: s ‘ ' UPDATE THE CONTINGENCY TA3L : LINEARZ
{ 72 IF(KMAXeGT.0) IEOOOR(ITLAT.;CLAS%)-IEPROR(ITCAT.ICLASS)+1 LINEARZ
‘ 66  CONTINUE LINEARZ
c ‘ WRITE OUT THE HEADING LINEAR? &
IF{INCEX.EQ.1) WRITE(E,721) ~ LINEAR2
IF(INDEX.EQe2) - WRITE(DH,722) : LINEARS3
721 FOPMAT(LHL,15X, *CONTINGENCY TACSLE FDR TOAINING PATTERNS®) LINEAR3
722 EORMAT(1H1,15X,* CONTINGENCY TABLE FOR TEST PATTEPNS®) LINFARS3
i WRITE(6,723) O CLINEARS
723 FORMA T(4X,*TRUE®/2X,"CATEGORY'). ‘ LINEAR3
c WRITE OUT THE CONTINGENCY rAaLE LINEAR3
‘ DO 74 ITCAT=1,NG ‘ © LINEARS3
74 WRITE(6,774) NAME(ITCAT),(IERROR(ITCAT,ICLS),ICLS=1, yNC) LINEARS3
724 FORMAT(//zx,Ae,te(ux,Is)) LINEARS
c : LIST THE CATEGORIES ‘ . TUINEAR3
v WRITE (H,775) (NAHE(ICLA),IPLA 1,4NC) v ; o : CLINEARG
725 FOQWAY(//th'15(1XoA6)) , ’ S LINEARY
HRITE(G,726) - ‘ S o LINEARGS
v 726 FORWAT(/iqx.‘ASSIJNED CATEGOQY') e ‘ , S LINEARY
v f 67 CONTINUE , , L : S LINEARS.
SR “ - RETURN : A : N . o LINFARY
o ‘ END R s - e L S LINEARY
S i

244
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GET THE WEIGHT VECTOR

TROWHK

INDEX FOR A VECTOR IN DUMMY

245 SRR

AFTER IT

R,

02=-09=-74 20.434
CWEIGHT GET THE WEIGHT VECTOR WEIGHTD!
C : ‘ WEIGhTD
¢ WOITTEN BY SAM SHANMUGAHM SEPT 1972 WEIGHTD
c DOCUMENTED B8Y RJ BOSLEY DEC 1973 WEIGHTO
C WEIGAHTO:
c DFSCRIPTION OF PROGRAM. ‘ : WEIGHT D
c GIVEN A MATRIX U CONTAINING PATTERNS OF CATEGORY I AND Jy WEIGHTO
c THTS ROUTINE FINOS A HYPERPLANE TO SEPARATE. THESE PATTERNS. ‘THE  WEIGHTQ]
c WEIGHT VECTOR OFFINING THF HYPERPLANE IS GIVEN 3Y WEIGATO
c HT=((UUf)“-1)‘(U‘T) WEIGHT !
c WHERE Wt IS ThF WFIGhT VECTOR WEIGHT L
c . T IS A COLUMN VECTOR HWHOSE COMPONENTS ARE +1°S WEIGHT1
c NO IS THE LENGTH OF THE PATTERN VECTOPRS, AND WEIGHTL
c NIJ IS THE HUM3ER OF PATTERHNS FROM'GAT I + NUMBER WEIGHTL
c ; OF PATTERNS FROM CATEGORY J WEIGHTL
c THE DATA MATRIX U, USED FOR CALCULATING THE BOUNDARY BETWEEN THE = WEIGAT1
c CATEGORIES I AND Jy IS FORMED AS FOLLOWS ==~ , WEIGHTL
c WEIGHhT1
C *x*pATTERNS FROM CATEGORY peuvrrrevsPATTERNS FROM CATEGORY J -%x¥% WETIGHT1
’C 1 1 st enssanre "1‘ ’ -1 ‘ ss e -1 WEIGHT2
c L} . X EEEEERE NN ] ! o . . see e . WEIGHT?
c L] ‘. LR R NI AU B Y Lo - [ ) om0 . NEIGI"‘.TZ
c X X -oou;-coo -X. -X sase -X NEIGHTZ
c . (') A EEERERE NN} e L) s sen ° WEIGHTZ
c * . ses0anpessn . [ ’ [ ) e s e 0 . NEIC‘HT2
C FEFRFR |} HAS ND ROWS AND NIJ COLUMNS . BFERERIFFRITIFFIFFEE LB ER R EPEFRUET AT 2
c , R o . WEIGHAT?
c ENTPY POINT, o WEIGHT?2
c CALL NEIGHT(U;DUMMY'WTvNG,NIJ) "WEIGHT?2
C : ‘ | WEIGHT3
c INPUT ARGUMENTS. HEIGAT3
C ’ U MATRIX CONTAINING PATTERNS OF WEIGHT3
c CATEGORIES ‘1 AND J : - WEIGHT3
c puMMY DUMMY ARRAY. USED FOR MINV ‘ WEIGHT3
C ND ‘ ‘ LENGTH OF PATTERN VECTORS IN U WEIGHT3
c . NIJ S ‘ NUMBER OF PATTERNS FROM CAT I AND J WEIGAT3
c . - WEIGHTS
c OUTPUT ARGUMENT. ‘ ' WEIGHT®
B LAY k WEIGHT VECTOR DEFINING THE HYPERPIANE WEIGAT3
c "SEPARATING PATTERNS: OF CAT I AND.-J  HWEIGHTL
c . i o : o WEIGHTY
- C ‘SUBPROGRAMS REQUIRED. : o WEIGHTY4
c : MINV . o MATRIX INVERSION PGM FROM IBM SSP WEIGHTL
(] o . : : . “WEIGHT®S
' INTERNAL PARAMETERS. : ‘ ‘ - WEIGHTW
c g ) M 1;7[ SCRATCH ARRAYS USED 8Y MINV WEIGHTY
c -0 - DETERMINANT OF DUMMY,FROH MINV WEIGHTY
- C . IROWH ROWs OR COMPONENT 4 INDEX. FOR WT WEIGHTY
c 1040 INDEX FOR A VECTOR IN: DUNMY . WEIGHTS!
~C

WELIGHTS

st g D R TR
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14

15

25

O

30

a0

. 07-09-74

70434

GET THE WEIGHY VECTOR

HAS BEEN INVERTED 3Y MINV

SUBROUTINE WEIGHT (UyDUMMY WT 4NDyNIJ)

DIMENSTC: U1y ,DUMMY (1) 4WT(100)

DIMENSION L{130),M(10M)

00 15 I0=14ND
D0 15 JD=1,ND
SUM=0.0

DO 14 K=1,NIJ

IOK=(K=1) *ND+ID

JOK=(K=1)¥ND+JD

SUM=SUM+U (TJK) *U (JDK)
10J0=(J0-1)*ND+10

DUMMY (IDJO) =SUM
CONTINUE

CALL MTNV (OUMMY (ND9DsLgH)
00 30 K=1,N0 f L
SUM=0.0 P
DN 25 KK=1,NIJ 1

KKKX=(KK-1) ¥NN+K

'SUM=SUN +U (KKK)

U(K)=SUM -

DO 40 IROWW=1,4ND

SUM=0.0

0N 35 K=14NO

T IROWHK=(K-1) *NO+IROWN

35

40

SUM=SUM+DUMMY (I20WHK) *U (K)

WT {LIROWW) =SUM
RETURN
END -

SET .UP MATRIX DUMMY=U®U®
GO ThRU EACH COMPONENT

GO THRU EACH VECTOR

FIND U*U*

STORE IT IN DUMMY FOR INVERISION

FINO THE INVERSE OF y*uU°®

COMPUTE U*T

STORE IT IN U(Ks1)4K=1,NO

COMPUTE THE WEIGHT VECTOR
HIIROWWsNCOL) yIROWH=1yND

}

{ .
STORE LT IN WT ARRAY AND RETURN

L

WEIGHTS!
WEIGHTS?

" WEIGHTSS

WEIGHTSG
HEIGHTSS
HEIGHTSH
WEIGHTS7
WEIGHTSH
WEIGRTSYS
WEIGHTAD
WEIGHTOL
WEIGHTRZ
WEIGhTE3
HEIGHTOBG
WEIGHTES
WEIGHTHS
WEIGHTAY
WEIGHTSEA
WEIGHTA G
WEIGHTZ(
WEIGHT71
WEIGHT?72
WEIGHT73

"HEIGHT74

WEIGHT7S
WEIGHT7A
WEIGRT77
WEIGHTZ3
WEIGHT 79
HEIGRTSD
HWEIGHTS1
WEIGHTA2
WEIGHTA3
WEIGHT B

WEIGHTSS

WEIGHT A6
WEIGhTS7

 WEIGHTSS

WEIGHT3S

CHEIGRTAD

WEIGHTI1
WEIGHTI2

'WEIGHT93

v
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Glossary and Index to Remotely Sensed Image
Pattern Recognition Concepts*

ROBERT M. HARALICKY oy

Remote Sensing Laboratory, University of Kansas, Lawreﬁce, Kansas 66045, U.S.A.
" (Received 29 March 1973 and in revised form 21 June 1973)

Abstract—The purpose of the glossary' is to state in the simplest possible way the general meaning or word usage
for many of the terms in image pattern recognition. There is no intent to provide definitive statements for terms

such as “resolution’ but rather only statements about the general nature of what resolution is. There is no intent |
to provide mathematical formulas involving integrals or derivatives in any of the statements. Those who need i

the mathematics can get it from technical papers or texts. . :

The glossary is designed to be read by those generally unfamiliar with the area and provide fof them an overall
perspective. The organization approaches that of programmed learning material and can be smoothly (I hope)
read from beginning to end. Those needing to look up'a specific term can do so via the index, -

There is some overlap of terms in this glossary with those glossaries or definitions in radiometry and aerial
photography. There is no inteénit that the way the terms are described here replace the way they are described in
those glossaries and definitions. The overlap is provided here so that the reader can get a perspective of a cluster
of terms frequently used in our field. The perspective is intended to start from what the image concept is through
the recording of an image by some sensor, the possible conversion of image format and the simple analog or more
complex digital processing which must be done on the imagery: In short, the perspective is one of image pattern

“recognition. :

1. An Image is a spatial representation of an object, scene, or another image. It can be
real or virtual as in optics. In pattern recognition, image usually means a recorded image

‘such as a photograph, map, or picture. It may be abstractly thought of as a continuous

function I of two variables defined on some bounded region of a plane. When the image is
a photograph, the range of the function I is the set of grey shades usually considered to be
normalized to the interval [0,1]. The grey shade located at spatial coordinate (x, y) is
denoted by I(x, y) and is usually proportional to the radiant energy in the electromagnetic
band to which the photographic sensor is sensitive. When the image is a map, the range
of the function / is a set of symbols or colors, and the symbol or color located at spatial
coordinate (x, y) is denoted by I(x, y). A recorded image may be in photographic, video
signal, or digital format.

2. The grey shade or grey tone is a number or value assigned to a position (x, y) on an

' vimage. The numbet is proportional to the integrated output, reflectance, or transmittance

of a small area, ufiually called a resolution cell or pixel, centered on the position (x, y). The

" grey shade can bé& measured as or expressed in any one of the following ways:

(1) transmittance . |
. (2) reflectance ‘

: (3? a coordinate of the ICI color coordinate system

“ # The glossary was prepared as the report from thedefinitions and standards subcommittee, Automatic Image

“Pattern. Recognition Committee of Electronic Industries Association.

. + I would like to acknowledge the helpful suggestions, comments and corrections which many of m'y'colléagues :
made; Particular thanks are due to R. Asendorf, B. Bulluck,’L. Kirvida, P. Pryor, A. Rosenfeld, B. Scheps, .
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392 ROBERT M. HaRrALICK

(4) a coordinate of the tristimulvs value color coordinate system
(5) brightness

(6) radiance

(7) luminance

(8) density

(9) voltage

(10) current.

3. A photograph is a “*hard copy’ pictorial record of an image formed by a sensor.
The photograph is usually recorded on some type of phososensmve emulsion. It can be
either reflective, as is a paper print, or transmissive, as is a transparency. It is usually two-
dimensional and its reflectance or transmittance, (either monochromatic or polychromatic)
varies as a function of position. If it is a multi-colored image (polychromatic), it can be either
natural color where the colors are similar to the original, or false color where the colors
of the photograph are radically different from the original. The sensor used to form the
image may be any type such as an optical camera with or without spectral filtration, infrared
optical-mechanical scanners, TV systems, radars, or sonic sensors, etc. The type of sensor
recording the image and spectral region the sensor is sensitive to, should always be indicated
when referring to a photograph.

4. A map is a representation, of physical and/or cultural features (natural, artificial or
both) of a region (such as the sky) or a surface such as that of the earth or a planet. It
indicates by a combination of symbols and colors those regions having designated category
identifications. Very often ground truth and/or decision rule category assignments are
displayed by maps. A photograph with hmlted symbolism and annotation is often called
a photo-map.

5. The radiant intensity of a point object is a measure of the radiant power per stemdnan
radiated or reflected by an object. In general, radiant intensity is a function of the nature of
the object, the viewing angle, spectral wavelength and band-width.

© 6. The reflectance or reflection coefficient is the ratio of the energly per unit time per
unit area (radiant power density) reflected by the object to the energy per unit time per unit
area incident on the object. In general, reflectance is a function of the incident angle of the
energy, viewing angle of the sensor, spectral wavelength and bandwidth, and the nature of
the object.

7. The transmittance or transmittance coefficient is the ratio of the energy per unit
time per unit area (radiant power density) transmitted through the object to the energy
per unit time per unit area incident on the object. In general, transmittance is a function of

the incident angle of the energy, viewing angle of the sensor, spectral wavelength and band-

width, and the nature of the object.

8. The density of an (x, y) position on a photograph is a measure of the light absorbing
capability of the silver or dye deposited on that position, It is defined by the logarithm of
the posmon s reciprocal transmittance. The dens1ty measured should be specified as to

“whether it is specular or diffuse.

9. Densitometry is the field devoted to the measurement of optical image densmes on
film or print grey shades usually caused by the absorption G- reﬂectlon of light by deve-
loped photographic emulsion.

10. A densitometer is a device used to measure the average image densnty ofa small v
: area.of specified size on a photographic fransparency or print. The measurement may be a.
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meter reading or an electronic signal. When the small area is smaller than a few. hundred
microns square, the instrument is called a micro-densitometer.

11. The contrast for a point object against its background can be measured by: (1) its
contrast ratio, which is the ratio between the higher of object transmittance or background
transmittance to the lower of object transmittance or background transmittance; (2) its
contrast difference, which is the difference betwéen-the higher density of object or back-

' ground to the lower density of object or background; (3) its contrast modulation, which is

the difference between the darker of object or background grey shade and the lighter of

I object or background grey shade divided by the sum:of object grey shade and background
Ho¥ grey shade.

12. Resolution is a generic term which describes how well a system, process, component
or material, or image can reproduce an isolated object or separate closely spaced objects
or lines. The limiting resolution, resolution limit or spatial resolution is described in terms
of the smallest dimension of the target or object that can just be discriminated or observed.
Resolution may be a function of object contrast, spatial position as well as element shape
(single point, number of points in a cluster, continuum, or line etc.).

13. The resolving power of an imaging system, process, component or material is a
measure of its ability to image closely spaced objects. The most common practice in ;
measuring resolving power is to image a resolving power target composed of lines and '
spaces of equal width. Resolving power is usually measured at the image plane in line pairs

{' per millimeter, i.e. the greatest number of lines and spaces per millimeter that can just be
i recognized. This threshold is usually determined by ‘u'sing a series of targets of decreasing
size and basing the measurement on the smailest one in which all lines can be counted. In
measuring resolving power the nature of the target (number of lines and their aspect ratio),
its contrast and the criteria for determining the limiting resolving power must be specified.

14. Acutance is a measure of the sharpness of edges in a photograph or image. It is
defined for any edge by the average squared rate of change of the density across the edge
divided by the total density difference from one side of the edge to the other side of the edge.

» 15. The spread function of an image system, process, component, or material describes
the resulting spatial distribution of grey shade when the input to the system is some well
‘defined object much smaller than the width of the spread function. If the input to the system
SR S is a line, the spread function is called the line spread function. If the input to the system is a
s .. point, the spread function is called the point spread function

. ; 16. The Modulation Transfer Function of an imaging system or component measures
the spatial frequency modulation response of the system or component. As an imaging
system or component processes or records an image, the contrast modulation of the
processed or recorded image is different from the input image. In fact, there is always a
spatial frequency beyond which the contrast modulation of the processed or recorded
(output) image is smaller (worse) than the contrast modulation of the input image. The
* "modulation transfer function can be thought of as a curve indicating, for each spatial
~ frequency, the ratio of the contrast modulation of the output image to the contrast modula-
tioh of the input image. It is formally defined as the magnitude of the Fourier transform of

. ‘the line spread function of the imaging system or component. :
A4 M. A resolution cell is the smallest most elementary areal constituent of grey shades
i : consrdered by an investigator in an image. A resolution cell is referenced by its spatial
\ - -~ coordinates. The resolution cell or formations of resolution cells can sometlmes consntute

. Sl
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18. A digital image, or digitized image, or digital picture function of an image is an
image in digital format and is obtained by partitioning the area of the image into a finite
two-dimensional array of small uniformly shaped mutually exclusive regions, called resolu-
tion cells, and assigning a “representative”’ grey shade to cach such spatial region. A digital
image may be abstractly thought of as a function whose domain is the finite two-dimensional
set of resolution cells and whose range is the set of grey shades. ;

19. A picture element or pixel or pel is a pair whose first member is a resolution cell and
whose second member is the grey shade assigned by the digital image to that resolution
cell. Sometimes picture element, pixel, or pel refer only to the grey shade or grey shade
n-tuple in a resolution cell.

20. A multi-image is a set of images, each taken of the same subject at different times,
or from different positions, or with different sensors, or at different electromagnetic
frequencies, or with different polarizations, Altheugh there is a high degree of information
redundancy between images in a multi-image set, each image usually has information
not available in any one of or combinations of the other images in the set.

21. A multi-digital image is a multi-image in digital form. It can be, for example, a set
of digital images obtained from the images in a multi-image. A multi-digital image is often
called a multi-image for short when it is understood from context that digital images are
involved. ' e

22. A flying spot scanner is a device used to rapidly convert image data from photo-
graphic format to electronic video signal format. Normally, the scanner directs an electron
beam across the face of a cathode ray tube (CRT) in a TV-like raster. The photographic
transparency is placed in front of the CRT (either directly or through some optics) and the
light coming from the CRT is passed through it. The modulated light beam is detected by -
a photomultiplier or other photo detector and amplified to a usable video signal level.

~ 23. A scanning densitometer is a device used to convert image data from transparency
photographic format to electronic video signal format. Usually, the photographic trans-
parency is placed on a glass cylinder which rotates and slowly translates. A fine beam of
light is focused on the transparency, passed through it, and is detected by a photo-multiplier

‘where it is amplified to a usable video signal. The scanning densitometer is a much slower

-
<( N

1

conversion device than the flying spot scanner. However, this disadvantage is compensated
by its fine resolution capability of a few microns.

24. The vidicon is an imaging vacuum tube having a photosensitive surface and is a
means of converting image data from instantaneous radiance format to electronic video
signal format. The scene being viewed is imaged on the photosensitive surface which can )
be scanned by an electron beam generating a signal whose amplitude corresponds to the
radiant intensity focused on the surface at each point, This signal is called a video signal
and may be amplified to any desired level. . ; :

25. A video image is an image in electronic signal format capable of being displayed on
a cathode ray tube screen. The video signal is generated from devices like a vidicon or flying

~ spot-scanner which converts an image from photographic form to video signal form by

scanning it line by line. The video signal itself is a sequence of signals, the ith signal repre-
senting the ith line of the scanned image. ; ,

. -26. Registering is the translation-rotation alignment process by which two images of
like geometries and of the same set of objects are positioned coincident with respect to one
another so that corresponding elements of the same ground area appear in the same place

on the registered images. In this manner, the corresponding grey shades of the two images
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at any (x, y) coordinate or resolution cell will represent the sensor output for the same
object over the full image frame being registered, ‘

27, Congruencing is the process by which two images of a multi-image set are trans-
formed so that the size and shape of any object on one image is the same as the size and
shape of that object on the other image. In other words, when two images are congruenced,
their geometries are the same arid they coincide exactly.

28. Rectifying is a process by which the geometry of an image area is made planimetric.
For example, if the image is taken of an equally spaced rectangular grid pattern, then the
rectified image will be an image of an equally spaced rectangular grid pattern. Rectification
does not remove relief distortion.

29. Change detection is the process by which two images may be compared; resolution
cell by resolution cell, and an output generated whenever corresponding resolution cells
have different enough grey shades or grey shade n-tuples.

30. An optical color combiner is an instrument which produces “false”” or “true” color
images by linearly combining a few black and white transparencies of the same scene. The
transparencies are usually obtained from multi-spectral, multi-band, or time-sequential
photography. The transparencies are placed in projectors which are all focused and
registered on the same screen and which have various color filters placed in front of their
lenses, The viewing brightness of the projector’s lamp in each projector can be changed

independently thereby changing chromaticity balance. An optical color combiner is some- - -

times called an gdditive color display.

31. An electronic color combiner is an instrument which produces a “false’” color
image by linearly combining video signals of images of the same scenes. The images are.
usually obtained from multi-spectral, multi-band, or time-sequential photography. If the
original image format is photographic, then the image format is changed from photographic
to video signal format by synchronized. vidicons or flying spot scanners. The resulting
video signals are linearly combined through a matrix multiplier circuit, and the three
linearly combined signals then drive the color gun of a color TV tube. An electronic color
combiner usually has greater versatility for congruencing or registering than an optical
color combiner.

32, Level slicing or density slicing or thresholding is an operation performed by an
instrument (usually electronic) called a level slicer to change one or more a grey scale
images to one binary image.

33. The level slicer, density slicer or thresholder is an instrument (usually electronic)
which takes a single or multi-image as an input and produces a binary image for an output.
A binary “one” is produced on the output image whenever the grey shades on each of
the input images lie within the independently set minimum and maximum thresholds.
A set of N input images would, therefore, require a setting N minimum and N maximum
levels. ‘ ‘

34. A figure F, or a subimage F in a continuous or digital image I is any function F
whose domain is some subset A of the set of spatial coordinates or resolution cells, whose
range is the set G of grey shades, and which is defined by F(x, y)=1I(x, y) for any {x, y
belonging to 4. S o _ :

35. A figure F is connected if there is a path between any two spatial coordinates or
resolution cells contained in the domain of F. More precisely, F is connected if for each
pair of spatial coordinates (x, y) and (u, v) belonging to the domain of F, there exists some

“sequence <(a,,by),(az,b3), .. .;(@m, by)> of spatial coordinates belonging to the domain’
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of F such that (x, y)=(a,, b,), (4, v)=(a,, b,,), and (a;, b) and (a;,,, b;..,) are sufficiently
close neighbering coordinates, i = 1,2,..,,m—1.

36. A figure F is convex if the domain of F contains the line segment which joins any
pair of spatial coordinates in the domain of F.

37. A discrete tonal feature on a continuous or digital image is a connected set of
spatial coordinates or resolution cells all of which have the same or almost the same grey
shade.

38. Texture is concerned with the spatial distribution of the grey shades and discrete
tonal features. When a small area of the image has little variation of discrete tonal features,
the dominant property of that area is grey shade. When a small area has wide variation of
discrete tonal features, the dominant property of that area is texture. There are three things
crucial in this distinction: (1) the size of the small areas, (2) the relative sizes of the discrete
tonal features, and (3) the number of distinguishable discrete tonal features.

39. Quantizing is the process by which each grey shade in an image of photographic,
video, or digital format is assigned a new value from a given finite set of grey shade values.
There are three often used methods of quantizing:

(1) in equal interval quantizing or linear quantizing, the range of grey shades from

maximum grey shade to minimum grey shade is divided into contiguous intervals each

of equal length, and each grey shade is assigned to the quantized class which corresponds
to the interval within which it lies;

(2) in equal probability quantizing, the range of grey shades is divided into contiguous

intervals such that after the grey shades are assigned to their quantized class there is an

equal frequency of occurrence for £ach quantized grey shade in the quantized digital
image or photograph; equal probabnllty quantizing is sometimes called central
stretching ;

(3) in minimuin varianc~ quantizing, the range of grey shades js divided into contiguous

“intervals such that the weighted sum of the variance of the quantized intervals is
minimized. The weights are usually chosen to be the grey shade interval probabilities
which are computed as the proportional area on the photograph or digital image
which have grey shades in the given interval,

40. A quantizer is an instrument which does quantizing. The quantizer has three
functional parts. The first part allows the determining and/or setting of the quantizing
intervals, the second part is a level slicer which indicates when a signal is in any quantizing
interval, and the third part takes the binary output from the level slicers and either codes it
to some binary code or converts it to some analog signal representing quantizing interval
centers or means. ;

41. The simplest and most practical unit to observe and measure in the pattern recogni-
tion of image data is often the basic picture element (the grey shade or the grey shade
n-tuple in its particular resolution cell). This is what makes pattern recognition so hard some-

“times for the objects requiring analysis or identification are not simple picture elements but
. are often complex spatial formations of picture elements such as houses, roads, forest, etc.

42. A measurement n-tuple or measurement pattern or pattern or measurement vector is
the ordered n-tuple of measurements obtained of a unit under observation. Each component
of the n-tuple is a measurement of a particular quality, property, feature, or characteristic

of the unit. In image pattern recognition, the units are usually picture eiements or simple

formations of picture elements and the measurement n-tuples are the corresponding grey
shades, grey shade n-tuples, or formatlons of grey shade n-tuples e
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43. The range set R, for the ith sensor which produces the ith image in the multi-
rmage set, is the set of all measurements which can be produced by the ith sensor. Srmply,
it is the set of all grey shades which could possibly exist on the ith image.

44. The Cartesian product of two sets A and B, denoted by A x B, is the set of all ordered
pairs where the first component of the pair is some element from the first set and the
second component of the pair is some element from the second set. The Cartesian product
of N sets can be inductively defined in the usual fashion.

45. Measurement space is a set large enough to include in it the set of all possible
measurement n-tuples which could be obtained by observing physical attributes of some
set of units. When the units are single resolution cells or picture elements, measurement
space M is the Cartesian product of the range sets of the sensors; M =R, x R, X+ --x R;.

46. Each unit is assumed to be of one and only one given type. The set of types is
called the set of pattern classes or categories C, each type being a particular category. The
categories are chosen specifically by the investigator as being the ones of interest to him,

47. A feature or feature pattern.or feature n-tuple or pattern feature is a n-tuple or
vector with (a small number of) components which are functions of the initial measurement
pattern variables or some subsequence of the measurement n-tuples, Feature n-tuples or
vectors are designed to cotizin a high amount of information relative to the discrimination

between units of the types of categories in the given category set. Sometimes the features are -

predetermined and other times they are determined at the time the pattern discrimination
problem is being solved. In image pattern recognition, features often contain mformatron
relative to grey shade, texture, shape or context. ‘ '

48. Feature space is the set of all possible feature n-tuples.

49. Feature selection is the process by which the features to be used in the pattern
recognition: problem -are determined. Sometimes feature selection is called property’

selection.

50. Feature extraction is the process in which an initial measurement pattern or some
subsequence of measurement patterns is transformed to a new pattern feature. Sometimes
feature extraction is called property extraction. -

51. The word: pattern can be used in three distinct senses: /

(1) as measurement pattern;

(2) as feature pattern ; and

(3) as the dependency pattern or patterns of relationships among the components of -

any measurement n-tuple or feature n-tuple derived from units of a particular category
and which are unique to those n-tuples, that is, they are dependencres which do not
occur in any other category.

52. A signature is the observable or characteristic measurement or feature pattern

_derived from units of a particular category. A category is said to have a signature only if
_the characteristic pattern is highly representative of the n-tuples obtained from units of

that category. Sometimes a signature is called a prototype pattern.
53. A data sequence S;={d,,d,,...,d;) is a sequence of patterns derived from the
measurement patterns or features of some sequence of observed-units. d; is the pattern

associated with the frst unit; d, is the pattern associated wrth the second unit; and. d yis -
-the pattern associated with the Jth unit.

54. A decision rule f usually assigns one and only one category to each observed unit

~on the basis of the sequence of measurement patterns in.the data sequence Sd or in the ‘
correspondmg sequence of feature patterns ' ; r : v
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55. A simple decision rule is a decision rule which assigns a unit to a category solely on
the basis of the measurements or features associated with the unit. Hence, the units are
treated independently and the decision rulef may be thought of dsa function which assigns
one and only one category to each pattern in measurement space or to each feature in
feature space. .

56. A compound decision rule is a decision rule which assigns a unit to a category on the
basis of some non-trivial subsequence of measurement patterns in the data sequence or in

the corresponding sequence of feature patterns. A compound decision rule is not a simple
decision rule. ‘ S ~ ‘
57. Provision can be made for the decision rule to reserve judgement or to defer assign-
ment if the pattern is too close to the category boundary in measurement or feature space.
With this provision, a deferred assignment is an assignment to the category of “‘reserved
judgement.” L o o
58. A category identification sequence or ground truth S,=<c,, Cy,...,Cyp is asequence
- of category identifications _obtained from some sequence of observed units. ¢, is the
category identification of the first unit; ¢, is the category identification of the second unit;
and ¢, is the category identification of the Jth unit. o ‘ .

59. A training sequence is a set of two sequences: (1) the data sequence and (2)a.corres-
ponding category identification sequence (sometimes called ground truth). The training

sequence is used to estimate the category conditional probability distributions from {¥hich.

the decision rule is constructed. Lo R B

60. The conditional probability of a measurement or feature n-tuple d given category ¢
is denoted by P.(d), or by P(d/c), and is defined as the relative frequency or proportion of
" times the n-tuple d is derived from a unit whose true category identification is c.
“61. A distribution-free or non-parametric decision rule is one which makes no assump-

tions about the functional form of the -conditional probability distribution of the patterns.

given the categories.
62. A simple maximum likelihood decision rule is one which treats the units indepen-

dently and assigns a unit u having pattern measurement or features d to that category ¢

whose units are most probable to have given rise to pattern or feature vector d, that is, such
that the conditional probability of d given ¢, P(d), is highest. ‘

63. A simple Bayes decision rule is one which treats the units independently and assigns
a unit u having Mattern measurements or features d to the category ¢ whose conditional
probability, P,(¢), given measurement d, is highest. SoemoLe S

64. Let (uy, u,,...,u;» be a sequence of units with corresponding data sequence
<d,,ds,...,d;»> and known category identification sequence {Cy,Cz,..2Cr0- A simple
nearest neighbor decision rule is one which treats the units independently and assigns a
unit u of unknown identification and with pattern measurements or features d to category

‘¢; where d; is that pattern closest to d by some given metric or distance function.
65. A discriminant function f{(d) is a scalar function, whose domain is usually measure-

ment space and whose range is usually the real numbers. When fid) = fld, k=12,..., K, o

then the decizion rule assigns the ith category to the unit giving rise to pattern d..
66. A linear discriminant.fqpction fis a discriminant function of the form -

L
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67. A decision boundary between the ith and kth categories is a subset H of patterns in
measurement space M defined by

H = {de M|f{d) = f(d)},

where f; and f, are the discriminant functions for the ith and kth categories. i
68. A hyperplane decision boundary is the special name given to decision bound?}';iries
arising from the use of linear discriminant functions.

69. A linear decision rule is a simple decision rule which usually treats the units inde-

~ pendently and makes the category assignments using linear discriminant functions. The

decision boundaries obtained from linear decision rules are hyperplanes.

- 70. The pattern discrimination problem is concerned with how to construct the decision
rule which assigns a unit to a particular category on the basis of the measurement pattern(s)
in the data sequence or on the basis of the feature pattern(s) in the data sequence.

. 71. Pattern identification is the process in which a decision rule is applied. If
S, = {uy, Uy, ..., u;> is the sequence of units to be observed and identified, and if
Sy ={d,.d,,...,d;> is the corresponding data sequence of patterns, then the pattern
identification process produces a category ideiitification sequence S, ={cys6py. 005050
where ¢; is the category in C to which the decision rule assigns unit u; on the basis of the
J patterns in S;. In general, each category in S, can be assigned by the decision rule as

a function of all the patterns in §,. Sometimes pattern identification is called “pattern

classification” or “classification”,

72. A cluste;; is a homogeneous group of units which are very “like” one another.
“‘Likeness” beztween units is usually determined by the association, similarity, or distance
between the faeasurement patterns associated with the units.

73. A cluster assignment function'is a function which assigns each observed unit to a
cluster on the basis of the measurement pattern{z) in the data sequence or on the basis of

their corresponding features. Sometimes the units jare treated independently; in this case
the clustering assignment function can be considered as a transformation from measure-

“ment space to the set of clusters. ; ’ S
74, The pattern classification -problem is -concerned with constructing the cluster
- assignment function which groups similar units. Pattern classification is synonymous with

rumerical taxonomy or clustering, : _ . ‘ .

75. The cluster identification process is the process in which the cluster assignment
function is applied to the sequence of observed units thereby yielding a cluster identification
sequence. - ' , ‘ o

76. A misidentification, or misdetection, or type I error occurs for category ¢; if a unit
whose true category identification is c; is aseigned by the decision rule to category ¢,
k # i. A misidentification error is often called an error of omission.

77. A false identification, or false alarm, or type II error occurs for catégory ¢; if a unit

whose true category identification is c,, k1, is assigned by the decision rule to category c;.
A false identification error is often called an error of commission. -

78. A prediction sequence, or test sequence, or a generalization sequence is a set of two
sequences : (1) a data sequence (whose corresponding true category identification sequence

“'may be considered to bg unknown to the decision rule) and (2) a corresponding category
- identification sequence determined by the decision rule assignment. By comparing the

category identification sequence determined by the decision rule assignment with the

Py et :
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category identification sequence determined by the ground truth, the misidentification
rate and the false identification rate for each category may be estimated.

79. A confusion matrix or contingency table is an array of probabilities whose rows
and columns are both similarly designated by category label and which indicates the
probability of correct identification for each category as well as the probability of type I
and type 11 errors. The (ith, kth) element P;, is the probability that a unit has true category
identification ¢;; and is assigned by the decision rule to category c,.

80. A unit is said to be detected if the decision rule is able to assign it as belonging only
to some given subset A of categories from the set C of categories. To detect a unit does not

imply that the decision rule is able to 1dent1fy the unit as specnﬁcally belonging to one ‘

particular category.

81. A unit is said to be recognized, identified, classified, categorxzed or sorted if the
decision rule is able to assign it to some category from the set of given categoriss. In military
applications, there is a definite distinction between recognize and identify, Here, for a unit
to be recognized, the decision rule must be able to assign it to a type of category, the type
having included within it many subcategories, For a unit to be identified, the decision rule
must be able to assign it not only to a type of category but also to the subcategory of the
category type. For example, a small area ground patch may be recognized as contammg
trees, which may be specifically identified as apple trees.

82. A unit is said to be located if specific coordinates can be glven for the units physncal
location.

83. A unit is said to be acquired if it can be located and recognized.

84, A target is one type of category used in the pattern recognition of image data, It k

usually occupies some relatively small area on the image and has a unique or characterlstlc
set of attributes. It has a hlgh a priori interest to the investigator,

85. Target discrimination is the process by which decision rules for targets (small area
extensive categories) are constructed.

86, Target identification or target recognition is the process by which targets contained
within image data are identified by means of a decision rule.

87. An image transformatwn is a function or operator which takes an image for its
input and produces an image for its output. The domain of the transform operator is often
called the spatial domain. The range of the transform operator is often called the trans-
formed domain, Some transformations have spatial and transform-domains of entirely
different charactér. For these transforms, the image in the spatial domain may appear
entirely different from and have a different interpretation from the image in the transformed
domain. Specificexamples of these kinds of transformations are the Fourier, Hadamard,
and Karhunen-Loéve transformations. Other transformations have spatial and transform
domain of similar character. For these transformations, the image in the transformed
domain may appear similar‘to the image of the spat1a1 domam These types of trans-
formations are often called spatlal filters.

88. A spatial filter is an image transformation, usually a one-one operator used to
lessen noise or enhance certain characteristics of the i 1mage For any particular.(x, y) coordi-

grey shades of a partlcular spatial pattern near the coordinates (x, y).

89, A linear .,putzal filteris'a spatxal mter for which “the grey shade aSSlgT'ﬂeﬁt gt e

coordinates (x, y) in the transformed i image is made by some weighted average (linear

‘combination) of grey shades located in a particular spatlal pattern around coordinates -

~(x, y)-of the domain image. The linear spatial filter is often used to change the spatial
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frequency characteristics of the image. For example, a linear spatial filter which emphasizes

high spatial frequencies will tend to sharpen the edges in an image. A linear spatial filter

which emphasrzes the low spatial frequencies will tend to blur the image and reduce salt
and pepper noise.

90. Template matching is an operation which can be used to find out how well two
photographs or images match one another. The degree of matching is often determined by
cross-correlating the two images or by evaluating the sum of the squared corresponding
grey shade differences. Template matching can also be used to best match a measurement
pattern with a prototype pattern

91. Matched filtering is a template matching operation done by using the magmtude
of the ¢ross-correlation function to measure the degree of matching. -

92. In pattern recognition problems such as target discrimination, for which the
category of interest is some specific formation of resolution cells with characteristic shape
or tone-texture composition, the problem of pattern segmentatron may occur. Pattern
segmentation is the problem of determining which'regions or areas in the image constitute
. the patterns of interest, i.e. which resolution cells should be mcluded and Wthh excluded
from the pattern measurements. :

93. Screening is the operation of separatmg the uninteresting photographs or images
from those photographs containing areas of potential interest.

94, Preprocessing is an operation applied before pattern identification is performed
Preprocessing produces, for the categories of interest, pattern features which tend to. be

invariant under changes such as translation, rotation, scale, illumination levels, and noise."

In essence, preprocessmg converts the measurements patterns to a form which allows a
simplification in the decision rule. Preprocessing can bring into registration, bring into
congruence, remove noise, enhance images, segment target patterns, detect center, and
normalize targets of interest,

95. Image compression is an operation which preserves all or most of the information
- in the image and which reduces the amount of memory needed to store an image or the

‘time needed to transmit an image.
’ 96. Image restoration is a process by which a degraded image is restored to its original
condition. Image restoration is possible only to the extent that the degradation transform
is mathematically invertible.

97. Image enharncement is any one of a group of operations which improve the detecta-
bility of the targets or categories. These operations include, but are not limited to, contrast
improvement; edge enhancement, spatial filtering, noise suppress1on image smoothmg,
and image sharpening,

98. Image processing encompasses all the various operatlons whrch can be apphed to
~ photographic or 1mage data. These include, but are not limited to, image compression,
image restoration, image enhancement; preprocessing, quantization, spatial filtering, and
other image pattern recogmtlon ‘techniques.

99. Interactive 1 mage Processing refers to the use of an operator or analyst ata console
‘with a means of assessing, preprocessing, feature extracting, classifying, identifying and

~ displaying the original imagery or the processed 1magery for his subjective evaluation and

further interactions.
100. Pattern recognition is . concerned with, but not limited to, problems of: (1) pattern
dnscrlmlnatlon, (2) pattern classification, (3) feature selectron, (4) pattern identification,

(5) cluster identification, (6) feature extraction, @) preprocessing, (8) filtering, (9) enhance-f

- ment, (10) pattern segmentatron, or (11) screemng

S
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Acquire
Additive color display

Bayes decision rule
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Change detection
Classification
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Conditional probability
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Matched filtering 91 Recognize

Maximum likelihood decision rule 62. Rectifying
Measurement n-tuple L 42 Reflectance
Measurement pattern 42 Reflection coefficient
Measurement space 45 Registering
Measurement vector 42 Reserve judgement
Micro-densitometer 10 Resolution

Minimum variance quantizing 39 Resolution cell
Misdetection 76 Resolution limit
Misidentification 76 Resolving power
Modulation transfer function 16

Multi-digital image 21 Scanning densitometer
‘Multi-image 20 Screening

Nearest neighbor decision rule 64 gfgﬁfg:ztlon
Non-parametric degision rule 61 = E'Sirg}l le decision rule
Numerical taxonomy 74 Sor tp

Optical color combiner 30 Spatial filter

Pattern 42. 51 Spatial resolution

: P Spread function
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Pattern classification 71,74 7 8

Pattern discrimination 0w et

Pattern feature - . 47 1 Target discrimination
Pattern identification ; 71 Target identification
Pattern recognition’ ' 100 Target recognition
Pattern segmentation 92 Template matching
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