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LARSYSAA, A Processing System For
Airborne.Earth Resources Data
by -D. A. Landgrebe and Staff

The system used by LARS for research in earth resources systems
is embodied in a set of computer programs known as LARSYS (See Figure 1).
Figure 2 shows diagramatically how a portion of this system is used by
a researcher applying modern pattern recognition techniques to airborne
scanner data. The purpose of this Information Note is to give examples
of the types of output which can be produced for this purpose.

The chief purpose of LARSYSAH is to produce aircraft Data Storage
Tapes, alphanumeric pictorial printouts and, in the future, digital
display data images. LARSYSAH output is still essentially data in
unreduced form. Once the Data Storage Tapes and pictorial printouts
have been generated, LARSYSAA may then be used by researchers to
reduce the data to useful information. As illustrated in Figure 3,
LARSYSAA contains four processors, each controlled by its own super-
visor. Illustrations of LARSYSAH pictorial printout output followed
by examples from the LARSYSAA processors are given below. These
examples were all generated using data from the University of Michigan
12-channel scanner. Correspondence between the channel numbers and

spectral bands for this particular scanner are as follows:

Channel Number Spectral Band (Microns)
1 L0~ 4L
2 il L6
3 JL6- .48
L 48~ .50
5 50- .52
6 .52- .55
7 .55- .58
8 .58- .62
9 .62~ .66

10 66~ .72
11 .72~ .80

.80-1.00
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Data Storage Tape

The Data Storage Tape is a digital magnetic tape produced by
LARSYSAH from the aircraft analog tape. It contains the data for
each resolution element stored in a packed format and has a specific
address for each point in the form of a scan line number and sample
number. Certain other information (run number, date, etc.) necessary
for a machine controlled storage and retrieval system and data for
calibration purposes derived from the aircraft analog tape is also

stored in a convenient format.

Alphanumeric Pictorial Printout

Two channels of a portion of run number 26600061 are shown in
pictorial printout form on the following two pages. Parameters
which may be varied in this type of presentation include the spatial
resolution, the radiance level-to-symbol correspondence and the
symbols used,

Spatial Resolution. This particular run was digitized such

that on the average there is neither underlap nor overlap of adjacent
samples on the Data Storzge Tape. In this case, based on the aircraft
altitude and the scanner resolution, this required that every seventh
scan line on the analog tape be digitized and 220 samples be made in
each scan line. It is shown on the two printouts given that every
other sample point of every other line on the Data Storage Tape has
been printed out. Exporience has shown that this choice of spatial
parameters is convenient and very adequate for most purposes.
Printouts of greater resolution are easily obtained, however, and
an illustration of one in photographically reduced form will be
given presently.
It may be noted parenthetically here that when the data is to
be analyzed in image form as opposed to analyzing the spectrum of
each point in quantitative form, overlap of samples is usually
desirable. Underlap on the other hand may be desirable to reduce
the data load when a detailed, high resolution study is not required.
Radiance Level-to-Symbol Correspondence. The analog data is

to be quantized to 8-bit accuracy. Bach resolution element of each
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spectral band will have one of 256 possible values, according to
the radiance of that element in that band. Experience has shown
that from 10 to 16 symbols should be used to simulate the gray
scale tones in the printout. Therefore, each of the 256 levels
must be assigned to one of the 16 symbols in some fashion. One
speaks of assigning each symbol to its own bin, or group of gray
levels.

One way to do this might be to use equal sized bins, i.e.,
assign levels O to 15 to the first symbol, 16 to 31 to the second,
and so on. However, this does not usually give satisfactory results
since the data is rarely if ever uniformly distributed over the
entire dynamic range of radiances.

One of the unique advantages of the digital approach to image
data handling is the simplicity with which the radiance level to
gray scale may be varied. The photographic equivalent to this is
the film density versus radiance curve and by using the above pro-
cedure, it is seen that a curve of arbitrary shape, be it linear,
nonlinear or even multivalued, can be achieved.

LARSYSAH provides for three means of specifying the bin edges
for each symbol: (1) use of a preassigned set, (2) assignment of
an arbitrary (ad hoc) set for the current job, (3) computation of
a set which will result in equal activity for each of the 16
symbols. The first of these three is the most economical insofar
as both the researcher's and computer's time are concerned. Based
on experience, a set of bin edges has been picked which gives
satisfactory but suboptimum results for most data.

The second method may be used when the researcher knows of a
good set from previous computation or if he has some more specific
use of the printout in mind. The third method takes longer compu-
tationally but automatically provides the maximum contrast over
the whole range of radiances. In this method the data is first
histogrammed, then bin edges are set so that all bins have equal
area under their portion of the histogram. It is also possible
to accumulate the histogram from one area or a group of areas and
use the resulting bin edges to printout another area. For the
two attached printouts, the bin edges were determined from histo-
grams of the first 950 lines of run 26600061.



The radiance level-to-symbol correspondence for a specific
printout is always given in tabular form as part of the heading
as shown.

Symbols Used. The set of symbols used in the accompanying
printouts has been picked as a standard set based on experience
and study. However, any other set may be specified as needed
for specific purposes. For example, if a contour map is desired
which shows areas having a certain temperature/emissivity, one
could obtain it by appropriately assigned bin edges, option (2)

above, and choosing blanks for all bins except the desired one.

Summary. LARSYS can produce alphanumeric pictorial printouts
of variable spatial resolution using arbitrarily selected alphanumeric

symbols and arbitrarily changing the range of contrasts presented.



Photographically Reduced
Alphanumeric Pictogigghfxiptoutg

The illustration cn the fellowing page shows two photographically
reduced pictorial printouts of run 26600061, lines 461 to 949. The
area displayed includes that shown in the previous printouts. The
left printout again has every other sample of every other line
presented, while in the right printout every saniple of every lipe
is given. In both examples there ave 10 active gray level bins
(symbols). A panchromatic air photograph is given for comparison.

Output in this format is about at the crossover between viewing
the data as a large number of guantitative spectra and viewing it
as an image. For example, one may view the printout given as a low
resolution image and also {perhaps with the aid of a hand-held
magnifier) see in a photographic (rather than this mimeograph)
presentation that there is a point (in Channel 9) at line number
€09 and column 213 near tie right edge of the wheat field which is
displayed as * and therefore, from the tebulation in the heading

has a relative radiance of 188-190 on 2 scale of O to 255,

Summary. Alphanumeric pictorial printouts may be phetegraphi-
cally reduced to increase their similarity to images and make them
easier to handle physically. Printouts of both greater and lesser
apatialgresdlution than the examples given can be produced in this
fashionj



Photographs of Digital Image Display Presentations

It is not possible to show an example of this type of data
format since procurement of the digital display has not yet been
possible. However, when it becomes available it is expected to
provide images of at least studio TV quality. While the original
primary purpose for the digital display was to speed the data
editing function, it will in addition provide a considerable
number of capabilities never before possible in man/data communi-
cation since it mates good quality image production with the
flexibility provided by digital control.

Note in particular that the comments above about bin selec-
tion and gray scale control apply equally here. Additionally,
images created from linear combinations of bands, reconstituted

color and false color images are expected to be possible quickly.

Summary. Photographs of Digital Image Display presentations
can be provided as soon as the display becomes available. Color
reconstitution and other types of displays should also be available

shortly thereafter.



Edited Data

The chief reason for devising the pictorial printout and digital
display was to enable the editing of data. That is, one must be able
to extract from the Data Storage Tape the data belonging to a specific
area on the ground. Refer to the previously given pictorial printouts
and air photo. HNote the corn field at the left edge just above the
wheat field. By referring to the printout, the addresses on the Data
Storage Tape of the data field (i.e., set of contiguous resolution
elements rectangular in shape) in the center of this agricultural
field can be determined as lines 603 to 625 and columns 13 to 33.
These addresses are valid for all channels of data gathered by that
(12 channel) detector set.

Once located in this fashion and extracted from the Data Storage
Tape, this data can be stored in the computer for further processing,
or it can be printed, punched out, or written on magnetic tape for
external use by the researcher. The following page shows a printout
of the above data.

Summary. LARSYS provides data edited from Data Storage Tapes

in line printer, punched card, or digital magnetic tape form.
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Histograms
One of the types of output which the LARSYSAA statistics

processor can provide is the histogram of a field or a group of
fields. The histograms for the data from the corn field indicated
above in three arbitrarily selected bands are given on the next
page. The abscissa is relative radiance (brightness), increasing
to the right. (The numerical abscissa values decrease for increas-
ing radiance because the scanner output signal is inverted.) The
ordinate gives the number of resolution elements with a given rela-
tive radiance.

The page following these three histograms gives the histograms
for another corn field from another flight line several miles
distant. It is seen that by overlaying the first set over the
second, perhaps on a light table, a quick but useful comparison
between data from the two fields can be obtained. In this case
they are similar in Channel 1 but different in Channels 9 and 12.

The third page of histograms shows the data from these same
two fields put together as a class (i.e., a group of fields not
necessarily contiguous nor even from the same flight line) and
presented in histogram form. The double lobes in Channels 9 and
12 predicted from the two previous histograms are apparent, for
example .

Summary. LARSYS can provide histograms of data from individual
data fields and from classes (groups of data fields) in any arbitrary
subsets of channels. Note that a data field is any rectangular region
in the data. The whole flight line could be defined to be a data
field if desired.
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Statistics

The statistics processor of LARSYSAA will also provide a one-
page display of statistics as illustrated on the next three pages.
The first two are from the two individual corn fields used above
and the third is again from these two taken together as a class.

The format is largely self-explanatory. Near the top the
means and standard deviations for the data of the designated
region in each spectral band are given. Below this is given the
covariance matrix. The entry in the third row of the first column,
which is 2.92 for the first field, for example, is the covariance
between Channels 1 and 3. Since this matrix is symmetric ty
definition, only that part below the major diagonal is presented.

In the lower portion of the page is presented the correlation
matrix which, of course, is a normalized version of the covariance
matrix. Options in the program provide for the presentation of
these statistics for only a subset of these bands as desired by
the researcher.

By use of another LARSYS option, the means and covariance
matrix may also be obtained in punched card form., A line printer
listing from a card deck obtained in this fashion is given on the

page following the class statistics.

Summary. LARSYS can provide means, standard deviations,
covariance matrices, and correlation matrices of data fields
and classes in arbitrarily selected subsets of channels. LARSYS

can also provide means and covariances in punched card form.
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Feature Selection/Separability

The feature selection processor provides the capability for
measuring the degree of separability of Gaussianly distributed classes
and determining the optimum set of channels for doing so. This is
done by calculating the statistical distance in N-dimensional space
between the classes. The particular distance measure implement is
known as divergence. JSee, for example, Marill and Green, "On the
Effectiveness of Receptors in Recognition Systems," IEEE Trans-
actions on Information Theory, January 1963. This paper also provides
a relationship between numerical divergence values and the degree of
separability of the classes in terms of per cent error under certain
conditions. Other separability measures have been tested and could
be implemented if it becomes desirable.

The program is written in a mode highly interactive with the
researcher so that he may make judgments and supervise the calcu-
lations as they are proceeding. It also has many options, not all
of which will be discussed here. The next page does provide a
sample of the type of output provided, however. In this example

problem, five classes were designated for study as follows:

Class_Name Symbol
Soybeans S
Corn G
Oats 0
Wheat T W
ilheat IT M

The program was instructed to determine the 30 best sets of
four channels (features) for separating, i.e., correctly classify-
ing, these five classes. In addition, it was specified that the
separability of the 4-tuple of Channels 1, 5, 10 and 12 should
be displayed even if it was not in the top 30. The results are
as shown. The best 4-tuple of channels is seen to be 1, 6, 10
and 12. To the right of the column labeled D(TOT) are listed the
interclass divergences. For example, for Channels 1, 6, 10 and
12, that for soybeans and corn classes, S and C, is 36, while

that for soybeans and oats, S and O, is 8. This means that a
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classifier will have less difficulty separating soybeans from oats
than soyﬁeans from corn. It is inappropriate in the space available
here to say much asbout the meaning cf the size of these numbers
beyond the general statement that a divergence above 400 indicates
very good separability while one below about 20 would be marginal.

The entries in the column labeled D{TOT) are the sum of the
interclass divergences and it is on the basis of these numbers
that the feature sets are ordered. The column labeled DIJ{MIN)
gives the minimum interclass divergence for each feature set for
easy reference. Other. options illustrated include the following.
If desired, one may input a maximum divergence to be considered in
ordering the feature sets. This is desirasble in order to prevent one
highly separable pair of clasae§ from uwnduly infiuencing the
ordering of feature sets. The ﬁaximum set in this example is 350,
and the entries indicated by three dots are those exceeding this
maximum,

One may also set a minimum divergence. If any interclass
divergence does not exceed the minimum for a given feature set,
tQat feature set will be deemed unacceptable and not considered
further. This is indicated by the blank lines in the interclass
divergence table.

Further, it is possible to apply varying weights to the
interclass divergences as indicated by the numbers in parentheses
under the symbols. In this example problem, even though it is
. necessary to define two wheat categories, it is not desired to
separate them from each other. Therefore, a weight of zero has
been specified for the WM interclass divergence.

Note also that the feature set specifically called for,

1, 5, 10 and 12, is displayed and marked by ¢, Its rank turned
out to be 3.

Summary. LARSYS assists in determining the degree of separability
of classes and can provide information about the best set of feagtures
for doing so. The program does require a user with specific knowledge

of divergencé%and this algorithm, however.



Classiiication and Ulsplay

The proof of separability of classes comes with a classifi-
cation and this may be done using the classification and display
processors of LARSYSAA. The classification processor carries
out the actual classifications using a Gaussian maximum likeli-
hood scheme and stores the results on magnetic tape. The display
processor is then used to read the results from the results tape,
apply various options, and display and analyze the results.
Currently the display is presented only in line printer form but
after procurement of the digital display, this device will be used
also.

An example classification display of the area previously
shown in the pictorial printouts is given on the next page. For
this classification nine classes were defined, training samples
from run 26600061 were sélected for each class, and their
statistics computed and punched using the statistics processor.
Four features, Channels 1, 6, 10 and 12, were used in the
classification as indicated in the heading.

After classification, the display processor was called and
symbols appropriate to the classes were assigned by the user at
that time. The choice of symbols is entirely arbitrary. For
example, it may be desirable to display the same classification
result using S for soybeans and blanks for all others in order
to make more obvious the location of all soybeans.

In addition to assigning each resolution element to one of the
nire categories, a threshold capability is also provided in the
display processor. That is, the classification of each element
is compared to a user-assigned threshold and if the element
classification does not exceed the threshold; that is, if the
element doesn't look sufficient like a member of the class to
which it has been tentatively assigned even though this is the
most likely class, then final classification of the element is
declined and that element is assigned to a null category and
displayed as a blank. Different thresholds may be assigned to

each of the classes individually if desired.
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factory qualitative determination of the classifier per formance,
a more quantitative analysis of results is usually desirable.

To facilitate this analysis, the display processor is able to
receive the addresses of additional data fields, called test
fields, together with a designation of the class to which each
belongs and tabulate the performance in these fields. The

areas so designated in this classification are outlined with +
on the display and the tabulation is given on the page following
the display. The same type of tabulation except giving the
performance on a per class basis is given on the next page. In
addition to the test data fields, the program can produce the
same type of outlining and tabulation for the training samples.

Summary. LARSYS produces Gaussian maximum likelihood
classifications stored on tape for repeated reference using
an arbitrary number of classes and an arbitrary number of
features. It also displays the results with a number of
options and provides a quantitative tabulation of the results.
Again these two processors require an especially knowledgeable

user.
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