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PREFACE

The documentation of the LARSFRIS system closely parallels
existing LARSYS Version 3.1 documentation. The major
differences are in the addition of certain program modules
which provide the user greater flexibility in the analysis
of multispectral data. The LARSFRIS documentation exists

in three parts: LARSFRIS Program Abstracts, LARSFRIS System

Manual, and LARSFRIS User's Manual.

The first of these contains the documentation of each Fortran
and Assembler routine and each CMS Executive routine in
LARSFRIS. These program abstracts are provided for programmers

who are required to revise and/or maintain these routines.

The second manual, LARSFRIS System Manual, is directed pri-
marily to programmers and analysts who maintain or revise the
system or write new functions that must be interfaced with
LARSYS. It contains detailed information of (and references
to) the hardware and software framework upon which the system
was built, the internal organization of the software, the
organization of the data fields, and a discussion of special

techniques that were used in the implementation of LARSFRIS.

This manual, LARSFRIS User's Manual, contains a comprehensive
description of the functional organization of the system, the

processing functions provided, and the manner in which the
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functions are invoked and controlled. While it is written
primarily for the system's user, a good knowledge of its
contents is essential for any individual who intends to

work with the system -- be he a user, an analyst, or a

programmer.
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SECTION 6

LARSFRIS PROCESSING FUNCTIONS

This section of the User's Manual contains detailed descriptions
of the LARSFRIS Processing Functions. The functions are ordered
in alphabetical order to aid the reader in locating the descrip-
tion of a particular function. The page numbers for the chapter
always begin with the first three letters of the function (which
are unique) followed by the page number within the particular

function description.

Each function description begins with introductory material
describing the major aspects of the function. This is usually
followed by a description of the inputs and outputs of the
function using an example input deck and figures showing the
outputs that are produced by the deck. In some functions a

description of the algorithm is also included.

Many of the examples used for the twenty-three Processing Func-
tions together form a single simulated‘data analysis task which
uses data from the same area. The area chosen for this simulated
analysis is a portion of segment 210 from the 1971 Corn Blight
Experiment, shown in Figure 1. The upper and lower limits of

the area is marked on the figure by arrows. The area is bounded
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on its four corners by field C6 in the upper left hand corner,
field el in the upper right hand corner, field L3 in the lower

left hand corner, and field h4 in the lower right hand corner.
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BIPLOT

The BIPLOT function is a capability that allows plotting in a
two-dimensional feature space, 1.) the means, 2.) the ellipses

of concentration, and 3.) the classifications of feature space
for each class in a LARSFRIS statistics file. It also provides
additional information about the statistical distribution of each
class, such as its generalized variance, ellipsoid volume, shape

factor, and cut-off probability.

Input to the BIPLOT function consists of:
1. Control cards to select the processing and output options.
(See control card listing).
2. A LARSFRIS statistics file, which can be expected from
either cards if the CARDS READSTATS option is specified,
or from the user's D-disk if the default‘option is

selected.

The BIPLOT function allows the user to specify the plotting scales
for both the abscissa and ordinate axes by specifying the desired
origins and interval sizes. The abscissa and ordinate axes are
subdivided into 100 equal intervals or units. If the scale is

not specified, the function will automatically set the origin

to 0.00 (zero) and the interval to 1.00 for both axes. One also
can specify a desired origin (X.XX) and interval size (X.XX) for
all the requested plots (all possible combinations of channels)

by setting the channel number N of the contrcl parameters ORIG
(N,X.XX) and UNIT (N, X.XX) equal to zero. It should be remembered

that the aspect ratio of the characters in a standard line printer
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is 10 characters per inch in the horizontal direction (abscissa)
and 8 characters per inch in the vertical direction (ordinate),
therefore it is recommended that the abscissa scale unit be set
eight tenths (0.8) of the ordinate scale unit. The lower number
channel will always be plotted as the abscissa and the larger
number channel will always be plotted as the ofdinate, regardless
of the sequence in which they are specified in the PLOT control
card. For example, PLOT MEANS (3,2) is equivalent to PLOT

MEANS (2,3) in that in both instances channel 2 will be plotted

along the abscissa and channel 3 along the ordinate.

Impossible channel combinations, such as requesting a plot of
the same channel in both coordinate axes, will be ignored. Also,
if one requests a plot of channels that are not contained in

the input statistics file, the request will be ignored and an
error message will be printed both at the terminal and the

printer output: (E0000 PLOT OF CLAS (X,Y) SILLY -- IGNORED).

The BIPLOT function allows the user to request up to 30 differ-

ent plots.

Class Mean Plots. These two-dimensional feature space plots

show the positional relationships among class means for any
combination of two channels. It also shows the statistical
separability between all pairs of classes through the calculation
of the pairwise transformed divergence and plotting a connecting
line between the class pairs. Although the class means are

plotted in a two-dimensional feature space, the transformed di-
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vergence is calculated on the basis of all the channels present
in the input statistics file. These connecting lines and/or
their absence provide information on five different ranges of
transformed divergence values, i.e., if this line is constructed
by plotting the symbol (=) between two classes, it indicates that
the transformed divergence value between these two classes is
somewhere between zero and 1000. Other symbols and corresponding
ranges of transformed divergence values are: (+) for the range
between 1001 and 1250, (-) for the range between 1251 and 1500,
and (:) for the range from 1501 to 1750. The absence of the
connecting line between‘two classes indicates that the transformed
divergence value between those two classes is greater than 1750.

Figure 1 shows an example of this type of two-dimensional plot.

Ellipse of Concentration Plots. The mean plots as described

in the preceding section provide positional information among
classes in a two-dimensional feature space, however they do not

provide any class-variance information.

In order to visualize the magnitude and direction of the class
variances for any two-channel combination, one may plot the ellipse
of concentration for each class. The ellipses of concentration
plotted in the two-dimensional feature space are in fact the
projections of the n~dimensional ellipsoids of concentration

onto the requested two-dimensional feature space. The "n" refers
to the total number of channels present in the input statistics

file.
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The ellipses obtained from the BIPLOT function are the graphic
representation of the class distributions at one standard devi-
ation. Figure 2 shows an example of the ellipses of concentration

for the same classes shown in Figure 1.

Classification of Feature Space Plots. These plots provide a

visual representation of the two-dimensional or bivariate normal
density function for each class with three standard deviations.

In other words, each point plotted in the feature space represents
a "maximum likelihood" classification of the two dimensional
feature space, and it provides in a visual manner, valuable infor-
mation on the shape of the boundaries among classes. Figure 3
shows an example of the classification of feature space for the

same classes shown in Figures 1 and 2.

The BIPLOT function also provides additional information on

the statistical distribution of each class as illustrated in
Figure 4. The definitions regarding this additional information
are:

- Generalized Variance which is the value of the determinant of

the covariance matrix |Z|.

- Ellipsoid Volume which is defined by,

# channels
3 )

- Shape Factor which is defined by,

E.V. A 1 (

Generalized Variance

S.F A [Generalized Variance s
: : 81,82,83o.ooo.noo’sn
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where:

S

n
- Cut-off Probability

i variance of a class in channel i

number of channels.

Principal Inputs

The required input to the BIPLOT function consits of a LARSFRIS
statistics file and the control cards that select the function

and specify the output options. Figure 4 shows a sample BIPLOT
input deck.

END
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CHANWELTRANSFORM

The Channeltransform function copies a run from a Multispectral
Image Storage Tape to another tape. An exact copy can be made
or the user can specify the channels to be included in the new
copy. Deletion of unneeded channels can save space and time
during future processing of the data. Also, new channels can

be created as algebraic combinations of existing channels.

For example, analysis of agricultural data offers uses "Bright-
ness" and "Green," which are linear combinations of the four
Landsat bands derived using modified principal components tech-

niques. The equations for Landsat 2 data are

_éand i- P32-
BRIGHTNESS .332 .603 .676 .263 Band 5 32
GREEN ) -.283 -.660 .577 .388 Band 6 ' 32
Band 7 32
e - e el

Starting from a standard four channel Landsat run, a copy can
be created with two new channels for BRIGHTNESS and GREEN by

using the following control cards:




*CHANNELTRANSFORM

FROM RUN (XXXXXXXX)

TO TAPE (XXX) ,FILE (XXX)

CHANNELS 1,2,3,4

NEWCHANNELS 6

DATA

Cl=Cl

C2=C2

C3=C3

C4=C4
C5=.332*%C1+.603*C2+.676*C3+.263*C4+32
C6=-.283*C1l-.660*C2+.577*C3+.388*C4+32

END

Note that if the user had wanted a new copy with only the values
for Brightness and Green, there would be a problem since the
equation

Cl=.332*C1+.603*C2+...
would redefine the value of Cl immediately, and the new value
would then be used in the equation

C2=-,283*C1l-.660*C2+...
which is not what was wanted.

However, the following control cards will produce the

desired data:
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*CHANNELTRANSFORM

FROM RUN (XXXXXXXX)

TO TAPE (XXX) ,FILE (XXX)

CHANNELS 1,2,3,4

NEWCHANNELS 2

DATA

C5=Cl
Cl=,332*C1+.603*C2+.676*C3+.263*C4+32
C2=-.283*%C5-.660*C2+.577*C3+.388*C4+32

END

Since the user specified NEWCHANNELS 2, only the values
for Cl and C2 will be on the new run. C5 is used as a "dummy"
channel to preserve the original value of Cl for use during

the calculation of "Green" -- the new C2.

The expression to the right of the equals sign may include

any or all of the’FORTRAN operators

+ addition

- subtraction

* multiplication
/ division

** exponentiation

Parentheses may also be used to specify the order in which

‘operations are to be performed.
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The Channeltransform function can also be used to copy a run

to another tape without changes. It can be used this way to
create a private copy of a run from the system copy. In all
cases where a user expects to use the data from a run repeatedly,
he should use this function to create his own copy of the run.

There are a number of advantages to doing so.

. Easy access to the data. If he does not have his own
copy of the run, he may unexpectedly have to wait for
access to the system copy while another user completes
his use of the run (or of another run that happens to

reside on the same tape reel).

. Less impact on system resources. If a user must wait
for a particular tape while in the middle of a run,
he will usually tie up one or more tape drives and

prevent other users from having access to the system.

. Protection from data loss. When a single run is used
repeatedly, the recording surface of the tape may
become worn. This can cause difficulty in reading
the data and, in some cases, permanent loss of the

data.
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. Faster access to data. If the run is one of the later
runs on a multi-run tape, the user will get much faster
access to the data by placing it in the first file of
his own tape. This eliminates the need to read down

the tape to find the run.

CHANNELTRANSFORM will copy just onhe run in each execution of
the function. Input to the function is a Multispectral Image
Storage Tape and a deck of control cards. Besides the Function
Selector Card and the 'END' card, there is a 'FROM' card that
specifies the run number of the run to be copied, a 'TO' card
that identifies the tape and file numbers where the run is to
be copied to. If channel selection or transformation is to

be performed, there should be a 'CHANNELS' card to specify
channels from which data is to be used; a 'NEWCHANNELS' card

to specify the number of channels to be generated, and a data
deck with algebraic eguations defining the new channels.

Note that only a run number is supplied on the 'FROM' card.

The function uses either the System Runtable or a user Runtable
to determine the tape and file number of the run to be copied.
Tapes that are not cataloged in the system catalog may be

copied by first using IDPRINT to determine the pertinent tape
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and file information and then including this information in

user Runtable cards preceding the function.

Figure 1 shows a sample input deck that will copy three runs

to the user's tape from the system copy of the Multispectral
Image Storage Tape(s). Runs 71053900, 71053001, and 66000600
are to be copied. Since no user runtable is provided, LARSFRIS
will search the System Runtable to find the tape and file
numbers. These three runs will be copied to a single tape

(tape number 0068) in three successive files, 1 through 3.

Output

Output from the Channeltransform function is a listing of the
input deck and a duplicated data run. The copied run has the
same run number as the run that was on the input tape but the
tape and perhaps the file number will be different on the new
copy from that of the system copy. As a result, the run must
be defined in a user Runtable in order to be used as input to

the LARSYS functions.

Figure 2 shows the input deck listing for the first of the three
sample CHANNELTRANSFORM executions. Note that the function
interprets the 'FROM' and 'TO' cards and prints an "end of copy"
message as well as the listing of the input cards. A similar
listing will be produced for each of the other two executions

in the sample deck.
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Figure 3 shows the input deck listing for a copy that creates

new channels for Brightness and Green.
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FRIS LABORATORY FOR APPLICATIONS OF REMOTE SENSING
CAROL PURDUE UNIVERSITY
#CHANNEL TRANSFORM

FROM RUN(71053900)
ESDTAPE(SB).FILE(I)

INNNN DATA IS IN LARSYS FORMAT  (GADRUN)

INNNN  DATA IS IN LARSYS FORMAT  (GADRUN)

10068 RUN 71053900 WILL BE COPIED ONTG TAPE 68, FILE 1. (CHASUP)
10119 FILE COPIED AND ENDED PROPERLY. - (CHASUP)

10103 CPU TIME USED WAS  B.035 SECONDS. (LARSMN}

Figure 2 - Innut Deck Listing

CHA-9

SEPT 22,1980
01 52 03 P
LARSYS VERSION 3
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FRIS LABORATORY FOR APPLICATIONS OF REHUTE SENSING SEPT 22,1980
CAROL PURDUE UNIVERSIT 01 39 40 PM
LARSYS VERSION 3

#CHANNEL TRANSFORM
FROM RUN(78232000)
T0 TAPE(69),FILE(1)
CHANNELS 1,2,3.4
NENCHANNELS 6

DATA
CHANNEL CONVERSION CARDS

C1=Ct
£2=L2
£3=C3
£4=C4
€5=.332#1 + .603*C2 + ,B76%C3 + .263#04 + 32
gg'- -2834C1 - .BBO#C2 + ,5774C3 + .3882C4 + 37
+iNNN - DATA IS IN UNIVERSAL FORMAT  (GADRUN)
10088 RUN 78232000 WILL BE COPIED ONTD TAPE 68, FILE 1. (CHASUP)
10119 FILE COPIEC AND ENDED PROPERLY. (CHASUP)

10103 CPU TIME USED WAS  11.884 SECONDS. {LARSMN)

Figure 3 ~ Input Deck Listing
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CLASSIFYPOINTS

The Classifypoints function is an implementation of classification
rules which classify multispectral data on a point-by-point basis.
The primary (default) rule implemented is a maximum likelihood
classification rule which assumes that each training class may be
characterized by a multivariate Gaussian (or multivariate normal)
distribution, or, equivalently, by the class mean vector and co-
variance matrix. The program used the class means and covariance
matrices (computed by the Statistics or Cluster function) and the
data from each point to be classified to calculate the probability
that the point belongs to each of the training classes. It then
assigns the point to the most probable class and writes the clas-
sification (together with a value indicating the associated prob-
ability) on an output file for later use. Other classification
rules implemented use minimum L1 or L2 (Euclidean) distances as a

basis for assigning points to classes.

For L1 distance, the program uses the class means and the data from
each point to be classified to compute the distance of the point

to each class mean along the channel axes (i.e. the program sums
the distance from the point to the class mean in each channel).

It then assigns the point to the closest class. The L2 distance
also uses the class means and the data points, but computes the
FEuclidean distance from the point to each class mean and again as-
signs the point to the closest class (i.e. with the minimum dis-

tance to the class mean).
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Input to the function is:
. Data from the Multispectral Image Storage Tape(s)
. Control Cards to select the processing and output options.
. A Statistics File containing the statistical description
of the training classes.
. A data deck containing Field Description Cards to identify

the area or areas to be classified.

The user has a wide range of control over the data to be pro-
cessed and the disposition of results. The principal output
is the Classification Results File, which may be placed on tape

or disk.

The results file is normally used as input to the Printresults
function to produce a variety of printed output for evaluation
of the classification. It is also the primary input to the
Copyresults, Listresults, and Punchstatistics functions, but it
must reside on tape to be used by the latter two of these

functions.

CLASSIFYPOINTS produces three standard and two optional printed
outputs. The standard outputs are a list of the classes and
channels considered, a table of the training fields that were
used, and an identification table giving the main characteris-
tics of the classification run. The user may optionally réquest
a statistical summary for the classes consi<ered and a printed
map of the classified area. More detailed descriptions of all

of these outputs are givén later in this subsection.
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Inputs

The main inputs to the Classifypoints function are the Multi-
spectral Image Storage Tape and the Statistics File. The
function will use the identification information on the Field
Description’Cards, along with the system (or a user) Runtable,

to identify the appropriate input tape and have it mounted. The
content and form of this primary LARSFRIS input file is described

in Appendix IV.

The Classifypoints function requires that the input statistics
be placed in the Statistics File before it begins execution.
They can be placed there in one of several ways; by executing

a function (STATISTICS, SEPARABILITY, SAMPLECLASSIFY) or by
using 'STATDECK USE' command before the use of CLASSIFYPOINTS.
Another choice is by including them in his input deck. It
should be noted that storage of the Statistics File by any of
these methods is temporary. If the user re-initiates LARSFRIS
(issues the 'i larsys' command) or logs off the terminal (issues
the 'quit' command), the statistics will be erased. To save
them, the user must either move them to his permanent disk

via the 'STATDECK SAVE' command or have them punched in card
form by including the appropriate control card in the Statistics

function input deck.

If the user choses to include the statistics in his CLASSIFY-
POINTS input deck, he must also include a 'CARDS READSTATS'

control card in the deck. He then inserts the statistics card
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deck in the input deck as the first group of data cards in the
deck; i.e., it must come after the Classifypoints control cards
and before the Field Description Card group of data cards. Note
that the exampie in Section 3 used this method of storing the

Statistics File.

In addition to the principal inputs, the user is expected to pro-
vide an input deck which further defines the data to be used and
the input/output options. More specifically, he employs control
cards to designate the channels to be used in the classification,
to specify the desired classification rule, to select training
classes to be used and to order them into groups is he wishes (ﬁsu—
ally based on a priori probabilities if they are available), to
select tape or disk for the output Classification Results File and
to request one or both of the two output printer options. He may
use data cards in the input deck to provide the required statisti-
cal input (the Statistics Deck) and must use data cards to define
the area or areas to be classified (Field Description Cards). The
order of these data decks when both are used must be as indicated

(statistics - classification areas).

A sample input deck that illustrates a number of these options is
shown in Figure 1. The discussion that follows will give more
details about the Classifypoints run that this particular deck de-

fines.
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Figure 1. Input Deck for CLASSIFYPOINTS
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Specification of Channels: The channels to be used by the

Classifypoints function must be specified by including one of
two control cards.
* The user may specify channels with the CHANNELS
control card in the form:
CHANNELS I,J,ccce
where I,J,..... are the channel numbers of the channels
to be used. An example of the use of this card is
shown in Section 3.1. Appendix IV contains information
on how this card may also be used to calibrate data
from the Multispectral Image Storage Tape.
¢* If the Separability function was run prior to CLASSIY-
POINTS (in the same terminal session), the channels
specification is available from SEPARABILITY. In this
case, the AUTO CHANNELS control card is used to
indicate that the channels information is specified
internally. Figure 1 shows the use of an AUTO CHANNELS
card. See the Separability function description for

information as to which channels are specified.

Optional Selection of Training Classes: The user may select

the training classes from the Statistics File that are to be
used by CLASSIFYPOINTS, and he may combine training classes
into groups. These options are exercised by using the CLASSES

control card. For example, if the user wishes to use only
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classes 1, 3, and 5 of seven training classes previously
defined by the Statistics function, the control card entry would
be
CLASSES 1,3,5
In this case, the class name assigned by the Statistics
function to classes 1, 3, and 5 will be retained by CLASSIFY-

POINTS.

To combine two or more classes into one class, the user assigns
a name (up to eight characters) to the group and specifies the
classes to be included. For example, assume there are eight
classes available in the training statistics, and the user
wishes to process the following combinations:

® GRPA (Group A) will be classes 1 and 2.

®* GRPB will be classes 4, 6, and 7.

® GRPC will be class 5 only.

®* Classes 3 and 8 will be ignored.
The control card format to specify this option will be:

CLASSES GRPA(1/1,2/) ,GRPB(2/4,6,7/) ,GRPC(3/5/)
Note that the number immediately following a left parenthesis
specifies the group sequence and these must be in ascending
order. Note also that the classes to be grouped (and named)

are enclosed by slashes (/).
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The example in Figure 1 shows the use of the CLASSES control
card to group classes. The nine classes identified in the
input Statistics File (generated by the second example in the
Statistics function description) are grouped here into five
classes - CORN, SOYBEANS, OAT/WHT, HAY and FOREST. Note that
one of the Statistics File classes (Class 7: "SA") has been
dropped from the classification simply by not including it

on a CLASSES card.

Optional Specification of Class Weights:

The user may assign a weight to each class or class group, if
training classes were grouped, to be used by CLASSIFYPOINTS.
The weights are specified by use of the WEIGHTS card. The
control card format will be:

WEIGHTS 0.29, 0.31, 0.095, 0.11, 0.195
The sequence of weights on the card corresponds to the group se-
quence. That is, the first number is the weight for group 1,
the second for group 2, and so on. The weights may be either
integer or real.
Specification of Areas to be Classified: The user must provide

Field Description Cards to define the area or areas to be
classified. These are included in the input deck following a
DATA card. Either of two forms of this card may be used. The
formats are described in the Control Card Dictionary for
CLASSIFYPOINTS in Appendix I.

These Field Description Cards identify the specific portion of
data from the Multispectral Image Storage Tape(s) that is to
be classified. The information is used by the processor to
request the appropriate tapes and access the specified runs.

Outputs
Classification Results File: The principal output of the

Classifypoints function is the Classification Results File,
which is, in turn, the primary input to four other LARSFRIS
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functions: PRINTRESULTS, COPYRESULTS, LISTRESULTS, and
PUNCHSTATISTICS. The file may be output on either tape or
disk, and the user must specify one or the other on a RESULTS
control card. However, if the user wishes to save the results
file, or if he wishes to use it as input to LISTRESULTS or
PUNCHSTATISTICS, he must place it on tape or have it copied to

tape by the Copyresults function.

The user must specify where this file will be stored by using
a RESULTS control card in one of three forms:

RESULTS TAPE (xxx) ,FILE (nn)

RESULTS INITIALIZE,TAPE (xxx)

RESULTS DISK —
The first control card is used to put the file on a tape already
containing classification result files. If a file of the specified
number already exists on the tape, the user will be notified by
a message. He then has the option of writing over the old
file, specifying a new tape and file number, or stopping
execution. The second control card specifies that a new results
tape be used, and the 'INITIALIZE' parameter requests that the
proper header information be placed at the beginning of the new
tape before any files can be written. A new tape must always
be initialized before it can be used to store classification
results. The third control card specifies that the classification

results are to be written on the disk.
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when the Classification Results File is placed on disk, it is
only stored there temporarily. Any of the actions listed below
will cause it to be erased from the disk by the system. If
the user wishes to save the file he must copy it to tape with
the Copyresults function. The actions which cause the file to
be erased are:

® Another execution of the Classifypoints function.

®* Re-initiating 1arsFrrg, i.e., issuing the 'i larsys'
control command.

®* Logging off the system, i.e., issuing the 'quit'

control command.

A unique "classification study number", based on the date and
time of the run, is part of each results file. The number,
identified as "classification study", is included on any
outputs that are subsequently derived from the results file.
The form of the identification number is "ydddsssés"; where y
is the last digit of the year, ddd is the Julian date (day of
the year 001-365), and sssss is the total number of seconds

since the previous midnight.

The principal data on the file is the point-by-point results of
the classification run. A separate record is written for each
line of the classification. This record contains, for each
point in the line, the class number associated with the class

to which the point was assigned and a likelihood code for the
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point. The likelihood code indicates the probability that the
point is correctly classified. These point-by-point classifica-
tion results are used by the Printresults function to produce
detailed maps of the classified area as well as tables of the
test fields, training fields, and class performance. For more
information on these products, refer to the description of the

Printresults function.

In addition to the point-by-point classification results, the

file contains other data related to the classification run:

* A complete copy of the Statistics File that was used
as input to the run. This file may be punched on cards
by using the Punchstatistics function.

e Summary information about the classification, the
channels and classes that were used, and the class
weights if any were assigned. A formatted listing of
this information may be produced by using the List-
results function. This listing is also a secondary
product of both the Punchstatistics and the Copyresults
function.

¢ Reduced statistics (mean vectors and covariance matrices)

for the classes and channels used in the classification.
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Standard Printer Output: The Classifypoints function always
prints a summary of the user's input deck. The summary
includes a reproduction of the input deck control cards, a
list of options the user has selected, and particular
characteristics about the run, such as the number of classes
and channels used, the channel numbers used, etc. An example

of this output is shown in Figure 2.

Several items listed under "CLASSIFYPOINTS SUPERVISOR
INFORMATION...." in Figure 2 are of particular interest. The
list is always headed by the Classification Study number, the
unique identification number for the particular classification.
The next two lines indicate the number of classes defined and
the number of channels used in the classification. The

number of fields used to generate the statistics for the
classifier are given next. Note in this case 16 fields were
used to generate the input Statistics File but only 15 fields
are used to derive the statistics for this classification due

to the deletion of one class.

The last item in the list, ("CHANNELS SELECTED ARE..",) identi-
fies the channels that will be used in the classification. If
the user had included a CHANNELS control card in his input
deck, the channels that were specified there would be listed.

In the example, however, the user has chosen to use the
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Figure 2: Control Card Summary for CLASSIFYPOINTS.
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'AUTO CHANNELS' card. This will cause CLASSIFYPOINTS to
automatically use best channel combination that was defined
by the Separability function. In the example this was
channels 2, 8 and 12,

There are three other standard printed outputs. They are:

1. A Classes and Channels Table. This shows the symbol

that will be used on the map, the class name for each
of the training classes (as defined in the Classify-
points input deck), the weight assigned to each
class if the user specified weights, and the channel
number, spectral band, and calibration code for each
channel (taken from the Statistics File). A sample
is shown in Figure 3.

2. A Listing of Saved Training Fields. This shows, for

each training field, the run number, field designation,
line and column coordinates, field type, other
information (supplied on the Field Description Card),
class name assigned in the STATISTICS run, and class
name assigned in this CLASSIFYPOINTS run. A sample

of this tabie is shown in Figure 4.

3. A Classification Run Identification Table. This

table shows the run information obtained from the
input tape ID record, the spectral band and calibra-

tion code for each channel, and the coordinates for
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LARSYS VERSION 3

CLASSIFICATION STUDY 424253584 ON DISK
TRAINING CLASSES CHANNELS FROM STATISTICS
SYMBOL CLASS WEIGHT CHANNEL NO. SPECYRAL BAND CAL. COOE
(% 290 2 0.48 0.51 1
r beegEINS «310 9 1.00 1.40 1
2 CAT/WHT E.?Qg 12 9.30 11.70 1
s FGREST 2195
Figure 3: Classes and Channels Table
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PHIL ALENDUFF PURDUE UNIVERSITY 8 19 12 AN
LARSYS VERSIUN 3
CLASSIFICATION STUDY 417929788 ON D1ISK
SAVED TRAINING FIELDS

RUN FIEL RST LAST LINE FIRST LAST COLUMN FIELD OTHER STAT. POJLED
NUMBER DES] NE Elgs IEI: EEEE!E COLUMN INT. TYPE INFORMATION CLASS CLASS
71053900 L-6 610 628 1 a5 52 1 CORN CORN1 CORN
71053900 L=-7 619 628 1 58 9% 1 CORN CORN1 CORN
71053900 D*5 618 641 1 100 132 1 CORN CORN2 CORN
71053900 M1 598 612 1 138 169 1 CORN CORN2 CORN
71053900 L=5 619 628 1 23 29 1 SOYBEANS SOYBEAN] SOYBEANS
71053900 L-8 606 614 1 58 9% 1 SOYBEANS SOYBEANL SOYBEANS
71053900 D*6 592 612 1 1cl 131 1 SOYBEANS SOYBEAN2 SOYBEANS
71053900 H®2 591 593 1 137 170 1 SOYBEANS SOYBEANZ2 SGYBEANS
71053300 F=-9 461 473 1 64 98 1 OATS DATSCUT UAT/WHT
71053900 K=-4 541 559 1 35 38 1 OATS OATSCUT OAT/WHT
71053900 Ge2 565 582 1 144 149 1 DOATS CATSCUT CAT/WHT
71053900 R-1 482 492 1 4«0 56 1 HAY HAY HAY
71053900 G*3 562 582 1 156 164 1 WHEAT WHEAT OAT/®HT
71053900 H~6 543 562 1 63 72 1 WOODS FOREST FOREST
71053900 Es2 523 528 1 147 197 1 WOO0DS FOREST FOREST

=
w

Figure 4.

Saved Training Fields
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the area to be classified. If a map is requested,

this table will be printed as a header for the map.

Printer Output: Two optional printer outputs may be

selected

1.

2.

with the PRINT control card:

Statistics Summary. This output is produced for each

of the classes (or pooled classes) used in the
classification. Its form and content is the same as
that produced in the Statistics function, except
that it covers only the actual channels that are to
be used in the classification. It shows, for each
of the classes, the mean and the standard deviation
of the response for each channel, and a correlation
matrix of the channels. Figure 5 shows the sample
output for two of the classes (CORN and SOYBEANS)

from the example input deck in Figure 1.

A Pictorial Map. The map obtained from CLASSIFYPOINTS

is an image of the entire classified area, with each
point represented by an alphanumeric symbol (a number,
character or special symbol). Figure 6 shows the

map that was produced by the input deck in Figure 1.

The symbol that is used to represent each class on

the map is recorded on the Classes and Channels
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Listing (Figure 3). These symbols are assigned by the
function to each class (or pooled class) based solely

on the class number. They are assigned as follows:

Class Number Symbol
1 through 9 numbers 1 through 9
10 through 35 characters A through 2
36 number 0
37 through 44 symbols +,=,*,$,/,&,(,and )
45 through 53 numbers 1 through 9
54 through 60 ‘characters A through G

More comprehensive and flexible mapping capilities
are available through the Printresults function.

The reader should refer to the description of that
function for an example of the map that was produced

by PRINTRESULTS from this same classification.

The user may use the PRINT control card to request either or
both of these outputs. A 'PRINT STATS' card will print only
the statistics summary, a 'PRINT MAP' card will print only a

map, and a 'PRINT STATS,MAP' card will print both of them.

Use of the SUSPEND Command

The SUSPEND command has been implemented in CLASSIFYPOINTS to

enable the user to interrupt the classification in such a way
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that he may later restart it at the point at which it was
interrupted. For more details on how this command is issued,

see the description in Section 4.

The SUSPEND command may be issued in CLASSIFYPOINTS any time
after the information message (I0036) appears. This message
states that the run being classified has been located. CLASSIFY-
POINTS will immediately type a message identifying the last line
that was classified before the command was accepted. It will
then suspend the Classification function and will save special
information that is required for restarting. The manner in
which this is done differs depending upon whether the results

were being written on tape or on disk.

If the results were being written on tape, the procedure is
simple. The function first "closes" the Classification Results
File, thereby creating an abbreviated version of the file. It
then writes the additional "restart information" as a separate
file behind the suspended results file. Finally, it terminates
execution in the same way as if the function had normally

finished the entire classification.

If the results were being written on disk at the time of suspen-
sion, they must be saved on a tape. CLASSIFYPOINTS first types

a message asking for a typed RESULTS card to identify the tape
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to which the file is to be copied. When the user has entered

a RESULTS card, the function will attach a tape drive and mount
the specified tape reel. The Classification Results File disk
is then copied to the tape as a single file, the restart infor-
mation is written after it as a separate file and the function
is terminated as above. 1In the process of doing this, the
results file on the disk is partially destroyed and is no longer
usable. The suspended Classification Results File on the tape
may, however, be used wherever a normal results file could be
used - i.e., as input to the Printresults, Copyresults, List-
results or Punchstatistics functions. This is true regardless

of whether the original file was on tape or on disk.

It is important to remember that a suspended Classification
Results File actually consists of two files, with the normal
results data in the first file and the restart data in the
second file. If the user destroys the restart data (for example,
by writing another Classification Results File behind the
suspended one), the suspended classification is no longer re-
startable. By the same token, when a suspended classification
is restarted, the new classification results will be written on
the tape immediately behind the results from the earlier part
of the classification. This will destroy anything that has
subsequently been written on the tape behind the suspended

results file.
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To restart a suspended classification, the user submits an input
deck consisting of just four control cards; the standard Function
Selector Card and END cards, a special RESTART control card and

a RESULTS control card. The RESTART card simply identifies the
execution of the function as a restart, and the RESULTS card
identifies the tape and file numbers of the tape containing the
suspended results. The new results must continue to be written

on this tape.

CLASSIFYPOINTS automatically mounts the specified tape, restores
the required restart information, and resumes the classification
at the point of suspension. At the end of the restarted classifi-
cation the results file will be identical to one created by a

normal execution of the function.

A restarted CLASSIFYPOINTS classification has certain unusual

characteristics that should be noted.

®* Any user Runtable that was in use at the time of suspen-
sion will be restored when the classifiéation is
restarted. It will replace any Runtable that the user
might have specified via RUNTABLE System Initialization
cards in the input deck.

¢* Any special headings that were in effect as a result of
the HD1l, HD2 or the COMMENT System Initialization Cards
in the original input deck will be restored for the re-

started classification.
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The date that is placed on the printed output from the
restarted classification will be the same as the date

on the original output.

A restarted classification will not leave a Statistics
File on ihe disk, as would a normal execution of
CLASSIFYPOINTS. If a Statistics File existed on the disk
before the classification was restarted, it will not be

used and will remain unchanged.
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The Classification Algorithm

The specific implementation of the maximum likelihood classi-
fication rule in LARSFRIS is presented in this subsection.
One set of discriminant functions g5 (X) (where X is an un-

known data vector) given in the references is:

93

= n { _1 Loxemy Tk Y (x-
(X)=log p( ;)3 log (2m)-5 log IKi| 5 (X M.) K, (X-M) ¢
where Mi and»Ki are, respectively, the mean vector and
covariance matrix for class W, p(wi) is the a priori

-

probability of class w7 and n is the number of features

(channels) to be used in the classification.

The decision rule for classification is given as:
Classify X as belonging to class Wy if

a; (xX) > gj (X) for all j # i *

The above decision rule is implemented as follows: If a priori
probabilities‘are assigned by the user, the above discriminant
functions, Eq. (1), are used in the decision rule, Eq. (2).

If the user does not assign a priori probabilities, the log
p(mi) terms are set equal to zero before calculating the dis-
criminant functions. This is equivalent to assigning equal

probabilities to all classes used.

As implemented, the a priori probabilities are specified by
the user as "weights" (on the WEIGHTS card for CLASSIFYPOINTS).
In fact, the class weights card may be determined by the user
based on factors other than or in addition to a priori class
probabilities. For instance, the relative "costs" of various
classification errors may be taken into account. To use this
facility to maximum advantage, the user should consult a text
on statistical decision theory or statistical pattern recogni-

tion (or see references [2] and [3] cited in this section).

* In the case of equality in (2), ties may be arbitrarily
decided by, say, always deciding Xew., if g, (X) = g.(X)
an and~i > j. 1 1 J
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At classification time the classes have been defined and the

statistics for each class have been calculated.

Therefore the inputs to the classification algorithm are:

L

The number of features (channels) used in the classifi-
cation process (specified by the user in the control
cards) .

The number of classes (specified by the Statistics File
and the control cards).

A set of constants, log p(wi)-g log (Zn)—% log Ki R

one for each class i (computed in the initial part of
CLASSIFYPOINTS) .

The elements of the inverse covariance matrix (K{l) for
each class i (computed in the initial part of CLASSIFY-
POINTS). Since this matfix is symmetric, only the lower
triangular portion is stored and used.

The statistical mean vectors (Mi), one component for each
feature, for each class i (contained in the final class
statistics).

A data vector (X) with one component for each feature

taken from a Multispectral Image Storage Tape.
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The classification algorithm calculates the quantity:
n 21 R T, -1,,_
log p(w;)-3 log 27 -7log lKiI F(X-M ) 'Ky T (X Mi) (3)
for each class i in the following manner. Let Y = (X - Mi)
and Kjk equal a component of the matrix K;l. Then expression

(3) becomes:

n 1 1
log p(uw;)-3 log 27 -3zlog lKil 5 (YK Y+, K Y, + ..

+Y1K13Y3 + Y2K22Y2 + Y2K23Y3 + ees (4)

+Y3K31Yl + Y3K32Y2 + Y3K33Y3 + ...]

And since K21 = K12' expression (4) becomes:

n 1 1
log p(w;)-3 log 2m -3log IKi|+ [-3Y;,K;,Y,
1
- - 5
YK ¥y 3Y5K,Y, (5)

1
- Y3Kgp ¥y - Y3Kgo¥, - 5¥3Kga¥i...]

This discriminant is calculated for each class i and compared
to other discriminant calculations. The largest discriminant

value indicates the classified class for the input data vector.

Often there are points in the area classified which in reality

do not belong to any of the training classes. The classification
rule necessarily assigns these points to one of the training
classes, but typically these points yield very small discriminant
values. The latter fact can be used to detect them, and the
Printresults processor can be instructed to "reject" them. This

is the principal reason for saving the discriminant value.
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However, experience has shown that the discriminant value can be
quantized and coded in such a way as to save space in the Classi-
fication Results File. This is accomplished by first converting
the discriminant value into the rate of rejection which would
cause the Printresults processor to reject or "threshold" the
point. This involves the generation of a table of Chi-square
values because, under the assumption that the data values are
Gaussianly distributed, the discriminant values have a distri-

bution related to the Chi-sgquare distribution.

Specifically, the following table is first constructed:

Rejection Rate Chi-square Value
”
0.1% C,
0.2% c,
interval = 1 . .
0.1% . .
14.9% Cqi49
15.0% C150
16.0% Cis0
interval = . .
1.0% ! . .
98.0% Cy33
L99.0% Cy34
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Then, rather than writing the discriminant value on the results
file, the number j is written, where j satisfies:

n 1
cj_l>2(1og p(wi)—f log 2ﬂ-7log|Ki| -di(X))zcj

where, di(X) is the discriminant value and Ki is the covariance
matrix associated with the class into which the point was

classified.

When at a later time, it is desired to determine whether the
classification should have been "rejected" or "thresholded"

at a specified percentage level, this can be done simply by
converting the number j back into the associated rejection
rate. For example, if the user specifies a threshold of 0.2%
(i.e., 0.2 on the THRESHOLD card), then any point for which jJ
is 2 or smaller will be rejected. Note that the smallest
threshold which can be meaningfully specified on the THRESHOLD

card is 0.1.

L1 Distance Calculation

The L1 distance of a point to a class is computed by summing, for
all channels, the distance from the point to the class mean in
each channel. In other words, the distance of point X to class j

is:
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NC

Where: NC is the number of channels (features) in
the feature space

X is the data value of point X in channel i

M.. is the value of the mean for class j in
chdnnel i.

The class for which this distance is a minimum is selected as the

classified class for data vector X.

L2 Distance Calculation

The L2 distance of a point X to class j is determined by claculating
the Euclidean or "straight-line" distance from the point to the
mean of the class. The actual quantity computed is:
NC
[, - o, )
i ij
l:

Where: NC is the number of channels
Xi is the data value of point X in channel i

M.. is the value of the mean for class j in
chdnnel i.

Again, the class for which this distance is a minimum is designated

as the output class for data vector X.
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The Cluster function implements an unsupervised classification

(clustering) algorithm which classifies individual data points

into a predefined number of clusters. The algorithm is based

upon the distance relationships between each point and the

centers of groups of points (clusters). It requires that the

user estimate the number of clusters (or classes) that are to

be produced. After arbitrarily assigning a location in the

feature space as the initial center of each cluster, the func-

tion begins the following two-step iteration:

It calculates the euclidean distance between each sample
and each cluster center and assigns the sample to the
cluster with the minimum distance. ,Thié causes the
samples to be partitioned into groups of samples around

each cluster center.

It determines new cluster centers by calculating the
mean of the samples assigned to each cluster. It then
proceeds back to the first step to reassign each sample
to thg closest newly defined cluster center. It con-
tinués this operation until the clusters do not change
from one iteration.to the next, or upon reading a user-

defined stopping point.
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After completing the above process CLUSTER calculates the

separability of each pair of the resulting classes.

CLUSTER permits the user to control this classification scheme
in several ways. He may specify the initial number of classes
that are to be clustered. He may limit the processing to
include only a subset of the samples in the area to be clustered.
He may stop the recalculation of cluster centers when the per-
centage of samples that are not assigned to a new cluster center
equals the value he has specified. These controls and their
defaults will be described further in the discussion of the

sample input deck.

The required input to the function is:

®* Data from the Multispectral Image Storage Tape(s).
® An input deck which includes control cards to select
the processing and output options and Field Description
Cards to identify the area or areas to be clustered.
The content and format of the Multispectral Image Storage Tape
are described in Appendix IV with a discussion of how the
data on the tape may be calibrated for use in the LARSFRIS functions.
The Field Description Cards (see Appendix I) in the input deck
may be either of two forms and may define as many areas as
desired. The data from all of these areas is consolidated

together for the cluster analysis.




CLU-3

The outputs of the Cluster function include six standard printed

outputs, one optional printed output, and two optional punched

outputs. The printed outputs are:

A Listing of the Control Cards that were supplied by

the user.

An Input Fields Listing, which lists the run number,

and line and column coordinates of the fields to be
clustered, as well as the run identification informa-
tion from the Multispectral Image Storage Tape ID record.
A Clustering Statistics Listing, which contains process-
ing specifications, spectral bandwidth and calibration
information, the number of clusters, and points in each
cluster and the cluster means and variances.

A Cluster Map, which pictorially represents each area
that was clustered. Included on the map is field
identification information and a summary of the number
of points assigned to each cluster.

Separability Information Listing, which shows the results
of the separability calculations for each pair of

classes (clusters).

Results of Cluster Grouping, which show the recommended
grouping of classes based on separability quotient values.
Histograms of data values for each class for all re-

quested channels (optional).
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The optional punched outputs are a deck of Field Description
Cards, which identify each of the clustered areas, and a statis-
tics deck which may be used in Classifypoints. Only one of these
punched outputs may be requested.

Control Card Input

The user must supply an input deck which includes at least the
Function Selector Card and a CHANNELS control card followed by
a DATA card, Field Description Cards, and an END card. He may
also use OPTIONS, PUNCH, PRINT, IDNAME, and SYMBOLS cards to
control the processing and the printing of output. The sample
input deck that appears in Figure 1 includes all of the control
cards that are used by this function except PUNCH STAT or PUNCH
STAT, CHAR which may not be requested when PUNCH FIELD is speci-
fied.

Data to be Clustered: Two types of cards in the input deck,

Field Description Cards and the CHANNELS control card, define
the data to be clustered and control the number of samples that
can be clustered. The Description Cards (in the data deck)
specifies the number of vectors requested to be clustered. The
parameters on these cards identify the Multispectral Imagé
Storage Tapes that are to be used and the specific lines and
columns (and line and column intervals) from which the data

is to be selected.

The CHANNELS control card identifies the channels that are to be
used for the clustering. The user should determine beforehand

that the channels he specifies exist for the run or runs
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indicated in his Field Description Cards. The function checks
for this, and appropriate messages are printed, but in some
cases the function will be terminated if a channel does not
exist for one of the requested runs.

The number of vectors that can be clustered is, slightly less
than 40,000/n with a maximum of 25,000, where n is the number

of channels used. If the maximum storage size is exceeded,

a message is printed out and the function reduces the number

of vectors to be clustered until a fit is achieved. This is

done by increasing the line interval and then the column interval
alternately until the requested samples can be fitted into
available storage. The sample input deck in Figure 1 includes

a CHANNELS control card which specifies that channels 1,5,7,9,11,
and 12 are to be used for the clustering calculations.

Control of Processing: The OPTIONS control card is used to con-

trol the clustering algorithm. Two of the five parameters in
this card function together to control the number of major
iterations that are performed. The 'MAXCLAS (n)' parameter
establishes the beginning (and maximum) number of clusters that
are to be produced by the algorithm, the 'MINCLAS (n)' parameter
establishes the minimum number of clusters to be produced.

The INTV(n) and CONV(xx.x) parameters can be used to reduce

the amount of time required to complete the clustering process.
The THRESH (x.xx) parameter can be used to set the threshold
value for separability quotients in computing recommended
Cluster grouping.

=~
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The MAXCLAS (n) parameter specifies the maximum number of classes
to be clustered. No more than 40 classes can be requested. The
MINCLAS (n) parameter can be used to request clustering itera-
tions for more than 1 specification for a number of classes. For
example, a user might want to cluster his data points into 10,

9, 8 7, 6, and 5 classes. This can be done by setting MAXCLAS
equal to 10, and MINCLAS equal to 5. Unless otherwise specified
MINCLAS will be set equal to MAXCLAS.

The user may employ the INTV and CONV parameters on the OPTIONS
control card to reduce the amount of time required to complete
the clustering process. The 'INTV(n)' parameter specifies

that every "nth" sample, rather than every sample, be included
in determining the clustering centers, however, each and

every sample is classified into one of the clusters after the
cluster centers are determined. The 'CONV(xx.x)' specifies

a relaxed conversion parameter. This parameter is defined in
terms of the percentage of samples whose classification is un-
changed from the last iteration. The default value used in
CLUSTER is 100%; therefore, clustering will proceed until all
samples remain unchanged. 1In the sample input deck, a request
was made to cluster until 97% of the samples remained unchanged.

The 'THRESH (x.xx)' parameter specifies the separability
quotient value below which Clusters may be grouped together
in the Cluster Grouping Table. This value defaults to 0.75.
In the sample input deck this value is changed to 0.80.
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Control of Output: The user may employ the IDNAME control

card to specify an identification number to be placed on his
output, a SYMBOLS control card to supply his own set of symbols
to be used on the cluster maps, and the PUNCH control card to

produce the optional punched output.

The sample input deck uses these control cards to assign an
identification name of EXAMPLEl to all output and to assign ten
specific symbols to be used for each of the ten clusters that

are to be produced.

The PUNCH control card has four parameters. The 'FIELD' para-
meter cuases Field Description Cards to be punched that describe
the clusters, and the 'MINPOINTS(n)' parameter is used to limit
the number of these cards that are produced. Cards are punched
only for fields that contain the 'MINPOINTS', the number of
consecutive points or more. The term field in this case means

a "mini-field" consisting of that portion of a single line
assigned to the same class on a CLUSTER map. The system default
value for 'MINPOINTS' is four consecutive points. The sample
input deck requests that Field Description Cards be punched and

specifies the minimum number of points per field at 5.

The 'STAT' parameter on the PUNCH control card causes a hexa-
decimal (machine-coded) statistics deck to be punched. The

'CHAR' parameter together with the 'STAT' parameter specifies
that the deck be punched in character (EBCDIC) representation.

This deck is similar in format to the deck produced by the
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STATISTICS function except that the training field description
cards use dummy fields. This deck may be used directly in the

CLASSIFYPOINTS, SEPARABILITY, and SAMPLECLASSIFY functions.

This Statistics File is always calculated and written onto

the user's temporary disk. It may be used directly from the disk
during the same terminal session. The file may be saved on the
user's permanent disk by using the 'statdeck save' command. The
file is erased from the temporary disk when the user either logs

off the system or re-initiates LARSFRIS.

Since training field cards are not necessary when statistics
are obtained directly from CLUSTER, including both PUNCH FIELDS
and PUNCH STAT is an invalid request. If both are requested, only

statistics will be punched.

The PRINT control card may be used with the 'HIST' parameter

to request histograms to be printed for each cluster and every
channel. Caution should be used in requesting this option since
for a large number of clusters and many channels, this results

in a considerable amount of printed output.
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Description of Output

The Cluster function always prints a listing showing the control
cards and a summary of how it has interpreted the user's input
deck. A sample produced by the input deck in Figure 1 is shown

in Figure 2.

Besides this preliminary information, there are five additional

printed outputs. They are:

Input Fields Listing

This is a listing of the fields in the order supplied by
the user, identification information for each different
run number, and a listing of the fields again, this time

in order processed. A sample is shown in Figure 3.

Clustering Statistics Listing

The number of classes, total number of vectors, clustering
interval, and channel information are listed. Then the
number of points per cluster and the means and variances

of each cluster for each channel are printed out. Figure 4
shows the listing that was produced by the clustering

for the sample input deck.

.
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BUIS LABORATORY FOR APPLICATIONS OF REMOTE SENSING OCT 14,1960
J BUIS PURDUE UNIVERSITY 11 33 50 AN
LARSYS VERSION 3

#CLUSTER

CHANNELS 1,5.7,9,11,12

OPTIONS MAXCLAS(10),CONV(97.0), THRESH(0.80)
SYMBOLS O:HiXs#:1:/13,4y-s

PUNCH FIELD,MINPOINTS(S)

PRINT HIST

IDNA!E EXAMPLE]

DATA

YOU HAVE SELECTED THE FOLLONING CLUSTER OPTIONS
PRINT HISTOGRAMS OF CLUSTER CLASSES
PUNCH FIELD DESCRIPTION CARD DECK

CLUSTER PROCESSOR INFORMATION....

lmmll.--l"mul
NAXIMUM CLASSES..... 10

CONVERGENCE . 97.0
MINIMUM FIELD SIZE.. 3
INTERVAL i

Figure 2: Control Card Summary for CLUSTER
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1 71053900
2 71033900
3 71053900
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FIELDS TO BE CLUSTERED
LISTED IN ORDER SUPPLIED

FIELD FIRST LAST LINE FIRST  LAST COLUMN FIELD OTHER
DESIG. LINE  LINE INT. COLUMN COLUMN  INT. TYPE INFORMATION

605 630 i 23 133 {

598 639 1 139 in i
524 384 { 46 166 {
RUNS PROCESSED

INNNN  DATA IS IN LARSYS FORMAT  (GADRUN)
INNNN  DATA IS IN LARSYS FORMAT  (GADRUN)

Im:---.lultn Exmsl

RUN NUMBER............ 71053900 DATE DATA TAKEN... AUG 13,197t
FLIGHT LINE... CRN BLT LO FL210 TIME DATA TAKEN..... 1202 HOURS
DATA TAPE/FILE NUMBER.. 1005/ 2 PLATFORM ALTITUDE.. 5000 FEET
REFORMATTING DATE. AUG 16,1971 GROUND HEADING..... 180 DEGREES

FIELDS TO BE CLUSTERED
LISTED IN ORDER PROCESSED

RN FIELD FIRST LAST LINE FIRST  LAST COLUMN FIELD OTHER
NUMBER DESIG. LINE  LINE INT. COLUMN COLUMN  INT. TYPE INFORMAT ION
{ 71033900 J2¢ 584 2 46 166 1
2 71053900 J98 639 2 139 1mn 1
3 71053900 805 630 2 23 133 i

Figure 3. Input Field Listing




FRIS
CAROL

PURDUE UNIVERSITY

CLUSTERING INFORMATION

NUMBER OF CLUSTERS =
CHANNEL NUMBER 1 SPECTRAL RANGE
CHANNEL NUMBER 5 SPECTRAL RANGE
CHANNEL NUMBER 7 SPECTRAL RANGE
CHANNEL NUMBER 8 SPECTRAL RANGE
CHANNEL NUMBER 11 SPECTRAL RANGE
CHANNEL NUMBER 12 SPECTRAL RANGE

0.46 TO
0.54 10
0.61 10

0.49 MICROMETERS
0.60 MICROMETERS
0.70 MICROMETERS
1.00 7O 1.40 MICROMETERS
2.00 TO 2.60 MICROMETERS
9.30 T0 11.70 MICROMETERS

CLUSTER POINTS HMEANS

CH( 1) CH( 5) CHC 7) CH( 8) CH(11) CH(12)
1 147 211.27 215.05 206.24 108.55 187.95 154.32
2 31 156.73 155.62 140.23 99.32 159.88 166.14
3 307 136.38 138.95 115.60 96.87 133.72 147.86
4 324 144,26 146.30 119.59 107.97 131.93 110.81
3 265 121.32 114.39 93.46 87.54 112.32 144.89
6 939 127.77 131.54 98.90 105.00 117.31 106.89
7 1189 121.36 117,20 83.05 129.10 125.93 £5.49
8 1310 126.69 122,79 94.27 99.03 101.93 83.21
9 301 113.53 110.55 80.33 105.41 103.50 92.48
10 415 107.48 98.21 72.63 93.43 90.34 81.15

CLUSTER VARIANCES

CH( 1) CH(C ) CH( 7) CH( 9) CH(11) CH(1
600.95 486.27 598.92

45.61 2
42.5
54.34

23.13
63 43.4

DO~ A LI -
-
~3
.
—
~3

-

68.11 105.15
196
0 44.64

£5.01 23.52

64.171038.52 393.
62.54 270.40 426.
58.33 69.43 207.00
38.29 143.69 103.12

.05
47.81
91.87
z3lw
47.77
19.87

2)
69
83

Figure 4.

LABORATORY FOR APPLICATIONS OF REMOTE SENSING

10 CLUSTERING UNIT SIZE = 3808 CLUSTERING INTERVAL = 1

CALIBRATION CODE
CALIBRATION CODE
CALIBRATION CODE
CALIBRATION CODE
CALIBRATION CODE
CALIBRATION CODE

Clustering Statistics Summary

CLU-13

SEPT 22,1980
10 06 57 AM
LARSYS VERSION 3
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Cluster Map

This classification map is printed for each field that the
user identified on Field Description Cards. At the top of
the map, field information (run number, number of samples,
and line and column coordinates) is printed. This is
followed by the pictorial map which uses alphanumeric
symbols to represent classes. At the bottom is a table
listing the symbols and the number of vectors for each class
for the field. Figure 5 shows one of the maps produced by
the input deck for the ten-class clustering requested in the
sample input deck.

Separability Information Listing

This listing summarizes the class pair separability calcula-
tions that were made. Refer to the sample in Figure 6, which
shows the information produced by the sample input deck for
clustering tem classes. The columns entitled I and J identify
the classes involved. D(I,J) is the euclidean distance be-
tween the means of classes I and J. D(I) is a measure of the
spread of class I in the direction of the mean of class J.

D(J) is the corresponding quantity for class J. D(I) + D(J)
is the sum of these two quantities, and QUOT is calculated
by the expression: D(I,J)/ID(I) + D(J)]. It is the measure
of separability between classes I and J.

Just below the separability listing is the average quotient
value which is the average of all the separability gquotients.

Results of Cluster Grouping Table

This table gives a suggested grouping of clusters which

will minimize the total number of subclasses while ensuring
that multimodal class distributions are avoided. Refer to
Figure 7 showing the grouping produced by the sample input deck.
The threshold value is the threshold specified on the OPTIONS
control card. The column entitled GROUP gives the suggested
new group numbers. The CLUSTER column gives the original
cluster numbers in each new group. The last column gives the
number of points in each of the original clusters. These groups
of clusters may be used as the classes for classification
purposes. (Note that the Statistics File and punched statistics
deck generated by CLUSTER contain statistics for the original
clusters. No account is taken here for the suggested grouping.)
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FRIS LABORATORY FOR APPLICATIONS OF REMOTE SENSING SEPT 22,1980

CAROL PURDUE UNIVERSITY 10 08 55 M
LARSYS VERSION 3

FIELD INFORMATION

FIELD TYPE LINES  524- 584 (BY 2)
RUN NO. 71053800 NO. OF SAMPLES 3751 COLUMNS 46- 156 (BY D)

OTHER INFORMATION

000000000000000000000000000000¢000000000000000000000001 11111111 1111111111111 111111141111 1111111111411111111
44445555555555666666666677777777778888069888939399999900000000001 11 11111112222222222333333333344 444444 445555555
67890123456 7890123456 7890123456 78901 23456 78301 23456 7890123456 78901 23456 78801 23456 7890123456 7830123456 7890123456

§24  =z=z=zzzee][111] /44 EERRERERE AR (R AR /00 = 4=f]—— - -

§2% == —mf 1131 1414444304341 1110 HHHHH R H 4444 /00 -=1/111111- -+

8§28 == I Y asaatJasasasssass st il - 4[]+ +/+ -

5§30  zz==——/AXN/ /NI AEHAE ][40 443 [ [ OH == +/XX11/- +/- -

§32  zza———bb b= HEXXOONOKXRXXXXKXKXXXXYX /7711111111 1 XHOH/ = -~/ --[THIITI--TTI1I
§34 - +11111 18358 XXXNXXT THXHXKY XK 22X == THORXX /XXX /X7 TTXXXXKT —=e e {XXXXTITTITILIE/ /=1
S A==/ 1111T IR = ] FRORXXXNXNXXXHHHXXXXXT - BT TTTTT/XTTTTT S/
538 - O Y NNy R S T N T e 11 7R0HXXXXHHHRHEHNHEXT - —/XXXXXXXMOOXXXXT /177777711 T=
T Py PR TY Y ) P ~+0R/XXXXXIT11- = =/XXXXXI +XXXXXXXXXXI//-/-///TII1I]
G547 de- et 4= - =) g s+ [+ —XXXXXXXKT -/ XKXNKXXXXTT /=777 7/ 1TTIH
S4§ ¥/— -+ 0 - - --z ~¥=4=/=+14]11 - === XXXXXT/ 7 XKNXXNXXKXKNXT /7 /=== 7 /TTITT1]
S + -—— - Y L -— ¥ e = LT IXRHHYXXNRXRXXNX/ /1 1 7TTTTTNT
L T L e - Sl e L IRE= XXX TXXNIXNXRXT /= 7=/ -/ TTTTIT
S50 -— - J~t=4[XOR] )=~ —mmdmmmmt=mmet [X [ TXHRNKXXKXXXKRR S 777 11T (TTTTTILL
559 a— a— -y [==1HOR 1 1338%] {1 ] 114344344434 43414444004 Hp bbb oo e e JITIIIII
554 m- mmem e o es e mmea QuHH/ 17117111 1444434434444 43044434 1404404444 [ [ [ ===~ [ |

I R $ 00/ 7 /3HE/ 1 13] [4344 44444444400 A [ =

558 #EIR/4-=t b} e / 0027777 1¥XE/ 4444144444444 04444 100444444 /-/ /=1 1 /-T11]11-
S60  axR#///+- ——————x N e aeaasnarasasss s D VAN IRNIIN VI NA
562  //HREREER-——— - -/ 00/ /4444414 4=44 4/ HE b bedb bbbt sdbribrer - 111111 11T111111X

S64  /4//1/%%F- ~t=-}}i-}ocem~ 1/ =3R4+ ++4444444/ /4444 G T S x2Sy N NN NS NN} |

566 +—-+///11+ = - []X Ty vevRREReveRER TSRS SR SRV Sy ER RN AR SN I
568  /++ ++//--—- +1/--XXHHHHHI ==zzzzzaszIssss ==-333-4 = L
370 - - ~===/ I XHHHHHXXXHHHX/ / IHTHII- LTI THEL IR TI LT EL XKL 11T 1]
§72 + -} « mom = ==} [ FHHHHHHHHHOHHOX0* 202 XXX / /XXX XHOD# szzzff/1feRnan] 1Ran/max /1111 1001111111%
574 4 ——————- $ommmemm /11 /300HHHHHBHOO0H* / 33/ szzzzz/anuea/ /=) [ [3nRa] %] [ [XXXXRI 111 1X]
S76  ~##XHHH#==—--~—~- 177%11%X%%1 11 1% =///au/aanzannz=cs/eannnz/XXXX/ 11 1%] 111 1XXX
S78  HHHX®//#H//== ===3XX/+X¥X// ==// /%3] ] 18an] [z===z 0008/ 30XXK/ L1111 111 10X
580  xOHXX¥*3¥H/= =/HY*XHX 223X/ =zzzdpzszasss ==/{ITTEELTTHEIL LTS
582  HOHHXXXHHX= HXXEXAXXNXRK S sz~zzszszssedddo——-3 R
584  HHHHHOOOD#=z======z===#XHXXXXXKXXX/ + - s==zzzzzzszaass szsassss 1118
NUMBER OF POINTS PER CLUSTER
) USTER i 2 3 4 3 8 7 8 9 10
SYMBOL ] H X * I / = + -

POINTS St 101 327 160 140 BO4 02 508 472 376

Figure 5. Cluster Map
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LABORATORY FOR APPLICATIONS OF REMOTE SENSING
PURDUE UNIVERSITY

SEPARABILITY INFORMATION

Mn D}
92.448  99.218
93.993 34.511
89.686  41.875
91.443 22,959
90.512 23.122
78.400  19.215
88.423  17.99%
83.974  18.760
86.471  19.832
56.408  32.678
50.460  31.602

538 23.360
51.417 23.096
37.874 17,290
53.271 16,228
43.559 21,738
51.759  20.010
40.273  26.693
28.637  23.969
34.874 24,299
29.931  16.892
30.981  15.155
30.845  22.945
28.942  20.87C
27.114 24,394
41.175  23.382
37.458 19,023
38.017 18,083
40.244  19.415
J7.441  21.901
3179 25,147
28.143  17.029
32.411 13.245
35.276  22.605
33.640  18.146
25.6831 18,590
23.434  16.076

786 22,048
22,227  24.288
28,45 15,385
23.366  22.905
25.932  21.455
16.900  15.892
19.303  22.681
26.269 - 24.775

1.254
Separability

DUIMDLS)

151.668
128.505
131,561
114,402
113.634
97.613
106.419
108.734
106.404
89

Information Listing

auaT
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1.173
1.121
1.686
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Punched Output: The Cluster processor has two optional

punched outputs - field description cards and a statistics
deck. Only one of these may be requested in a single run.

Field Description Cards: This output consists of a punched

deck of Field Description Cards in the format required for
input to the Statistics function. That is, fields (in this
case "mini-fields") are segregated according to classes with
a CLASS card designating the start of each class. The value
of the "MINIPOINTS' parameter determines the minimum size
(number of columns) of the mini-fields, and therefore, how
many cards are punched. For example, if the value is 5 (as
in the sample deck), the program searches each line of the
stored cluster maps for an occurrence of 5 or more consecu-
tive columns within a line (a mini~-field) belonging to the
same class. A field description card which specifies the
line and the columns of the mini-field is punched for each

such occurrence.

For example, referring to the Cluster Map in Figure 5, there
will be a card punched for class 7 for line 524, columns 46
through 52. A total of 7 cards will be punched for line 524,
and 270 cards will be punched for the entire example input
deck. In more typical clustering requests, this deck can
become quite large (several boxes of cards), and the user
should be cautious about requesting it. When the MINCLAS
and MAXCLAS options are in effect, a field deck is punched
only for the number of classes in the MINCLAS parameter.

Statistics File: The statistics file produced by CLUSTER is
identical in format to the file produced by the STATISTICS

processor. The training field description cards in the
statistics file produced by CLUSTER contain artificial line
and column numbers. A detailed description of the statistics

file is given in the description of the Statistics function.
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The Clustering Algorithm

The manner in which a set of vectors is clustered is outlined
in detail below. The procedure is essentially a variation of
the well-known ISODATA method of Ball and Hall.l The procedure

is described below in four steps.

Step 1 - Initialization

Let Xyr Xgr sees Xy be N vectors which are L-dimensional, and

assume they are to be grouped into M clusters. Let C., u., and

J J
ojz (all L-dimensional vectors) be the "center", mean, and’
variance, respectively, for the jth cluster. Thus we have:

_.x1j_
X3
xj= : E ji=1l, 2, ... ,M
L5
and; B -
1 45 ] e
€23 23 ng
cy = My = ’ 0§= : y 3 =1,2, ci. M
| °Lj B> _°ij i

To start the algorithm, an initial set of cluster centers
must be established. How this is done has arbitrarily been

specified as follows:



CLU-19

Compute the mean vector m and variance vector s2 for the

entire set of N measurement vectors. A rectangular paral-

lelepiped, which usually will contain a large percentage‘
of the measurement vectors, has edges oriented parallel
to the coordinate axes and given by mt s, (si is the
square root of the variance component si). The initial
cluster centers are chosen to be uniformly spaced along

a principal diagonal of this parallelepiped. Accordingly,

the jth initial cluster center is given by

— 2(3 - 1)
Cig =™ vts; | -3 i=1,2, «v., L
M-1 _

forj=l' 2' ee ey Mo

Step 2 - Mode Assignment

Determine the euclidean distance from each vector to each of
the cluster centers. Assign each vector to the cluster with

the nearest center.

Step 3 - Mode Migration

If step 2 did not change the cluster assignment of a definite
percentage N vectors, go to step 4; otherwise, replace the old
cluster centers by the means of the new clusters resulting

from step 2, and then go to step 2.
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Step 4 - Compute Cluster Separability

The clustering algorithm has terminated and there remains the
task of determining the appropriateness of the results produced.
As an aid, the program computes and prints

(a) the cluster means (each spectral channel)

(b) the cluster variances (each spectral channel)

(c) a measure of cluster separability based on both
means and covariances. Roughly, this measure is the
distance between pairs of cluster means, normalized
by the "sizes" of the clusters (ﬁor detgﬁls, see the
reference by Swain). For the rth ana s clusters
it is given by

v = _xs__
rs Dr + Ds
where
Dpg = !ur - usl 1
L i] 2
= I (w,. = u,)
i=1 ir is
and 1
- 2 2
(L + 2) I“r us'
DK =
- _ _ .
tr{ZK (u us) (nr H,) }
i
1L 1 3
L+ 2)2 | L (M3, = My, - Mig)
= i=1
LoLoo ; z
z z c ~41).. . - . = M.
151 551 (o, )lj (uy . “is? (qu ujs)
where tr{A} = trace of matrix A

ZK'l = inverse of the covariance matrix for
cluster «
-1
(cK )ij
M, = mean vector for cluster «
for x = r,s. 1If Yrs is greater than 1 the clusters are

= i,j element of ZK-l

"well separated”. For Yy less than 0.75, the clusters
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can probably be merged without resulting in a multi-
modal class density. The situation is unclear for
Y between 0.75 and 1.0.

Step 5 - Compute Suggested Cluster Grouping

The final calculation made by the CLUSTER function is the
computation of optimal grouping of cluster classes to minimize
the total number of classes while ensuring that multimodal
class distributions are avoided. This grouping of clusters is
printed only as an aid to the user. The algorithm uses the quotient
values from the Separability Table to compute the optimal grouping.
The quotient values are denoted by Dij' i, j=1, ..., ND. The
original cluster groups are denoted by Ci. i=l, ..., NG, NG<ND.
The algorithm is as follows: '
(1) Assign each cluster to its own group, Civ eeer Cn’
(2) Order the Dij's from smallest to largest using the
ORDR array and work through the list beginning with the
smallest as follows.
(3) 1I1f ny > THRESH, stop. (Merging is complete.)
(4) 1If Cx = Cy (i.e., belong to the same group) get next
- value of Dij and go to step 3.
(5) Compute the average distance between Cxand each other
group Cu for which D.p < THRESH for all a in Cx and all
b in Cu. Similarly, compute the average distance between
cy and each other group cu. If the distance between Cx
and Cy is less than all of the other intergroup distances,
assign C, and C_ to the same group.

b4
(6) Select the next Dij and return to step 3.

References

1. Ball, G.H. and D.J. Hall, "ISODATA, A Novel Method of
Data Analysis and Pattern Classification,” Stanford
Research Institute, Melno Park, California, 1965, pp. 1-16

2. Swain, P.H. "Pattern Recognition: A Basis for Remote
Sensing Analysis", LARS Information Note 111572, Purdue
University, 1972.
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COLUMNGRAPH

The Columngraph function graphs data values for requested
columns from the Multispectral Image Storage Tape. COLUMNGRAPH
and LINEGRAPH (which graphs lines) both graph the data values as
a function of spatial position. The graphs also contain
standard header and indentification information. The use of

these two functions will aid in data quality analysis studies.

Input

The required inputs are the Multispectral Image Storage Tape and
control cards. In addition to the standard Function Selector
Card and END control card, both a PRINT and a CHANNELS card is

required. A third control card, the SCALE card is optional.

The PRINT control card specifies the Multispectral Image Storage
Tape run, and the specific subset of data, to be used. 1In
addition, printing of the roll parameter for each line may be
requested. A description of the data values, calibration of

data, and the roll parameter is included in Appendix IV.

Two mutually exclusive subsets of data may be defined on the
'"PRINT' card for plotting. Either the columns of data values
or the calibration values for the lines may be requested.
Graphs of any or all three of the calibration values may be

requested, and one graph will be provided for each. If both
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columns and calibration values are requested, the function will

ignore the calibration request.

The CHANNELS control card specifies the data channels that are
to be displayed on the graph. Each channel is represented on

the graph by an alphanumeric symbol assigned by the function.

The symbol that is assigned to each channel is shown in the

header for the graph.

The optional SCALE card controls the "low value" (or beginning
point), as well as the increment, for the magnitude axis. The
axis normally has a low value of 32.0 and each succeeding point
on the axis represents an increment of 2.0. The user may
specify other values for these by using the 'XLOW' and 'BINSIZ®

parameters on this card.

The sample input deck in Figure 1 requests that column 115 of
run 71053900 be graphed for lines 532 through 644 with a line
interval of 1. Additional columns could have been requested
by including a starting and stopping column and a column
interval on the PRINT card. The CHANNELS card in the example
requests that channels 7 and 9 be graphed. The-omissiqn;of a
SCALE card will cause the low value and the interval of the
magnitude axis to assume the default values of 32.0 and 2.0,

respectively.
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(g1 1

PRINT RUN{7I0539000sLINE(S32:644 [ COLTIS)
r [ rr [ T

i [
/ RCOLUMNGRAPH
[ L BE
TITCCET

C

Figure 1. Input Deck for COLUMNGRAPH.
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Output

The output of the Columngraph function will be a control card
summary and a graph for each column or each calibration value
specified. The outputs from the example input deck in Figure 1

are shown in Figures 2 and 3.

The magnitude of each data value for each channel will normally
be shown on the graph by its assigned alphanumeric character.
However, if two or more channels have the same value, only the
highest numbered channel will be printed. This is illustrated
in Figure 3 by the plot for line 620 which shows only the

symbol for channel 9.
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Figure 2. Control Card Summary for COLUMNGRAPH
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COMPARERESULTS

The COMPARERESULTS function compares two separate LARSFRIS
Classification Results Files, pixel for pixel, and produces an
output to disk or tape in LARSFRIS Classification Results file
format. It can be used to detect ground cover change from temp-
orally overlayed data, or to compare classification results
obtained via different channels of data, different training methods,

or using different classifiers.

Input to the function consists of two Classification Results

Files and in input deck of control cards. The main output is
another Classification Results File consisting of user-defined
"change" classes. To analyze the results of the COMPARERESULTS

job the user will probably want to run the PRINTRESULTS processor.
The user should note that the COMPARERESULTS function could require
the use of three tape drives (2 for input and 1 for output).

If this is the case, the user should contact Purdue/LARS computer
operator before running the COMPARERESULTS job to be sure that the

3 required tape drives are available.

Figure 1 pictures a typical input deck for the COMPARERESULTS
function. 1In general, the input deck will cause the classification
results files designated on the FIRSTRESULTS and SECONDRESULTS

card to be compared, point by point, and new class numbers output
to the tape (or disk) designated by the NEWRESULTS card. The cards

following the DATA card determine these new class numbers. The
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FIRSTRESULTS TAPE (195), FILE(3)

SECONDRESULTS DISK

NEWRESULTS TAPE (9999), FILE(2)
BLOCK RUN (77010200), LINE (1710,1885,1), COL(2900,3040,1)

DATA

CLASS PINE
FIRST 1,2,6,9
SECOND 1

CLASS MIX P/H
FIRST 3,4
SECOND 2

CLASS SLH/CYP
FIRST 7,8,11,12
SECOND 3

CLASS LOWSTOCK
FIRST 5,10
SECOND 4

CLASS NONSTOCK
FIRST 13,14,15
SECOND 5

CLASS WETLAND
FIRST 16,17,18
SECOND 6

CLASS PINE-OTH
FIRST 1,2,6,9
SECOND 2,3,4,5,6
END

Note: To duplicate this example, run
*CLASSIFY with the PROCEDURE L2 option
on run 77010200, lines 1710 to 1885,
and columms 2900 to 3040. Use the
statistics file FLEMING STATDECK and
store the results on the FIRSTRESULTS
tape. Then run the *SMOOTH job
tllustrated in the SMOOTHRESULTS sec-

tion, storing that output file on disk.

Be sure to substitute your own tape
and file numbers for the ones in this
example.

Figure 1. Typical input deck for the
COMPARERESULTS function
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user may assign a class name to any class combinations from the
input tapes and those combinations not specifically mentioned will

be placed in a class named *CHANGE* by the program.

Required Control Cards

All of the control cards for COMPARERESULTS are required. The
FIRSTRESULTS and SECONDRESULTS cards specify the locations of

the two Classification Results Files that are used for input, and
the NEWRESULTS card indicates the location for the output Results
File. The BLOCK card displays which part of the area is to be
compared, and the user (analyst) can define which class combinations

are of interest to him with the CLASS, FIRST and SECOND cards.

FIRSTRESULTS Card

The first LARSFRIS Classification Results File to be input may
reside on tape or disk. If it is on tape, the FIRSTRESULTS card
will specify the tape and file numbers. In this example, the
results file is on tape 195, file 3. The DISK parameter should
be used if the results file is to be taken from disk. The results
file from the last run of CLASSIFYPOINTS (subsequent to the 'i

larsys' command) will be available on disk.

SECONDRESULTS Card

The second Classification Results File to be input may reside
on tape, or on disk if the first results file is not on disk. If
it is on tape, the SECONDRESULTS card will give the tape and file

numbers. The DISK parameter specifies that the results file is to
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be taken from disk as in Figure 1. Remember that only one of the
results files may use the DISK option. An error message will be

printed if the DISK option is specified for more than one file.

NEWRESULTS Card

The NEWRESULTS card specifies the location for the output

LARSFRIS Classification Results File which, like the two input files,
may be placed on tape or disk. If it is to go on tape, the NEWRESULTS
card will specify the tape number and either the file number or

INIT. The INIT option is used to initialize a tape for LARSFRIS
Results Files and write the Classification Results File in file 1

of the tape.

If PRINTRESULTS immediately follows a COMPARERESULTS run, the

output classification Results File tape which was used will remain
mounted, but the tape and file numbers still must be specified on

the RESULTS card for PRINTRESULTS. If the file is to go on a

scratch tape, a tape number of '000' may be used. If scratch tapes

are used when COMPARERESULTS and PRINTRESULTS are run successively,

the tape remains mounted for PRINTRESULTS and no further identification

of the tape number other than '000' is needed.

The DISK parameter may be used to specify that the results

file is to be written on disk, provided that neither of the two
input Results Files are on disk. Remember that, when the Class-
ification Results File is placed on disk, it is only stored there

temporarily. Any of the following actions will cause it to be
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erased from the system.

* Executing another function which creates a Classification
Results File (e.g. CLASSIFYPOINTS, COMPARERESULTS,...)

* Re-initiating LARSFRIS (i.e., typing the 'i larsys' or
'i larsysdv' control command)

* Logging off the system (i.e., typing the 'quit' control
command )

If the user wishes to save the file, he may copy it to tape with

the COPYRESULTS function.

BLOCK Card

The user defines the area to be compared by using a BLOCK

card. This card specifies the run number and the line and column
coordinates for the area. It is assumed that the two Results
Files to be compared will have come from the same data run because
the data used for the two input Classification Results Files
should be registered. If the program finds different run numbers
in the results files, a warning message is printed but execution

continues.

Defining Classes for COMPARERESULTS

The user must supply a data deck defining the class changes

{(or non-changes) which he is interested in identifying. Grouping

of classes is desirable in this implementation of results comparison
because of the prohibitive number of possible class combinations
generated from comparing the two input classifications. With 'M'

spectral classes from the first classification and 'N' spectral
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classes in the second classification, it is possible to have

'M*N' classes in the output. It is quite probable that a user
will be more interested in a few particular types of changes

than in every combination. For this reason, the user must define
each new class. Any combination that is not defined is thrown
into a general class called *CHANGE*. Therefore, the total number
of classes on the output results file is C + 1, where C is the

number of classes the user defined.

To define the classes, a DATA card is first needed to designate
the start of the data deck. Then there will be a set of three
cards (CLASS, FIRST and SECOND) for each class the user is
defining. For the example in Figure 1, the FIRSTRESULTS file on
tape 195, file 3 consisted of 18 classes and the SECONDRESULTS
file on disk had 6 classes, as defined below:

Class numbers

FIRSTRESULTS SECONDRESULTS

Type File File
Pine 1,2,6,9 1
Mixed Pine/Hardwood 3,4 2
Slash Pine & Cypress 7,8,11,12 3
Low-stocked 5,10 4
Non-stocked 13,14,15 ‘5
Wetland 16,17,18 6

In the data deck, the CLASS card contains the name of the class;
in the example in Figure 1, the first class is being given the

name PINE. The CLASS card is followed by a FIRST card, which
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contains the class numbers (separated by commas) from the first
classification Results File (specified on the FIRSTRESULTS card)
for the class being defined. The SECOND card contains class
numbers from the second Classification Results File (specified

on the SECONDRESULTS card) for the class being defined. Hence,

if the computer is looking at a pixel on the first Classification
Results File which belongs to one of the classes listed on the
FIRST card for user~defined class one, and on the seccnd Classification
Results'File the same pixel belongs to one of the classes listed
on the SECOND card for user-defined class one, then the computer
will output class number one for that pixel. In the example from
Figure 1, the user's first class is named PINE. A pixel will

be assigned to this class if it is in one of classes 1,2,6, or 9
on the first Classification Results File, and in class 1 on the
second Classification Results File. Presumably this will identify
those points which were pine in both classifications. The last
class, PINE-OTH, will identify those classes that were pine on the
base classification (classes 1,2,6,9) and changed to something

else on the second classification (classes 2,3,4,5,6).

END Card
As in all LARSFRIS functions, the END card is required to indicate
the end of the data and control cards for the COMPARERESULTS

function.

Standard Output

Three standard outputs are produced by COMPARERESULTS. They are: -~
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*an input deck summary
*a table of output class numbers and names

*a LARSFRIS Classification Results File

A sample of the input deck summary is shown in Figure 2. The
class table is illustrated in Figure 3. In order to see the re-
sults of running the COMPARERESULTS job, the user should execute
the PRINTRESULTS function to get a map and/or table(s) of the
COMPARERESULTS Classification Results File which was created. The
format of the serial number of a Results file produced by
COMPARERESULTS has been altered to TTTTFttttf where 'TTTT' is

the tape number of the first results file, 'F' is the file number,
'tttt' is the tape number of the second results file and.'f' is
the corresponding file number. Should either file number be
greater than ten, only the right-most digit will be recorded.
Also, if either file was located on disk, the tape and file

numbers would be zero.
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LABORATORY FOR APPLICATIONS OF REMOTE BENSING
PURDUE UNIVERSITY

+COMPARERESILTS

FIRSTRESULTS TAPE(195),FILE(3)
SECONDRESULTS DISK

NENRESULTS TAPE(8989), FILE(2)
w RUN(77010200),LINE(1710,1885,1), COL(2900.3080.1)
CLASS PINE

FIRST 1,2.6.8

SECOND 1

FIRST 3,4

CLASS SLH/CYP

FIRST 7.8.11,12

SECOND 3

CLASS LONS

FIRST 5,10

SECOND 4

CLASS NONSTOCK

FIRST 13,14.15

SECOND 5

CLASS NETLAND

FIRST 16,17,18

SECOND 6

CLASS PINE-OTH

FIRST 1,2.8,8

SECOND 2,3.4,5.6

R

Figure 2, Sample Input Deck Summary




CLASS

PINE
HIX P/H
SLH/CYP

LONSTOCK

LABORATORY FOR APPLICATIONS OF REMOTE SENSING
PURDUE UNIVERSITY

CLASS
5 NONSTOCK
6 NETLAND
7  PINE-OTH
8  #CHANGE

Figure 3. Class table

COM-10
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COPYRESULTS

The Copyresults function copies selected Classification Results
Files to tape for selectively storing results. A results file

may be copied on tape from disk or another tape.

Input
The input to COPYRESULTS is the Classification Results File on

tape or disk and the function input deck. The input deck con-
sists of required FROM and TO cards and an optional PRINT card.

Figure 1 is a sample input deck for this function.

The FROM card specifies the particular file to be copied and
may be in one of the following forms:
FROM TAPE (xxx) ,FILE{xx) - tape and file number to be copied
FROM TAPE (xxx),ALL - all files on the tape are to be copied
FROM FILE(xx) - file to be copied from a scratch tape
FROM ALL - all files on a scratch tape are to be copied

FROM DISK ~ file currently on disk to be copied

In the figure, the FROM card requests a file be copied from disk.
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END
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Figure 1. Input Deck for COPYRESULTS
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The destination of the copied output is specified on the TO
card. The tape specified may not be a scratch tape (TAPE(0)).
The card may be in one of the following forms:

TO TAPE (xxx) ,FILE (xx)

TO TAPE (xxx) ,INITIALIZE

The first form of the card specifies the tape and file to which
the results file is to be copied. The second indicates a new
tape is to be used. The 'INITIALIZE' parameter requests that
the proper header information be placed at the beginning of the
new tape, and the results file be automatically written into
file 1. The sample card in the figure indicates the results

file is to be copied onto tape 1043 in file 1.

The user may elect to suppress the standard listing provided by
this function, by including the 'PRINT NOLIST' card in the input
deck. If this optional card is omitted, the complete listing

will be produced.

Output

The principal output of this function is the Classification
Results File copied onto tape. The new tape will have a tape

and file number as requested by the 'TO' control card.
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COPYRESULTS prints a list of the control cards entered and a
table of how they have been interpreted. An example of this

output is shown in Figure 2.

The other printed output is the Classification Results File ID
listing, which is the same as that produced by the Listresults
function. An example of this listing is shown in Figure 3. If

the 'PRINT NOLIST' card is used, the listing will not be printed.
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Figure 2. Control Card Summary for COPYRESULTS
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RESULTS FROM DISK

CHANNELS USED

CHANNEL 2 SPECTRAL BAND 0.48 TQ 0.51 MICROMETERS CALIBRATION CQDE = 1

CHANNEL™ 9 SPECTRAL BARD 1.00 TU I.40 MICRUMETERS CALTBRATION CODE = 1

CHANNEL 12 SPECTRAL BAND 9.30 TO11.70 MICROMETERS CALIBRATION CODE = 1
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CHANNEL 2 CO = 23,10

CRANRELT 9 CO = 2290
CHANNEL 12 CO = 20,60

NOFBER" OF CIRES CLASSIFIED IS 110

Figure 3: Listing of Results File from COPYRESULTS
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GRAPHHISTOGRAM

The Graphhistogram function generates graphs from a Histogram
file computed by the Histogram or Pictureprint function. It

is normally used only in conjunction with the Histogram function,
however, since the other function has it's own graphing capa-
bility. The Histogram File may be computed immediately before
the graphs are printed by GRAPHHISTOGRAM (i.e., since the last

'i larsys' command), or it may have been computed earlier and
stored on the user's permanent disk via the 'HISTDECK SAVE'
command. In this case, it is moved back to the temporary disk

via the 'HISTDECK USE' command, before executing GRAPHHISTOGRAM.

Input to the function is the Histogram file and control cards.
There are three control cards, all of which are required. These
are a function Selector Card, a CHANNELS card, and an END card.
The CHANNELS card specifies the channels to be graphed. If a
channel is specified for which no histogram data was computed,

a message will be printed to that effect in lieu of the graph

for the channel.

The outputs from the function are an input deck summary and the
printed graphs of histograms for the selected channels. An
example input deck that requests graphs for channels 7 and 9 is
shown in Figure 1. The summary listing of the deck is shown in
Figure 2, and the two graphs that are produced are shown in

Figure 3.
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Each of the two graphs has a header identifying the channel
number; spectral band definition; run number; calibration code;
the lines, columns and number of samples represented; the total
number of samples represented by each asterisk (*) on the graph;
and the total number of samples represented on the graph. Note
that special symbols are used instead of asterisks along the
edges of the graphs to represent less than a "full sample count".
If the count of samples is 1 to 9, those numbers are used on the
graph. If the count is 10 to 35, the letters A to Z are used,
and if the count exceeds 35 (i.e., 36 to whatever the full count

for an asterisk is), then the dollar symbol is used.
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Figqure 1. Input Deck for GRAPHHISTOGRAM
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HISTOGRAM

The Histogram function produces a histogram of the spectral
values for selected channels from the Multispectral Image Storage
Tape. The data from this input tape is reduced to the summation
of the total number of data values which fall within the range

of any of 100 equal-size bins. The range of the bins and the
starting (lowest) data value for the histogram is adjusted
depending upon the actual distribution of the data, and the
histogram is centered in the 100 bins to provide maximum resolu-

“tion.

The user may specify the Multispectral Image Storage Tape run
number and the lines and columns that are to be histogrammed, or
he may use the system's default values. The line and column
defaults may always be used, but the run number default (which

is the last run that was used) is only applicable if another
function that used a Multispectral Image Storage Tape was run
since the last 'i larsys' command. The user must always specify
the channels that are to be histogrammed, and he may use an alter-
nate form of the CHANNELS control card to also specify the cali-

bration of the data from the channels.
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The file of histograms that is produced by this function is
always stored on the temporary disk and may also be punched

on cards. The user may employ the 'HISTOGRAM SAVE' command
after running the Histogram function to save this file on his
private A-disk. The standard printer output reproduces the
user's input deck and summarizes the data that was histogrammed

and the statistics for the histograms.

The histograms that are stored on disk may be used as input to
GRAPHHISTOGRAM to produce graphs of the histograms. The histo-
grams (whether on disk or cards) may also serve as input to the
Pictureprint function. This function uses it to allocate symbols
or gray levels to data ranges. (Pictureprint can also compute

the histograms using the same procedures as the Histogram function.)

An optional feature of the Histogram function allows the user to
include the results of previous histogramming in the new histogram.
The function uses the file of histograms stored on the temporary
disk, updates them with the new calculations, and places the

combined results back on the disk.

Specification of Area to be Histogrammed

The input data file is a Multispectral Image Storage Tape. The
function normally uses the information on the BLOCK card in con-
junction with the system or a user Runtable to identify the
appropriate tape and have it mounted. The content and form of

these tapes are described in Appendix IV.
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If the BLOCK card is omitted or the RUN number not specified on
the BLOCK card. the function will histogram data from the last
Multispectral Image Storage Tape run that was used since the last
'i larsys' command. If the line and column numbers and the inter-
vals are not specified the system will use every tenth column

from every tenth line on the run. Figure 1 shows a sample input
deck that includes a typical BLOCK control card. It requests
histograms based on lines 420 through 644 and, columns 1 through

221, of run 71053900.

If the user wants to include previously histogrammed data in the
new calculations, he includes an 'OPTIONS ACCUM' control card in
his deck. This process is called "accumulation”. HISTOGRAM will
then use as input whatever histograms are present on the temporary
disk. This will consist of the results of the last histogramming
performed since the 'i larsys' command; histograms placed there

as a result of a 'HISTOGRAM USE' command.
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Figure 1. Input Deck for HISTOGRAM
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Specification of Channels

The channels that are to be histogrammed must be specified on
a 'CHANNELS' control card. A separate histogram is produced for
the data from each requested channel. The 'CHANNELS' card in
Figure 1 requests channels 1 through 12. For more information
on the CHANNELS card and calibration of the data values refer

to Appendix I and Appendix IV.

Output Files

The Histogram function always writes its histograms on the
temporary disk. The user may also get the histograms punched
on cards by using the PUNCH HIST control card. The card deck
is useful for saving histograms for later use (a single Histogram
File may be saved on the user's permanent disk and used in later
commands). The user may want to check to see if he has a complete
histogram deck. The first card should have the words LARS HISTO
beginning in column 1. The last card should have

EOH *%*#**%* TAST DATA CARD OF HISTOGRAM DECK ***%%
in the first 48 columns and a sequence number in columns 73 - 80.
All of the preceeding cards in the deck except the first card,

also have this sequence number.
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Standard Printer Output

The Histogram function always prints a list of the control cards,
the options selected, and particular characteristics about the
run such as the number of channels requested. An example of

this output is shown in Figure 2.

In addition, HISTOGRAM prints histogram summary information and
statistics. This listing identifies the histogrammed data and
lists the data range, mean, standard deviation and the normalized
range (mean plus and minus the standard deviation) for each

histogrammed channel. A sample of this output is shown in Figure 3.
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Histogram summary from HISTOGRAM,
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The Histogram Algorithm

The histogram algorithm creates a 100-bin histogram for the data
from each specified channel on the Multispectral Image Storage
Tape. One histogram is produced for each channel. The location
of the bin edges and the data values represented by each bin
(all bins have equal width) are determined dynamically based on

the actual range and distribution of the calibrated data.

The recorded values on the tape are integers that may vary between
0 and 255. However, when the data is calibrated, the values are
converted to floating point numbers and can have any value. The

basic equation for calibration is:

Dc = A(DT) + B
where
Dc = the calibrated data value for a sample.
DT = the digitized data value stored on the tape.

A and B = calibrating constants that are calculated
for each line.
A and B may change slightly from line to line but are constant
within a line. See Appendix IV for more detailed information

on calibration.

The histogram algorithm usually assumes an initial bin size of
A and an initial lower limit for the histogram of A(14.5) + B.

The only exception to this is when the histograms are to be
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accumulated with previous histograms. In this latter case, the

bin size and lower limit are set to those of the previous

(stored) histogram. After setting these values, the Histogram

function follows this procedure:

1.

The bin number for the data value is calculated as:

Bin Number = (Data Value) - (Histogram Lower Limit)

(Bin Size)

If the calculated bin number is 1 through 100, the
count of samples occurring in the data range represented
by that bin is incremented by one, and the algorithm

proceeds to the next sample.

If the calculated bin number is less than 1 or greater
than 100, the histogram must be adjusted to accommodate
the new data range that the sample requires. The
algorithm first attempts to accomplish this by shifting
the upper and lower limits of the histogram while keeping
the individual bin size constant. It can do this if there
are enough bins at the opposite end of the histogram that

have zero counts.

For example, if the calculated bin number for a new
sample is 102, the function checks to determine if bins
1l and 2 of the histogram have zero counts, i.e., no

samples have occurred in the range that they represent.
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If this is true, the range of the histogram is shifted
higher. Bin 3 will become the new bin 1, bin 4 the new
bin 2, etc., until the data values required for the
calculated bin 102 are represented by the new bin 100.
Its count of sample occurrences is incremented by one,
and processing passes to the next sample. In this way,
two new bins are added, and the range increased at the
upper end of the histogram. Two unused bins are dropped,

and the range is decreased at the lower end.

If it is not possible to accommodate the new data value
by shifting the histogram, then it must be accomplished
by increasing the overall range of data values repre-
sented by the histogram. This is done by doubling the
size of each bin, or in practice by consolidating the
data range represented by the 100 bins into 50 larger

bins, and adding 50 new bins to increase the data range.

The algorithm first calculates the actual data range
(difference between the high and low values in the histo-
gram) that is required to accommodate the new sample

and the number of times that the o0ld range must be doubled
in order to achieve it. The range is then doubled that

number of times, the counts of sample occurrences are
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added into the appropriate new bin, and the procedure
resumes at step 1 above with the calculation of a new
bin number for the sample. In some cases the new data
value may still lie outside the high and low values
represented by the histogram, and the procedure must go
through the shifting of the range in step 3 in order to

accommodate it.
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IDPRINT

The Idprint function prints a listing of the identification
record of Multispectral Image Storage Tapes runs. Requests

may be made for the ID record for a specific run, for all runs
on one tape, or for all runs maintained by IARSFRIS. The ID
records for runs that are maintained by IARSFRIS are stored on the
System Runtable, and there is no need to actually locate and
mount these tapes. To print the ID record of runs that are not
cataloged in the System Runtable, however, the actual tapes

must be mounted and the ID record read from them. The reader
should refer to Appendix IV for more information on the content

of the ID record and on the use of the System Runtable.

Input
Input to IDPRINT consists of the function input deck and one

or more Multispectral Image Storage Tape ID records. The same
three control cards, and no others, are always required for
each execution of the Idprint function. These are a Function
Selector Card, a 'PRINT' card and an 'END' card. There are
three possible parameters on the 'PRINT' control card, only

one of which may be used for each execution of the function:

® RUN(xxxxxxxx) - requests the ID record for a specific

run from the System Runtable.
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¢ ALL - requests ID records for all runs cat-
aloged in the System Runtable
® TAPE (xxx) ~ requests ID records for all runs on the

specified tape

A tape will have to be mounted only for requesting ID records
using the 'TAPE (xxx)' parameter. This is done to provide the
same run sequence as that of the tape, or to print ID records

from uncataloged tapes.

An example input deck that requests two executions of the
Idprint function is shown in Figure 1. The first of these
execution will print the ID record for run 71053900, a run
that is cataloged in the System Runtable. Following this,

the second execution of the function will print the ID records
for all of the runs that are recorded on tape number 1042.

The runs on this tape may or may not be cataloged in the
System Runtable. In either case, the tape will be mounted and
the ID records printed from it in the sequence that they

appear there.

The reader should note that the only way to get a completely

accurate listing of the ID records of private copies of runs

that are also cataloged in the System Runtable is to use the
'TAPE' parameter and have the tape actually mounted. If the

user were to use the 'RUN' parameter option, he would get a
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END

PRINT TAPE(I042)

/’iIDPRINT : o
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RINT RUNC71052300)
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Figure 1.

Input Deck for IDPRINT
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listing of the ID record of the system copy of the run. This

would show a different tape and file number than his private

copy.

Output

The only outputs from this function are the listings of the
function input cards, and of the ID records themselves. Figure
2 shows the input card listing from the first execution of the
function from the example input deck in Figure 1. It consists
simply of a listing of the cards that were input to the
function. Figure 3 shows the ID record listing that was
printed for this same execution, i.e., for run 71053900.

Figure 4 shows the first ID record listing that was printed

for the second execution, which requested all of the ID records
from tape 1042. Note that the first run on this tape was also
run 71053900. These two listings are identical except for the

different tape and file numbers.
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LINEGRAPH

The Linegraph function graphs data values for requested lines
from the Multispectral Image Storage Tape. LINEGRAPH and
COLUMNGRAPH (which graphs columns) both graph the data values
as a function of spatial position. The graphs also contain
standard header and identification information. The use of

these two functions will aid in data quality analysis studies.

InEut

The required inputs are a Multispectral Image Storage Tape and
control cards. The PRINT control card identifies the specific
subset of data to be used from the tape, and the CHANNELS card
specifies the channels to be graphed. A sample input deck is

illustrated in Figure 1.

Note that in this case the PRINT card in the figure includes a
run number. If the 'RUN' parameter is omitted, the Linegraph

function uses the last run specified in a previous function.

The PRINT card illustrated in Figure 1 specifies that line 600
of run 71053900 be plotted from columns 50 through 160 and that
each column in this interval be plotted. The CHANNELS card in

the figure designates channels 7 and 9.
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Figure 1. Input Deck for LINEGRAPH
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It is possible to request graphs of more than one line but
with the same columns and channels by indicating the appro-
priate starting and stopping line and interval (the interval

default is 10) on the PRINT control card.

The SCALE card is an optional control card that controls the
"low value" (or beginning point), as well as the increment,

for the magnitude axis. The axis normally has a low value of
32.0 and each succeeding poiﬁt on the axis represents an incre-
ment of 2.0. The user may specify other values for these by

using the 'XLOW' and 'BINSIZ' parameters on this card.

Outgut

The output of the Linegraph function is a control card summary
and a graph of each line specified. Figures 2 and 3 show the
outputs that were produced by the example input deck in Figqure 1.
Note that since the SCALE card was omitted from the input deck,
the graph in Figure 3 uses the default values of 32.0 and 2.0

for the low value and increment of the magnitude axis.

The magnitude of each data value for each channel will normally

be shown on the graph by its assigned alphanumeric character.
However, if two or more channels have the same value for a
particular column, only the highest numbered channel will be shown.
This is illustrated in Figure 3 by the plot for column 151, which

shows only the symbol for channel 9.
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A description of data on the Multispectral Image Storage Tape

is contained in Appendix 1V.
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LISTRESULTS

The Listresults function produces a listing that summarizes the
contents of a tape containing Classification Results Files. The
information may be extracted from any results file that resides

on tape.

Input

Input to the function consists of a tape containing Classifica-
tion Results Files and the function input deck. The results file
must be on tape, not on disk. Also, a scratch tape (TAPE=0) is
invalid as input. The 'FROM' card is the required function con-
trol card that identifies the tape and file numbers of the results
file being specified. If the file number is not included on the

'FROM' card, all files on the tape will be listed.

A sample input deck is shown in Figure 1. The FROM card requests

tape 102 and file 1 for the listing.

Output

The Listresults function prints a list of the control cards
entered and a table of how the cards are interpreted. An example

of this output is shown in Figure 2,



——
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The output is the Classification Results File ID listing. The
listing consists of the tape and file numbers, date of the classi-
fication, channels used in the classification, the class names,
the class weights if they were assigned, the area classified,
calibration values, and the number of lines classified. An

example of this output is shown in Figure 3.
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Figure 1. Input Deck for LISTRESULTS
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Figure 3: Sample File Listing from LISTRESULTS
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MERGESTATISTICS

The MERGESTATISTICS function mathematically combines two or more
LARSFRIS Statistics Files into a single Statistics File. It can
also be used to modify (delete or pool) individual classes within
a file. The newly created Statistics File is stored on the user's
temporary disk. It contains statistical descriptions of the modi-
fied set of training classes, specifically, the mean value of each
class in each channel, the covariance matrix, and the number of

data points in each of the classes.

This Statistics File may be used in LARSFRIS in the same way

as the Statistics Files produced by the *STATISTICS function.

It may be used as input to such LARSFRIS functions as SEPARABILITY,
CLASSIFYPOINTS, and SAMPLECLASSIFY. It may be used by them directly
from the temporary disk. The file is erased, however, if the user
either logs off the system (issues the 'QUIT' command) or re-
initiates LARSFRIS (issues the 'I LARSYS' command). If the

user wishes to save the file longer than this, the 'STATDECK SAVE'
command will transfer it to the user's permanent disk. Alter-
natively, the user may include a control card that directs the

function to punch the file in binary or character format.

Additional types of output the user can request are a printed
listing of the training fields, the means, standard deviations,
correlation matrices, and histograms for every class in the new
statistics file, coincident spectral plots for all classes in the
file as well as a bi-spectral plot of all classes for any two or

four channels.




MER-2

Input to the MERGESTATISTICS function consists of:
*Control cards to select the processing and output options.

*One or more (up to 30) LARSFRIS statistics files.

The MERGESTATISTICS function always produces 4 standard printed
outputs:
*A listing of the control cards that were supplied by
the user.
*A list of options selected by the user.
*A list of all classes and pools selected by the user.
*Channel information for the channels included in the

modified statistics file.

In addition to the standard printed outputs, the user may specify
the following optional printed outputs:
*A list of training fields.
*A summary of the modified statistics deck.
*One coincident spectral plot of all classes.
*Bi-spectral plots. Channel I vs. Channel J or the
average of Channels I and J vs. the average of Channels
K and L. After each bi-spectral plot there will be printed
a table with the following information for each class:
class number, symbol, mean values, class name and number

of points in each class.

Principal Inputs

The required input to the MERGESTATISTICS function is one or more
LARSFRIS statistics file(s) and the control cards that select

the function and specify the output options. Figure 1 shows a
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sample MERGESTATISTICS input deck.
*MERGESTATISTICS
PRINT STATS, MEANS(1,2,7,8)
PUNCH CHARACTERS, ONEFIELD
CLASSES ENTIRE(1,2,4), DELETE(3/1,4-9,12/,5/1-5/)
POOL NEW1l(1/1,3-5/,2/1,4/), NEW2(2/2/,3/4-9/)
SCALE ORIGIN(1,10.0), ORIGIN(7,25.0), UNIT(7,0.5)
DATA
STATDECK
DATA
STATDECK
DATA
STATDECK
DATA
STATDECK
DATA
STATDECK

END

Figure 1. Sample Input Deck for MERGESTATISTICS

Pooling Algorithm

When two classes are to be pooled, the following operations are

performed on their means and covariances.

Let x be a class of n elements with mean Mix in channel i and
covariance Cixj between channels i and j. Similarly, let y be
another class of m elements with means Miy in channel i and co-

variance Ciyj between channels i and j.
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If classes x and y are pooled, the mean of the resulting

pooled class is:

M‘X+y
1

nM. %

+ mM.Y
i i

m+ n

and the covariance of the resulting pooled class is:
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In the subroutine REDSAV

the calculations ar

e as follows:
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Statistics File

The Statistics File is always written onto the user's temporary
disk and may be punched on cards or written on a permanent disk.
The file may be input in either form to LARSFRIS functions such
as the SEPARABILITY, CLASSIFYPOINTS and SAMPLECLASSIFY. The
file contains the following information:
*Training field descriptions supplied by input files.
*The number of classes, number of fields and number of channels.
*The channel number, wavelength of the spectral band and
calibration code for each channel used in the input files.
*The number of points in each class in the modified file.
*The mean for each channel for each class in the modified
file.
*The covariance matrix of all specified channels for each
class in the modified file.
As in the Statistics File produced by the STATISTICS processing
function, the first and last cards are easily identified. The
first card is: |
LARSYS VERSION3.1 STATISTICS DECK
The last card is:
EOS ***** TAST CARD OF STATISTICS DECK *** nnnnnnnn

The n's are a sequence number in columns 73-80.

The Statistics File can be punched on cards by including a PUNCH
control card in the input deck, as shown in Figure 1. Note that
in the example, the CHARACTER control parameter requests that the

deck be punched in character form instead of binary form. The
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character form deck requires a significantly greater number
of cards than the binary (hexadecimal) form to contain the
same information; however, the binary numbers are not as

easily understood by the user.

The option to punch a single dummy Field Description Card
(instead of all field description cards contained in input
Statistics Files) is activated by the control parameter

'ONEFIELD'.
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PICTUREPRINT

The Pictureprint function reads data from the Multispectral Image
Storage Tape and produces alphanumeric pictorial printouts of the
data for each channel that is specified. The pictorial printout
is normally used to check data quality and to select subsets
(rectangular fields) of the data that will be used as Test and
Training fields for other functions, usually STATISTICS, SAMPLE-
CLASSIFY, or PRINTRESULTS. The fields are identified by compar-
ing a photograph to the Pictureprint pictorial printout and
selecting the line and column (sample) numbers that define the
field corners. These line and column numbers are then keypunched
onto Field Description Cards for use as input to the other
functions. PICTUREPRINT also has the capability of reading Field
Description Cards and printing the field boundaries on the

pictorial printout so the user can check his field selections.

The pictorial map uses alphanumeric symbols to simulate gray
scale tones. Experience has shown that 10 symbols, each of which
has an equal probability of appearing, best accomplishes this
purpose. PICTUREPRINT allows for the use of from 2 to 16 symbols.
The symbols may be taken from a pre-defined set or may be
specified by the user. The pre-defined symbols programmed into
PICTUREPRINT are included in the description of the SYMBOLS

control card in the Control Card Dictionary (Appendix I)., The
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symbols may be automatically assigned to a range of data values
based on "equal likelihood" of appearance, or the ranges of

data values may be specified by the user.

Unless instructed otherwise, the function will automatically use
a subset of 10 pre-defined symbols and will assign these ten
symbols to "equally active" ranges of data. It accomplishes
this as follows:
¢ It histograms the data for each channel that is to be
mapped, or uses a histogram that has been previously
stored on disk or read in on cards.
® It integrates the histogram to find equal distribution
cut-offs for the ten symbols that are to appear on the
map.
¢® It then assigns each of the ten ranges to one of the ten

symbols in order of increasing magnitude.

If the user wishes to vary this procedure, he has three options at
his disposal. He may specify alternate symbols to be used instead
of the pre-defined set; he may specify a different number of
symbols to be used; and/or he may assign the actual data ranges

to be used for each symbol. If he specifies the symbols to be
used (on a SYMBOLS control card), they replace the function's
pre-defined symbols, and the number that is used will be the
number that he supplies. The data for each channel will still be
histogrammed, and the histograms will be partitioned so that each

of these symbols has an equal probability of occurring.
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The user may specify that a specific number of the pre-defined
symbols be used on the map. He accomplishes this through the
‘NLEV' parameter on a SYMBOLS card. He may specify from 2 to
16 symbols. The data will again be histogrammed and the symbols

assigned as above.

If the user wishes to deviate from the "equal likelihood"
assignment of symbols, he may do so by including a HISTOGRAM
LEVELSCARDS control card and levels data cards in the input deck.
The levels cards specify, for each channel, the data ranges that
are to be used in assigning the symbols. The symbols that are
assigned will be either the pre-~defined symbols that PICTUREPRINT
normally uses or symbols that the user has specified on a

SYMBOLS control card.

Figure 1 shows a sample input deck for the Pictureprint function.
Included in the deck is a SYMBOLS control card to specify a
particular set of symbols to appear on the pictorial map. Since
user-defined levels (HISTOGRAM LEVELSCARDS) are not specified,
the 11 symbols defined on the SYMBOLS card (the 10th and 1l1lth
are blanks) will be assigned to 11 equally active ranges of data
values. The pictorial map in Figure 2 illustrates how this

information is documented in the map header.
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PRINT is the primary data quality and image editing function for
the user. Once the data quality is approved and Field Description
Cards are produced, the user can proceed to the pattern recog-
nition functions of STATISTICS, SEPARABILITY, CLASSIFYPOINTS,

SAMPLECLASSIFY and CLUSTER.

Input Files

The primary input data files are the Multispectral Image Storage
Tapes. Pictureprint uses data from these tapes for two purposes:
to compute histograms that will be used to assign "equally
active" data ranges to symbols, and to display a pictorial map
of the data based on some symbol assignment. The data that is
used for histogramming need not be from the same run that is
being mapped, and if it is from the same run, it need not be

the same data samples.

Two control cards specify the data that is to be used for these
two purposes. The DISPLAY card defines the area that is to be

mapped, and the BLOCK card the data that is to be histogrammed.
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A DISPLAY card containing a valid run number is always required.
In addition, the user must specify the line and column numbers,
and their respective intervals, or else allow the default
values for these parameters to be used. The standard ways of
specifying line and column information are to specify on the
DISPLAY card the LINE(x,y,2z),COL(X,y,z) information (where x
equals the first line or column, y the last, and z the interval),
or to specify a particular width with the 'WIDTH(x)f parameter.
The 'WIDTH' parameter will cause the column interval to be
adjusted to provide a pictorial map as wide in pages as the
number specified. There are a number of combinations of
default values for line and column information, and the user
should refer to the description of the DISPLAY card in the

Control Card Dictionary in Appendix I for complete information.

A BLOCK control card is used only if the user wishes to compute
histograms but does not wish to follow the standard procedure
for selecting the data to be histogrammed. The standard pro-
cedure (if the BLOCK card is omitted), is to select the data to
be histogrammed from the same data run that is specified on the
DISPLAY card, and to take the samples from every tenth column

of every tenth line of the area specified on that card.
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The sample input deck in Figure 1 illustrates the use of these
two control cards. The BLOCK card was included in this case
in order to histogram samples from every line and column

rather than every tenth line and column.

Specification of Histogramming

The user controls the selection of histograms that will be used
to assign symbols by using the HISTOGRAM control card. There
are four possible choices in this area:
e Histograms may be calculated from the data area that is
specified on the DISPLAY (or BLOCK) card
e Histograms that were previously stored on the user's
A-disk may be used
e Histograms may be read in card form

e The user may assign his own data ranges for each symbol.

These alternatives are implemented, respectively, through the
'"COMPUTE', 'DISK', 'HISTOCARDS', and 'LEVELSCARDS' parameters on
the HISTOGRAM card. If this control card is omitted, PICTUREPRINT
assumes the 'COMPUTE' parameter. If the user specifies 'DISK’',

he may use either a set of histograms that were calculated in

his current terminal session, or he may (if he has issued the
'HISTOGRAM USE' command prior to activating the Pictureprint
function) use a set of histograms that were stored on his A-disk.
The sample input deck in Figure 1 does not include a HISTOGRAM

card, so the histograms will be calculated.
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Specification of Channels

The channels to be printed out by this function are usually
specified by using a CHANNELS card. The CHANNELS card is required
unless 'HISTOGRAM LEVELSCARDS' is specified, which requires the
channels be identified on the Levels data cards. A separate
pictorial printout and histogram (optional) are generated for

each channel. The CHANNELS card in Figure 1 specifies that
channel 9 should be used. For more complete information on the

CHANNELS card refer to Appendix I.

Specification of Boundaries

The user may enter Field Description Cards to define boundaries
that are to appear on the map. IARSFRISmaintains a disk file
(FIELD BNDRIES) which stores these boundaries for the duration
of a terminal session. The file is empty at Login time, or

after issuing an 'i larsys' command.

The user may control the use of these field boundaries with the
BOUNDARY control card. It has three parameters:
® 'DELETE' to delete all stored boundary information
® 'STORE' to read Field Description Cards and store the
boundary information on the disk
®* 'OUTLINE' to outline stored boundaries on the pictorial

printout.
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The sample BOUNDARY card in Figure 1 requests 'DELETE', 'STORE'
and 'OUTLINE'. This will cause PICTUREPRINT to read the Field
Description Cards that are included in the deck behind the
DATA card, to store the boundary information on the disk, and
to outline the fields on the pictorial printout. The printout

in Figure 2 shows how these fields are outlines.

Output Files

When PICTUREPRINT calculates a histogram, it writes the results
on the Histogram File on the temporary disk. This file can be
used as input by HISTOGRAM or GRAPHHISTOGRAM, and may be saved
for future use with the 'HISTOGRAM SAVE' command. The user
may also get the results punched into card form by using a
'"PUNCH HIST' card as shown in Figure 1. This deck is useful
for histograms that should be saved beyond the current terminal
session. The cards may then be used later for input to

PICTUREPRINT.

The user should check the punched deck to ensure that he has a
complete Histogram Deck. The first card should be "LARS HISTO",
and the last card should be

"EQH ***** T, AST DATA CARD OF HISTOGRAM DECK ****#*%

The text on each card begins in column 1.
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Standard Printer Output

The Pictureprint function prints a summary of the user's input
deck. This includes a list of the input control cards, a list
of the options selected, and other particular characteristics

about the run, such as the number of gray levels (symbols)

selected. An example of this output is shown in Figure 3.

In addition, the function will print one pictorial printout for
each channel that was specified. A pictorial map that was
created by the sample deck for channel 9 is shown in Figure 2.
The printout includes information about the data run and the
channel, the character set (symbols) used for display, the data

that was histogrammed, and then the map itself.

Optional Printer Output

There are three optional printer outputs that are produced based

on the use of the HISTOGRAM, BOUNDARY, and PRINT cards.

Histogram Summary

This summary shows the data that was histogrammed and the
following statistics for each channel histogrammed: data
range, mean, standard deviation and the normalized range
(the mean plus and minus three standard deviations). The
output is produced only if the HISTOGRAM COMPUTE card is
supplied. Figure 4 shows a sample of this output. This

output can also be produced by HISTOGRAM.
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Field Cards Stored

This output is produced when the 'BOUNDARY STORE' card is
used. It provides a list of the fields added to the disk
file during the current function. An example is shown in

Figure 5.

Histogram Graphs

These graphs are produced when the 'PRINT HIST' card is
used. One graph per channel histogrammed is printed. The
graphs are identical to those produced by GRAPHHISTOGRAM.

Figure 6 shows an example of the histogram for channel 9.
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PRINTRESULTS

The PRINTRESULTS function provides a variety of printed outputs
describing the classification results produced by the CLASSIFY-
POINTS function. The function provides the researcher with a

flexible capability to display the results of a classification

in the form of a map image and/or tabular outputs.

Input to the function consists of the Classification Results
File and an input deck of control cards and (in some cases)

data cards. Four types of output are produced:

. A map image of the classified area composed of printed
symbols representing the selected classes, or ranges of
the coded discriminant values.

Test and training fields listings to describe these
fields.

. Performance tables for the test and training fields and
test and training classes to show how points belonging
to these fields and classes were actually classified.

. A summary listing of the statistical data used in the

classification.

All performance tables and the statistics summary are optional
and must be requested by the user. In addition, certain other
outputs may be suppressed, or additional copies of all of the

above may be requested.




PRI-2

Options are available to control the form and content of the
output:

. Different classes may be grouped into a common class
for performance calculations.

. A subset of the classified area may be designated for
processing.

. The user may assign any symbols available to represent
the classes and groups that are shown on the map.

. The user may apply threshold values to points on the
map to eliminate those points with a low probability
associated with the class to which they were classified.
Points which are "thresholded" are not printed on the
map. Any or all classes may have thresholding applied.

. The map can be created based on the coded discriminant

values recorded on the classification results file.

Figure 1 shows a typical Printresults input deck. This deck will
display results of the Classification Results File created by the
example classification used in the description of the Classify-

points function.

Required Control Cards

The -RESULTS card specifies the location of the Classification Re-
sults File that is to be used for input, and the SYMBOLS card
specifies the symbols (alphabetic, numeric, or punctuation) that

are to be used on the map to represent the classes.
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RESULTS Card

The Classification Results File may reside on tape or disk.
If it is on tape, the RESULTS card will specify the tape
and file numbers. If PRINTRESULTS immediately follows a
Classifypoints run, the results file tape used will still
be mounted, but the tape still must be specified on the

RESULTS card.

If the file is on a scratch tape, a tape number of '000'
is used. Scratch tapes may be used when CLASSIFYPOINTS
and PRINTRESULTS are run successively. In this case, the
tape remains mounted for the Printresults run, and no

further identification of the tape number is needed.

The 'RESULTS DISK' form of the card (as in the example in
Figure i) specifies that the results file is to be taken
from disk. The results file from the last run of
CLASSIFYPOINTS (subsequent to the 'i larsys' command) will

be available on disk.

SYMBOLS Card

The user must designate on the SYMBOLS card the symbols to
be used to represent each class on the PRINTRESULTS
classification map. These symbols or characters are
assigned to every class defined to the Classifypoints

function and stored in the results file. The same symbol
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may be assigned to two more classes, thus grouping them
for map-image purposes. The sample deck in the figure
specifies the symbols for classes 1 to 5, respectively,
to be 'C,S,0,H,F'. The class numbers are those assigned

in CLASSIFYPOINTS.

Optional Input

Four optional control cards may be used to control PRINTRESULTS

processing. The cards and their purpose are as follows:

The

. BLOCK -defines a subset of the classified area for
mapping and calculations.

.  GROUP -groups two or more classes into a single class

for performance calculations.

. THRESHOLD -applies thresholding to the printing of points

on the classification map.

. PROBABILITY -defines ranges of values related to the
probability of correct classification and
requests maps and/or tables based on these
ranges.

. PSYMBOLS -assigns symbols to the ranges defined above

for printing of maps.

. Field Description Cards -specifies test fields.

use of these cards is described below.

Defining Subsets to be Mapped and Calculated

The user may define a subset of the classified area by
using the BLOCK card. This card specifies the run
number and the lines and column coordinates for the
area. The BLOCK card in Figure 1 specifies that all
data points classified from run 71053001 be used for

the map and for calculations.
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Normally, performance calculations are based on the entire
results file. However, by including the 'CALC' parameter
on the BLOCK card (as shown in the figure), they will be

based on just the area specified on the BLOCK card.

Grouping Classes

A GROUP card is used to group classes for performance
calculations. For example, when computing the number of
samples classified into each class, the user may wish to
consider OAT/WHT, HAY, and FOREST as a single class of
OTHER. Grouping done with this card will have no effect

on the map output, so all classes still must be assigned

symbols.

The sample GROUP card in Figure 1 places the five classes
on the results file into three classes for performance
calculations. Note that the format is the same as for
the CLASSES card in the Classifypoint function (except
that the keyword is GROUP instead of CLASSES). However,
single classes need not be included on the GROUP card.
For instance, 'SOYBEANS(2/2/)' could be omitted, and
OTHER designated as '(2/3,4,5/)'. The Printresults
function will then automatically assign the remaining
class (SOYBEANS) to class 3 and assign the same class

name that is provided in the results file.
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Applying Threshold Values

Thresholding is the assignment of points to a "null" class by
comparing each point's probability of belonging to its assigned
class to a "threshold" probability for that class. If its
probability of belonging to the assigned class is smaller than
the threshold probability, the point is considered to be a
member of the null class, i.e., "is thresholded". All
thresholded points are left blank on the map-image of the

classified area.

Thresholding is requested by a THRESHOLD control card in the
input deck. The user must specify on the card a threshold
percentage for each class that was defined in the classification.
If he does not wish a particular class to have thresholding
applied, he must specify a zero threshold value. The threshold
percentage is entered on the card as a decimal number that
represents, roughly, the percentage of points the user expects

to be thresholded in the training fields for that class.

The number of points thresholded is listed in the performance
tables, and the thresholded percentages that were used are
printed along with the list of channels used and classes con-
sidered. It is important to note that points thresholded
within training and test fields are counted as classification

errors in all performance tables.
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The range of threshold values, from 0.0 to 14.9 and from
15 to 99, provides accuracies in the tenths of percentages
below 15 and whole percentages above 15. Each value is
entered on the card in the same order as the class numbers
of the classes to which they apply, i.e., the first value

applies to Class 1, the second to Class 2, etc.

As an example, assume that a user wants to specify the
following threshold percentages to four classes in the

Classification Results File:

Class 1 - 1.5%
Class 2 - 20.0%
Class 3 - 0.1%
Class 4 - no thresholding applied.

The control card will be:
THRESHOLD 1.5,20.0,0.1,0.0
An optional form may be used to advantage to denote the
same threshold percentage for several classes that are
adjacent in the positional sequence. For instance, four
classes above could all be specified at 5.0% by using:
THRESHOLD 4*5.0
Class sequences can be grouped with this form also:
THRESHOLD 2*33,2%67.0
This statement will threshold classes 1 and 2 at 33.0% and

classes 3 and 4 at 67.0%.
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The THRESHOLD card in Figure 1 specifies that the first two
classes are to be thresholded at 0.1% and no thresholding is

to be applied to the last three classes.

A more complete discussion of the thresholding algorithm is

included in the description fo CLASSIFYPOINTS.

Requesting Maps and/or Tables Based on the Coded Discriminant
Values

As discussed in the description of the Classifypoints algor-
ithm, the discriminant values which are calculated to assign
a pixel to the most likely class are coded and stored on the
Classification Results File. If a PROBABILITY card is . in-
cluded in the input deck to the Printresults processor, then
these coded numbers are converted back to the associated per-
cent rejection rate for a Chi-Square distribution. These per-
centages represent, roughly, the percentage of points which
are less likely to belong to that class (in other words, the
percentage of points that would be thresholded) in the train-
ing fields for that class. This percent is often related to
the point's probability of belonging to its assigned class.
On the PROBABILITY card, the user may also specify the in-
tervals of these percentages into which the points are to be
grouped. One such card might appear as follows:

PROBABILITY 90., 75., 50., 25., 3., 0
This would define ranges of:
Range 1: 90% through 100% Range 4: 25% through 49%
Range 2: 75% through 89% Range 5: 3% through 24%

Range 3: 50% through 74% Range 6: 0% through 2%
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A related card, PSYMBOLS, could be supplied to assign sym-
bols to the above percent ranges for printing a map. If

the card PROBABILITY is specified with no ranges, 8 default
ranges are provided. In addition, 8 symbols are pre-defined
to go along with these ranges. These defaults correspond to

the following input cards:

PROBABILITY 80,60,45,30,20,10,3,0

PSYMBOLS M, X, 0, I, /, -, .

Specifying Test Fields

A test field is a subset of the classified area that is used
to test the accuracy of the classification. Each test field
is identified as belonging to one of the groups defined on

the GROUP card, and is assigned a "group number" on this ba-
sis. If grouping is not used (no GROUP card in the input

deck) these numbers will correspond to the class numbers as-
signed in the classification function for the classification

run.

Test fields are defined, and are assigned group numbers, by
a series of data cards in the following sequence:

DATA
TEST n
Field Description Cards
TEST m

Field Description Cards
The class of each test field is specified by the 'TEST n'
and 'TEST m' card, where n and m are the numbers assigned to

the groups or classes. Field Description cards supply the
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coordinates (run, line and column numbers) for each field
that is included in the group. Any number of fields may be
included in each group. Performance tables for these test
fields and classes are produced as a result of PRINT card

options, which are explained below.

The example deck in Figure 1 shows the definition of several

test fields, which are identified as belonging to three groups.

Data cards which define the test fields, and assign group num-
bers to them, must be included in the input deck if any of
the following options are exercised:

. Outlines of test fields

. Performance tables for test fields and/or test classes

. Tables of test field performance percentages or

acreages

If none of these options are requested, this deck must not

be included.

Standard Output

Three standard outputs are provided by PRINTRESULTS:
. An Input Deck Summary
. A Map of the Classified Area

. A List of all Training Fields and Test Fields
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Figure 2 is the Input Deck Listing produced by the sample input
deck in Figure 1. Two of the items listed under the heading
"PRINTRESULTS SUPERVISOR INFORMATION...." should be noted. The
first is the "Classification Study” number that appears on the
firgst line. This is the identification number that is assigned
to each classification by the Classifypoints function. Since
the Classification Results File that is used in this example
was produced by the example input deck for the Classifypoints
function description, the identification number is the same as
the one shown there. The "NUMBER OF TRAINING FIELDS SAVED..."
line shows the number of training fields from the Statistics
Deck that were used in the classification. Since CLASSIFYPOINTS
need not use all of the training fields defined to the
Statistics function, this number need not represent the total

number of training fields in the Statistics Deck.

Figure 3 is the map-image produced by running the example deck.
Note that most of the information that is needed for interpreting
the map is included in a table under the heading of "CLASSES".
This map should be compared to the much simpler map of the

same area that was produced by the Classifypoints function.

Figure 4 is the Training Fields Listing and Figure 5 is the
Test Fields Listing. The former lists the training fields
actually used in the classification and the latter the test

fields that were defined to PRINTRESULTS in its input deck.
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Optional controls may be imposed on the last three of these
outputs with the PRINT control card. One map is always produced
unless the 'PRINT MAPS(n)' specifies either no map (n=0) be
printed or additional copies (n greater than 1) be printed. A

'"PRINT NOLIST' card deletes the training and test fields list.

Optional Output

The PRINT card provides control of optional printed output.
Besides affecting the standard output, as explained above, this
control card enables the user to:
¢ Request a listing of the Statistics used in the
classification.
® Request performance tables for training fields and
classes and test fields and classes. These tables also
include the standard channels and classes header
information that appears on the map.
® Designate test and training fields to be outlined on the

map.

The example input deck (Figure 1) produced the outputs shown

in Figures 6 through 11 on the following pages.
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Requesting the Statistics Listing

A listing of statistics used in the classification may be
requested by the 'STATS' parameter on the PRINT control
card. This listing contains the means and standard devia-
tions of each channel and the correlation matrix of the
channels for each class. The sample output is shown in

Figure 6.

Requesting Performance Tables

Performance tables can be requested for training and/or
test fields and/or classes. These tables list the number
of samples from each field or class that was classified
correctly and the number of samples that were classified
into each class. For test fields, a table of percentages

also may be requested.

A combination of parameters enables the user to select the
performance tables to be printed. The parameters specify
either test or training samples (TEST or TRAIN) as well as
whether performance tables for fields (F), classes (C), or
both (F,C) are to be printed. 1In addition, a percentage
table for test field performance may be specified by a 'P',
and a table of acres and hectares for test fields may be

specified by an 'A'.
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CLASSIFICATION STUDY 417929788

CLASSee e OAT/HWHT
CHANNEL 2 8
SPECTRAL 0.48 = 0.72 =
BAND 0.51 0.92
KEAN 97.02 111.95
$STD. DEV. 4.50 8.59
CORRELATION MATRIX
SPECTRAL 0.48 - 0.72 =
BAND 0.51 0.92
0,48~

0.51 1.00

0,72=

0.92 ~0.30 1.00
9.30=

11.70 0.58 -0.74
CLASS. ... HAY
CHANNEL 2 8
SPECTRAL 0.48 - Q.72 =
BAND 0.51 0.92
MEAN 106.72 80.54
STD. DEV. 4.19 4.36
CORRELATION MATRIX
SPECTRAL 0.48 =  0.72 =
BAND ° 0.51 0 0.92
0.43-

0.51 1.00

0.72-

.52 -0.67 1.00
9,30~

11.70 0.80 -0.71
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The user may request more than one copy of these tables by
using the 'TABLES(n)' parameter on the PRINT card. For the
sample run shown in Figure 1, a single copy of all tables

was requested by default. These performance table listings

are shown in Figures 7 to 1l.

Designating Outlines for the Map

Training and test fields can be outlined on the map by
using another option on the PRINT card. Training fields are
outlined with asterisk symbols (*), test fields with plus
signs (+), and boundaries that are common to both test and
training fields with dollar signs ($). Since the fields
are defined either in the results file or in the Test Field
Data Deck, it is only necessary to specify that outlining
be done. Three options are offered:

PRINT OUTLINE (TRAIN) - outline training fields

PRINT OUTLINE(TEST) - outline test fields

PRINT OUTLINE (TRAIN,TEST) - outline both
Since the outlines are printed outside the field boundary,
if the field and the map share boundaries or if the field
is not completely shown by the area displayed, the outline

will not be closed.
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EENO LABORATORY FOR APPLICATIONS UF REMOTE SENSING AUG 30,1974
AUL SPENCER PURDUE UNIVERSITY 3 0L 1e PN
LARSYS VERSIUN 3
CLASSIFICATION STUDY 424253584 CLASSIFIED AUG 3041974
CLASSIFICATION WRITTEN ON DISK
CHANNFLS LUSED
LCHANNEL 2 SPECTRAL BAND Q.48 _T0__0.51_MICROMETERS .. _LALIBRATION CODE w_ ) _ CO. w 23,10 .
CHANNEL 9 SPECTRAL BAND 1,00 TO 1.40 MICROMETERS CALIBRATION CODE = 1 o0 = 22,90
LHANNEL 12  SPECTRAL RAND 9.30 10 11,70 MICAOMETERS . CAL JIBRATION CODF = 1 £0 u_ _20.40
LLASSES -
CLASS WEIGHT  GROUP JIHRES PLY L1 ASS MEJGHT GROUP IHRES PLI
1 CORN 0.290 CORN Q.10 4 HAY 0.110 OTHER 0.0
— 2 SOYBFANS 0.310 SOYREANS _C.l0_ _ == =~ =~ S FORESI  0.195 OTHER 0.0
3 OAT/WHT 0,095 OTHER Q.0

TRAINING FIELD PERFORMANCE

NUMBER OF SAMPLES CLASSIFIED INTO

FI1ELD GROUP NO OF PCT,
SHOI O

L=6 CGRN 81 100.0 81 0 0 4]
L=1 CORN —90 100.0Q 90 0 o] D
D*s CORN 192 92,17 178 0 9 5
He} LORN 112 mo-q 112 fs] 1] 0
] SOYBEARNS 20 95.0 o 19 o 1

L~8 _SOYBEANS _ 12.100.0 [v] 72 0 a__ - e
0%s SOYBEANS 160 99.4 ° 159 1 0
He2 SOYRFEAAS 34__Al.8 Q 21 13 Q
F-9 OTHER 119 9646 4 0 115 0

K=& OTHER 20__.95.0 1 1] 19 1] e - e et e e e
Ge2 OTHER 27 100.0 0 0 27 )
R=1 OTHER 40 _100.0 0 0. 40 a_
6*3 OTHER 40 97.8 1 ) 19 0
H=b OIBER 50__92.0 1 R 46 [+]
Es2 OTHER 78 100.0 0 78 0
10141 “1as_ A “27a T3a1 T

OVERALL PERFORMANCE( 1096/ 1135) = 94,4

Figure 7: Training Field Performance Table
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CEMO LABOKATORY FOR APPLICATIONS OF REMOTE SENSING AYG 30,1974
PAUL SPENCER PURDUE UNIVERSITY g Qo1 16 &M
LARSYS VERSION 3
CLASSIFICATIUN STUDY 424253564 CLASSIFIED AUG 30,1974
- B CLASSIFICATION WRITTEN DN DISK
CHANNFR S LSEY - — ——
s CHANNEL 2 SPECTRAL BAND 0,48 TO 0.5 MICRCMETERS  CALIBRATION CODE « 1 CO = 23,10
CHANNEL 9 SPECTRAL BAND 1.00 TO 1.4C MICRCHETEWS CALIBRATINN CODE = I co = 22.90
e CHAMNEL 12 SPECTRAL BAND 9.30 70 11.70 MICRCHEVERS  CALIBRATION CODE = X (0 .= 20,60 .
R e — _CLasses
CLASS MEIGLHY GROUP IHRES PCY CLASS MELGHT GRCUP IHRES PLY
1 CORN 0.290 CORN c.10 & HAY 0.110 OTHER 2.0
— 2. SOYBEANS 0.310 SOYBEANS  €.10 5 FOREST  ©0.195  OTHER 0.0
3 OAT/MNT  0.095 OTHER .0

TEST FIELD PERFORMANCE

NUMBER OF "SAMPLES CLASSIFIED INTC

pigyg,  seow L CORN SDYBEAMS _ OYHEN THRSHOAD
c-s CORN 99 99.0 98 1 [} °
. F=8__ CORN .. 288 100.0 288 0 0 [
0e3 CORN 88 100.0 [T 0 ° °
R-2 CORN Se 85,2 Y 1 1 0
r-11 CORN 126 98.4 124 ° 2 0
- k-5 CoRM . 24 81.5 21 0 2 1
Fe3 CORN 95 92.6 88 c 7 °
1-3 SOYBEANS 16 5749 24 44 1 1
Hes SOYBEARS 12 100.0 [} 12 [ [
, "o SOYBEANS . . 24 100.0 [} 2¢ 0 1
Fes SOYBEANS 144 611 31 [ 25 [
He3 SOYREANS. «0 100.0 0 20 Q
23} SOYBEANS 144 97.9 0 161 [}
€-7_._ _SOYBEANS . ... .130 100.0 [} 130 [
F-10 SOYBEANS 270 18,1 1 an s [
0-2 SOYSEANS A23 93,2 1 a0 20 By
o-2 SOYBEANS 26 100.0 © 24 °
g3 SOYBEANS 12 8.3 [Ty Iy _ 0 [
a-3 SOYBEARS 70 100.0 [ 70 [ 0
L-2 GTHER 140 100.0 ° c 140 [
c-t OTHER 20 95.0 ° o 19 1
_O-3 . OTHER . 21.100.0. __ @ [ R § S . R
t- oTHER 52 92.3 2 2 a8 °
E®) GIHER e LY IV.Y k§ 0 33 0
Des oTHER 91 «2.9 o ° 3y 52
. E®2 | OTHER __ 291 99.C 3 Q 294 o
1-k-123  OTHER 105 76.2 13 0 80 12
Felr2/0 OIHER 108 98,3 4 a Ans 0
GeL OTHER 110 100.0 ° [} 11 0
_medle . QIMER .. .17 IT.3 o 1386 a0
ToTAL "3293 529 1095 1tel “Yos
OVERALL PERFORMANCE( 2874/ 32931 = 87,3

Figure 8:

Test Field Performance Table
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B:ss SPENCER LABORATORY Fon’c:&!culezas?f'uenun SENSTNG Agcgll? x;;‘
LARSYS VERSION 3
CLASSTFICATION STUDY 424253504 CLASSIFIED AUG 3041974
CLASSTFICATION wa{TYEN ON DI13K
CHANMELS USEQD
- CHANNEL 2 SPECTRAL BAND .48 TO 0,51 MICRCMETERS __. CALISRATION LODE = 1 L0 s 23,40
CHANNEL 9 SPECTAAL BAND 1.00 TO 1.40 MICRCMETERS CALIBRATION CODE = ) o= 22.9
CHANNEL 12  SPECTRAL BAND 9,30 1O X1.70 MICROMETERS  CALIBRAYIONM LODE = 3 L0 o 20,40
e — e SAASSES
CLASS MEIGHT GROUP _ THRES PCY CAASS  WMEIGHT _ GROUP  YNAES #CY
1 coRN 0.290 COAN 0.10 . HAY . 0.110  OTHER 0.0
— 2 SOYGEANS 0,310 SOYREANS .10 5. FOREST  0.195 OUMER fa0
3 OAT/MHT  0.095 OTHER c.0
TEST FIELD PERCENTAGE (PCT.)
F1gre croup ;‘2,,‘,’; PERCENTAGE OF SAWPLES cussxn!: INTO
c-3 CORN 9 99.0 1.0 0.0 0.0
e F-B CORN 0000 200 @ 100.0 = 0.0 0.0 Qa0
De3 Corn [ 100.0 0.0 0.0 0.0
A2 CORN 54 5.2 1.2 13.9 0.0
r-11 corn 126 8.0 0.0 1.6 0.0
K-35 _ __CORN 24 LYY ] 9.9 (%] 4.2
Fe3 conn 5 2.8 0.0 7.4 c.0
1-3 SOYBEANS 18 kY IY SL.9 9.2 1.3
s SOYBEANS 12 0.0 100.0 0.0 0.0
- H-e ___SOYPEANS 24 0.0 __100.0 Q.0 0.0
Fes SOYBEANS 144 21.5 61.1 1.4 0.0
H=3 SOYBEANS R0 100,0 0.0 0.t
oe1 SOYBEANS 0.0 7.9 2.1 0.0
<7 SOYBEANS _0.0 100.0 0.0 0.0
F-10 SOYBEANS 0.4 78.1 21.8 .0
0-2 SOYBEANS 0.3 93.2 82 0.3
0-2 SOYBEARS 0.0 100.0 0.0 0.0
e %3 SOYBEANS 1.1 8.3 0.0 0.0
-3 SOYBEANS 0.0 100.0 0.0 0.0
-2 OTHER 0.0 0.0 100.0 0.0
(2 OTHER 0.0 0.0 95.0 3.0
R =5 1 OTHER 0.0 0.0 100.0 0.0
[T OTHER 3.8 3.3 92.3 0.0
Ee} OINHER Ak LY Y N0, S5iah. o0
[ © OTHER 91 0.0 0.0 42.9 s7.1
Es2  ___ OTHER 291 1.0 Q.0 9.0 0.0 °
1-K~123 OTHER 105 12.4 0.0 T6.2 11.4
Fels2/8 QOTHER 108 3.1 .0 LT § 0.0
s OTHER 110 0.0 0.0 100.0 0.0
e ... H®M& _ DIMER 1Y . 0.0 0.0 77.3 22.1
ToraL T3293 8.2 B3 o X
OVERALL PERFORMANCE( 2874/ 3293) = 87.3

Figure 9:

Test Field Percentage Table
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AUL SPENCER

LABORATORY Foapsaguc REMOTE SENSING AUG_ 30,1974

LARSYS VERSION 3

AT1ON £
VE UNlVE&S TY

CLASSIFICATION STUDY 424253584 CLASSIFIED AUG 30,1974

CLASSIFICATION WRITTEN ON DISK

CHANNELS LISED

CHANNEL 2 SPECTRAL BAND 0,48 TO 0,51 MICROMEYERS _ CALIBRATION CODE = } €O = 23,10
CHANNEL 9 SPECTRAL BAND 1.00 TO 1.40 MICROMETERS CALIBRATION CODE = 1 CO = 22.90

CHANNEL 12  SPECTRAL BAND 9,30 T0 11,70 MICROMFIERS  CALIRRATION CODE = 1 L0 s 20.60Q
CLASSES
CLASS MEIGHT __GROUP __ IHRES PCT CLASS  WEIGHT __ GROUP  THRFS PLI
CORN 0,230 CUORN ¢.10 L) HAY 0.110 QTHER 0.0
_ SOYBEANS __0.310 SOYBEANS _ 0410 S5 FOREST _0.195 _ OTHER 0.0
OAT/WHT  0.095 OTHER 0.0

TRAINING CLASS PERFORMANCE

NUMBER OF SAMPLES CLASSIFIED INTO

GROUP NO OF PCT,
SAMPS CORCT  CORN _ SOYREANS OTHER THRSHOLD
1 CORN 475 97.1 461 0 9 5
e 2 SOYBEANS 286 94.8 0 271 14 1
3 DTHER 374 97.3 7 3 364 0
I0TAL “113s Yy "27a YY) -
. _DYERALL PERFORMANCE! 10964 1135) = _96.6

AVERAGE PERFURMANCE BY CLASS( 289.1/ 3) = 96.4

Figure 10: Training Class Performance Table
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EMD ABORATORY FOR _APPLICATION REMOTE SENSING AUG 30,1974
gAUL SPENCER LABGR PURDU& UNlVEaS?ﬁY 3 01 gs PM
LARSYS VERSION 3
CLASSIFICATION STUDY 424253584 CLASSIFIED AUG 3041974
CLASSIFICATIDN WRITTEN ON DISK
CHANNEL S_USED
CHANNEL _2 _ _ SPECTRAL BAND__0.48 ID 0.51 MICROMETERS  CALIBRATION_ CODE =_1 CO s 23,10
CHANNEL 9 SPECTRAL BAND 1.00 TO 1.40 MICROMETERS CALIBRATION CGDE = 1 CoO = 22.90
CHANNFL 12 SPECTRAL RAND 9.30 T 11.70 MICROMETERS CALIARATINN CODE = 1 CO_a __20.50
CLASSES I S
CLASS MEIGHY _GROUP  THRES PCT CLASS MEIGHT  GRGOUP___ THRES. PCT
1 CORN © 0290 CORN 0.10 & HAY 0.110 OTHER 0.0
SOYBEANS 0.310 SOYBEANS Q.10 s EOREST 0,195 _OTHER .. 0.0
3 OCAT/WNHT 0.095 OTHER .0

TEST CLASS PERFORMANCE

NUMBER OF SAMPLES CLASSIFIED INTC

GROUP 2{2 OF PCT‘.:T coan 2 T n
1 CORN 774 97.3 753 2 18 1
—_— 2 _SOYBEANS.  _ 1329__82.1 122 1091 113 2
3 oHer B U N V. LI 1
IQTAL : 3293 29 1095 1161 108
————fVERALL _PEREORMANCE( 28141 3293) = 81,3

AVERAGE PERFURMANCE'BY CLASS{ 265.9/ 3) = 08.6

Figure 1ll: Test Class Performance Table
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PUNCHSTATISTICS

The Punchstatistics function produces a punched deck of the
Statistics File that is contained in a Classification Results
File. The Statistics File on the results tape is a duplicate

of that which was used as input to the Classifypoints function.

The only input data to PUNCHSTATISTICS is a Classification
Results File specified by the user. The file must reside on
tape to be accepted by the function. The outputs are the
punched Statistics File and a listing identifying the results

file that was used. The latter output is optional.

Control Cards

Other than the Function Selector Card and END card, which are
required for all functions, there are only two Punchstatistics
control cards - the FROM card and the PRINT card. The FROM
Control Card is always required. It specifies the tape and
file numbers of the file to be used. Figure 1 illustrates a
sample input deck in which the FROM card specifies Tape 1043
and File 1. Scratch tapes ('TAPE(0)') are not usable for this

function.

The user may suppress most of the information from the standard
listing by using the optional ‘PRINT NOLIST' card. The result

of this option is explained below in the output description.
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T
FROM TAPEC1043),FILECD

Figure 1. Input Deck for PUNCHSTATISTICS
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Punched Card Output

The principal output of PUNCHSTATISTICS is a Statistics Deck
which is identical to that produced by the Statistics function.
The deck contains the Field Description Cards, number of points
in each class, number of classes and fields, channels information,

mean vectors, and covariance matrices.

Printed Output

In addition to the punched output, the function produces a
Control Card summary listing and a Classification Results File
ID Listing. An example of the Control Card summary is shown

in Figure 2.

The second standard printed output, the Classification Results
File ID Listing, contains the tape and file numbers, channels
used in the classification, the class names, the class weights
if any were assigned, and the calibration and channels infor-
mation for each area classified. Figure 3 is an example of this
output. The user may suppress this listing by including the

'PRINT NOLIST' control card in his input deck.



T UTOEM UABDRATORY FOR_APPLICAT]ONS OF REMOTE SENSING AR " T,19713
12 19 57 pM
BulEL;ps PURDUL 0N veRsT%y LARgYS YERSTON 3
*PUNCHSTATESTICS
~-EROM. TAPELLOAZIWFILEL) .. . —— S - e U

-— YOU HAVE SELECTED THE FOLLOWING OPTIONS _

TAPE 1043 FILE 1 WILL BE USED
B - — PUN-2

Figure 2.

Control Card Summary for PUNCHSTATISTICS
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9553 SPENCER

LABORATORY FOR_APPLICATIONS OF REWOTE SENSING AJG,_ 3q.1318
PURDUE UNIVERSITY f.5¢ 4 pu
LARSYS “VERSION 3

JAPE== 1043

EJLE==__1 CLASSIFIER- AUG 30,1974

CHANNELS USED

CTRANNEL 2 SPECTRAL BAND ~ 0.48 TU U.51 WICRORETERS CAUTBRATION CODE = I
CHANNEL 9 SPECTRAL BAND 1,00 TO 1l.40 MICROUMETERS CALIBRATION CODE = 1
CHANNEL 12 SPECTRAL BAND ~ 9.30 TOII.70 MICROMETERS CALTBRATION COOE = 1

CLASSES AND WEIGHTS

CLASS CLASS CLAES CLAéS CLASS CLASS CLASS
WE IGHT WEIGHT WETGHT WEIGHT WEIGHT WEIGHT WEIGHT
CURN SOY?EINS DAT/WHT HAY FOREST
0.290 0.310 0.095 0.110 0.19%
RUN AREA CLASSIFIED FLIGHT L INE
71053300 LINES==w= 425 10 644 BY 2 COLUMNS == 1 TO 222 By 2 CRN BLT LO FL210O

CALIBRATION VALUES

CHANNEL 2 C0 = 23.10
CHANNEL 9 C0 = 22.90

CHANNEL 12 CG = 20.60
NUMBER OF LINES CLASSIFIED 1S 110

Figure 3:

Classification Results File ID Listing

g-NNd



RATIOMEANS

The RATIOMEANS function calculates the ratio of class means between
two sets of channels (visible/infrared) . This function can be
used also to transfer a LARSFRIS Statistics file from cards to

the user's T disk.

Input to the RATIOMEANS function consists of:
- Control cards to select the processing function and
output options.
- A LARSFRIS statistics file, which may be obtained from
either cards, disk, or a classification results tape.

Figure 1 shows a sample RATIOMEANS input deck.

The RATIOMEANS function always produces the following standard
printed output.

- A listing of the control cards that were supplied by the
user.

- A list of the options selected by the user.

- Tables containing the identification of each class (class
number, class symbol, and class name) , the class mean
values in every channel, the sum of the means in all
channels (Magnitude), the ratio (visible/infrared) of
every class, the percent response corresponding to the
visible and infrared portions of the spectrum, the class
variance, and the number of points in each class. These
tables are ordered by either class number, by magnitude,

or by ratio values. (See Figure 2.)
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The user may specify any number of channels (up to 60 channels)

to be treated as visible or infrared. If an OPTIONS control

card is used, both the visible and the infrared options have to

be specified. It is possible to have several OPTIONS cards for
each option, or one OPTIONS card for both the visible and infrared
options. In order to allow for differential weighting of selected
channels, the user may repeat the selected channels any number

of times. The inclusion of an OPTIONS card suppresses the
printing of the variances, number of points in each class, and

the tables ordered by magnitude and ratio values. If an OPTIONS
control card is not used, the RATIOMEANS function will automatically
select the first two channels in the statistics file to be treated
as visible channels and the second two channels as infrared

channels. This default is only valid for Landsat MSS data.

The NORATIOS control card allows the user to transfer the LARSFRIS
statistics file from either cards or the classification results

tape to the user's T disk.

The PRINT control card enables the user to obtain a listing of
the classification results file information when the LARSFRIS
statistics file is requested from a classifjication results tape
[ FROM TAPE (TTT), FILE (FF). ] The classification results
information is identical to that obtained from the LARSFRIS

*LISTRESULTS function. See Figure 3.

The spectral band ratios have been utilized by a number of remote

sensing data analysts as an aid to identify ground cover types.



RAT-3

For further discussion on the applications of spectral band ratios
refer to: Kristof and Zachary (1971), Gorsuch (1974), Kristof
and Baumgardner (1975), Thie et al. (1975), Tarnocai and Krsitof

(1976) , Weismiller et al. (1976) and Singh et al. (1979).
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Figure 1. Sample RATIOMEANS input deck.
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10

10103 CPU TIME USED WAS

iy LHBURHIUKT FUN AFFLILATIURD UF XEAUIE DEMDIRG UL vy
PURDUE UNIVERSITY 09 34 08 AM
LARSYS VERSION 3
HIHH MM N ORDERED BY CLASS HHH I R

SYMBDLS CLASS  MAGNITUDE

VRO ER T e = EODNM DI I

Figure 2.

VIS/IR PLT.VIS  PCT.IR

. 82.79 17.21
1.4234 58.74 41.28
. 8 .1

38.227 SECONDS. (LARGMN)

Sample RATIOMEANS standard output




FRIS LABORATORY FOR APPLICATIONS OF REMOTE
PURDUE UNIVERSITY
TAPE-- 527 FILE-—- | CLASSIF
CHANNELS

CHAMNEL 1  SPECTRAL BAND 0.50 TO 0.60 NICROMETERS
CHANNEL 2  SPECTRAL BAND 0.60 TD 0.70 MICROMETERS
CHANNEL 3  SPECTRAL BAND 0.70 TO 0.80 MICROMETERS
CHANNEL 4  SPECTRAL BAND 0.80 TO 1.10 MICROMETERS

SENGING 0CcT 10,1860
09 34 08 AN
LARSYS VERSION 2
1ED- JULY 19,1978

CALIBRATION CODE = 1
CALIBRATION CODE =
CALIBRATION CODE = 1
CALIBRATION CODE = 1

CLASSES
CLASS CLASS CLASS CLASS CLASS CLASS CLASS
01 02 03 04 05 06 07
o8 09 10 i1 12 13 14
13 16
RUN AREA CLASSIFIED FLIGHT LINE
76020401 LINES—- 877 T0O 1661 BY | COLUMNS— 1 TO 1000 BY 1 200513402 GUAT

CALIBRATION VALUES

s s S e ot

CHANNEL 1 C0 = 0.0
CHANNEL 2 CO = 0.0
CHANNEL 3C0 = 0.0
CHANNEL 4 CO= 0.0
NUMBER OF LINES CLASSIFIED IS

85

Figure 3. Sample RATIOMEANS output when the LARSYS statistics
file is requested from a classification results tape
and the PRINT control card is included.
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SAMPLECLASSIFY

The Sampleclassify function implements a statistical distance
measure for classifying "samples" (test fields) from the
Multispectral Image Storage Tape. It provides an experimental
system for testing a classification scheme which uses spatial
information (user input field boundaries). It employs mean
vectors and covariance matrices for the training classes (com-
puted by the Statistics function) and for the test fields
(computed by the Sampleclassify function) to calculate the
distance between the probability density function of each test
field being classified and the probability density function of
each of the training classes. It then assigns the field to the

closest training class.

Input to the function is:
* pata from the Multispectral Image Storage Tape(s).
® cControl Cards to select the processing and output options.
* A Statistics File from the Statistics function to describe
the training classes.
® Field Description Cards to identify the area or areas

to be classified (test fields).

SAMPLECLASSIFY produces six standard and one optional printed

outputs. The standard outputs are:
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L A control card summary

e A list of channels and training classes considered.

¢ A list of the training fields that were used.

. A list showing identification information from the
Multispectral Image Storage Tape with a list of the
fields classified from the tape.

. A list of the classified fields in the order sup-
plied in the input deck.

o A performance summary table.

The optional output is a listing of the statistics for each
of the training classes. More detailed information on these
listings, and an example of each of them, is given later in

this description.

Inputs

The m;jor inputs to the Sampleclassify function are the
statistical description of the training classes, a descrip-
tion of the areas to be classified, data from the Multispec-
tral Image Storage Tape, and an evaluation procedure. Data
for the statistical description of the training classes
originated in a Statistics File generated by the Statistics
function. By specifying a subset of the channels with a
CHANNELS card or by using an optional classes card, the user
can specify that only a subset of the data on the Statis-

tics File will be used. The CLASSES card is used to pool the



statistics of two or more classes in the file into a single
"pooled class", and the CHANNELS card identifies the specific

wavelength bands to be used in the classification.

The Sampleclassify function uses these inputs to compute the
statistical description of each of the test fields. These test
fields are defined by Field Description Cards that specify a
data subset from a Multispectral Image Storage Tape to be used
in the calculation. The evaluation procedure is defined by a
GROUP card, or default options, which identify the evaluation
classes and by the location of the Field Description Cards

(test fields) in the input deck.

Statistics File Input: A Statistics File, generated by the

IARSFRIS Statistics function, must be available to the Sample-
classify function and may be input as a disk file or as punched
cards. If the file that is to be used is on disk, there is no
need to specify such. SAMPLECLASSIFY assumes that it is going

to be input from disk and will automatically look for it there.
If, however, the disk file that is to be used was generated in

a previous terminal session and saved on the user's A-disk via
the STATDECK SAVE command, then the user must notify LARSYS that
this file will be used by issuing the STATDECK USE command before

starting the Sampleclassify run.
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If the file is to be input from punched cards, the CARDS
READSTATS control card must be included in the input deck, and
the Statistics File on punched cards must be the first group
of data cards in the deck, i.e., they must come after all con-

trol cards and before the Field Description Cards.

The class statistics that are contained in the Statistics File
may be used to classify fields (test fields); however the

user also has the option of further defining the training classes
with a CLASSES card. This card is used to pool the statistics

of different classes from the Statistics File to form new
classes ("pooled classes"). Any number of the original classes
in the Statistics File may be pooled in this manner. If the

user employs this option he must specifically include on a
CLASSES card all of the classes he wishes to use. Any that are
not included will be dropped from consideration in the

classification.

Use of CLASSES Card: The CLASSES control card is used either to

select a subset of the classes present in the Statistics File,

or to combine classes into pooled classes. 1In the first case,

the user need only specify the class number of the classes he
wishes to employ. For example, if there were 10 classes available
from the Statistics File, the card;

CLASSES 1,3,5,6




would indicate that only classes 1,3,5, and 6 are to be
employed for classification; classes 2,4,7,8,9, and 10 are
ignored. For evaluation purposes, discussed later, classes
1,3,5 and 6 will also be reassigned to training class numbers

1,2,3 and 4.

To combine two or more classes into one pooled class, the
user assigns a name and class number to the pool and specifies
the classes to be included. For example, assume there are
eleven classes defined in the training class statistics, and
the user wishes to process the following combinations:
¢®* A pooled class called CORN created from classes
1 and 2 in the Statistics File.
® A pooled class called SOYBEANS created from classes
3 and 4 in the Statistics File.
The control card format to specify this option is:
CLASSES CORN(1/1,2/),SOYBEANS(2/3,4/)
Note that the number immediately following a left parenthesis
specifies the pooled class number. These must be in ascending
order and are given the name to the left of the parenthesis.
Note also that the class numbers, defined in the Statistics

File, to be pooled are enclosed by slashes (/).
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The example that is shown above is the same as the first CLASSES
card in the sample input deck in Figure 1. This input deck
assumes that a Statistics File that contains nine training classes
exists on disk. The nine classes have here Been re-defined with
CLASSES cards into five "pooled classes". For instance, the
first CLASSES card defines the pooled class CORN and specifies
that the statistics from the first two classes in the Statistics
File are to be pooled together to create the new training class.
The same card also defines the new training class SOYBEANS
(equating it to Statistics File class numbers 3 and 4). Note
that class 7 from the Statistics File is not used in this

classification.

The training classes defined for the example classification will
be CORN, SOYBEANS, OW(Oats and Wheat), HAY and FOREST. These
classes are assigned class numbers 1 through 5 respectively.
Since three channels (7,8 and 12) were specified on the CHANNELS
card, the statistical descriptions of these training classes will
contain statistics for these three wavelength bands. A PRINT
STATS card is included in the input deck to print the resulting

statistics.

Specification of Channels: The channels to be used by SAMPLE-

CLASSIFY for both training and test statistical descriptions

must be specified on a CHANNELS card. The Control Card
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Dictionary (Appendix I) describes in detail two forms of this
card and how to use each of them. The CHANNELS card shown in

Figure 1 indicates that channels 7,8, and 12 are to be used.

Evaluation of Classification: The Sampleclassify function will

classify each test field by calculating the "distance" between
the probability density function of the "field" and the
probability density function of each training class and will
assign the field to the closest training class. Training classes
are selected because of their ability to classify fields and

not necessarily because of their informational value. Two or
more subclasses might, therefore, be defined for a class of
interest; and an evaluation of the classifier requires this

subclass information.

In Figure 1, for example, the classifier was designed to classify
CORN, SOYBEANS and OTHER. 1In the final training class definition
three subclasses of OTHER are defined. The evaluation should
consider only the three principal classes, however, and the

GROUP card is provided for this purpose.

The GROUP control card allows the user to combine training
classes into performance groups. This grouping does not affect
the training class statistics in any way. The classes that are

identified on the GROUP card are merely gathered together into




a common group for the purpose of calculating classification
performance. If the training classes are the same as the
performance classes, a GROUP card is not required and the
performance class names and numbers are set equal to the training

class names and numbers.

The GROUP card in Fiqure 1 creates three performance classes,
CORN, SOYBEANS and OTHER; and assigns a name and a number to
each of these. The performance class number is the number

" to the right of the left parenthesis following the performance
class name. The numbers enclosed in slashes following perfor-
mance class number are the training class numbers of the train-
ing classes to be grouped into the performance class. The

CORN and SOYBEANS performance classes are to be formed from

only a single training class each - classes 1 and 2 respectively.
However, all of the fields classified as training class 3, 4 or

5 (OW HAT or FOREST) are to be considered in the OTHER performance

class - performance class number 3.

Specification of Test Fields: A deck of Field Description cards

is required in the input deck. These cards identify the location
of the data for each field to be classified - each "test field".
Either of two forms of the Field Description Card may be used.
They are both described in the Control Card Dictionary in

Appendix I.
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The function will use the run number specified on the Field
Description Card to search the User or System Runtable to
identify the appropriate Multispectral Image Storage Tape and
have it mounted. (The form and content of this data tape is
described in Appendix IV.) Data from the lines and columns
specified on the Field Description Card will then be used to

calculate the probability density function for the field.

The user must also specify the performance class, number to
which the field is assigned. This information is necessary in
order to calculate classification performance tables. It is
supplied on TEST cards, which contain the keyword TEST in the
first four columns, followed by a blank and the performance
class number. The TEST card for each field (or group of fields)
must immediately precede the Field Description Cards(s) for the

field(s).

Figure 1 illustrates the use of TEST cards. The Field Descrip-
tion Cards that define the test fields for each of the three
performance classes are grouped behind their appropriate TEST
card i.e., the TEST card bearing the appropriate performance
class number. The test fields known from ground observations
to be corn are grouped behind the 'TEST 1' card, those known to
be soybeans behind the 'TEST 2' card and those known to be

anything other than corn or soybeans behind the 'TEST 3' card.
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If the fields have not been observed on the ground and/or only
classification, not performance, is desired all fields can be

placed after a single 'TEST 1' card.

The user is cautioned that there are three levels of class names
and numbers used in the Sampleclassify function. They are the
class names and numbers assigned in the input Statistics File,
those specified on CLASSES cards, and those specified on GROUP
cards. The following points summarize relationships between

these three:

® Training class names and numbers are automatically
defined by the Statistics File unless CLASSES cards
are used; in which case they are defined by both the
Statistics File and the CLASSES cards. If CLASSES
cards are used, all training classes to be considered
in the classification must be specified on one of
these cards; whether or not they are being pooled with
other classes.

* performance class names and numbers are equal to train-
ing class names and numbers unless defined differently
on a GROUP card.

* Test fields are arranged in the input deck in groups
corresponding to the performance class numbers they

are assigned to.




SAM~-12

® Final class numbers (of any of the three types) are

always consecutive integers starting with 1.

Outputs

Standard Printer Output: There are six standard output listings

generated by SAMPLECLASSIFY:

1. An Input Deck. The Sampleclassify function first
prints a table of information showing how it has
interpreted the user's input deck control cards, a
list of options the user has selected, and particular
characteristics about the run; such as the number of
training classes and channels used, the channel
numbers used, etc. An example of this output is

shown in Figure 2.

2. A classes and channels table. This shows the class

name for each training class defined; and the channel
number, spectral band, and calibration code for each
channel used from the Statistics File. A sample is

shown in Figure 3.

3. A Table of Saved Training Fields. This shows training

field information for each defined training class.
The information includes the run number, field

designation, line and column coordinates, field type,
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and "other information" (supplied on the Field
Description Card in the STATISTICS run). The class
name assigned in the STATISTICS run, and class name
assigned in this SAMPLECLASSIFY run is also shown
for each field. A sample of this table is shown in

Figure 4.

Classification Results in Data Tape Order. This is the

first of two listings that give the classification
results. The table lists, for each field, the input
group name (performance class name), the group it was
classified into (training class name), run number, line
and column boundaries and the number of points. This

information is ordered by increasing line number on

.the data tape. Also printed as a heading on this

output is a Run Identification Table which shows the
run information obtained from the ID record on the
data tape, and the spectral bands and calibration
codes used in the classification. Figure 5 shows a

sample of this output.

Classification Results in User Input Order. This is

the second listing that gives classification results.

This one is ordered by field in the same sequence they
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were ordered in the input deck. It lists the field
identification, the name of the performance class to
which it was assigned in the input deck, the name of
the performance class into which it was classified,
the name of the training class (or pooled class) into
which it was classified, run number, and line and
column information of the field. See Figure 6 for a

sample of this output.

Classification Performance Summary. Summary informa-

tion is printed for each performance class showing
the number of fields that were input for the class,
the percentage of those fields classified correctly,
the number of data points in the class and the
percentage of data points classified correctly. A
matrix is also printed to show the number of fields
that were classified into each performance class.

For example, the listing in Figure 7 shows that 11 of
12 test fields that were designated as soybeans were

classified as soybeans and 1 was classified as corn.
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Optional Printer Output: The only optional printer output in

the Sampleclassify function is the Statistics Summary for the
training classes. It is generated by the use of a PRINT STATS
control card in the input deck. This summary shows the mean
and the standard deviation of the spectral value for each
channel, and a correlation matrix of the channels for each
class used in the SAMPLECLASSIFY run. Figure 8 shows a sample

of this output for the classes CORN and SOYBEANS.
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The Classification Algorithm

In SAMPLECLASSIFY or "per-field classification”, a statistical
characterization of the data points in a field (any rectangular
area on the ground) is calculated and compared against the
statistical characterizations of the training classes. Then
the field (i.e., the aggregate of points in the field) is
classified as a single unit. This is in contrast to the
point-by-point classification method in which each observation
is given a classification which is assigned independently of

all other observations.

Formally, the sample classification procedure may be defined as
follows:
Let d(®,°) be a measure defining the distance between two
probability density functions and let {p(XIwi), i=1, 2,
..., M} be a set of pfobability density functions corres-
ponding to the classes Wy wz,...,wm. If X is a sample
(a set of observations) with estimated probability density
p(xlwx) then:
Decide {X} € wy if and only if
dlp(x|wy), p(x]u)1< dlp(X|u), p(xX|uy)]
for all i, j, =1, 2, ..., m.
For writing the definition of the distance measure used (Jeffries-

Matusita distance [JM distance]), see LARS INFO NOTE 100771), it
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is convenient to use an abbreviated notation for the density

functions. Let
p; (X) = p (X|w,).

Then the JM distance between density functions pl(x) and pz(x)

' 2 1l/2
| lerm - vpm)? ax (1)
x .

where the integral is over the entire multi-dimensional space

is given by

>

dlp, (X),p, (X)]

of X. By defining

p(pl,pz) = jx/bl(x7 . /pz(x) dx (2)

the JM distance can be expressed as

1/2

dlpy (X),p,(X)] = [2(1-p(p,,P,))] (3)

In the case of gaussian distributions with class mean vectors
Mi’ covariance matrices Ki' and a sample with mean Mx and

covariance matrix Kx' Eq. (2) can be written in the form
i

-1.,-1,1/4
P el

D(lepi) =
1,.-1..-1,,1/2
Ii(Kx +Ki )l
1l -1 -1l,-1,.-1 -1 T., -1 -1
exp[-z Coegh e kg ThaC, ¢ kT 1T, + kTG ()
X 11

T -1 T ~1
+ M, K M+ MK, Mi{]

It is significant that this expression can be evaluated without

performing explicit integration.
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The implementation of the algorithm in SAMPLECLASSIFY is such
that the JM distance —d[pl(x),pz(x)] -~ is not actually cal-
culated. Instead the value of ln(p(px,pi)) is computed and
used. This is possible since the only use of the distance
function is in comparisons, and the larger the value of
zn(p(px,pi)) the smaller the value of the JM distance. The
computation takes the following form in the program, with n
representing the number of degrees of freedom (dimension of K).

n
2

1
2 2| +

('KxKi')%

1 1

ln(p(px,pi)) = Ln - &n |K; +K;

‘1 -1 -1, -1, -1 -1 T, -1 -1
[.? {-[(Kx + Ki ) (Kx Mx + Ki Mi)] [Kx Mx + Kx Mi]

+ MoRCIM + TR Im, }] (5)
X X X ivi i
In practice, the M's and K's are usually not known, and estimates

are used which are obtained from training patterns and from the

sample to be classified.

Reference:

Wacker A.G., Landgrebe D.A., "The Minimum Distance Approach to
Classification", LARS Information Note 100771
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SECHO (Supervised Echo Classifier)
The SECHO classification functions are designed to identify
objects in multispectral data, gather the statistics of the
identified objects, and where possible, to classify the data

on an object-by-object basis.

The motivation for this approach to classification is to include
spatial as well as spectral information in the classification

algorithm and thereby increase the classification accuracy.

The SECHO processor benefits from spatial information by
aggregating into groups points whose spectral responses are

not significantly different in a statistical sense, and then
applying a maximum likelihood classification rule to these
homogeneous groups. Homogeneous objects are identified in a
three step process. First, cells are formed by systematically
partitioning thé data into N by N sized blocks of pixels. The
statistics of each cell are then compared to a homogeneity
threshold. Points which do not comprise homogeneous cells

(that is, constituent points of cells not meeting the homogeneity
criterion) are classified on a point basis, just as contemporary
classifiers catagorize all points. Statistics of adjoining
homogeneous cells are then compared. Adjoining cells which appear
to belong to the same statistical population on the basis of
user-supplied annexation thresholds are combined into a single
object and sample classified. SECHO makes use of pre-specified
multivariate normal class distributions to identify homogeneous

objects.
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Input to the function is:
- Data from a Multispectral Image Storage Tape,
- Control cards to select processing and output options,
- A statistics file containing the statistical description
of the training classes,
* A data deck containing Field Description Cards to identify

the area or areas to be classified.

The user has a wide range of control over the actual parameters
used when processing data. He may elect to produce in either a
one or two step approach a Classification Results File, which may
be placed either on tape or on disk. When the two step approach
is selected, the data is partitioned into N by N cells of user
specified size, statistics are gathered for the cells, and those
cells whose statistics do not pass the user-specified homogeneity
criterion* are identified. This cell processing information is
then written to an Intermediate Results Tape. The second phase
of the two step approach utilizes the Intermediate Results Tape
and the user-specified annexation criteria* to produce the
Classification Results File. The advantage of the two step
approach is that it allows the user to produce results utilizing
different cell-to-cell annexation parameters without needing to
repeat the expensive process of gathering cell statistics each
time. When running the supervised ECHO processor in a single
step approach, all processing listed above is accomplished without

the need of an Intermediate Results Tape.

* Analyst experience is required when specifyving the homogeneity
and annexation parameters. These two parameters greatly affect
the results.
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Although the Intermediate Results File has the same basic format
as the Classification Results File, it is used only for storing
information produced from the cell processing phase (where cell
refers to a N by N sized block of data points). This file is
used as input to the cell annexation phase which joins cells with

similar characteristics and produces classification results.

Note: The Intermediate Results File produced by supervised ECHO

processor is not compatible with the Intermediate Results File

produced by the nonsupervised ECHO processor. The Intermediate

Results Files generated by the two ECHO implementations should

not be stored on the same tape.

The Classification Results File is normally used as input to the
PRINTRESULTS function to produce a variety of printed output for
the evaluation of the classification. It is also the primary
input to the COPYRESULTS, LISTRESULTS, and PUNCHSTATISTICS
‘functions. The file must be sorted on tape for use by the

latter two LARSFRIS functions.

SECHO produces four standard and three optional printer output
products. Standard printer outputs include a control card listing,
a list of the channels considered, a list of classes to be used,
and an identification header listing characteristics of the run.
The optional printer outputs are statistical summaries for the
classes considered, a singular cell map, and a classification
summary map. Only one of the latter two map outputs may be
requested for a single execution of the processor.‘ More detailed

descriptions of these outputs appear later.
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Inputs

The supervised ECHO classifier, as mentioned above, consists

of two main parts: (1) the cell processing phase, carried out
first, in which cell statistics are gathered and the screening

of non-homogeneous (singular) cells is performed, and (2) the

cell annexation phase, where the cell information is used to

join or annex neighboring cells with sufficiently similar spectral
characteristics into fields (or groups of cells) and classify

each entire field. These processing steps can be conducted either
sequentially in a single execution of the processor or independently
in two separate SECHO executions. Consequently, the input data

required for each step of processing will be discussed separately.

Cell Processing Phase

The initial cell processing phase requires input of control

cards, Field Description Cards for the areas to be classified,

a Statistics Deck for training the classifier and for object
identification, and the Multispectral Image Storage Tape. The
supervised ECHO processor uses the identification information on
the LARSFRIS Field Description Cards, along with the System

or User Runtable File to identify and request the appropriate
Multispectral Image Storage Tape. The format of the Multispectral
Image Storage Data File and the LARSFRIS Runtable File can be

found in the LARSFRIS System Manual [7].

Input statistics must be placed in the Statistics File before

being used by the supervised ECHO classifier. A Statistics -
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File is made available to the ECHO classifier either by executing
one of the LARSFRIS functions that uses the statistics information
or by including the statistics information in the control card
file. Any of LARSFRIS functions CLASSIFYPOINTS, STATISTICS,
SEPARABILITY, CLUSTER, or SAMPLECLASSIFY may be used to transfer

the statistics into the Statistics File.

The 'STATDECK USE' command may also be issued to transfer to the

supervised ECHO processor a previously saved Statistics File.

If the user chooses to include the statistics in his supervised
ECHO input deck, he must also include a 'CARDS READSTATS' control
card in the deck. The statistics card deck is inserted into

the input deck as the first group of data cards, preceding the
Field Description Cards which describe the areas to be classified.
Otherwise, the Statistics File is assumed to reside on the user's

Temporary Disk.

Several control card parameters are required by the cell processing
phase. The channel numbers of the data to be processed are
required; the cell width (number of data points on each side of

a square cell) must be declared; the cell homogeneity threshold
(for differentiating homogeneous cells from singular cells) must

be specified; optional selection of a subset of the training
classes represented in the Statistics File may be specified;

and declaration of the areas to be classified must be made.

Another required input is the destination of the results. As
has been pointed out, the cell processing phase and the cell

annexation phase may be carried out either jointly, in a single
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execution of SECHO, or independently, in two separate executions
of SECHO. When the two phases are to be executed independently,
an Intermediate Results File must be specified as the destination
of the cell processing output. When the cell processing phase
and the cell annexation phase are to be run jointly in a single
execution of the processor, a destination for the final results
must be included. The Classification Results File may either

be placed on disk or on a Results Tape.

An example control card deck for executing the cell processing
phase (phase 1) of the supervised ECHO processor is presented

in Figure 1.

Cell Processing and Annexation

When all processing is to be accomplished in one step, (both
phases run in a single execution) only the annexation threshold
and final results location need to be added to the information
required by the cell processing phase. When the 'INTERMEDIATE
TAPE' control card in Figure 1 is replaced by a 'RESULTS' control
card and an 'ANNEXATION' control card is added, cell processing
and annexation occur in one step and a Classification Results
File is produced. Figure 2 is an example of the control cards
necessary for the execution of both the cell processing (phase 1)
and the cell annexation (phase 2) algorithms in a single step.
Note: No 'INTERMEDIATE' control card may be used when single

step processing is desired.
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Cell Annexation Phase

When independent execution of the cell annexation phase (phase 2)
is desired, the 'INTERMEDIATE' control card is required to specify
input from the Intermediate Tape File, produced by the previously
executed cell processing phase (phase 1). An 'QPTIONS INTERMEDIATE'
control card must appear in the card deck to indicate that only
the cell annexation algorithm is desired. In addition, a
Classification Results File destination must be specified. All
cell width, channel calibration, and optional selection of
training classes information is extracted from the Intermediate
Tape and need not be respecified. Figure 3 is an example of the
control cards necessary to run phase 2 ECHO classification.
Execution of the control cards in Figure 1 would have supplied

the Intermediate Results Tape which contains the cell processing

input for the annexation phase.

Specification of Channels

The multispectral data channels to be used by the supervised
ECHO classifier must be specified by including the CHANNELS
control card. This control card must appear whenever the cell
processing is to be performed (either for execution of the cell
processing chase or for joint execution of both ECHO phases).
The user specifies channels in this manner:

CHANNELS I, J. .
where I, J, . . . are the channel numbers to be used. Appendix
IV of the LARSFRIS User's Manual [8] contains information on how

this card may also be used to calibrate data from the Multispectral
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Image Storage Tape.

Optional Selection of Training Classes

The user may select the training classes from the Statistics File
that are to be used by supervised ECHO's cell processing phase
(phase 1), and he may combine training classes into pools. These
options are exercised by using the 'CLASSES' control card.
For example, if the user wishes to use only classes 1, 3 and 5
of seven training classes previously defined by the Statistics
function the control card entry would be:

CLASSES 1, 3, 5
In this case, the class name assigned by the statistics function
as classes 1, 3, and 5 will be retained by SECHO and the other

classes will be totally ignored.

To combine two or more classes into one class, the user assigns
a name (up to eight characters) to the pooled class to be created
and specifies the classes to be included in the pooled class.
For example, assume there are eight classes available in the
training statistics, and the user wishes to process the following
combinations:

* POOLA (pool A) will be classes 1 and 2.

* POOLB will be classes 4, 6, and 7.

* POOLC will be class 5 only.

* Classes 3 and 8 will be ignored.
The control card format to specify this option will be:

CLASSES POOLA(1/1,2/), POOLB(2/4,6,7/), POOLC(3/5/)
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Note that the number immediately following a left parenthesis
specifies the pool sequence. Pool sequence numbers must be in
ascending order. Note also that the classes to be pooled (and

named) are enclosed by slashes (/).

When no 'CLASSES' card is specified, all the classes in the
statistics deck will be considered by the supervised ECHO processor

for both object identification and for classification.

Specification of Annexation Parameter

The annexation parameter is required for execution of the SECHO

processor when the two ECHO phases are to be run jointly or when

the cell annexation phase is to be run. The form of this card is:
ANNEXATION THRESHOLD (X.X)

where X.X is a floating point threshold for the generalized

likelihood ratio criterion for annexing to fields adjoining

homogeneous cells. The higher the annexation threshold, the

more likely it is that annexation will occur.

Specification of Cell Parameters

The cell width and homogeneity parameters are required by the
SECHO processor for execution of the cell processing phase or
joint execution of both SECHO phases. These parameters are
specified with a control card of the form:

CELL WIDTH (N), HOMOGENEITY (XX.X)
The width parameter represents the "width" of the cell in pixels.
Each cell is made up of N2 pixels of N columns and N lines. The

homogeneity parameter is used as a threshold for differentiating
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homogeneous cells from singular (non-homogeneous) cells. As the
homogeneity parameter increases, the likelihood that a cell will

be identified as homogeneous increases.

Specification of Areas to be Classified: The user must provide

the cell processing phase (phase 1) of the supervised ECHO
processor with Field Description Cards to define the area or
areas to be classified. These are included in the input deck
following a DATA gard. Either of two forms of this card may be
used. The formats are described in the Control Card Dictionary
for CLASSIFYPOINTS in appendix I of LARSFRIS User's Manual [8].
These Field Description Cards identify the specific portion of
data from the Multispectral Image Storage Tape that is to be
classified. The information is used by the processor to request
the appropriate tapes and access the desired segment(s) of the

specified data run.

Qutputs

Classification Results File: The principle output of the Super-

vised ECHO Classifier is the Classification Results File, which

in turn, is the primary input to other LARSFRIS functions: PRINT-
RESULTS, COPYRESULTS, LISTRESULTS, and PUNCHSTATISTICS. The loca-
tion of this file must be specified when either the single-step
(phase 1 and 2 executed jointly) or the cell-to-cell annexation
phase is to be executed. The location of this file is not
specified when only the cell processing phase is to be executed.
The file may reside on either tape or disk, and the user must

specify one or the other on a RESULTS control card. However, if
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the user wishes to save the results file, or if he wishes to use
it as input to the LARSFRIS LISTRESULTS or PUNCHSTATISTICS functions,
he must place it on tape or have it copied to tape by the COPY-

RESULTS function.

The user specifies where the Results File will reside by using
a RESULTS control card in one of three forms:

RESULTS TAPE {(xxx), FILE (nn)

RESULTS INITIALIZE, TAPE (xxX)

RESULTS DISK

A unique "classification study number", based on the date and
time of the run, is part of each Results File. The number,
identified as "classification study", is included on any outputs
that are subsequently derived from the results file. The form
of the identification number is "ydddsssss"; where y is the last
digit of year, ddd is the Julian date (day of the year001-365),
and sssss is the total number of seconds since the previous mid-

night.

The principal data on the Classification File is the categorization
of each input point made during the classification run. A

separate record is written for each line of the classification.
This record contains, for each point in the line, the class number
associated with the class to which the point was assigned. The
likelihood code, which is set by the LARSFRIS per point classifier,
is not assigned a value by the SECHO processor. The classification
results are used by the PRINTRESULTS function to produce detailed

maps of the classified area as well as tables of the test fields,
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training fields, and class performance. For more information on
these products, refer to the description of the PRINTRESULTS

function in the LARSFRIS User's Manual [8].

In addition to the classification results, the file contains
other data related to the Classification run:

* A complete copy of the Statistics File that was used
as input to the run. This file may be punched on cards
by using the PUNCHSTATISTICS function.

- Summary information about the classification and the
channels and classes that were used. A formatted
listing of this information may be produced by using
the LISTRESULTS function. This listing is also a
secondary product of both the PUNCHSTATISTICS and
the COPYRESULTS function.

* Reduced statistics (mean vectors and covariance matrices)

for the classes and channels used in the classification.

Intermediate Results File: A secondary output is the Inter-

mediate Results File, used only when cell processing and cell
annexation are to be performed independently by two separate
executions of the SECHO processor. The same control cards are

used for specifying the Intermediate Results location as for
specifying the classification results location except the card

is labeled 'INTERMEDIATE' rather than 'RESULTS' and the 'DISK'

is not a valid location. A tape file must be used for Intermediate
Results storage. The format of the Intermediate Results File is

similar to that of the Classification Results File. The class
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catagorizations and associated probabilities which appear for
each line of input data in the Classification Results File (see
LARSFRIS SYSTEMS MANUAL [7]) are replaced, in the supervised
ECHO Intermediate Results File, by the class numbers and cell
likelihood values for each row of N by N point cells. When
processing is to be carried out in two independent phases,

the 'INTERMEDIATE' card must appear in the control card decks
of both the cell processing and the cell annexation phase. The
'INTERMEDIATE' card identifies the destination of the principal
results of the cell processing phase when that phase is executed
independently. It identifies the location of the principal

input when the cell annexation phase is executed.

Standard Printer Output: The supervised ECHO classifier always

prints a summary of the user's input deck. The summary includes
a reproduction of the input deck control cards, a list of
options the user has selected, and particular characteristics
about the run, such as the number of class and channels used,
the channel numbers, etc. An example of this output is shown

in Figure 5.

In this case, the 'CARDS READSTATS' option indicates that the
Statistics Deck specifying the mean and covariance matrices
of the training classes appears as part of the control card
deck. The 'PRINT SINGULAR' causes a Singular Cell Map to be
generated. The absence of an 'INTERMEDIATE' card indicates
that both the cell processing and the cell-to-cell annexation

phases are to be executed.
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Standard Printer Output: The supervised ECHO classifier always

prints a summary of the user's input deck. The summary includes
a reproduction of the input deck control cards, a list of options
the user has selected, and particular characteristics about the
run, such as the number of class and channels used, the channel

numbers, etc. An example of this output is shown in Figure 5.

In this case, the 'CARDS READSTATS' option indicates that the
Statistics Deck specifying the mean and covariance matrices of
the training classes appears as part of the control card deck.
The 'PRINT SINGULAR' causes a Singular Cell Map to be generated.
The absence of an 'INTERMEDIATE' card indicates that both the
cell processing and the cell-to-cell annexation phases are to be

executed.

Several items listed under "SUPERVISED ECHO INFORMATION" in
Figure 4 are of particular interest. The list is always headed
by the Classification Study Number (the unique identification
number for the particular classification). The number of fields
used to generate the statistics for the classifier are also given.
Note that in this case 27 fields were used to generate the input

Statistics File.

The last item in the list, ("CHANNELS, SELECTED ARE...")
identifies the channels that will be used in the classification.
If the user had included a CHANNELS control card in his input

deck, the channels that were specified there would be listed.

There are three other standard printer outputs. They are:
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Figure 4. SECHO Summary Information.

BUIS LABORATORY FOR APPLICATIONS OF REMOTE SENSING SEPT_ 9,1980
10 05 24 AN
B PURDUE UNIVERSITY Pl ..

#5ECHO

ANNEXATION  THRES(3.0)
RESULTS TAPE(9338), INIT
CELL SIZE(2), HOMOG(SB.88)
CARDS READ

PRINT SING

SYHBm..s sS! ID’ 1“
CHANNELS 2.4

DATA

YOU HAVE SELECTED THE FOLLOWING SUPERVISED ECHO OPTIONS

USE STATISTICS FRU‘I CONTROL CARD DECK

PRINT SINGLAR CELL MAP ————— ~

FERFORM INITIAL CELL PROCESSING OF AREA

PERFORM CELL ANNEXATION AND PRODUCE CLASSIFICATION RESULTS

SUPERVISED ECHO INFORMATION....
CLASSIFICATION STUDY..ovseneses 25338403

mo m- cegcessssssEuBTEENEERN
Nﬂ uF CHANNE. essssnsIsssssEEnseD
NO. OF TRAINING FIELDS........ 27
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1. A Classes and Channels Table. This shows the class

name for each of the training classes (as defined

in the Supervised ECHO Classifier input deck) and

the channel number, spectral band, and calibration
code for each channel (taken from the Statistics File).
A sample is shown in Figure 5.

2. A Processing Parameters List. Figure 5 also contains

a list of the processing parameters. The cell width,
the annexation threshold, and the cell homogeneity
threshold are a recapitulation of control card inputs,
the number of channels and the number of pools results
from the information contained in the Statistics Deck.
These two parameters may be modified by the 'CLASSES'
and 'CHANNELS' control cards. The number of cell

lines which the program will hold based on the other
input requirements (classes, length of line, size of
cell) is specified. This value must be at least 2.

3. A Classification Run Identification Table. This

table shows the run information obtained from the input
tape ID record, the spectral band and calibration code
for each channel, and the coordinates for the area to be
classified. If a map is requested, this table will be
printed as a header for the map. An example of this
table is above the example printer map (Figure 7) which

appears in the description of optional printer output.
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LABORATORY FOR APPLICATIONS OF REMOTE SENSING SEPT  9,1980
' PURDUE UNIVERSITY 10 06 46 AN
LARSYS VERSION 3

TRAINING CLASSES

——

INNNN  DATANIS IN LARSYS FORMAT  (GADRUN)

PROCESSING PARAMETERS

CELL WIDTH = 2

NUMBER OF CHANNELS = 2

NUMBER OF POOLED CLASSES = 6
ANNEXATION THRESHOLD =  3.0000E 00

CELL HOMOGENEITY THRESHOLD =  5.8880F 01
NUMBER OF CELL LINES IN BUFFER = 130

CHANNELS FROM STATISTICS

SPECTRAL BAND CAL. CODE
0.0 0.0 1
50.00 0.60 1

Figure 5. Example SECHO Classes and Channels Table and

Processing Parameter List.
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Optional Printer Output: Three optional printer outputs may

be selected with the PRINT control card:

1.

Statistics Summary. This output is produced for each

of the classes (or pooled classes) used in the
classification. Its form and content is the same as
that produced in the LARSFRIS STATISTICS function,
except that it covers only the actual channels that

are to be used in the classification. It shows, for
each of the classes,the mean and the standard deviation
of the response for each channel of data, and a corre-
lation matrix of channels.

A Pictorial Classification Map. This map, generated

during the cell annexation phase of SECHO, is an image
of the entire classified area, with each point
represented by an alphanumeric symbol (a number,
character or special symbol). Figure 6 presents the
classification map which would result from Figure 4

if "class" was specified instead of "sing". Note

the standard Run Identification Qutput appears as a
header to the Classification Map. The symbol that is
used to represent each class on the map is recorded on
the Classes and Channels Listing. These symbols
default to assignment to each class (or pooled class)
based solely on the class number. Default assignments

are as follows:
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Class Number Symbol

1 through 9 numbers 1 through 9

10 through 35 characters A through Z

36 number 0

37 through 44 symbols +, =, *, §, /, &, (, and)
45 through 53 numbers 1 through 9

54 through 60 characters A through G

Alternatively, the user may specify symbols assignments
by use of a 'SYMBOLS' control card. For example:

SYMBOLS A,A,A,B,W,A,
would cause the first, second, third, and sixth classes
to be represented by an A on the classification map,
the fourth class by a B and the fifth class by a W.
More comprehensive and flexible mapping capabilities
are available through the LARSFRIS PRINTRESULTS function.
The reader should refer to the description of that
function in the LARSFRIS User's Manual 8 for an example

PRINTRESULTS output.

The user may use the PRINT control card to request
either or both outputs discussed to this point. A
'PRINT STATS' card will print only the statistics
summary, a 'PRINT CLASSIFICATION' card will print only
a map, and a 'PRINT STATS, CLASSIFICATION' card will
print both of them.

Singular Cell Map. This map is obtained from the

cell processing phase of the Supervised ECHO Classifier

function. Figure 7 is a Singular Cell Map of the same
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DATA TAPE/FILE NUMBER.. 3780/ 1
REFORMATTING DATE. JULY 7,1980
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tasenense 19005600
17092 SASK. CAN.

DATE DATA TAKEN... JULY 89,1979
TIME DATA TAKEN..... 1703 HOURS
PLATFORM ALTITUDE..3062000 FEET
GROUND HEADING..... O DEGREES

CHANNELS USED

CHANNEL 2 SPECTRAL BAND 0.0 TO 0.0 MICROMETERS  CALIBRATION CODE =t CO = 0.0

CHANNEL 4  SPECTRAL BAND 50.00 TO 0.50 MICROMETERS  CALIBRATION CODE =1 €0 = 0.0
AREA PROCESSED..... LINES  575- 624 (BY 1)
COLUMNS 2475- 2570 (BY 1)

22222222222222222222222222
ALAA4444444444444444444445

777779888888888999993993900000000001 11111111122227222223333333333444444 4444555555555 566666666667

56783012345678901234567630

2222222222222222222222222272222222222222222222222222222222222222227222
5555555595555555555595999599533379995555533335999999999999999999999995

b

12345678901234567890123456789012345678301 23456 7830123456 7830123456 7890

N ] NHHHRNKHD

576 HiHR WU HRHND

o RRHRRW RN WWWRDDDDS

518 HAUDDDD

579 e ] WWNWDDD

580 WRRHWHRAH RN WHMNDD

381 W RARHNHHRHW RN WD

382 W WRRNHRRR RN WHND

583 IR NR R NN R NN RN N N KdDD Y

584 WNHNRRN NN RNNK R KRR R D DDDS

38 W RN W RN RN RNDDDD  DDDDDD
586 NN RN MR RN WW{DDDD  DDDDDD
587 WHBNI NN KR E W RN HRNWWWDDDD

588 HRHRR RN RN LR R RN WlWWDDDDDDSS

389 W R RNNH MR MR N W R DDDDWWWRNKNKDEDDDDDDDDDD
390 HHHHHHHHHHWHHWHHWHHHWH DDDDNRHKKHKWDDDDDDRDDDDD

DDDDDDDDNWHNHWNKMADDDDDDRHMHDDDDDD

591 RINKHHRHRRBHNHNMH

592 HHHHHHHHHHHWHHH uuuu
593 WNNHRNNHWHNR

594 NHRRNMRKHWWN

595 WHHRHRHNHH

96 WWRH

DDDDDDDDRRNNWKNRNDI DD DDHRNRDDDDDD
DDDDSSDDDDDDIDDDDDKNNKKRNHHWDDEDDDDDDDDDDDDDDDDD
DDDDSSDDDDPDNDDDDDRWKKHNNWKKDDDDDDDDODDDDDDDDDDD

DDS DDDDDDUWHWWHNKHHHKHNAWHNHRKRRRDDDDDDDDODGDDDDD

596 MKNMN DDSDDDDDDDMHWWWHMDDDDWWDWWWD
997 SN s DDDDDEDDDDHNHNKRKHHRURIHNNRNAR KKK DD DD DDDDDDDDID
598 WHRRWHNH S DDDDDDDDDDHNWNMURKNHN MMM NHNRNRHANDD DD DD DD D DDDDD
RNHIBN SDDDDDDDDRHDDDDDDD DD DDRMRMRRHMMNINNMRNRKMNNNNNKHD DD DRKRWD DDDDD
600 KRHWRN DRDDDDDDDDKADDDDDDDDDDDDRNHHRKRNMHMRIRHMHNRNNANHKRHD DD DRRAWDDDDDD
801 Wi DDDDDDDDDDHKKNNRODDDDDDDDDHWDDDDDDNRHNRNRMKUMNHKINHHHDDDDDHDDDDDDDD
60Z WHHR DDDDDDDDDDHKHNWNDDDDDDDDDDWHODDDDDHARKNKNKNRRWNHKRWHKDDDD SDDODDDDD
603 DDDHHKHHHKRNNKAHWDDDDDDDDDDDDDIHNHMHRNRNNNWNNNMDDDDDD ~ SDDDSSDODDDD
604 SDDHWHHHRKHHNRNRWDDDDDDDDDDDDDDRHNHHRHRRNKNINNODDDDD DDSSODDDDD
605 DDDDDDDDDDDDDDDDDIDDDDDDDDD DHHNWHRKIKKHHRKNKDDDDD SDDSSSSS55558
606 DDDDDDDDDDDDDDDDDDDDDEDDDDDDKKHHKKKKRHNHHRWND DDDD DDDDSSS5S655SS
607 665858 DODDDDKDDDDDDDDIDDDDMHMHMANNHNDDDDDDDDDDS DDDDDDDDDBDDSSSSSSSSSS
608 S 855585 DDDDDDS DDDDDDDDDDDDWWHKWWKNRNDDDDDDDDDDDODDDDDDDDDDDDSSSSSSSSSS
609 DPDDDDDDDDDDDRKWHMNDDDS  DDDBDRDDDDDDDODDDDSSDDDD
610 DDDDDDDDDDDDRKHARWDD DDDDDDDDDDDODDDDDDSSERDD
e1 0DDDODDDDNHKMKKNDD DDPDDDSSSSDDDDSS 5555 S8
612 DDDDDDDDDUUNHKHNHDD DDDDDRSSSSDDDDSS S§SSS S5
613 DDDDDDKWDDDDDDHNKHDD pbod  DDDDD
614 DDDDDOKKDDDDDDHKWWDD oppd  DDDIS
615 DD DXSSB{NKDDDDDDDDDIDDDDDDDDDDDD 5998
616 SDDD DWWNKKWDDDDDDDDODRDDDDDDDDDDD 8558
617 DDNWNHRNDD DDDDDDDIDBRDDDDDDDDDDDDDDDDDRHD
618 DDWWWKRKDD SDDDDDDDODDDDDDDDDDDDDDDDDEDDDKKD

619 SSDDHRNWWRWKWWHHD

620 SSDDHHUHHMWRNRNRWHDS

621 DDNNNHNNWNWWWHHHRRKHOD
522 DDHWRNNWNNRKNHMKIHRNDD

623 NNMHRKHHMKWWNHNHDDHRHKRHDD
524 NNWMNWWKWNWWWW ~ DDNWWKNHDD

EOF RECORD WRITTEN.

10103 CPU TIME USED WAS  7.073 §

Figure 6.

DDDDDDRDDDDDDNDDDDDDDDDDDDDDDDDD

DDDDDDDDDDDDDDDEDBENDDDDDDDDDODD
DDBDDDDDDDRDDDDIDDDRDDDDDD
DDDRDODDDDDEDDDDDDDDDDDDDD

DDDD SDDDDD DDODDDDDDD

. DbDD DBDDDSDDDDODDDDD

ECONDS. (LARSHN)

Pictorial Classification Map.
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area as that represented on the Pictorial Classification
Map in Figure 6. By applying the cell selection
threshold supplied in the input control cards, non-
homogeneous cells are detected and screened out. The
singular cell map places a symbol ('0') at the
coordinator of each singular cell. Note that a character
on this map represents a cell of data, not a single
point. Hence, in Figure 7, since the cells are two by
two sized blocks of pixels, line and column headers are
incremented by two. This map is useful in detecting

a very non-homogeneous area, too high a value for the
cell selection parameter, or classes missing in the

statistics information.

Only one map can be produced by a single execution of

supervised ECHO classifier. Either a Classification

Map or the Singular Cell Map may optionally be produced,

but not both.
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LABORATORY FOR APPLICATIONS OF REMOTE SENSING SEPT  9,1980
PURDUE UNIVERSITY 10 07 30 AN
LARSYS VERSION 3

SEC-25

RUN NUMBER...cevee.s.. 79005600 DATE DATA TAKEN... JWLY 9,1979
FLIGHT LINE... 17092 SASK. CAN. TIME DATA TAKEN..... 1709 HOURS
DATA TAPE/FILE NUMBER.. 3780/ 1 PLATFORN ALTITUDE..3062000 FEET
REFORMATTING DATE. JULY 7,1980 GROUND HEADING..... 0 DEGREES

CHANNELS USED

CHANNEL 2  SPECTRAL BAND 0.0 TO 0.0 MICROMETERS  CALIBRATIONCODE =t CO = 0.0
CHANNEL 4  SPECTRAL BAND 50.00 TO 0.50 NICROMETERS  CALIBRATION CODE =1  CO = 0.0

AREA“PROCESSEA:...LIES SE— 52‘ -‘By 1)
COLUMNS 2475- 2570 (BY 1)

L gLl

8888893939000001111122222333334444455555666
379135791357913579135791357913579135731357913579

EOF RECORD WRITTEN.
10103 CPU TIME USED WAS  6.833 SECONDS. (LARSMN)

Figure 7. Example SECHO Singular Cell Map.
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SEPARABILITY

The Separability function helps the user select the set of
channels that will produce the most accurate classification by
the Classifypoints function. It uses class statistics to cal-
culate measurements of how well the individual classes may be
distinguished from one another, or the degree of "separability"

between the classes.

This function is implemented by using the mean vectors and
covariance matrices for classes to calculate the divergence (a
measure of distance between class densities) of all class pairs
for each set of channels. The transformed divergence, whose
saturation effect reduces the influence of very widely separated
class pairs, is computed. The function then ranks each set

of channels by either average or minimum transformed divergence

of the class pairs, depending on the choice of the user. 1In

either case, the ranking will be by greatest transformed divergence

value, i.e., the class pair having the largest average trans-
formed divergence or the pair having the largest minimum trans-

formed divergence will be ranked first.

In the pages that follow, "divergence" is used to refer to either
the divergence or to the transformed divergence. Distinction
between the two is made only when it is necessary to avoid

confusion.
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Inputs to the function are:
® Control cards to select the processing and output options.
® A Statistics File from the Statistics function to

provide class means and covariance matrices.

The initial divergence calculations are written on a scratch
(or work) filé. This is normally a disk file, but the function
estimates the space requirements before starting processing;
and if the estimated requirement is greater than the available
disk storage, a tape is used instead. A number of options are
available to control the type and amount of printed output and

the classes and channels that are used to calculate divergences.

The user may also use the interactive mode of this function to
rerank the divergences after varying one or more of the optional
parameters. This feature is implemented by the 'OPTIONS TYPE'
control card which causes a programmed pause at the end of the
processing for a set of channels. The keyboard is unlocked, and
the user may then type in any of a specific set of "control
cards" which modify the processing options. This feature will
be discussed in greater detail later in this functional descrip-

tion.
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The principal output of SEPARABILITY is the Separability Results
Listing. An example of part of this listing is shown in

Figure 1. The listing resulted from a user's request for the
best thirty combinations of channels, taken three at a time,
for nine classes. For each channel combination it shows the
minimum weighted divergence (DIJ(MIN)), the average of the
weighted divergences (D(AVE)), and the weighted interclass
divergence for each class pair (DIJ). 1In this particular list-
ing the channel combinations were ranked in order of decreasing
average interclass divergence (D(AVE)). An option of ranking
them by decreasing minimum divergence (DIJ(MIN)) is also

available.

Since there were nine classes considered (represented by the
symbols A,B,1,2,0,H,S,W, and F) in this example, there were
thirty-six class pairs. This required two more pages of out-
put to‘list all of the interclass divergence values. The last

two pages are not shown.

A record of the highest ranking combination of channels (ranked
number 1) is saved at the end of the function and may be auto-
matically used in place of the "CHANNELS" specification in the
Classifypoints function. This is accomplished by including an
AUTO CHANNELS card in the input .deck for the Classifypoints
function. This feature is usable only when the execution of

CLASSIFYPOINTS immediately follows that of SEPARABILITY.
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DIVERGENCE #**WITHs* SATURATING TRANSFORM

INTERCLASS DIVERGENCE (D1J)
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Figure 1. Sample Output of the SEPARABILITY Results Listing sEent

7-4ds
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There are three standard printed outputs in addition to the
Separability Results Listing. They are: a listing of the
control cards and options selected, a Classes and Channels
Table, and a Saved Training Fields Listing. The user may also
request a Statistics Summary, which lists the statistics for

the classes considered, and a special listing of all class pairs
whose maximum divergence for every channel combination printed
on the Separability Results Listing is less than a specified
value. All of these outputs are described in greater detail

later in this function description.

Inguts

Principal Inputs: The Statistics File, which contains a sta-

tistical description of classes, is the primary input to the
Separability function. It may be input as a card deck or as

a disk file. SEPARABILITY assumes the statistics are on disk
and will automatically look there, unless the 'CARD READSTATS'
control card is present in the input deck. If the Statistics
File is to be input on cards, it must be preceded by a 'DATA'
card and must come after all control cards and before the 'END'

card.

The user must provide an input deck which selects the Separability
function and specifies where the statistics data may be found,
how the processing is to be performed, and what outputs are to

be generated. It is always terminated by an END card. He may
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use control cards to select the channels to be considered,
select the training classes to be used and/or group the classes
into pooled classes, indicate the Statistics File which will be
entered on punched cards, request a specific channel combina-
tion be printed regardless of its rank, provide weights for
class pairs, and request various types and amounts of printed
output. Data cards may be used in the input deck to provide

the required Statistics File.

A sample input deck, which uses two SEPARABILITY runs to
illustrate several of these options, is shown in Figure 2. It

will be described further in the discussion which follows.

Selection of Classes: By using the CLASSES control card, the

user may select the specific classes or pool classes from the
Statistics File, and have them be considered by the function.
If the CLASSES card is omitted, all training classes in the
Statistics File are used. The statistics for pooled classes
are combined to form each new "class". For instance, if the
user wishes only to include classes 2, 3 and 5 in a run, he
would use the control card:

CLASSES 2, 3, S

A different format of the CLASSES card is used, however, to group
statistics classes into pooled classes. The second example in

Figure 2 shows two CLASSES cards that create five pooled classes
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Figure 2. 1Input Deck for SEPARABILITY
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from nine classes that are present in the Statistics File.
When the cards are processed, the following classes will result:
® Class 1, named CORN, will be defined by pooled statistics
for Classes 1 and 2 from the Statistics File.
® Class 2, SOYBEANS, will be defined from original classes
3 and 4.
® (Class 3, OAT/WHT, will be defined from classes 5 and 8.
* Class 4, HAY, will be defined from class 6.

¢ (Class 5, FOREST, will be defined from class 9.

Note that in the CLASSES card in Fiqure 2, the numbers immediately
following a left parenthesis specify pooled class numbers and

must be in ascending order. The statistics classes to be

pooled (and named) are enclosed by slashes(/). Class 7 in the

Statistics File was not used.

Specification of Symbols: The user May supply a symbol to be

used on the printed output to represent each defined class.
The format for the SYMBOLS card is:

SYMBOLS 81'82'53""
where Sl corresponds to the symbol to be used for the first
class (or pooled class),S2 the symbol for the second, etc. Any
symbol may be used. The SYMBOLS cards in Figure 2 use nine
symbols to represent nine statistics classes for the first run,

and five symbols to represent five pooled classes in the second

run. These symbols appear on the Separability Results Listings
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to identify the class pairs. Figure 1 shows this usage for
some of the class pairs in the first run in Figure 2. If symbols
are not specified, they will default to A,B,C,

Optional Specification of Weights: Each class pair has a weight

assigned to it that is used to calculate the weighted divergence
values for the Separability Results Listing. All class pairs
are assigned a default weight of 10. If the user would like
certain class pairs to be weighted more or less, he may assign
them the weight of his choice. The 'WEIGHTS' card is used for
this. The format is: |

WEIGHTS sisjsk, ... (weight 1),8;S ...(weight 2),...
The weight specified as 'weight 1' is assigned to all class
pairs formed from the classes represented by symbols SiSjSk,...;
the weight specified as 'weight 2' is assigned to all class
pairs formed from the classes represented by symbols Sl,Sm,...;

etc.

The WEIGHTS card in Figure 2 will cause the class pairs repre-
sented by symbol pairs CS,OH,OF and HF to have a weight of zero.
The zero means that their divergences will not be considered in
any succeeding calculations such as the average weighted inter-
class divergence (D(AVE)), and the individual interclass
divergences will not be printed. All other class pairs will

have the default weight of ten.
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Specification of Channels: The channels to be used by the

function may be specified with the CHANNELS control card:
CHANNELS K,J,. ..
where I,J,... are the channel numbers of the channels to be

used.

If no CHANNELS card is included, all of the channels in the
Statistics File will be used and only the channels that are
represented in the Statistics File can be selected. A CHANNELS
card was not included in the example input deck in Figure 2.

As a result, all twelve channels in the input Statistics File
will be used in the calculations. Note that since calibration
of data cannot be defined for this function, only the short
form of the CHANNELS card can be used. If the user wishes to
experiment with calibration, he must do so in the execution of
the Statistics function that creates the Statistics File he uses

in SEPARABILITY.

Specification of Channel Combinations: The COMBINATIONS control

card, which must be provided, is used to specify the number of
channels to be considered (out of the total number specified

on the CHANNELS card) for each calculation.

For instance, in the input deck in Figure 2, there are twelve
channels specified on the CHANNELS card. The COMBINATIONS card

in the second run contains a 2 and a 3. This specifies that all
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combinations of 2 channels out of 12 are to be evaluated and
ranked and the listing produced. The process is then to be

repeated for all combinations of 3 out of 12 channels.

Other Processing and Printing Options: The OPTIONS control card

provides further control of the Separability Results Listing
and the processing that produces it. Five of the six possible
control parameters on the card are for this purpose. The

sixth parameter ('OPTIONS TYPE') activates the interactive mode
of processing, which will be described later under "Interactive

Control",.

SEPARABILITY uses specified "maximum” and "minimum" divergence
values to control the contributions of weighted interclass
divergences on the ranking of channel combinations. If, for
any channel combination, the divergence for any class pair is
equal to or greater than the specified "maximum" value, then
the "maximum"” value is substituted for the actual divergence
value in the ranking algorithm, the divergence value for that
pair is not printed, and a series of three periods (...) is
printed instead. If a particular channel combination produces
a divergence for one or more of the class pairs that is less
than the "minimum" value, the entire line of divergence values
for that channel combination is blanked out on the listing.
The identification of the channel combination is printed, however,

in its normal position in the list.
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The function uses default values of 30,000 for the maximum
divergence and zero for the minimum divergence - effectively
printing all values, as shown in Figure 1. The user may vary
these values through two parameters on the 'OPTIONS' control
card. The 'MAX(value)' and the 'MIN(value)' parameters set
the maximum and minimum to the specified values. For instance,
if the user were to include a control card:

OPTIONS MAX (2000) ,MIN(1800)
the divergence values equal to or greater than 2,000 would be
replaced with the three periods on the listing, and any channel
combination having at least one class pair divergence that was

less than 1,800 would be blanked out.

The 'EXCLUDE' parameter on the OPTIONS card excludes from
consideration any combinations of channels that include the
channels that are specified. For example, if the user had a
control card in his input deck that specified:

OPTIONS EXCLUDE(7,8)
then any set of channels that contain both channel 7 and channel
8 would be excluded from consideration for each calculation

of channel combinations.

The 'OPTIONS SORT' control card changes the basis for ranking
the channel combinations and printing the results on the

Separability Results Listing. The channel combinations are
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normally ranked in the order of decreasing average weighted
interclass divergence, D(AVE) on the listing. The 'OPTIONS
SORT' control card causes the channel combinations to be

ranked instead by decreasing minimum divergence, "DIJ(MIN)"

on the listing.

SEPARABILITY normally uses the transformed divergence results
for all calculations and printing. If the user includes the
'OPTIONS UNTRANS' control card, the untransformed divergence

will be used instead.

The PRINT Control Card: The 'BEST' and 'SHOW' parameters on

the PRINT control card enable the user to control channel
combinations that are printed on the Separability Results List-
ing. A third parameter, the 'DIV(value)' parameter, prints as
an optional extension of the results listing, a list of class
pairs with low separability. The last parameter, ‘'STATS',
produces an optional Statistics Summary which will be described

later.

The Separability Results Listing normally contains the best 30
channel combinations, or all of them if the total number of
combinations is less than 30. If the user wishes to vary this
default value, he can use the 'PRINT BEST(n)' control card,

where "n" is the number of combinations he wishes printed. Since
there is no such control card in the sample input deck in

Figure 2, the outputs will show the best thirty combinations.
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The user also may cause one or more specifi¢c channel combina-
tions to be printed, with its ranking, by including the
combination on a 'PRINT SHOW(fl,f2,.....)' control card, where
"f1" is the number of the first channel, "f2" the number of

the second, etc., until all channels in the combination are
specified. The sample input deck in Figure 2 specifies the
printing of the combination of channels 1, 2 and 3 regardless of

its rank.

Outputs:

Divergence Scratch File: The initial divergence calculations

are output on disk if there is enough space and on tape if there
is not. The calculations written are the divergences for each
pair of classes for each channel combination. A separate record
is written for each channel combination and contains the set of
channels, the sum of the divergences for that combination, and
the individual divergences for each class pair. These results
are later read and processed by the function for each set of
options specified by the user. For exaﬁble, the pairwise
divergences will be multipled by the designated weights and

these results will be ranked for printing.
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Standard Printer Output: The Separability function always

prints a list showing the input control cards, the options
selected by the user, and a summary of the function's inter-
pretation of the input deck. An example of this output is
illustrated in Figure 3. This is always followed by two

other standard printed outputs:

A Classes and Channels Table

This output gives the symbol and class name for each

training class; and the channel number, spectral band,
and calibration code from the Statistics File for each
channel used. Figure 4 illustrates the table that was

produced by the sample input deck.

Saved Training Fields Listing

This listing shows the training fields from the Statistics
File and their run number, field designation, line and
column coordinates, field type, the class name assigned in
the Statistics run, and the pooled class name assigned if
a CLASSES card is included in the input deck. A sample of
the listing that was produced by the first run in the
sample input deck is shown in Figure 5. The second run
produced a similar listing except that field E*1 (class 7)

was omitted.




) UABORATORY FOR APPL ONS N WAk T T,1373
PhitLies imumu :un"{vs'as?#v (EROTE" SENSTNG 11 3 An

SSEPARA lLl;Y3
— S
CARDS REAOSTAT
- DATA

YOU HAVE SELECTED THE FOLLOWING OPTIONS

- eaxul.uuugs&%mn STATISTICS
PRINT CLASS PAIRS WITH DIVERGENCE LESS THAN 1500

— SFPARABILITY SUPERVISOR INFORMAT (ONnaaa

7' a' 9' 10' ll' 12.

Figure 3. Control Card

Summary for SEPARABILITY
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Classes and Channels Table

Figure 4.




U'I;‘I‘tvjiéé's?%héﬁﬁff“sﬁ NSING

T LABORATORY FOR_APPLIC

SEPARABILITY STuDY

SAVED TRAINING FIELDS

RUN FIELD FIRST LAST LINE FIRST LAST COLUMN FIELD R STAT, POOLED
NUMBER DESIG. LINE _LJEE 121: COLUMN COLUMN INT. TYPE INFORMATION CLASS CLASS
1 71053900 L-6 610 628 1 3s 52 1 CORN CORNL CORN1
2 11053900 L-7 419 628 1 58 94 1__CORN CORNL CORNL
3 71053900 D*5 618 641 1 100 132 1 CORN CORN2 CORN2
-4.71053900 .. H*l . .. _.598.__ 612 1. _ k38_ _169..._ __ L _CORN e e i .. CORN2  _CORN2 .
5 71053900 L5 619 628 1 23 29 1 SOYBEANS SOYBEANL SOQYBEAN1
6 71053900 __L-8 606 6l4 1 58 94 1 __SOYBEANS SOYBEANL  SOYBEANL
7 71053900 D6 592 612 1 101 131 1  SOYBEANS SOYBEAN2 SOYBEAN2
8 71053900 H*2 591 ~593 0l 137 170 1 SOYBEANS SOYBEANZ SQYBEAN2
9 71053900 F-9 461 473 1 64 98 1 OATS OATSCUY OATSCUT
10 7105390Q K=4 541 559 1 k1] 38 L OATS_ QATSCUT QATSCUT
11 71053900 G#*2 565 582 1 l44 149 1 OATS OATSCUT OATSCUT
- 12 71053900 . R=1 =~ 482 492 Sl &0 . 56 1 HAY . .. HAY .. HAY
13 71053900 Ex] 426 441 1 179 193 1 OTHER SET ASIOE SA SA
..—14_ 71053900 G2 _..562 582 @ 1 156 _odes ) WHEATY . _ _WMEAT NHEAT
15 71053900 H=6 543 562 1 63 T2 1 WOODS FOREST FOREST
.16 71053900 E*2 . 523 528 1. 147 __ 197 1. WO0DS B FOREST .. _ FORESY. _

Figure 5. Saved Training Fields Listing
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The principal output from the Separability function is the
Separability Results Listing. It shows the channel combina-
tions ordered according to degree of separability (most
separable listed first), with the associated divergences for
each class pair for each channel combination. 1In a typical
run the listing shows the best 30 channel combinations and
class divergences listed by channel combinations ranked
according to average pairwise divergence between classes.

A separate listing will be produced for each set of channel

combinations that was specified.

Four control cards can be used to vary the processing that
is performed and the form and content of this listing.

These are the SYMBOLS, WEIGHTS, PRINT and OPTIONS cards.

The use of these control cards have been explained below

in the "Input" subsection. Examples of Separability Results
Listings that were produced by the second run in the sample
input deck are shown in Figures 6 and 7. Figure 6 is the
listing of the best two channels out of twelve, and Figure 7

is the listing of the best three channels out of twelve.

Listing Classes with Low Separability: The user may request an

extension to the Separability Results Listing that identifies

all class pairs with a low (as defined by the user) degree of
separability. The 'PRINT DIV(value)' control card causes a
special listing to be produced that shows the class pair identifi-

cation and the average pairwise divergence for all class pairs
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whose greatest divergence for all channel combinations
printed was less than or equal to the 'value' specified by
the user. This listing appears directly after the Separa-
bility Results Listing and is identified by a header line
that reads:

CLASSES THAT MAY BE COMBINED-MAX DIV. = value
Figure 8 shows the listing that was produced by the 'DIV
(1500) ' parameter on the PRINT control card in the first
example in the sample input deck in Figure 2. It identifies
four class pairs, AB, 12, OW and SW, whose maximum divergence
for all channel combinations printed was less than or equal
to 1,500. The user may wish to verify these results for
pair AB by referring to Figure 1. The number printed after
the class pair symbols is the average of the weighted di-
vergence values for all printed channel combinations for

that class pair.

Optional Printer Output: The user may have a Statistics

Summary printed by including a 'PRINT STATS' control card in
his input deck. This listing includes, for each class or
pooled class that is being considered, the mean and standard
deviation of the spectral response for each channel and each
class, and a channels correlation matrix for each class.
Figure 9 shows one of the nine Statistics Summaries (one for
each class) that was produced by the first run in the sample

input deck in Figure 2.
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lﬁﬁﬁmWFﬁlPGPghEta’l"wgis?;vﬁEmE”SEmﬂU Iﬂlzs h‘g}’
LARSYS VERSION 3

“ - RETENTION LEVEL o2 “66  MAXTMUM 1....0... 20007 o o oo .
MINI SATURATING TRANSFORM

MUM secccscons [«] DIVERGENCE *SNITH#*s
ess RESULTS ORDERED ACCORDING T0 DIJ(MIN) #ss

e _ CHANNELS _ DIJUIMIN) _ O(AYE) . MEIGHTED INTERCLASS OIVERGENCE (DIJ). — [
cs [¢) CH CF s0O SH SF 1] of HF
(°0) (10) (1o (lo) 1oy (io) {1i0) {0y (0 (0O}
T. & 10 1815, 1597. 1538 1609 1&#%& 1851 1&%15 1722
2. 710 1377. 1656. 1399 1377 1922 1518 see 1721
- TR S 0T 1355, T T Ie%E. T {355 1478 IS31 1777 1975 1899 - - R -
4, 4 11 1328. 1555. 1328 1605 1390 1851 1412 1746
T 510 1275, 1827, TZT75 1325 1761 1708 ves 159%
b 4 9 1238. 1763, 1238 1995 1520 1955 ese 1870
T T YT T T TR TR T T84, B § 4 1 P 1784 1986 1595 TUBL .. TIURRTTTT T e TS e T T R
8. 310 1141. 1558. 1141 1315 1712 1561 1887 1734
9. 2 & 1083, I561. 1320 I&68 1731 18561 1920 1083 -
10. 4 12 1061. 1632. 1405 eee 1342 1985 ese 1061
w0 T L0527 T T 1515, 13171135 1641 “ 1052 1977 17687 S e e e T T -
12. s 9 1043, 1726. 1043 1997 1547 1910 ess 1858
13; I % 1032. 1488, 1216 1305 1533 1867 1812 1032
14, 4 & 1029. 1584. 1216 1708 1662 1887 1999 1029
e oy T Y2 T TUI00A. T T 1888 1458 ST T ITS0T TS T ... 100 T T T
16. S 11 988. 1557. 988 1445 1445 1780 1933 1729
17. & 1 — 98Z. 1671, T39% 1878 1886 1883 ees 982
18. 3 4 971. 1400. 1146 1028 1626 1847 1781 971
eI, T TR T BT 77983, T T ITT5. 953 1990 1796 1951 J.. 1951 -
20. 4 5 939, 1399, 1086 1178 1409 1863 1919 939
Z1. 8 12 928, T73TS 579 cee ¥Z6 1995 ITTER S A1)
22. 3 12 924, 1618. 1228 cee 1595 1959 see 924
- 23. AR Y 920.‘”’”“'157!.'“_"‘_“-*'——‘“110_’1392_‘"[!!6" 1527 ... 1740 ’ T -
24, 112 868, 1616. 1340 1999 1588 1899 vee 868
5. Z 11 — 88T. 1838, 5T 1TS5T 1810  TO8% 1958 1776
260 2 5 840. 1427. 955 1301 1712 1820 1935 840
B 4 CORMEN o U Rl = ¥ PR U1 O e K% T999 U837 T1985 T eed 1896 T 7T 0 T ST T T
28. 6 9 836. 1730. . 836 1998 1807 1870 eee 1868
29 71T 33, IS%. 33 1993 o80~ 1918 see 1935
30. 9 12 816. 1710. 1562 coe 816 1998 see 1881

Figure 6. SEPARABILITY Results Listing for the Best

Two Channels out of Twelve
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" CABDRATORY FOR A:gbgtaTlUEaSYEVREHUTE SENSING =~ T 7

T T RETENTION LEVEL T

220 HAXIHUH .
NIMUM .

2000'" T -

DlVERGENCE "NITH" SATURATING TRANSFORM

ses RESULTS QBDE_BED_ACEQRDING_IQ__D_[JMM Lil.

. _CHANNELS __ _ DIJ(MIN). _ DCAVEL .. .__.._ WEIGHTED INTERCLASS DIVERGENCE (DIJ) o
€S €0 CH CF S0 SH SF oH  OF HE
(°3) 1o (ior ey (10 (loy (1o} ¢ O} o) ( 0)
Te T 8 12 1872, 1989. 1872 eee 1971 1998 cee 1972
2. 7 912 1866. 1951. 1866 <es 1904 1999 ... 1938
soemem eyt UTZOY0 YZUTT T LBSAL T (927, ——- = IBST Cwsa” VES& T ISR CIBTAT T T T T T T
4. 710 12 1847, 1945. 1905 eve 1929 1990 ... 1847
5: TIT 12 1823, 1931 1823 vo. 1904 1993 ... 18658
6. 2 812 1822. 1948. 1822 e.. 1898 1997 ... 1971
- R 2 91z~ - IBlk: - 1935, T T T UTTTTIBIE Lo 1849 19997 SoiTISAT T T i
8. 6 8 12 1793. 1929. 1793 <.. 1821 1999 ... 1960
9. 6 10 12 17T7Z. 1896, 1772 ess  LTITS5 1995 Y T83%
10. 6 912 1765. 1920. 1765 coo 1829 1999 ... 1927
- 11: 1812  1758% “1915s T 1758° oeo 1769 1997 o33 1967 "7 7 - - - -
12. 4 710 1751. 1891. 1861 1887 1953 1892 ... 1751
NIt Pommnatr Sy A0 § SRR ¥ £ L AR X L2 -——1739° T899 1935 IBIT e TITTT
14 21112 1733, 1905. 1733 ... 1829 1982 ... 1888
“15. 5 T10 T T 1129. 1887 — T ~-1855 1913 196% 1862 =ev 172y T TTrT T ommom T
16. 4 610 1717, 1822. 1717 1762 1812 1891 ... 1750
ey T T2 TTTYTION T T TUIS0T. T T T T T T UIISS T s ITI0TIE99 el 1939 - —
18. 110 12 1701. 1889. 1795  eee 1701 1974  .e. 1862
19. 5 711 1690. 1862. 1690 1921 1954 1855 ... 1753
20. 4 8 12 1688. 1895, 1688  oee 1724  eas  eee 1960
e gy "7 K IY T 18B%. — T IBISaT T U7 T TT18B% T I69%7 1837 1888 1993 T17YI T - - = -
22. 5 8 12 1682. 1910. 1682  eoe 1812  ese oo 1964
23, 611 12 1680. 1885. 1680 .o 1771 1997 ... 1862
24, 3 812 1678. 1921. 1678  oe. 1884 1999 ... 1964
g YO TNETZT T T T8R0T ——183y— 1672~ 1866 1888 1995 “1TTY"
26. 1 410 1659, 1807. 1803 1659 1763 189¢ 1952 1772
27. 3 410 1652. 1770, 1665 1652 1748 1861 1948 1748
28. 111 12 1649. 1862. 1662  vee 1649 1977 ... 1881
“- g9y T T3I01Z T ISR T IBTON 1688 vos 1730 T T4 IBRYT T
30. 3 912 1643, 1883, 1663  <ee 17017 1999 ... 1938
4 209, 1 2 3 646. 1309. 546 1125 1765 1579 1876 862 SEP-1
Figure 7. SEPARABILITY Results Listing for the Best

Three Channels out of Twelve
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T CLASSES THAT MAY BE COMBINEU-MAX DIV, = 1500

— AB 693«
12 1268.
_OW .. ... 1012,
SW 791.
e END QF AXSY e —
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Figure 8. Listing of Classes That May Be Combined

LABORATORY FOR _APPLICATIO

OF REMOTE SENSING
PURDUE UNIVERSITY

RESULTS OF SEPARABILITY GROUPING

GROUP
{

6

10103 CPU TIME USED WAS  1.255 SECONDS.

THRESHOLD =
CLASSES

i
2

7

(LARSHN)

1500.
SYMBOL

A
B

NO. PTS.

405
1253

2106

20

280

87

99

Figure 8A. Example Separability Grouping Table
From a Different Separability Run
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SEPARABIL!TV STUDY

-k TORY FOR . -
LABORATORY F“pﬁ%bécﬁ * S?F REMOTE SENSING

T MA
11
LA

R 77,1973
26 09 AM
RSYS VERSION 3

T CUASS. L L FORESTY

_CHANNEL 1 Y SR R - - o - .9 10 R % S 12
SPECTRAL 0.46 -~ 0.48 - 0.50 - 0.52 - 0.54 ~ 0.58 - 0.61_~ 0.72 - 1.00 = 1.50 - 2 00 - 9.30_=
BAND 0.49 0.51 0.54 0.57 0.60 0.65 0.70 0.92 1.40 1.80 2.60 11.70
MEAN 108.01 79.03 8l.41 108.37 98.41 79.72 TL.75 102.11 97.08 108.42 92.39 83.11
STDs DEV.. 5,54 - 3.89 4,76 9,65 8,67 6.67 5.42 12.31 9.96 16,34 10.84 8.61
CORRELATION MATRIX - N - B
SPECTRAL 0.46 ~ 0.48 - 0.50 - 0.52 - Q.54 - 0.58 - 0.61 - 0.72 = 1.00 - l. - 2.00 = 30_~
-BAND 049 . 0eSL. .. 0.54  _0.57 _ 0.60  0.65___ _0.70 0,92  1.40_ _ 1.80 _  2.60 i1.70 .
0. 46~
0.49 1.00
0.48-
51 0.64 1.00
,-.,_o 51!—"' e e —_ - e e e —— - - -
0.68 0.71 1.00
0,52~
057 0.563 0.89 0.89 T.00
0. 54~
0.69 Q.61 0.75 0.88__ __ 0.90 1.00
0.58~-
0.65 0.46 0.67 0.60 0.64 0.71 1.00
0.61-
0.70 0.63 0.78 0.82 0.82 0.90 0.75 1.00
_-_%¥SE'~“'"" 051 ° 70827 T 0NTS T T OLTTT T 0.9 L5550 ULTZ 1,00 T T T T T
1.00~
1240 0032 Qe42 0.34 0.40 0.37 0.53 0.42 0.41 1.00
1.50~
1.80 0.54 0.61 0.62 0.63 0.65 0.57 0.67 0.6% 0.53 1.00
2,00~ e T T T e T T T
3.60 0.52 0.64 0.59 0.60 0.61 0.67 0.67 0.55 0.70 0.70 1-00
2430
lio70 V%8 U.58 U.5¢ U35 U599 D8l C.82 [ 131 Ues®> U853 U861 1.UD
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Figure 9.

Statistics Summary for One Class
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Interactive Control:

SEPARABILITY gives the user the capability to create additional
variations of the initial ranking of channel combinations and
the Separability Results Listing output produced by the
divergence calculations for each "combination" of channels.
If an 'OPTIONS TYPE' control card is included in the input deck,
the function will pause after completing the processing for each
"combination" of channels and will type the message:
10024 ENTER OPTIONS (USER)
It will then accept inputs from the typewriter that vary the
calculations for ranking and will print a new version of the
Separability Results Listing. The inputs, which correspond in
effect to control cards, are:
®* WEIGHTS
® PRINT, but only those parameters that affect the
Separability Results Listing are operative. These
are the 'BEST', 'SHOW' and 'DIV' parameters.
® OPTIONS, all of the parameters that may be used
in the input deck are valid (except 'TYPE' of course),
and five new ones are available. These will be described
below.
®* END.

® STOP, also described below.
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All of the control keywords and parameters that may be used in
the input deck have the same effect when entered from the

typewriter.

The new parameters that may be used with the OPTIONS keyword
are:

'TRANS' - Causes the function to use transformed results,
which is the normal system default. This parameter
is used to restore operation to the default value
after the 'UNTRANS' parameter has been in effect.

'NOSORT' - Causes the function to order the results by
D(AVE) rather than DIJ(MIN). Ordering by
D(AVE) is the system default, and this card
is used to restore the parameter after a 'SORT'
parameter had caused results to be ordered by
DIJ(MIN).

'RESET' - Causes all parameters to be restored to the
input deck values or to their default values if
they were not specified on a card.

‘HELP' - Prints a listing of examples for SEPARABILITY
control keywords and parameters that may be
input from the typewriter.

'"TABLE' - Prints a table of all class names and their

assigned symbols.
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The ENb keyword entered from the typewriter causes the function
to rerank the channel combinations according to the input
parameters and produce a new results output listing. The STOP
keyword is entered in response to the "ENTER OPTIONS" message
to indicate that the function should begin calculations for

the next specification on the COMBINATIONS control card; or,

if there are no more specifications, terminate execution of the
Separability function. The new calculations and ranking will

be according to the options specified in the input deck.

Figure 10 shows the typewriter terminal sheet from an interactive
session thaﬁ was originated by the sample input deck in Figure 2.
Figure 10 shows all communications beginning at the point when
the user initiated LARSFRIS and continuing to the end of both
executions of SEPARABILITY. The first messages, up to the first
10024 message, document normal non-interactive processing. The
10024 message requests typewriter input of additional options.
The user did not want additional calculations of the 2~ channel
combinations, and he entered the 'stop' keyword. The function
then proceeded to calculate the 3- channel combinations according
to the options specified in the input deck. The Separability
Results Listing shown in Figure 7 was produced from these

calculations.




SEP-28

run larsys
. EXECUTION BEGINS...

10111 SEPARABILITY FUNCTION REQUESTED (SEPSUP)
70032 'REDUCED STATISTICS COMPUTED. (REDSAYV)
10034 ALL CONTROL AND DATA CARDS HAVE BEEN READ (SEPINT)
T0021 100 OF 220 CALCULATIONS COMPLETED. (DIVRGZ}
10021 200 OF 220 CALCULATIONS COMPLETED. (DIVRG2)

T 7710022 DIVERGENCE CALCULATIONS COMPLETED=-READY TO ORUER AND PRINT RESULTS
10011 SEPARABILITY FUNCTION COMPLETED (SEPSUP)

10111 SEPARABILITY FUNCTION REQUESTED (SEPSUP)

T003Z REDUCED STATISTICS COMPUTED. (REDSAV)

10034 ALL CONTROL AND DATA CARDS HAVE BEEN READ (SEPINT)
Y0022 DIVERGENCE CALCULCATTONS COMPLETED=-READY TO ORDERARD PRINT RESULTS
10024 ENTER OPTIONS (USER)

stop 7 S T
10021 100 OF 220 CALCULATIONS COMPLETED. (DIVRG2)
T0021 200 OF 220 CALCULATTONS COMPLETED. (DTVRGZ)

10022 DIVERGENCE CALCULATIONS COMPLETED--READY TO ORDER AND PRINT RESULTS

10024 ENTER OPTIONS  (USER) T T
options table,help
SYMBOLS CLASS

C CORN
S SOYBEANS

o N o - 1 1 i
H HAY

T OTTF T T FOREST T T T T T T o Tmmommonm o o m e e e

EXAMPLES OF INPUT

WEIGHT ABCD(100),CF(0)
PRINT SHOW(F1,F2,F3)
OPTIONS HELP
OPTIONS MAX(300),MINC10)
OPTIONS SORT
___OPTIONS EXCLUDE(2,9),UNTRANS, TABLE
OPTIONS RESET,NOSORT, TRANS
PRINT BEST(20),D1V(20)
END
STOP . L
options max{(2500),min(1800),exclude(7,8),sort
10027 SORT ON DIJ(MIN) ALREADY IN EFFECT (USER)
end .
10024  ENTER OPTIONS _ _ (USER)
weight co(ll),cf(11)
end -
10024 ENTER OPTIONS (USER}
o StOD
10011 SEPARABILITY FUNCTION COMPLETED (SEPSUP)
10004 END OF INPUT DECK - RUN COMPLETED _ __(LARSMN) =
" T=68.72/77.51 10.53.06

Figure 10. Tyrewriter Terminal Sheet
from an Interactive Session
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At the end of processing for the 3- channel combinations, the
10024 message was printed again. An 'options' keyword with
the parameters 'table' and 'help' was then entered. These
cause the table of class symbols and the list of possible

interactive input keywords to be printed on the typewriter.

Following this output, the specification ‘options max(2500),

min (1800) ,exclude(7,8) ,sort' was entered. The system responded

with an information message (I0027) that the sort parameter was
already in effect. The user then entered the 'end' keyword to
terminate input and initiate processing with the new specifica-
tion. The Separability Results Listing that resulted is shown

in Figure 11.

When the above processing was complete, the function again
typed the 10024 message requesting additional options. This
time the user chose to vary the weights for two class pairs,

by entering 'weight co(11),cf(11)'. This set the weights for
class pairs co and cf at 11 rather than the previous (default)
value of 10. Next an 'end' keyword was entered and processing
was initiated again. The Separability Results Listing produced
by this processing is shown in Figure 12. Note that with the
change in weights the channel combination 2-8-12 moved from

fifth best (in Figure 11) to first (in Figure 12).




[ OF REMOTE SENSTING 3
BETBLirs LABORATORY FOR APEL ICA N OaRsPEV"E gingg Iﬁlzéi

T TTRETENTION LEVEL ..~ 210 :A)q

X stessesee %gg
EXCLUDED CHANNEL COMBINATION

RUR, [ - ) —
HUQ; tgeereeee 0 DIVERGENCE **WITH®* SATURATING TRANSFORM

N %% RESULTS ORDERED ACCORDING TU DIJTAINT %%

ST T T T T TCHARNELS T BTIIRINY T TUDUAVEY T T T T T WEIGHTED INTERTLASS DIVERGENCE (DTJY T T T T o
(cgl (‘l:gj (Egl (%(FH ({'8) (fgl ({)SL Log) (OSI (HSD
1. 7T 912 1866, 1951. 1866 2000 1904 1999 2000 1938
2o 2 10 12 1854, 1927. . 1857 2000 1854 1979 2000 1874
3. T 10 12 1847, 1945, 1905 2000 1929 1990 2000 1847
o &e T MM 2 1823, 1931, 1823 2000 1904 1993 2000 1868
Se 2 812 1822, 1948, 1822 2000 1898 1997 2000 1971
ba_ . 2 312 . . 1814, . 1938, - _ 1814 2000 1849 1999 2000 1947 _ _
T. 6 812
- - 1012 . _ . S - I -
9. 6 9 12
10 . 1.8 12 e _ R . - -
11. 4 7 10
e M2e A T MY L - [ —
13. 211 12
14, S 710 I L e e e
15. @ 610
. Jl6e . 1 912 . R e O
17. P10 12
18, 5 711
19. 4 812
— . 20e 2 &MY e . e e e
21, 5 812
22. 6 11 12
23. 3 812
e RBe 2 & )OO - e e -
25. 1 410
26, 3 410
27. 1 11 12
... 284 ___ 31012 . _ _ ___ _ —_
29. 3°'9 12
30. 1 411 SEP=-11
% 199, 1 2 3

Figure 11. SEPARABILITY Results Listing After Processing
the New 'OPTIONS' Spedification
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Figure 12.

SEPARABILITY Results Listing After Processing

New

'"'WEIGHT Control Card

TR CARORKTORY FOR, A2 JCATIGUS OF NEROTE SENSIAG T T Tl TE T T T
LARSYS VERSION 3
"RETENTION (EVEL o% 210 MAXIMUM .o eeeeses 25007 7 S oo T T T T e s e - T
N M ccecescssa 1800 DIVERGENCE $#NITH*® SATURATING TRANSFORM
EXCLUDED CHANNEL COMBINATION 7
%% RESULYS ORDERED ACCORDING TU OIJUNMIN] #¥%
s = Rl ANNELS T OTJUMINDGT T O DIAVEY T T T WETGHTED INTERCLASS OIVERGENCE (OIJ) - ToTTTTT o o T - -
CcS (o] LH CF SO SH SF OH OF HF
I € 0) (11) (lo) _(11) _(10) (10} (10) ¢ 0) ¢ O0) ¢ O)
1. 2 812 1971. 2010, 2004 2000 2088 1997 2000 1971
F 6 812 1960, 1989. 1973 2000 2003 1999 2000 1960
3. 2 912 1947. 1996. 1996 2000 2034 1999 2000 1947
[ Y 7 912 1938, 2014, 2052 2000 _ 2094 1999 2000 1938
Se 1 812 1934, 1974, 1934 2000 1946 1997 2000 1967
e _6e 6 912 _ _)927. 19801941 2000 2012 19992000 1%W2V o
Te 211 12 1888. 1965, 1906 2000 2012 1982 2000 1888
- 8. 1912 1881, 1958, 1931 2000 1881 1999 2000 1939
9, 2 10 12 1874. 1989. 2042 2000 2039 1979 2000 1874
30 T2M_12 . 1868, 1994, 20062000 2094 1993 2000 1868 ____ R - -
il. 110 12 1862, 1947, 1974 2000 1871 1974 2000 1862
12, 4 8 12 1856, 1952, 1856 2000 1897 2000 2000 1960
13. 5 8 12 1851. 1968. 1851 2000 1993 2000 2000 1964
e M%e 6 11 12 - _1848. .~ 1943, 1848 2000  1948_ 1997 2000 }B62
15. 7 10 12 1847. 2009. 2096 2000 2122 1990 2000 1847
16, 3 812 1846, 1980, 1846 2000 2073 1999 2000 1964
17. 6 10 12 1834, 1955. 1950 2000 1953 1994 2000 1834
IS |- PRUN W § S ¥ 1814, M9 Te .. 1828 2000 _1814 1977 2000 )88}
19. 3 10 12 1812. 1926. 1812 2000 1903 1991 2000 1849
20, 3912 1807, 1939, 1807 2000 1889 1999 2000 1938
21. 4 711
. 22e. ... .4 B8 10 _ e e
23, 5 711
24, 4 110
25 4 6 10
e R6e_ A 910 ) e N ; . e e
27. $ 710
28, 5. 912
29. 3 11 12
306 & 6 1) S e OOt - SEP-12- .
**s 198, 1 2 3
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When the function finished this processing, and again typed the
10024 message, the user responded with the 'stop' keyword.

This terminated processing for the 3-channel combinations and,
since 3 was the last specification on the COMBINATIONS control

card, it also terminated execution of the Separability function.
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Separability Algorithm

The Separability function uses divergence as a measure of class
separability. Divergence is defined for two density functions.
In the case of normal (Gaussianly distributed) variables, the

divergence is given by

D(i,§) = Ftrl(K; - K,) (K" - X7 1)
1 -1 -1 T
+7tr[(Ki + Kj )My - Mj) (M, - Mj) ]

for classes i and j, where

Ki and Kj are the class covariance matrices

Mi and Mj are the class mean vectors

tr{ ] denotes the trace of a matrix (the sum of the

elements on the main diagonal)

( )T denotes the transpose of a vector.
Since divergence is defined only for two classes, it does not
in itself provide a measure of separability for n > 2 classes,

However, it has been demonstrated experimentally that two useful

strategies employing divergence for maximizing overall separability

(and hence maximizing classification accuracy) are:

1. Maximize the average pairwise divergence (D(AVE) in the

Separability function); or

2, Maximize the minimum pairwise divergence (DIJ(MIN)

in the Separability function).
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The Separability function uses the first of these strategies
to rank feature combinations unless the SORT option is in effect;

in the latter case, the second strategy is used.

However, because of an effect studied by Swain, Robettson, and
Wackerl, the Separability function normally computes a saturating
transformation of divergence before applying either of the
strategies noted above. The transformation is defined by

DT(i,j) = 2[1 - exp(-D(i,j)/8)]

where D(i,j) is the divergence as defined previously. For
convenience in printing the results of the calculations, the
transformed divergence has been implemented in the form

DT(i,j) = 2000.0[1.0 - exp(-D(i,3)/8.0)]

The effect of the transformation is to reduce the influence of
very widely separated classes when computing the average pairwise
divergence (D(AVE)), and has been found a much more reliable
criterion than the "ordinary" divergence for selecting optional

features for classification.
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The inputs required for this separability algorithm are:

* The number of channels to be used.

¢ The number of classes.

* The covariance matrix Ki for each class i.

* The elements of the inverse covariance matrix Kzl

for each class i computed in the initial part of
SEPARABILITY. Since this matrix is symmetric, only
the lower traingular portion is stored and used in the
calculations.

®* The statistical mean vectors (Mi) (one component for

each channel) for each class i.
The outputs of the separability algorithm are:

* The untransformed divergences for all class pairs for
each channel combination.
®* The sum of the pairwise divergences for each channel

combination.

1Swain P.H., Robertson T.V., Wacker A.G., "Comparison of the
Divergence and B-Distance in Feature Selection", LARS
Information Note 020871
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SMOOTHRESULTS

The SMOOTHRESULTS function processes blocks (or cells) of classified
data from a LARSFRIS Classification Results File and modifies each
cell according to user-supplied parameters to produce as output a
"smoothed" Classification Results File. In general, SMOOTHRESULTS
will compute the percentage of each class present within a cell

and assign the dominant class to every point of the cell. This
processor was originally developed for the purpose of reassigning
issolated classified points to match those around it, so that maps
of the classified results would more nearly match the labeling con-

ventions of the end user.

Input to the function consists of the Classification Results File
and an input deck of control cards. The prinéipal output is another
Classification Results File, which may be placed on tape or disk.
This results file is normally used as input to the PRINTRESULTS
function to produce a variety of printed output for evaluation of
the classification. It may also be used as input to the COMPARE-
RESULTS, COPYRESULTS, LISTRESULTS, and PUNCHSTATiSTICS function,

but it must be located on tape to be used by the latter two functions.

The standard printed output includes a listing of the input control
cards, a list of options selected by the user and a table of output

class numbers, names and weights (if WEIGHTS were specified).
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Inputs

The principal input to the SMOOTHRESULTS function is a LARSFRIS
Classification Results File, which may reside on either tape or
disk. The results file is obtained by previously executing one of
the LARSFRIS processors which produces a Classification Results
File as output (e.g. CLASSIFYPOINTS). The user must specify the
location of this file on an INRESULTS card. Remember that this
input Classifiéation Results File will reside on disk only if

a previously executed LARSFRIS function wrote the file to disk

during this terminal session.

In addition to the LARSFRIS Classification Results File, the user
must also provide an input deck which further defines the output
classes and classified data to be used. In particular, there

are control options to specify the locations of the input and
output Classification Results Files, to define the dimensions

of the cell to be examined, to group classification po&ls, to
specify priority groups, to assign weights to groups, to specify

the area to be processed and to define new mixture classes.

A sample input deck is shown in Figure 1. Let's examine the de-

tails of this particular job.

Location of input Classification Results File

The INRESULTS card is required to specify the location of the in-
put Classification Results File, which may be on disk or tape. If

it is on tape, then the FILE parameter must also be specified. In
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*SMOOTHRESULTS

INRE TAPE(195) ,FILE(3)

CELL 2,2

PRIOR(6)

GROUP PINE(1/1,2,6,9/),MIX P/H(2/3,4/),SLH/CYP(3/7,8,11,12/)
GROUP LOWSTOCK(4/5,10/) ,NONSTOCK (5/13,14,15/)

GROUP WETLAND(6/16,17,18/)

WEIG 7,7,7,7,8,1

OUTR DISK

BLOCK RUN(77010200),LINE(1710,1885,1),COL(2900,3040,1)

END

Figure l: Control Card Deck
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this example, the input file is on file 3 of tape 195.

Optional definition of cell dimensions

The CELLSIZE card may be included to define the dimensions of
the block of points (cell) which is processed at one time by the
SMOOTHRESULTS processor. The user must specify both the number
of lines and the number of columns, separated by a comma, to be
used as a cell. If this card is not included, a 2 line by 2
column cell (block of 4 points) will be assumed. In Figure 1,

the cellsize of 2 lines by 2 columns was requested.

Optional grouping of classification poois

The user may wish to redefine the classes for the "smoothed"
Classification Results File which is to be created, by grouping
together similar classes from the input Classification Results
File. This may be accomplished through the use of a GROUP card
of the format:

GROUP namel(l/pl,p2,.../), name2(2/p3,p4,.../)
where "namel" is the name of the first group and consists of
points belonging to classification pool numbers (or classes) pl,
p2 or ... from the input Classification Results File. The second
group, called "name2" will consist of points assigned classifi-
cation pocl numbers p3 or p4 or ... on the input Classification
Results File. Any classes from the input Classification Results
File not listed on the GROUP card will each be assigned to separate

groups, with the same name as the pool or class name. For this
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job, there will be six output classes, with the input classes

grouped as follows:

Output Output Input Pool
Class Class or

Name Number Class numbers
PINE 1 1,2,6,9

MIX P/H 2 3,4

SLH/CYP 3 7,8,11,12
LOWSTOCK 4 5,10

NONSTOCK 5 13,14,15
WETLAND 6 16,17,18

Note that the group names may be up to eight characters long,

including blanks within the name.

Optional designation of priority classes

Once the user has defined what classes will exist on the output
classification (by deciding whether or not to group input classes)
he may choose to designate some of the output classes (groups) as
priority classes using the PRIORITY card. This would mean that as
a cell is processed, any priority classes will not be reassigned.
The user might want to use the priority class designation if cer-
tain cover types in the area of study are known to cover only
small areas and their location is of importance, such as in pin-
pointing the location of small lakes. It could also be used to
designate the null class which may be surrounding an irregularly
shaped area, in order to preserve the boundaries. 1In Figure 1,

group 6 is designated as a priority class because it will mark
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the location of some small lakes.

Optional assignment of weights

Using the WEIGHT card, the user can assign a relative weight
to each output class, which is later applied to the cell tab-
ulations of the number of points in each class. This card
might be used to reflect the relative importance of certain
classes to the end user in assigning one class name to a
mixture sell. Again( the user must decide how many output
classes there will be, by deciding whether to request any

grouping, before he can assign weights.

The sequence of weights on the card corresponds to the group
sequence, and the numbers may be either integer or real. 1In
this example, the non-stocked class is given a slightly in-
creased weight, possibly because an area which is non-stocked
may very easily have scattered trees (i.e. points belonging

to other classes) in it.

Optional Specifications of Area to be Processed

The user may provide a BLOCK card to define a subset of the
classified area to be considered by the SMOOTHRESULTS pro-
cessor. This card specifies a run number and the line and
column co-ordinates for the area. The BLOCK card in Figure

1 specifies that all points from lines 1728 through 1881 and
columns 2908 through 3027 of the classification on run 77010~
200 be processed.' If this card is not included, the entire
Classification Results File requested on the INRESULTS card

will be used.
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Optional Definition of New Classes

If the user would like to assign a different class name to cells
containing certain mixtures of the defined classification groups,
the MIXCLASS card should be used. The format of this card is:
MIXCLASS namel(pl,p2-p3,...), name2(p4-p5,...),...

where "namel" is the name assigned to the first new mixture class.
The points of a cell will be assigned to this class if pl% of

the cell's points are in output class or group 1 and between p2%
and p3% of the cell's points are in group 2, etc. After each new
class name, there must be a percent or range of percents‘for every
output class or group. Up to ten new mixture classes could be

defined.

Qutputs
The principal output of the SMOOTHRESULTS function is the Classifi-
cation Results File, for which the OUTRESULTS card must be used
to specify where this file will be stored. The three forms of
this control card are:

OUTRESULTS TAPE (XXX), INITIALIZE

OUTRESULTS TAPE (XXX), FILE(nn)

OUTRESULTS DISK
The first two forms of the control card are used to write the file
onto a tape. If a new results tape is being used, the INITIALIZE
parameter must be specified so that proper header information is
placed at the beginning of the new tape before any files are
written. The current Classification Results File will then be

written onto the first file of the tape. If the tape already
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contains Classification Results Files, then the FILE parameter
should be used. If a results file already exists on the specified
file of the tape, the user will be notified by a message. He
then has the option of writing over the old file, specifying
new tape and file numbers, or stopping execution. The DISK parameter,
5pecified in Figure 1, indicates that the results are to be written
on the disk. However, the disk is only a temporary storage area.
Any of the following actions will cause it to be erased by the
system:
* Execution of another classification function such as
CLASSIFYPOINTS or SMOOTHRESULTS.
* Re-initiating LARSFRIS, i.e., issuing the 'i larsys'’
command.
* Logging off the system, i.e., issuing the 'quit'
command .
If the user wishes to save the file, he may copy it to tape with

the COPYRESULTS function.

The principal data on the results file is the point-by-point
classification results of the SMOOTHRESULTS function, obtained
from processing the input results file a cell at a time. A
separate record is written for each line of the classification

and contains the output class number to which each point was
assigned. A likelihood code which is generally associated with
each point in a Classification Results File is set to zero. These
results may be used by the PRINTRESULTS function to produce maps

of the classified area and/or tables of the class assignments.
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For more information, refer to the description of the PRINTRESULTS

function.

In addition to the classification results for each point, the

file contains other data related to the classification run, in

the format required by LARSFRIS. However, because grouping may
have occurred, or points may have been reclassified based on how
surrounding points were classified, the Statistics File will

not reflect the statistical characteristics of this output
Classification Results File. Similarly, other related information

may also be invalid.

Standard Printer Output

The SMOOTHRESULTS function always prints a summary of the user's
input deck. This summary includes a listing of the input control
cards, and a reminder of the options selected by the ﬁser. An
example of this output is shown in Figure 2. The other standard
printed output is a table of class names and weights, as shown in

Figure 3.

Algorithm to Determine Cell Classification

Within a cell, the number of points in each group (output class)

is tallied and multiplied by the normalized weight for that output
class. These numbers are then divided by the sum of all the numbers
(times 100) to get the weighted percent each output class is of

the total points in the cell. If these percents fall within the
ranges for any new classes defined on a MIXCLASS card, then that

new class number is assigned to all points in the cell to be output.
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Otherwise, the group number of the group with the greatest weighted
percent, that is not a priority group, is assigned to all points
of the output cell. Finally, any points that were designated

priority are overlayed onto the output cell.



SMO-11

LABORATORY FOR APPLICATIONS OF REMOTE SENSING 0CT_ 10,1980
PURDUE UNIVERSITY 10 23 39 AK
LARSYS VERSION 3
#SMOOTHRESULTS
INRE TAPE(IBS)'FILE(I!)
CELL 2
PRIGR(E)

GROUP PINE(1/1,2.6,9/),MIX P/H(2/3.47),SLH/CYP(3/7,8,11.12/)
GROUP LONSTOCK(4/3.10/) ,NONSTOCK(5/13,14.15/)

GROUP NETLAND(6/16.17,18/)

NEIG 7.7,7,7.8,1

OUTR DISK
glﬁgﬂ( RUN(77010200),LINE(1710,1885,1),COL(2900,3040, 1)

YOU HAVE SELECTED THE FOLLOWING OPTIONS

CONSIDER A SUBSET OF CLASSIFIED AREA FOR POLLING
APPLY GROUPING

REIGHT THE CLASSES

DUTPUT POLLED CLASSIFICATION RESULTS TO DISK
USE A CELL SIZE OF 2 LINES BY 2 COLUMNS
CméSIDER THE FOLLOWING AS PRIORITY CLASSES!

Figure 2: Control Card Summary for SMOOTHRESULTS

LABORATORY FOR APPLICATIONS OF RENOTE SENSING OET 10,1980
PURDUE UNIVERSITY 10 23 39 AN
LARSYS VERSION 3
QUTPUT QUTPUT
CLASS CLASS
RETGHT REIGHT
i PINE 0.189 4  LONSTOCK 0.189
2 NIX P/H 0.189 5  NONSTOCK 0.216
3 SLH/CYP  0.189 B NETLAND 0.027

10103 CPU TIME USED NAS  7.664 SECONDS. (LARSHN)

Figure 3: Table of Class Names and Weights
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STATISTICS

The Statistics function calculates statistics of subsets of data
values from the Multispectral Image Storage Tape. The subsets
are in the form of training fields; which, in general, are
grouped to define the training classes. The training classes

~are specified by the user on Field Description Cards.

The function calculates the mean and standard deviation, a
covariance matrix, and a correlation matrix of the data values
for the channels specified by the usexr. These statistics are
calculated for each of the training fields and training classes
the user defines. A Statistics File is then generated and
written on the user's temporary disk. It contains statistical
descriptions of the specified training classes; specifically,
the mean vectors, covariance matrix, and the number of data

vectors for each of these classes.

This Statistics Fiie is an important input to the Separability,
Classifypoints, and Sampleclassify functions. It may be used
by them directly from the temporary disk. The file is erased,
however, if the user either logs off the system (issues the
'quit' command), or re-initiates IARSFRIS (issues the 'i larsys'
command). If the user wishes to save the file longer than this,
he must either use the ‘'statdeck save' command to have it saved

- on his permanent disk, or must include a control card in the
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input deck to direct the function to punch the file in cards.

The printer output options of STATISTICS generate a large number
of numerical and graphical outputs for each training field and
class. It is, in fact, easy to produce literally hundreds of
sheets of printer output from a single execution of the function.
The user should, therefore, carefully evaluate his actual

analysis requirements before specifying optional outputs.

Input to the function consists of:
* Data from the Multispectral Image Storage Tape (s)
® Control cards to select the output options,

®* Field Description Cards to define the training fields.

The Statistics function always produces two standard printed
outputs:
* A listing of the control cards that were supplied by
the user.
* A coincident spectral plot, which shows the normalized
range of values (the mean plus-and-minus one standard
deviation) of all channels for all classes, or a subset

of these.
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In addition to these listings, the user may specify a number of
optional printed outputs:
® A Statistics Summary containing the mean and standard

deviation vectors and correlation matrices of the
channels for each field and/or class.
Histograms of the data values for requested channels for
each field and/or class.
* Spectral plots which show the normalized range of values

for all channels for each field and/or class.
®* (Coincident spectral plots for particular groups of

classes.

Principal Inputs

The required input to the Statistics function is data from the
Multispectral Image Storage Tape and an input deck containing

a CHANNELS card to identify specific data to be used to produce
the statistics for each class. (It must also, of course, con-
tain the Function Selector Card and END card that all input
decks require.) The function uses the Field Description Cards
to identify the appropriate input tape. The content and form

of the input tapes are described in Appendix IV.

The Field Description Cards also serve to specify the training
fields and training classes. Each card specifies a single
training field by indicating the run number on the Multispectral

Image Storage Tape and the line and column number coordinates
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of the data to be used. Each card may define a single training
class, although several of them are usually grouped together to
define the class. 1In either case, the card(s) for each class
are preceded by a particular type of data card that contains the
word "CLASS", followed by a blank, in the first six columns and

the name of the class in the succeeding columns.

Figure 1 shows a typical input deck that requests two successiﬁe
executions of the Statistics function. The first of these
identifies a single training class named 'HAY' which is defined
by three Field Description Cards, each of which represents a
different training field. The second execution is a little more
complicated. It identifies nine training classes, which are
defined by a total of sixteen Field Description Cards (sixteen
training fields). Note that all of the Field Description Cards
in this sample input deck are in the 'fixed form'. Either this
or the 'free form' of the card could have been used. Refer to
the Control Card Dictionary in Appendix I for more information

of the two forms of this card.

The training fields may request data from the same data runs (as
in the example) or from different runs. The fields are not
sorted by the program, so it is recommended that those for a

given class that use the same data run be adjacent within the.

cards for the class. The maximum number of training classes
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Figure 1. 1Input Deck for STATISTICS
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allowed is 60. If more classes are supplied, the first 60
will be used, and the remainder will be ignored. There is no
explicit limit on the number of training fields in a training

class.

Channels Specification

The channels for which statistics are to be computed must always
be specified. This is accomplished through the CHANNELS control
card in the input deck. The channels that are specified on the
CHANNELS card will be used for all training classes. If the
data run for a training field does not contain a requested
channel, then statistics for that channel will not be computed,
and the user will be informed via an information message. Both
examples in Figure 1 show a CHANNELS card which specifies that
channels 1 through 12 be used. A more complex form of the
CHANNELS card that provides calibration experimentation is

described in the Control Card Dictionary in Appendix I.

The Statistics function uses four optional control cards, each
of which contrcls the output in different ways:
® The OPTIONS card allows the user to histogram only a
subset of the channels specified on the CHANNELS card,

rather than all of them.
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®* The PRINT card provides a variety of control over the
printed outputs. These will be described in detail
below.

® The PUNCH control card gives the user the ability to
punch the Statistics File on cards and to control the
format in which it is punched.

* The SCALE card enables the user to control the beginning

point and the data intervals for the spectral plots.

Statistics File

The Statistics File is always written onto disk and may be
punched on cards. It can be input in either form to the
Separability, Classifypoints and Sampleclassify functions. The
file contains the following:
* Training field information supplied by the user.
®* A record containing the number of classes, number of
fields and number of channels.
® Records containing the channel number, wavelength of
the spectral band and calibration code for each channel
used in this statistics calculation.
® A record containing the number of points in each class.
® Records containing the mean for each channel for each
class.
* Records containing the covariance matrix of all

specified channels for each class.
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The Statistics File may be punched into cards by including a
PUNCH control card in the input deck. Note that the control
cards for the first example of STATISTICS in the sample deck
(Figure 1) do not include this card and those for the second
example do. The file that is punched in cards contains the
same information as the disk file; however, the means and
covariance matrices in the deck can be punched in either of
two forms: hexadecimal (binary) representation or character
”representation. The default is the hexadecimal form, since
this packs more information on each card and provides a
smaller deck. The user gets this form if no parameter is

placed on the PUNCH card.

The hexadecimal form requires four card columns per number
(e.g., one mean or one value of the covariance matrix).

The character form requires 14 card columns per number. The
number in character format is of the form n.nnnnnnnnE+mm,
which is the number n.nnnnnnnn times ten raised to the mm
power. The character representation is selected by using

the 'CHARACTERS' control parameter on the PUNCH card.

The first and last cards of the Statistics File are easily
identified.
The first card is:

LARSYS VERSION 3.1 STATISTICS DECK



STA-9

It contains a 1 or a G (which indicates hexadecimal or character
format) in column 40, and a 1 in column 80. These numbers are
essential to the functions that read the Statistics File.
The last card is:

EOS **%*%* TAST CARD OF STATISTICS DECK ***** nnnnnnnn
The n's are a segquence number in columns 73-8C. (The entire

deck includes sequence numbers in these columns.)

Standard Printed Output

A Control Card Summary listing is the first printed output from
the Statistics function. The listing that was produced by the

first example in the input deck (Figure 1) is shown in Figure 2.

In addition, the Statistics function always produces a
Coincident Spectral Plot for all, or a subset, cof the classes
for which statistics were calculated. This shows, for each
channel, the "range" of data values for each class, with the
classes plotted on the same listing. The "range" of values that
is plotted represents thevmean spectral value of the channel
(for that class) plus and minus one standard deviation.

Figure 3 shows part of the plot that was produced by the second
example in the input deck. The total Spectral Plot shows the
range of each of the nine classes in each of twelve channels.
For purposes of illustration Figure 3 has been truncated and

shows only the first nine channels.




u UABORATORY FOR_APPLICATIONS OF RENOTE SENSING HAR 731903
BEEL1ps PUROU VERS 11 15 53 AM
LARSYS VERSION 3
*STATISTICS
e _CHANNELS 13203¢805¢6220B29¢10s11,12 o . . e . i
GPTIONS u%§r!s 7
PRINT HISTIF4C}sQORRE(F,C)4SPECTRLIF,C)
SCALE SPCINT!2)
SCALF SPCLOM(20)
DATA

YOU HAVE SELECTED THE FOLLOWING STATISTICS OPTIONS

PRINT MEAN VECTOR AND’ CORRELATION ‘MATRIX FOR EACH FIELD

PRINT MEAN VECTOR AND CORRELATION MATRIX FOR EACH CLASS

PRINT SPECTRAL PLOT FOR EACH FIELD

PRINT SPECIBA Pﬂ;jm& _____ e
PRINT A HISTOGRAM FOR
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Figure 2. Control Card Summary for STATISTICS
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Coincident Spectral Plot for
Twelve Channels and Nine Classes
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In addition to these standard outputs, there is a Field
Information Listing that is produced whenever the user does not
select any of the optional printed outputs for training fields.
(These optional outputs are discussed later in the narrative).

A sample of a listing that was produced by the second example

in the sample input deck is shown in Figure 4. The listing shows
the identifying information and the number of data samples for
each of the training fields for the 'OATSCUT' class. A page
similar to this was printed for each of the other eight training

classes in the sample deck.

Optional Printed Output

Three optional outputs may be specified with the PRINT control

card.

Histograms

Histograms may be requested for selected channels for all
fields and/or classes. They are requested by the 'HIST'
control parameter on the PRINT card. 'HIST(F)' requests
field histograms, 'HIST(C)' requests class histograms, and
'HIST(F,C)' requests both, Figures 5 and 6 are sample
outputs produced by the 'HIST(F,C)' parameter on the PRINT
card in the first example in the sample input deck.

Figure 5 is the histogram for field 'R-1'. Histograms for

both of the other two fields defined in that example were
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also produced in this run, but are not shown here. Figure 6
is the histogram for class 'HAY', the only class defined

in the example.

Normally a histogram is produced for each channel that was
specified on the CHANNELS card. However, it is possible

to request only a subset of the channels be histogrammed.
This is accomplished by including the OPTIONS control card
with its 'HIST' parameter, which identifies the channels to
be histogrammed. The channels selected in this way must
always be a subset of those used for statistics calculation.
In both of the examples shown, an 'OPTIONS HIST(5,7,9)'
control card was included and histograms were calculated

only for channels 5, 7 and 9,

Statistics Summary

Printing of the mean and standard deviation of each channel,
and the correlation matrices for these channels, may be
requested for fields and/or classes by the 'CORRE' parameter
on the PRINT control card. 'CORRE(F)' requests statistics
be printed for each field, 'CORRE(C)' requests classes, and
'"CORRE (F,C)' requests both. Figures 7 and 8 show part of
the statistics output from the 'CORRE(F,C)' parameter in the
first example in the input deck. Only two of the outputs

(field R-1 and class HAY that were produced are shown here.
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Spectral Plots

Spectral Plots for each field, class or both may be
requested with the 'SPECTRL' parameter on the PRINT card.
'SPECTRL(F) ' requests plots for fields, 'SPECTRL(C) ' for
classes, and 'SPECTRL(F,C)' for both. Figures 9 and 10
illustrate some of the results of the 'SPECTRL(F,C)'
parameter that appears in the first example in the sample
input deck. The outputs are included only for field 'rR-1"

and class HAY.

In addition, Coincident Spectral Plots for selected classes
may be printed on the same plot. The standard output,
which was described earlier, produces a single plot which
includes all classes for which statistics were calculated.
A PRINT control card parameter enables the user to request
one or more Coincident Spectral Plots, each of which in-
cludes a specified subset of classes. These are requested
with the 'COSPEC' parameter on the PRINT card. For example,
'"PRINT COSPEC(2,4,6),COSPEC(3,5,6)' requests two plots -
one plotting classes 2,4,and 6 together and the other
plotting classes 3,5 and 6 together. The resulting
Spectral Plots are similar to the Coincident Spectral Plot
for all classes that is shown in Figure 3. Use of the
'"COSPEC' parameter will cause the plot for all classes

to be suppressed unless specifically requested by the use

of another 'COSPEC' parameter.
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The user has additional control over the printing of spectral
plots. He may use the SCALE control card to specify both the
low end of the plot (origin of the magnitude axis), and the
interval of data values that will be used in the plot (the
interval on the magnitude axis). The values that are specified
on this control card apply both to the individual field and
class plots that are requested with the 'SPECTRL' parameter on
the PRINT card, and to the coincident plots of classes that are
produced as standard output and by the 'COSPEC' parameter of

the PRINT card.

The values for these constants that are used if the SCALE card
is not included are zero for the low end of the plot and three
for the interval. 1In both examples in the input deck, two
SCALE control cards were used to specify a beginning value of
20 and an interval of 2. The plots shown in the previous out-

puts (Figures 3, 9 and 10) all reflect this choice.
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TRANSFERDATA

The Transferdata function prints, punches, and/or records on
tape data values from the Multispectral Image Storage Tapes.
The function is specifically designed to copy data values from
these tapes for use in programs other than those in the LARSFRIS
system. It converts them to an easily read Fortran format in
order to simplify their input to these programs. The data is
not acceptable in this new format as input to any of the pre-

sent LARSFRIS functions.

The data values are packed quite densely on the Multispectral
Image Storage Tapes. When they are converted to the Fortran
format, however, they are unpacked and their storage require-
ments increase considerably. As a result, the user should
carefully analyze his actual data volume requirements, and should

use this function only for very small samples of data.

Since all output from the function is a copy of data stored on

a Multispectral Image Storage Tape, the user will need to
understand the nature of this data and the manner in which it

is stored on the tape. This information, as well as information
on how the data is calibrated for use in LARSFRIS, is described in

Appendix IV.
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Input
The inputs to TRANSFERDATA are a Multispectral Image Storage

Tape and an input deck. The input deck must contain at least:

®* A Function Selector card to select the Transferdata
function.

® A CHANNELS card to specify the channels to be copied.

®* A DATA card, followed by one or more Field Description
Cards to specify the data by giving the run number and
line and column coordinates. Each Field Description
Card identifies a single "module" of data which will be
assigned an identification number called a "module
number"”.

¢ An END card.

In addition, the deck can include four optional control cards -
the TAPE, PUNCH and PRINT cards, which specify the type of

output, and the OPTIONS card, which permits the user to assign
his own module numbers to the modules. Figure 1 illustrates an
example input deck for the Transferdata function. The purpose

of each of these cards is described below.

The CHANNELS card in the input deck specifies' that data from
channels 2,5,7,9 and 11 on the input tape be copied. These

channels will be copied for all fields that are specified in
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this execution of the function. The user could have also used
the alternate form of the CHANNELS card which allows him to
control the calibration of the data. Consult the Control Card
Dictionary in Appendix II for a description of how this card

is used.

The PRINT card in Figure 1 illustrates the use of both of the
two options that it provides. The forms of this card are:
PRINT DATA - Data values are printed.
PRINT ROLL - Only the roll parameters for each line of
data are printed.
PRINT DATA, ROLL ~ Both data values and the roll parameters

are printed.

The PUNCH control card will cause the punched card version of
the data to be produced. The exact format of these records is

described later in this subsection.

The TAPE control card requests that the data be copied to tape.
The same Fortran format that is used for punching cards is also
used for recording the data values on tape. A tape number must
always be specified and the file number must be specified unless
file 1 is desired. File 1 is assumed if the File parameter is

not used.



TRA-5

The OPTIONS control card in Figure 1 specifies that the output
module is to be assigned a module number of 41. If more than
one module had been requested, the subsequent modules would be
assigned numbers in ascending sequence (42,43,etc.,) until all
requested modules were assigned a number. If the OPTIONS card

had been omitted, the module numbers would start with 1.

The DATA card identifies the beginning of the Field Description
Cards which specify the fields of data values to be copied.

The END card must be the last card in the deck.

Outputs

Three‘types of data output, cards, tape or printer, can be gen-
erated by the Transferdata function. The card deck contains

the data values and certain ancillary information. One module
is punched for each Field Description Card in the input deck.

If a tape is generated, it will have the same format as the card

deck. These formats are described at the end of this subsection.

Two types of printer output, a control card summary and a data
listing, may be generated. The data listing is a line printer
listing of the information punched on cards or written on tape.
It is intended to provide the user with a record of the informa-
tion he obtained on tape or cards. Figures 2 and 3 show the

line printer output from the example input deck in Figure 1.
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TRANSFERDATA Printed Output

Figure 3.
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Figure 2 is a listing of the control card input and Figure 3 is
the data that was reguested. Note that the roll parameter was
requested on the PRINT control card, but was not calculated for

data in run 71053900.

Tape and Card Record Formats

The record format for tape and card output is identical. The
records are formatted in "card image", i.e., in 80 byte records.
The three types of records for each module of data are described
below. The FORTRAN format used by the Transferdata function is
given under the heading 'Format'. The user may wish to refer

to the listing in Figure 4 of the output deck that was generated

by the example input deck.

Field Identification Record

One of these records is produced as the first record for
each module of data that is copied. The record identifies

and describes the field.

Card Columns Format Description

1-8 18 Run number from the Multispectral
Image Storage Tape

11-18 Alphabetic Name of the data module.

21-25 15 Line number for the first line of
of the module.
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Figure



Card Columns Format
26-30 15
31-35 15
36-40 15
41-45 15
46-50 I5
51-58 Alphabetic -
59-60 -

Calibration Records

TRA-10

Description

Line number for the last line of
the module.

Line interval for the module.
Sample number for the first sample
on each line.

Sample number for the last sample
on each line.

Sample interval for the module.

Class name of the class to which
the module has been assigned.

Blank

There is one calibration record for each channel that was

requested.

They immediately follow the Field Identification

Record. The information in columns 7 through 54 is taken

from the ID record on the Multispectral Image Storage Tape.

Card Columns Format
1-3 I3
4-6 I3
7-12 F6.2

Description

Channel number

Calibration code used to calibrate
data

Lower spectral band limit for this
channel
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Card Columns Format Description
13-18 F6.2 Upper spectral band limit for this
channel
19-30 2PEl2.2 Calibration value for CO0
31-42 2PE12.2 Calibration value for Cl
43-54 2PEl2.2 Calibration value for C2
55-72 _— Blank
73-76 I4 Module number
77-80 I4 Card sequence number

Data Records

These records contain the calibrated data values in integer
form. They follow the channel records. All the values re-
quested for a field are punched consecutively, 24 to a
record, in order by line, column, and channel in the
following manner:

LlclKl,L

C1K2,..., L,C.K L1C2Kl,

1 171"n’

LI B ] L C K chlxl'].ll' L

. mn’ CmKn

k
where L = line, C = column, K = channel, n = number of
channels requested, m = samples per line and k = number of

requested lines. Note that k°m = samples per channel in

the module (columns 64-69 on first card).
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Card Columns Format Description
1-72 I3 24 calibrated data values.
73-76 I4 Module number
77-80 I4 Card sequence number in module

after Field Identification
Record.



