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How to use this document. There are three major sections to this document following a brief
background in Section I.

» A Tutorial. Section Il provides a brief tutorial in the use of only the most basic
of system capabilities, with program command steps described in a quite
detailed fashion. It is intended as a first contact with MultiSpec.

e Using MultiSpec. Section I illustrates a number of additional system
capabilities and their use in the context of multispectral image data analysis,
but with a less detailed set of instructions on how to invoke them.

» MultiSpec Reference. Section IV describes the function of each of the
items on each of the menus; it is intended for use as a point of reference after
one has learned to use the basic system capabilities.

Though attempts have been made to make use of the program as intuitive as possible, it is recommended
that the new user read and follow through the steps of Sections Il and Il before attempting the analysis of
new data. Further, a "familiarity reading” of Section IV will be very useful, as there are many additional
features and capabilities described in it which do not occur in the earlier sections.

This document focuses on MultiSpec, itself, and how its various options may be invoked. Information on
how its various algorithms may best be applied to actually analyze a data set are discussed in documents
entitled,

1. On Information Extraction Principles for Hyperspectral Data
This is a white paper that begins by providing a general background to multispectral data. It discusses the
various ways multispectral data may be viewed, what such data is like, and general concepts for data
analysis. It presents results of research into unique (and perhaps non-intuitive) characteristics of high
dimensional data feature spaces, and provides an approach to analyzing hyperspectral data.

2. Multispectral Data Analysis: A Signal Theory Perspective
This document provides a sketch of the theory and concepts implemented into MultiSpec. It also follows
step by step through two example analyses, one for a nine-band data set, the second for the 220-band
hyperspectral version of the same data. It thus provides a comparative example of the added power of
hyperspectral data over conventional multispectral data.

3. An Example Hyperspectral Data Set Analysis
This document provides an example of an analysis of an airborne hyperspectral data set over the
Washington DC mall area. The processing steps are listed giving the processor or operator time needed
for each in order to illustrate that, though data volumes for hyperspectral data may be large, processing
times and analyst times need not be.

These documents may be viewed or download from the Documentation page of the MultiSpec web site:

http://dynamo.ecn.purdue.edu/~biehl/MultiSpec/

Apple, the Apple Logo, Macintosh, and LaserWriter are registered trademarks of Apple Computer, Inc.
Microsoft, Microsoft Word and Microsoft Excel are registered trademarks of Microsoft Corporation.
ERDAS is a registered trademark of ERDAS, Inc., Matlab is a registered trademark of The Math Works.
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AN INTRODUCTION TO MultiSpec

BACKGROUND

MultiSpec had its origin in the LARSYS multispectral image data analysis system and is
implemented for PowerPC or 680x0 based Macintosh personal computers with or without
math coprocessors! or PC-Windows based machines2. LARSYS was one of the first
remote sensing multispectral data processing systems, originally created during the 1960's.
A number of the systems in government laboratories, university research labs, and several
commercially offered products are descendants of this system. The purpose of the current
system is as a means to allow others to try out the results of our research into how to
optimally analyze multispectral and especially hyperspectral image data. New versions are
made available periodically as new algorithms emerge from our research. The ultimate goal
is to provide a practical, fast, easy-to-use means for analyzing both conventional
multispectral data such as LANDSAT MSS or TM data and hyperspectral data such as
from MODIS, AVIRIS and other sensors producing high dimensional data.

The original LARSYS was designed with data in mind that had of the order of 15 or less
spectral bands and with the intention of discrimination between as many as 20 or Sso
classes. The new implementation is intended to provide the same degree of
interactiveness and ease of use, but dealing effectively with the larger number of spectral
bands (of the order of several hundred) of hyperspectral sensor systems and a larger
number of classes (of the order of 50 or more). The current version has been used for
displaying data of more than 200 spectral bands. However, it is envisioned that additional
new processing algorithms will be needed to deal optimally with this new, more complex
data. Thus, this present implementation, while useful in and of itself, is an interim step toward
achieving an effective processor for the future, as it currently contains only a few of the
algorithms that will be needed to optimally deal with high dimensional multispectral data of
the future.

A. TYPICAL PROCESSING SCENARIO

The analysis of conventional (lower dimensional) multispectral image data may follow any of
a number of approaches and processing steps, however, a perhaps typical generic list of
steps might be as follows. After appropriate off-line preprocessing steps, the researcher, in
an interactive mode, might proceed through the following steps.

1. Data Review. This is to gain general familiarity with a data set, its quality and
general characteristics and is usually done, at least in part, by viewing the data in
multiband B/W and color IR image form. Thus some type of image display is
needed first.

2. Class Definition. Definition of the class of material to be identified or the set of
classes to be discriminated between must be carried out. Some means for
guantitatively defining the specific class characteristics of interest is required here.
Often this is accomplished by the researcher labeling a small sample of the

1 A different version is required for PowerPC Macintoshes and 680x0 based machines with a math coprocessor
than with 680x0 based machines without a math coprocessor. A
2 The version for PC-Windows machines does not yet have all of the capabilities of the Macintosh version.
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pixels from the data itself, as representative of the classes of interest. The
analysis process then becomes an extrapolation from these samples, called
training samples or design samples, to the entire data set.

3. Feature Determination. The specific features to be used in the analysis must
be identified or calculated. This may be simply a process of selecting an optimal
subset of the available spectral bands, or there may be some calculation
process to combine bands in some useful way.

4. Analysis. The specific analysis algorithm is applied to the data set to carry out
the desired identification or discrimination.

5. Results Evaluation. Both quantitative and qualitative means are used to
determine the quality and characteristics of the results obtained.

The current implementation of MultiSpec provides some means for accomplishing each of
these steps. The primary point of departure is that the analysis desired is one that is relative
in nature, meaning that rather than identifying a single class of material in a subject vs.
background mode, each pixel is to be assigned to a class based upon a judgment criterion
relative to all possible classes. This implies that enough classes must be defined so that
there is a logical class to which to assign every pixel in the scene, with the possible
exception of a small number of pixels that will be determined by a threshold.

Further, the current implementation assumes that the classes are made up of sums of
multivariate Gaussian distributions. Tools such as histogramming and clustering are provided
to assist in determining the modes of the data and to properly define classes and
subclasses that reasonably fit this assumption.

Finally, the current implementation is to be regarded as by no means complete. A number
of new algorithms are under evaluation or development to broaden the circumstances under
which the system will be effective and to make the process for user-efficient and
convenient.

B. THE MULTISPEC IMPLEMENTATION

For this section, it is assumed that the reader is familiar with the standard user interface, and
knows how to use pull-down menus, point, click, and drag with the mouse, etc. If this is not
the case, the user should refer to the computer operating system manual or tutorials. The
MultiSpec application should also be copied onto the hard disk, if it is not already there, as
well as the data to be used. At this point,

» Start the MultiSpec application by double-clicking on it.

Upon opening the MultiSpec application, a Menu Bar and Text Output Window will be
displayed as shown in Figure 1. The Text Output Window is the window in which all text
output from the program, such as file statistics, histogram data, and initial classification results
will appear. Text data appearing there may be copied and pasted into other applications,
for example.

Notice the list of menus across the top of the screen and in Figure 1. By pointing with the
cursor to each and holding the mouse button down, the various options of each menu item
may be observed. In doing so, it is seen that the File menu allows one to open an Image
or Project Image window for displaying an image, to Print output, to Save the text
output to a disk file, or to Change an Image Description, among other things.
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% File Edit Window Project #yacesspy Palette Options

Text Output
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Figure 1. The MultiSpec Menu Bar and Text Window. This is what appears on the screen
upon start-up of MultiSpec.

The Edit menu is used for standard user interface functions such as cutting, copying,
pasting, and clearing. The Window menu is used to bring any given window to the front
and make it the active window. The Project menu is used to start a new Project file. The
Project file is the file used to store training and test field coordinates, class statistics, etc., so
that one may save one's intermediate results and quit before completing an analysis. One
can then restart the analysis at a later time without losing any work. The Processor menu
allows one to choose the MultiSpec processor one wishes to use. The Palette and
Options menus are needed only for advanced purposes and are explained in the
Reference section.

A TUTORIAL EXAMPLE

A typical analysis task usually involves many classes, however, as a simple example, we
will use a small portion of a Thematic Mapper data set to carry out a 2-class, 7 band
classification. The two classes will be Green Vegetation and Other. The data is shown in
Figure 2. We will use the three fields indicated in the figure as training data.

A. Display and Inspection of the Data
To begin the example, open MultiSpec if it is not already and,

* From the File menu choose Open Image. . ..

Version 5.01 - 3 - Background & Tutorial
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Tomin] FcMd

Figure 2. An image presentation of the data in the file TIPJUL1. LAN showing fields to be used for training.

A dialog box will open to allow one to select the data file one wishes to use.
* Select TIPJUL1.LAN and Open, or simply double-click on TIPJUL1.LAN

This is a small segment (169 lines x 169 columns of pixels) of a Thematic Mapper scene of
Tippecanoe County, Indiana gathered on July 17, 1986. Next a dialog box will appear to
allow one to choose among various options for the image display.

* Note that by default the area designated for display is the whole scene and the 3-
Channel Color Display Type is selected. If the monitor is set to display 256 or
fewer colors, the default settings call for the Red screen color to be derived from
band 4 and the Green and Blue screen colors from band 3. Any bands could
be chosen, however, since band 4 is from the reflective infrared region and band
3 from the visible red, these particular choices are satisfactory for our use and will
cause the screen image to be in a 3-color format approximating Color Infrared
film. Therefore, click OK.

If the data histogram has not previously been calculated and stored, another dialog box will
next be presented allowing the choice of regions to be histogrammed, so that the various
channel gray values can be properly assigned to screen colors. The default options built
into this dialog box are satisfactory, so

1 Assuming an 8 bit display is being used, setting two colors to the same band results in a larger number of "gray”

values per color. This usually results in a better appearing display. If a 24 bit color display is being used then
each color is assigned to a different band, providing a display of full quality.
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» Click OK to begin the histogramming.
After the histograms of the seven channels have been compiled, a dialog box wil be
presented allowing them to be stored so that they will not have to be re-compiled when
this data set is next used. The default file title is satisfactory, so,

» Click Save to store the histogram in the image statistics file, TIPJUL1.STA.

The image of the data will next appear.

TIPJULT.LAN (ch. 1] EFEl—windaw

First, use the window sizing box in the
lower right corner of the image window £0am
to! Box
* Enlarge the window to a little
more than twice its current size
by dragging it to the right and
down.
Notice that just above the window sizing
box, there are two small boxes labeled i |
: . I mage
and o. These are image zooming boxes
allowing one to zoom in or out from the [ 0 Zoom
currentimage scale. Just to the left of the §§ | Boxes
window sizing box is another box which [Sl+— window
now shows - ..
sizing Box

x 1.0 in grayed form. This tells the current zoom magnification.
» Click the i once to magnify the image by a factor of 2.

One can magnify further if one wants just by clicking additional times on the i. Reduce the
magnification by clicking on the 0. Any time the magnification is different from 1.0, one may
click on the magnification size box to return it to x 1.0. After experimenting a bit, return the
magnification to X 2.0. By clicking on the Window Zoom Box (upper right corner of the
window), one can adjust the window to just the size of the image.

B. Training Sample Selection
The next step is to select training fields. To do so,

* From the Processor menu select Statistics and click OK in the resulting dialog
box as we will use all seven spectral bands in statistics calculation and
classification, and the other default values are satisfactory.

A new window labeled Select Field will appear in the upper right corner of the screen that
will be used in a moment. To select training fields for each class, one must simply "drag" a
rectangular area on the image (or, with polygon option selected, click on the corners of the
desired polygon), and then "Add that field to the list.” Thus,

» Drag from the upper left corner to the lower right corner of the Veg. training
field in the image window (the upper one of Figure 2 that shows red on the

1 The implementation for the PC-Windows version varies slightly from that described here. See the MultiSpec
Windows portion in section IV. MultiSpec Reference section of these notes for details.
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screen). If upon inspection, one does not like the exact boundaries resulting, one
may immediately repeat the process.

* Note in the Select Field dialog box, that the coordinates (row and column
numbers) of the upper left corner and the lower right corner of the selected area
appear there. Now,

* Click on the Add to list button.

A dialog box will appear to allow one to name the class and give the field a special
designation, as desired. Thus,

* Type Veg into the Class Name box and then click OK.

Since there is to be only one training field for this class, we are ready to select the training for
the second training class. Thus next,

» Point to the Veg class name of the Select Field window and hold the Mouse
button down. A pop-up menu will appear. Without releasing the mouse
button, drag to New and then let up on the Mouse button. Next,

» Drag across the second training field in the Image Window shown in Figure 2.

* Click on the Add to list button in the Select Field window .

Again, a dialog box will appear to allow one to name the class and give the field a special
designation, as desired.

» Type Other into the Class Name box and then click OK.

The class Other is to have two fields in its training set, so we are ready to mark the second
of these two.

» Drag across the remaining training field in the Image Window

Since the class indicated in the Select Field window already is Other, this field will
automatically be associated with that class.

* Click on the Add to list button in the Select Field and click OK on the "Field 3"
dialog box that results.

Since there are to be only two classes and a total of three training fields, the training process
is complete, and we are now ready to evaluate the adequacy of our class definition and
training. In more typical circumstances, it would probably be desirable to check its quality in
other ways, however, for now we will evaluate it only by classifying the training fields to see
that they are appropriately separable.

C. Classification
* From the Processor menu select Classify.
On the dialog box which appears, under Classify

e Click on the Vv near Image Selection
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to de-select it as, during this pass, it is desired to classify only the training fields in order to
obtain an initial estimate of the quality of the class definition and training. Note that under
Write classification results to: the Project Text Window is already selected. This
will cause the results of the classification to be displayed in the text window in alphanumeric
form. If desired, one could also select the Disk File button causing a disk file version of the
results to be written. Since we have no need for this file in this case, leave this button
unselected.

Since the other default options are satisfactory,

* Clickon OK andthen Update to the "Update Project Statistics" dialog box
to begin the classification.

The classification will be complete momentarily.

* From the Window menu select Text Output,
to bring this window forward and make it active, as it will contain the classification results. If
necessary, scroll until the results of the classification can be seen. The class of each pixel is
indicated by a "1" or "2,” indicating the class to which it has been assigned. Tables after the
last field tabulate how the pixels of each field and class were classified. There should be
nearly 100% accuracy on the three fields. Assuming satisfactory results, we are ready to
classify the whole area. Although it is not really necessary, we could clear the Text Output
window to make room for the results. If you wish to do this, with the Text Output window still
active,

* From the Edit menu choose Select All and then Clear.
To proceed with the classification,

* From the Processor menu choose Classify.

* Under Areas to Classify de-select Training (resubstitution) by clicking
on the v by it, and,

* Select Image file.

» Also click on Disk File under Write classification results to: so that a disk file for
later use will be created. Then click OK. Also click Save to the dialog box that
follows regarding a file name for the results.

It should take less than a second! to classify the 28,561 pixels in the data set using all 7
bands. As soon as the classification is complete, one will see results displayed in the text
window and one may want to scroll over the classified area to examine the results.

D. Obtaining a Hard Copy Printout

Hard copy in Thematic Map form. A hard copy output in Thematic Map form may be
obtained by the following.

* Inthe File menu, choose Open Image,

1 For a Macintosh G3. Times will vary depending on the Macintosh mode!.
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* Inthe resulting dialog box, select the file Untitled Project.GIS that was generated
by the classifier, and click Open. Click OK on the resulting dialog box.

One may change from the default color used for each class to more appropriate ones by
double-clicking in the legend on the color to be changed, then clicking on the color desired in
the color wheel resulting. For example, one may change to green for the Vegetation class.
Note that colors of contrasting brightness should be chosen for the two classes if the intent is
to subsequently print out a black and white version of the display as is the case here.

One may enlarge the resulting image as desired using the i zoom box on the lower right.
Then,

* Inthe File menu, choose Print Imagel, and OK on the resulting dialog box.

Figure 3 shows an example of the result in black and white form. Color output is also
available if one has a color printer.

Note also that one may copy the display to a word processor document by choosing

'Select All' or by dragging over the portion of the display desired, then choosing 'Copy,’
and then pasting the result into the word processor document.

Legend
- Veg.
- Othet

Figure 3. A classification result in black and white thematic map form.

1 Use the Chooser in the Apple Menu to select a printer, if necessary.

Version 5.01 - 8 - Background & Tutorial



Introduction to MULTISPEC

E. Quantitative Check of Accuracy

To assist in the evaluation of the analysis results, the LIST RESULTS processor may be
used. To do so, first,

» Make certain that the Untitled Project.GIS window is active; (if it is not, click on any
part of it showing or select it in the Windows menu),

* From the Project menu, select Add Associated Image.
The outlines and names of the training fields will immediately be shown on the image. Next,
» From the Processors menu, select List Results.

A dialog box providing several options will appear. These options are all described in the
Reference Section. For now,

* click OK.

This will cause the system to generate in the text window two tables of results for the
accuracy of the training samples, similar to the following.

TRAINING FIELD PERFORMANCE (Resubstitution Method)

Project Reference Number of Samples in Thematic Image Class
Field Class Accuracy+ Number 0 1 2
Name Number (%) Samples background  Veg Other
Field 1 2 100.0 336 0 336 0
Field 2 3 100.0 324 0 0 324
Field 3 3 100.0 138 0 0 138
TOTAL 798 0 336 462

TRAINING CLASS PERFORMANCE (Resubstitution Method)

Project Reference Number of Samples in Thematic Image Class
Class Class Accuracy+ Number 0 1 2
Name Number (%) Samples background  Veg Other
Veg 2 100.0 336 0 336 0
Other 3 100.0 462 0 0 462
TOTAL 798 0 336 462
Reliability Accuracy (%)* 100.0 100.0

OVERALL CLASS PERFORMANCE ( 798 /798 ) = 100.0%
Kappa Statistic (X100) = 100.0%. Kappa Variance = 0.000000.

+ (100 - percent omission error); also called producer's accuracy.
* (100 - percent commission error); also call user's accuracy.

The first table provides an accuracy assessment for the training fields. Each line of the table
contains the results for one of the training fields. The second table combines the fields of
each class to show the overall training class results. If Test Fields had been defined, similar
tables could be calculated for these as well. A capability to Group classes, i.e., combine
classes that are actually subclasses of a more general class, is described in the Reference
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section of this document, under the Open Image command of the File menu. If such
Grouping had been done, tables as above could be determined for Groups as well.

F. Clustering Algorithms

Two Clustering Algorithms are contained in MultiSpec. They are useful in the classifier
training step in determining how many classes might be separable in a given data set, and
in finding the modes of data. One algorithm implemented is a simple one-pass type. The
second is of the iterative type. More information on these algorithms is contained in the
Using MultiSpec and Reference sections of this document.

G. The Feature Selection Processor

A Feature Selection Processor is included to assist in choosing a best subset of spectral
features to be used for a specific classification. For example, instead of using all seven TM
bands in the above tutorial example, it may have been better to choose the best three of
the seven bands for the particular pair of classes. This would certainly have saved
computation time, and in a more complex classification task, it may have provided higher
classification accuracy.

The Feature Selection Processor produces a table showing the statistical distance between
each of the class pairs for each of the possible subsets of features. In a case of three
classes, the best three of seven features and the Bhattacharyya statistical distance
measure, the results that appear in the text window are as follows:

Feature Selection 02-05-1999 14:33:45 (MultiSpec1.29.99)
Project = 'TIPJUL1.LAN'

Original class statistics are used.

Base image file = "TIPJUL1.LAN'

List best 12 combinations.

Minimum value to be listed: 0

Maximum value to be listed: 30000

List separability table.

1 contiguous channels in each channel combination group
All possible channel combinations will be searched

Classes used: Symbol
1: Veg
2: Other
3:2nd other

WN P~

Channels used:

1: 0.45-0.52 pm
2:0.52-0.60 pm
3:0.63-0.69 pm
4:0.76-0.90 pm
5:1.55-1.75 pm
6:2.08 - 2.35 um
7:10.40 - 12.50 pm

Start Bhattacharyya Feature Selection

There are 3 class combinations.
There are 35 channel combination(s) for 3 group(s) of 1 contiguous channel(s).

class pair symbols > 12 13 23
weighting factor > (10) (10) (10)
Channels Min. Ave. Weighted Interclass Distance Measures
1. 567 107 842 152 8.95 1.07
2. 267 1.05 712 101 10.1 1.05
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3. 367 101 701 8.35 11.6 1.01
4. 467 099 701 7.32 12.7 0.99
5. 167 094 6.33 6.72 11.3 0.94
6. 457 079 1055 15.3 15.5 0.79
7. 127 070 599 10.0 7.20 0.70
8. 147 069 6.20 7.96 9.94 0.69
9. 137 065 520 7.77 7.17 0.65
10. 257 059 6.90 10.0 10.0 0.59
11. 247 058 799 123 11.0 0.58
12. 357 055 6.97 9.83 10.5 0.55

0 CPU seconds for feature selection. 02-05-1999 14:33:46

By choosing the correct option, the subsets of channels have been listed in descending
order according to the minimum of the Weighted Interclass Distance values. (Another option
would have the subsets listed in descending order according to the average of the
Weighted Interclass Distance values.) Note from the table, this algorithm suggests that
Channels 5, 6, and 7, would be the best three for discriminating among these three classes.
However, though the minimum interclass separability for n-tuple 2, 4, 5 is the largest, if one
were more concerned about good separation between classes 1 and 3, channels 4, 5, and
7 might be a better choice, since it has a maximum interclass distance of 15.5.

In general, in using this processor, one would want to scan both the Average column and
the Minimum column of the processor output, perhaps in addition to reviewing the individual
entries appearing in the table of Weighted Interclass Distance Measures. One could also
use the Weights option to vary the interclass distance weighting in the averaging process to
assist evaluation when there are a large number of classes. Alternatively, the Feature
Selection Processor output may either be copied and pasted to a spreadsheet, or saved
on disk as a text file and opened from a spreadsheet for more complex study of the table.
Other example uses of commercially available software are contained in the following
section.

H. Example Use of Other Software.

The use of commercial applications such as a graphing program can be very useful in
extending the capabilities of MultiSpec, and indeed, such use is an intention of the design
of it. As another example, Figure 4 shows a histogram of every fifth line and every fifth
column of the data set for bands 3 and 4. This figure was obtained by choosing the
Histogram Processor with the List Histogram option selected, and then copying the result
from the Text Output window and pasting it into a commercially available graphing
application program.
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Figure 4. Histogram of TIPJUL1.LAN in bands 3 and 4.
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Using MultiSpec

A. Importing data

MultiSpec is able to read any data file in Binary or some data in ASCII format provided that
the parameter values in the following dialog box are known.

Set Multispectral File Format Specifications

For:image file
Mumber of Lines 256 File Header Bytes
Number of Columns 256 File Trailer Bytes
Mumber of Channels Preline Bytes

Start Line Number Postline Bytes

1T

Start Column Number Prechannel Bytes

Postchannel Bytes

LT

Band Interleave Format: | BIL-Band Interleaved by Line
Bytes Per Data Value: [ 1_w]| ] Swap Bytes

Bits per Data Value: ] Signed Data
Cancel I

ASCII format refers to images represented by alphanumeric characters - one character for
each pixel. MultiSpec cannot interpret ASCIlI image files represented by numbers
separated by commas or spaces.

MultiSpec will attempt to determine these parameters from the header portion of the
selected data file. Currently MultiSpec recognizes ERDAS *.lan ERDAS *.gis, ERDAS
Imagine, GAIA, HDF-Scientific Data Model (some), Land Analysis System (LAS),
LARSYS Multispectral Image Storage Tape (MIST), LGSOWG, MacSADIE, MultiSpec
ASCII classification, PDS, Sun "Screen Dump", TARGA uncompressed, TIFF
uncompressed, VICAR formatted data files. If MultiSpec is unable to determine the
parameters for the file format, the above dialog box will be displayed to allow one to
specify the parameters.

Acceptable limits on several of these parameters are listed in Appendix B. Band interleave
formats which are acceptable are Band Interleaved by Line (BIL), Band Sequential (BSQ),
and Band Interleaved by Sample (BIS). The data may have either one or two bytes per
data value, and may have 4 to 16 bits per data value. In the case of two bytes per sample,
the two bytes may be in either order.

The file to be imported may or may not have a header or trailer, but if it has either, the
format of it does not need to be known, only the number of bytes included. The image data
file may have additional bytes included before and/or after each line or channel; these bytes
may be for storage of information such as line numbers or calibration data, but again only the
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number of bytes involved needs to be known. MultiSpec will ignore header, trailer, pre-
line, post-line, pre-channel and post-channel bytes when displaying the data.

An example format that uses several of these parameters is the LARSYS MIST format.
These files are BIL with a header of 800 bytes and 4 pre-line calibration bytes and 6 post-
channel calibration bytes. The pre-line bytes are at the beginning of each line of data and
the post-channel bytes are at the end of each channel of data. In other words, there are a
total of n channels times 6 bytes of post-channel bytes for each line of data.

If this image file is actually a subset of a larger image file and it is desired to retain the line
and column numbers from the original, the above dialog box provides a capability to enter
those data at the time the data are first read by MultiSpec using the "start line" and "start
column" parameters.

Upon reading the file for the first time, each of these data values must be entered or
chosen, after which, if desired, MultiSpec can re-write the data with a known header so that
these items will not have to be re-entered when this file is next displayed.

Then the steps needed to import new data are as follows. Store the data file in either binary
or ASCII format in a data volume accessible to MultiSpec. Open MultiSpec and choose
Open Image from the File menu. The usual dialog box will appear allowing you to choose
the data volume and data file containing the new data. Upon clicking OK, the dialog box
above will appear. Upon entering the correct parameter values and clicking OK, the image
data will be read into MultiSpec, and the "Set Display Specifications” dialog box will
appear (see Open Image under the File Menu in the Reference Section). The data have
thus been successfully imported.

If it is desired to have a standard header inserted to the file, so that the file parameters do
not have to be re-entered the next time the file is opened, after the above steps, choose
Reformat... from the Processor menu, then select Insert Header and OK. A dialog box
will be displayed to allow one to insert an ERDAS73, or ERDAS74 header. One can add
a few additional header types by using the Reformat Processor “Change Image File
Format Command. (See Reference Section).

B. Analyzing Data

Background and Procedure.

There are many approaches to analyzing multispectral image data, almost as many as there
are analysts. The steps used in any given analysis must necessarily be based upon the
scene, the information desired, and the data analyst's initial assumptions about the data
characteristics.

The basic requirement of an analysis process is,

* To divide the entire multi-dimensional data space defined by the data set into an
exhaustive set of non-overlapping regions in such a way that the regions
delineated, or an appropriate subset of them, correspond as precisely as
possible to data points belonging to the particular classes desired.

Experience has shown that, properly used, the assumption that each of these data subsets
may be modeled in terms of one or a combination of Gaussian distributions is a quite
practical and powerful way to proceed. Among the advantages of using the Gaussian
model is the mitigation of need for large training sets to properly define the desired classes,
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especially when the spectral dimensionality is large. However, use of this assumption does
impose upon the analysis process, some means for identifying the various modes of each
desired information class, and the fitting of densities to each of these modes. The analysis
process then consists of finding the parameters for a collection of Gaussian distributions
which fit the entire data set, and for which some subset of the distributions correspond to the
classes of interest.

With regard to dealing with confounding scene observation variables such as the
atmosphere, illumination and view angles, terrain relief, etc., one approach is to attempt to
pre-adjust the data before analysis to account for the variation introduced by each of these
confounding variables into spectral responses. However, as a practical matter, the lack of
adequately precise values for the parameters of such scene variables, the complexity of
the calculations required even if the parameter values are known, and the noise and
uncertainties introduced by such calculations (which themselves can tend to reduce the
amount of information that could ultimately be obtained from the data) are disadvantages of
this approach.

A second approach is to use analysis techniques that are relatively insensitive to such
scene observation variables in the first place. The various conditions in which a desired
information class exists in the data may be handled by defining additional subclasses for the
desired information classes. This is the approach in mind in the following, and a minimum
amount of pre-analysis adjustment to the data is assumed to have been used.

The steps below, then, allow for accomplishing the analysis task according to the above
approach using MultiSpec?.

1. Familiarization with the data set.

* Display the data in two or three color format using the Display Image processor to
assess its general qualities2. Compare the displayed image with any ground
reference information about the site that may be available. Compose a tentative
list of classes which is adequately (but not excessively) exhaustive for this data
set.

2. Preliminary selection of the classes and their training sets.

* Using the Cluster processor, cluster the area from which training fields are to be
selected, saving the results to disk file. Display the resulting thematic map for use
in marking training areas.

* Using either the display of the original data or that of the thematic cluster map (after
adding it as an associated image), make a preliminary selection of training fields
which adequately represent the selected classes.

3. Verification of the class selection and training.
* Use the Feature Selection processor to determine the degree of separability

between the various classes. Check the modality of the classes by examining
the cluster map or by clustering the training areas. Where multi-mode classes are

1 The procedure described here is relative to a data set of conventional dimensionality (<20 bands). For
hyperspectral data sets with 50 to 500 bands, an augmented procedure would be needed and is described in
other documents on http://dynamo.ecn.purdue.edu/~biehl/MultiSpec/documentation.html.

2 It may also be useful to display the data in side-by-side format to see that all bands of data are present and of
reasonable quality at least in terms of subjective appearance.
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found, it may be appropriate to define two or more sub-classes to accurately
represent the entire class. It may be desirable to iterate between steps 2 and 3.

* It may also be useful to examine the histograms of each class using the Statistics
Processor to determine the need for subclasses. This is another means of
identifying the need for subclasses.

4. Selection of the spectral features to be used.

* Once a reasonably final training set is arrived at, use the Feature Selection
processor to choose the best subset of features for carrying out the classification
for a given training set?.

5. Preliminary Classification of the data.

 Classify the training fields only, using the spectral bands you have selected to
verify their purity and separability.

6. Final Classification, Evaluation of the classification and Extraction of the desired
information.

» Classify the entire data set using the features selected.

» Mark as many fields as possible as Test Fields using the Statistics Processor. Use
the List Results processor to determine the accuracy obtained on the training
fields and to determine how well the classifier training generalizes beyond the
training set. Make modifications to the training as required to obtain satisfactory
results at this point.2

» Depending upon the results of these evaluations it may be necessary to repeat
previous steps after modifying the class definitions and training. After becoming
satisfied with the results, classify the entire data set, perhaps setting a modest
threshold value, saving the classification results to a disk file, and creating a
Probability Results file.

* Use the Display Image processor to generate thematic map versions of the results
and the Probability Results files for subjective evaluation purposes. The
classification results file display is useful in determining that the classification results
are appropriate and consistent from a spatial distribution standpoint. The portion
of points thresholded in the results display, together with the Probability Results
file helps to determine if any important modes in the data have been missed in
the class definition process. Depending on the outcome, it may again be
necessary to iterate using some of the above steps. The List Results processor
can be used to provide a quantitative evaluation of the results based upon the
accuracy figures of the training and test fields classification.

Some Example Uses of System Capabilities.

In the following we shall sample several of the above steps to demonstrate how MultiSpec
may be used. We note that all of the features of MultiSpec are cataloged in the Reference

1 The Feature Extraction processor is also available for this task. See the discussion on this processor later in
this section.

The Enhance Statistics processor may be used to improve the extent to which the classifier successfully
generalizes from the training to the other samples of the data set. See the discussion on this new processor later
in this section.

2
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Section of this document. Our purpose here is more to illustrate how some of the varied
capabilities of MultiSpec can be used in the process of analyzing a data set rather than to
delineate a practical procedure for a given problem.

For this purpose, we will again use TIPJUL1.LAN, the same data set as in Section I
above. Begin by Opening MultiSpec, and displaying the ground truth file
JTIPSUB1.GIS, using Open Image from the File menu. Also display the
fileTIPJUL1.LAN containing the multispectral data. We will assume that our primary interest
in this analysis is on the classes Corn, Soybeans, and Alfalfa/Oats.

With the data image window active, choose Cluster... from the Processor menu.
Choose the Isodata algorithm, and on the resulting dialog box, choose the Use One-
Pass Cluster initialization option. This initialization tends to cause the Isodata algorithm to
require fewer iterations to achieve a final clustering. If the default choices under Other
Options are used, it turns out that 15 or more clusters will be identified, and we desire a
somewhat smaller number in this case, since the number of classes desired is small. Thus
reset the Minimum Cluster Size to 100 and Distance 2 to 75. Click OK on this dialog
box, and set the Image Area choice under Cluster Classification Map Area(s) and the
Disk File option under Write Cluster Map/Results to. Click OK to begin the processing
and click Save to save the results to disk, using the default name, Untitled
Project.cluster.

After the clustering is complete, Open the Untitled Project.cluster image, and carefully
compare it with the ground truth map, JTIPSUB1.GIS. As can be seen, some of the fields
do belong uniquely to some of the desired information classes, some fields are made up of
mixtures of two or more clusters, and some clusters appear to belong to two or more
information classes, indicating that spectral classes must be defined in such a way as to split
these clusters in the final classification. The task that remains then is to define spectral classes
which match the desired information classes, and the cluster map can be a useful tool in this
process.

Note, for example, that Cluster 1 corresponds to some of the Soybean fields, and may,
therefore, be suitable as one subclass of the information class Soybeans. Similarly for
Cluster 8 and Corn. It will facilitate such a comparison to adjust the colors used for displaying
Soybeans and Corn in the cluster map to those used on the ground truth image. To do this,
make the ground truth image active and double-click the Soybean entry in the Legend. A
color wheel will appear. Note the location of the dot on the color wheel and the position of
the Lightness slider below the color wheel, or note the values for Hue angle, Saturation, and
Lightness, indicating the coordinates of the current color used for soybeans. Click Cancel
and make the cluster map image active. Double-click on the Cluster 1 color in its legend to
obtain the color wheel. Click on the same location on the color wheel as that of the marker for
soybeans on the ground truth map and move the slider appropriately, or enter the color
coordinate values noted above. Click OK, and note that the color is changed as desired.
You may wish to repeat these steps to change the color used for Cluster 8 to that of the
Corn class as well.

To explore possible additional tools for defining classes, at this point choose Statistics
from the Processor menu, which after accepting the default options in the resulting dialog
box, brings up the Select Field window. By mousing down on the pop-up menu at the top
of the window to the right of Class: it is seen that the statistics for the 9 cluster classes are
contained in the current project file at this point. They could be used, for example, with the
Feature Selection processor to determine the statistical distance between the various
clusters, and this can be helpful in deciding if there are clusters which may be grouped
together to form an information class of interest. To illustrate this, choose Feature
Selection from the Processor menu, set the Channel Combinations option to a subset
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of 7 and using the Symbols pop-up box, set the symbol for cluster 1 to S (for soybeans)
and cluster 8 to C (corn), and click on the List Options button. In the dialog window which
results, click on the List class pair distances option, then click OK, and click OK on the
remaining window.

When the calculation is complete, make the Text Window active and copy the lines listing
the class pair symbols and their interclass distances. Open a spreadsheet application! and
paste the clipboard data in place. The class pairs may be sorted to find those separated
by the smallest distances by the following. Select the columns containing the class pair
distances (Columns E through AN in this case), choose Sort from the Data menu, Sort
by Columns, and the First Key should be $E$4. Click OK and the left portion of the
resulting table should look like the following.

Al B [ C | D E F G H I J K
class pair symbols > 47 25 67 26 37 49 L
weighting factor »: -10: -10: =10 =10 =10 =10 -1

Channel: Min. : Ave.
1:1 22 132 528 132: 1.33 1.4: 155: 1.65: 168 1

BN N | =

The distance between 4 and 7 is the smallest and is seen to be 1.32, which indicates that
clusters 4 and 7 are very near to one another, and perhaps may be grouped together.
Adjust the color of cluster 7 to be the same as cluster 4 by the above technique and note
the relationship of the two on the cluster map. A convenient means for assisting in this is as
follows. With the cluster map window active and the shift key depressed, move the cursor
onto the color of cluster 4 in the legend. Notice that the cursor turns into an eye. Now click the
mouse button and notice that all of the pixels of the image in that cluster blink as you do so.
(Holding down the option and the shift key and clicking the mouse button causes all the
pixels in the image in the cluster classes up to and including to blink.)

A careful comparison of the cluster map with the ground truth map will reveal that some of
the pixels in the combined clusters 4 & 7 are soybeans and some are in other classes, thus
although they are near to one another in 7-dimensional space, the classifier must split this
combined cluster appropriately. We can arrange for this by using the cluster map to define
training fields in two different classes. We will illustrate this process next.

With the cluster map window active, select Add As Associated Image from the Project
menu. This allows us to define training fields for the current project from this cluster map. On
the image below, we show some training fields used to define "new" classes. For
reference, the field coordinates are given in the table below the image. Define these fields
as training areas in your project by designating them on the cluster map. When you define
each class, have "New" is showing in the Class pop-up window at the top of the Select
Field window, so that you are defining new classes rather than adding to classes defined by
the clustering. For defining the small fields, you may want to increase the magnification of the
image.

1 we will indicate the commands to be used if Microsoft Excel is the spreadsheet being used, but any other

spreadsheet could be used as well.
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Training Fields for Four Preliminary Classes
Class/Field 1st Line 1st Column Last Line Last Column
Soybeans 1
10 14 2 26 40
11 5 87 24 120
12 159 90 168 111
Soybeans 2
13 58 3 70 28
14 58 144 69 162
Corn
15 31 3 53 18
16 30 60 52 72
17 101 97 133 111
Alfalfa/Oats
18 36 24 54 28
19 54 59 55 74

After you have defined all the fields, you can edit any particular set of field coordinates by
clicking on the 'class' button in the Statistics processor Select window, then double clicking
on the name of the field you wish to adjust. This will display the coordinates of the field; to
change them, click on the 'Edit Coordinate(s)' button. Note that as coordinates are being
edited, the system checks to see that the coordinates for the upper left corner are above
and to the left of those for the lower right before making the OK button active.

The "old" cluster classes may be deleted by making the Statistics Processor 'Select Field'
window active, clicking on the Project button, and one by one selecting the cluster classes 1
through 9 and choosing Cut from the Edit menu. This leaves only the four new classes
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defined. Next click on the Update P. Stats button on the Statistics Project window, thus
clearing out the statistics of the clusters.

One might view the histograms of the training classes to determine that the classes appear
to be reasonably unimodal. This can be done by making the Statistics Processor "Project”
window active, and mousing down on the Histogram Classes button and sliding to Hist...
This allows for several options for the histogram to be set. Selecting Plot Histograms will
cause the classes or fields to be histogrammed and displayed. The ”* or v symbol in the
lower margin of the graph allows one to move from band to band, and the small window to
the right of these symbols allows one to select the desired subset of classes to be
presented. If the Overlay Density Functions check box was selected in the previous
dialog box, then one can display either or both of the histograms or a Gaussian density
function fitted to each.

Alternately, if the histograms were accumulated from the above, they can then be copied to
a graphing program. Following is one example, showing the bimodal nature of the
soybeans class discovered by the clustering process.

Histogram of Soybeans 1 and 2
by fields
Channel 5: 1.55-1.75 pm

200 T
180
160 O soy 2-14
140 -
120 Soy 2-13
100 B soy 1-12
80 O soy 1-11
60
40 | Soyl-10

20

0 7.7‘.;.;.;. I } |
95 100 105 110 115 120 125 130 135 140

Assuming reasonable modality of the training classes, one may next carry out a trial
classification. Assume one decides to use the best four of the seven bands for the
classification. Choose Feature Selection from the Processor menu, and set the
Channel Combinations option to a subset of size 4. If desired, you may set the Symbols
to a user defined set, e. g.: S-Soybeansl1, s-Soybeans2, C-Corn, and A-Alfalfa/Oats, and
set the Ss class pair weight to 0. Choose List Options..., and choose the Average class
distance for the Sort combinations by option and check the List class pair distances
check box. Click OK on both dialog windows.
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The results displayed in the Text window indicate that bands 2,3,4, and 5 would be the
best to use. Choose Classify from the Processor menu, set Channels to a subset of
2,3,4,&5 (first select "none", then click on 2 and with the shift key down, click on 3,4, and 5),
set Area to be Classified to the entire image area, and set the Write Classification Results
To Disk File and Create Probability Results File and leave the Threshold check box
unchecked. Then click OK.

When the classification is complete Choose Open Image from the File menu. On the
resulting dialog box, mouse down on the Display: Classes pop-up window and choose
Groups/Classes. In the legend area, drag the Soybeans 2 class name up to the
Soybeans 1 class name. Double-click the Soybeans 1 Group name and change it to just
Soybeans. Change the colors used for the classes to conform to those of the ground truth
file JTIPSUB1.GIS. The resulting image is shown below, with the ground truth image for
comparison. Note that we did not train for some of the minor classes and we did not use a
threshold, so that all pixels where forced into one of the three classes we set up.
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The List Results Processor is useful in quantitatively estimating the accuracy of a
classification. For example, in the case of this classification, one can check the accuracy of
classification of the training samples by choosing List Results... from the Processor
menu. The results may be obtained for fields, classes, and groups, based upon the
options chosen on the resulting dialog box. The results for the groups in this case are as
follows.

TRAINING GROUP PERFORMANCE

Project Number of Samples in Thematic Image Group
Group Group Percent  Number 1 2 3
Name Number Correct Samples | Soybea Corn Alfalf
Soybean 1 99.7 2073 2067 1 5
Corn 2 99.6 1162 1 1157 4
Alfalfa/Oats 3 100.0 127 0 0 127
TOTAL 3362 2068 1158 136

OVERALL PERFORMANCE (3351 / 3362) = 99.7

Test fields, i.e. fields specified by either rectangular or polygonal coordinates but not used
as training samples could also be defined using the Statistics Processor Select dialog box,
and tabular result for these fields could also be obtained using the List Results Processor.

It appears that the results are already reasonably good, but some additional work is
needed on the Alfalfa/Oats classes and other classes. An additional tool to accomplish this
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is available by displaying the Probability Results File created during the Classification
process. Display this file by selecting Open Image from the File menu. This image, shown
below, shows the probability of class membership in the most likely class. Light colors
indicate high likelihood, and dark low likelihood. Regions with low likelihood are candidates
for the definition of additional spectral classes. It is seen upon inspection of this image that
some of the clusters which we ignored above, need to be used to define additional spectral
classes.

Probability Results Image

Note also from this Probability Results image that, in general, only the training areas tend to
be the ones with the highest likelihood values. This indicates that the classifier does not
generalize to non-training data of the same class as well as it might. This can be made clear
by choosing Add as Associated Image from the Project menu while the Probability
Results image is active. The training areas are then displayed on the Probability Results
image, making the comparison easy.

One of the fundamental goals in analysis of such data is that the list of classes must be
exhaustive, i.e., there must be a logical class to which to assign every pixel in the scene.
The dark areas of the Probability Results image shows that this goal has not yet been met.
Thus we shall select the following additional fields as classes, and let us treat the classes as
unknowns at this point.

Class 1st Line LastLine 1st Column Last Column
Unknownl 64 70 31 57
Unknown?2 29 55 100 112
Unknown3 72 83 59 79
Unknown4 29 40 142 147
Unknown5 79 84 32 55
Unknown6 103 112 32 54
Unknown? 130 141 7 25
Unknown8 2 27 142 151

Add these fields as classes to the project file using the Statistics processor of the
Processor menu as before. Upon carrying out the 12 class classification and displaying
the results, by adjusting the colors of the display to correspond with the ground truth, it can
be seen that all of the unknowns are soybeans except Unknown4 which is transportation.
Though stil some further refinement of the class definitions would be possible, the
classification now fairly closely resembles the ground truth map. See the classification map
shown below. However, there is one more modification we can make to the training
statistics, improving another aspect of the training.

Version 5.01 - 22 - Using MultiSpec: Analyzing Data



MULTISPEC REFERENCE

Enhance Statistics.

Another tool in MultiSpec is a processor called Enhance Statistics.1'2345, Fundamental
signal processing theory dictates that, for a classifier to be well trained,

* The list of classes must be exhaustive, in the sense that there is a logical class to
which to assign every pixel in the scene,

* The classes must be separable using the available features, and

* The classes must be of informational value, i.e. they must be classes of interest
to the user.

An equivalent statement to this is that a well-trained classifier must have successfully
modeled the distribution of the entire data set, but it must be done in such a way that the
different classes of interest to the user are as distinct from one another as possible. What is
desired in mathematical terms is to have the probability density function of the entire data
set modeled as a mixture of class densities, i.e.,

m
p(x|8) =% aipi(x|q) 1)

i=1
where x is the measured feature (vector) value, p is the probability density function
describing the entire data set to be analyzed, pj is the density function of class i desired by
the user, aj is the weighting coefficient or probability of class i, and m is the number of
classes. The parameters 8 and @ are to be discussed next in the context of what limitations
are appropriate to the form of these densities.

As is well known, the Gaussian assumption for class distributions is very convenient, as the
Gaussian density function has many convenient properties and characteristics, both
theoretically and practically. However, one cannot always assume that classes will be
Gaussianly distributed, and a more flexible and general model is needed. On the other
hand, a purely nonparametric approach is frequently not tractable in the remote sensing
situation, as very large training sets are usually required to provide precise enough
estimates of nonparametric class densities, while,

» ltis a characteristic of the remote sensing application of pattern recognition theory that
there will be a paucity of training samples.

As It turns out, a very practical approach is to model each class density by a linear
combination of Gaussian densities. Thus, rather than having a single component of equation
(1) represent a user class, the number of components in the combination can be increased,
with different subsets of them representing each class. In this way, a very general capability

1 Behzad M. Shahshahani and David A. Landgrebe, "Using Partially Labeled Data For Normal Mixture Identification
With Application To Class Definition," Proceedings of the International Geoscience and Remote Sensing
Symposium (IGARSS'92), Houston, TX, pp. 1603-5 May 26-29, 1992.

2 B.M. Shahshahani, D.A. Landgrebe, "On the Asymptotic Improvement of Supervised Learning by Utilizing
Additional Unlabeled Samples; Normal Mixture Density Case," SPIE Int. Conf. Neural and Stochastic Methods in
Image and Signal Processing, San Diego, CA, July 19-24, 1992.

3 Behzad M. Shahshahani and David A. Landgrebe, “Use Of Unlabeled Samples For Mitigating The Hughes
Phenomenon” Proceedings of the International Geoscience and Remote Sensing Symposium (IGARSS'93),
Tokyo, pp. 1535-7, August 1993.

4 Behzad M. Shahshahani and David A. Landgrebe, “Classification of Multi-Spectral Data By Joint Supervised-
Unsupervised Learning,” PhD thesis, School of Electrical Engineering, Purdue University, December 1993,
School of Electrical Engineering Technical Report TR-EE-94-1, January, 1994.

5 Behzad M. Shahshahani and David A. Landgrebe, “The Effect of Unlabeled Samples in Reducing the Small
Sample Size Problem and Mitigating the Hughes Phenomenon,” IEEE Transactions on Geoscience and Remote
Sensing, Vol. 32, No. 5, pp 1087-1095, September 1994,
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can be provided, while still maintaining the convenient properties of the Gaussian
assumption. Indeed, theoretically, every smooth density function can be approximated to
within any accuracy by such a mixture of Gaussian densities.

Thus for a well trained classifier, p(x|0), the probability density function of the entire data set,
can be modeled by a combination of m Gaussian densities. Assume that there are J (user)
classes in the feature space denoted by S;...,S3, J £ m. Each class consists of a different
subset of the m Gaussian components, and indicate that component i belongs to class S;
by i OS;. Thus in equation (1), @ = (W4, Zj), the mean vector and covariance matrix,
respectively, of Gaussian componenti, and 8 = (a1, ... , Om, U1, . , Mmy 21 -.. , 2m)- All of
the conditions required above are met if 8 can be determined so that equation (1) is
satisfied in such a way that the J classes are adequately separable and correspond to user
clﬁsses. Determining these m components is what must be accomplished by the training
phase.

How is this accomplished with MultiSpec? Returning to the three fundamentals stated
above,

» The last of the three requirements, i.e., classes must be of informational value, is
serviced by the user defining the training samples accordingly.

» The second one, classes must be separable, is supported by the use of a
clustering algorithm in conjunction with the training process.

* The first of the three is assisted by the use of the MultiSpec’s Probability Results
map of preliminary classifications, since this allows one to locate pixels in the data
set that, while having been assigned to a class, the strength of the class
association is very limited, as evidenced by the likelihood of the most likely class
being very low.

However, to this point, none of these tools tends to guarantee that equation (1) is indeed
satisfied, i.e., the combination of class conditional density functions defined in this process
provide a good model of the entire data set to be analyzed. It is this problem that the
Enhance Statistics processor is designed to solve. The Enhanced Statistics process uses
the training samples together with a uniformly selected set of (unlabeled) samples from the
entire data set in an iterative fashion to adjust the class means and covariances so that the
combination of class densities better fit the entire density.

From the application point of view, this process has several possible benefits.

(1) The process tends to make the training set more robust, providing an improved fit
to the entire data set, thus providing improved generalization to data other than the
training samples.

(2) The process tends to mitigate the Hughes phenomena, i.e., the effect that, for a
finite sized training set, as one adds more features, the accuracy increases for a
while, then peaks and begins to decrease. This problem of declining accuracy for
increasing numbers of features is especially of concern when either a) the training
set size is small, or b) the number of features available is large or both. Enhancing
the statistics by this scheme tends to move the peak accuracy vs. number of
features to a higher value at a higher dimensionality, thus allowing one to obtain
greater accuracy with a limited training set.

(3) An estimate is obtained for the prior probabilities of the classes, as a result of the
use of the unlabeled samples, something that cannot be done with the training
samples alone.
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Example. We will illustrate the use of this processor by continuing the previous analysis
example. Using the 12 class training set that was created previously, choose the Enhance
Statistics processor under the Processor menu. It is desirable to have about as many
unlabeled samples used in the process as the labeled (training) samples, so set the

processor to use every 2"d sample of every 2nd line. This will result in 7225 unlabeled
samples being selected, compared to the 5361 training samples. The other default options
are satisfactory, so click OK. The processor will then begin iterating through the more than
10,000 samples modifying the class mean vectors, covariance matrices and the prior
probabilities until a fit is obtained for the data in terms of the collection of classes defined.

The iteration will continue until the default boundary conditions are satisfied.»2 The details are
contained in the references cited previously.

One of the results obtained from this process is an estimate of each class prior probability
for the data set, as follows:

Enhanced statistics class weights.

Classes used: weight
1: Soybean 1 7.530
2: Soybean 2 5.783
3: Corn 31.777
4: Alfalfa/Oats 18.965
5: unknownl 0.049
6: unknown2 0.474
7: unknown3 1.985
8: unknown4 13.922
9: unknown5 0.083
10: unknown6 8.751
11: unknown7 0.848
12: unknown8 9.835

These weights predict how much of the flightline will be assigned to each of the classes
upon classification. They thus express the estimated class prior probabilities in percent.

At the conclusion of the iterative process (or if you choose to interrupt it before it finishes)
the project file will contain two sets of class statistics, the original class statistics and the
enhanced set. Either may be used subsequently in any of the processors that require them,
Feature extraction, Feature selection, Classify, Principal Components, Create Image
Statistics (class statistics only), and Check Covariance. Which set is selected at any time is
determined by togglable items in the Projects menu. The one with the Vv before it is the
currently selected set.

To see the effect of using the Enhanced Statistics compared to the previously used Original
set, repeat the last classification done, but using all seven bands and with the other options
the same as before, with both the Original Statistics and the Enhanced Statistics set. The
results will appear as shown below. The ground truth display is also presented for
comparison, although the comparison is best done with color versions of the results.

1 Thisis a fairly lengthy calculation for as many as 10,000+ samples in 7 bands. It will go through 36 iterations and
in 20 seconds or less on a G3 Macintosh.

2 The form implemented in MultiSpec actually assumes one component per class. Thus each subclass is treated
as if it were a class.
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12 Class Classification
Classification Using Original Statistics Classification Using Enhanced Statistics
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The Ground Truth Map.

A careful comparison of the two classification results would show a modest decrease in
training sample accuracy and a perhaps more appropriate treatment of minor classes.
Indeed, it appears there stil may be one or more classes missing from the training set.
However, a substantial difference will be found in comparing the Probability Results images
shown below, indicating a perhaps substantial improvement in the classifier's generalization
capability.
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12 Class Classification
Probability Results for the Original Statistics Probability Results for Enhanced Statistics

A substantial improvement is noted in the degree of membership indicated for each pixel,
indicating the collection of class statistics now fit the entire data set much more closely.
Quantitatively, after classification, the Average likelihood probability of 26.8% using the
Original statistics was increased to 47.6%.

An additional capability that may be useful at this point is that of thresholding. In spite of
having attempted to define an exhaustive list of classes and having enhanced the statistics,
there will still be some pixels that have a low likelihood of being members of even the
most likely class. Though the Probability Results map will show where these pixels are, the
MultiSpec thresholding capability can provide quantitative information about them. This
capability is available after having done the classification via the List Result selection under
the Processor menu. If one has the Probability Results map open and the classification
map open and active, a check box on the List Results dialog box labeled Threshold
Results will be available. Checking it causes a dialog box to appear in which one can enter
the level of the threshold desired. For example, if a threshold of 2% is selected, the
threshold level will be calculated such that 2% of an ideal Gaussian distribution with the
same mean vector and covariance matrix will be thresholded in each class. Choose List
Results under the Processor menu, for the last classification done above, and both the
no threshold and the 2% threshold cases, the following comparative results wil be
obtained.

Enhanced Total 1 2 3 4 5 6 7 8 9 10 11

Statistics Samples| Soyb Corn Alfal/Oa unknl unkn2 unkn3 unkn4 unkn5 unkn6 unkn7 unkn8
No Threshold | 28561 | 4940 8235 6454 537 567 937 2125 368 2208 452 1738
2% Threshold | 28561 | 4758 7846 6119 531 544 928 1848 359 2157 433 1679

# Thresholded 1359 182 389 335 6 23 9 277 9 51 19 59
Per Cent 4.76% |3.68% 4.72% 5.19% 1.12% 4.06% 0.96% 13.04% 2.45% 2.31% 4.20% 3.39%

The classification using the Original statistics yields the following results.

Original Total 1 2 3 4 5 6 7 8 9 10 11

Statistics Samples| Soyb Corn Alfal/Oa unknl unkn2 unkn3 unkn4 unkn5 unkn6 unkn7 unkn8
No Threshold | 28561 | 7668 9420 2164 863 1134 1098 2057 339 1071 456 2291
2% Threshold | 28561 | 5200 6910 726 674 894 1010 863 325 778 420 1658
# Thresholded | 9103 | 2468 2510 1438 189 240 88 1194 14 293 36 633

Per Cent 31.9% [32.2% 26.7% 66.4% 21.9% 21.2% 8.0% 58.1% 4.1% 27.4% 7.9% 27.6%
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These tables provide another quantitative indication of the improvement of the class
density fit to the entire data set. The fact that for the Enhanced Statistics, the percent of
pixels thresholded, 4.76%, much more closely approximates the 2% which would be the
case for ideal Gaussian densities than does the 31.9% of the Original Statistics case clearly
indicates that the Enhanced Statistics has improved the fit.

One can also apply a threshold at the time of classification, in which case the thresholded
pixels will be designated in the classification map.

Feature Extraction.

A key step in the process of analyzing multispectral data is the determination of the optimal
set of spectral features to use in the analysis of a given data set. The proper choice is
dependent upon many factors, some based on the data set and some on the desired
information. Thus, in general, the proper feature set to use is different for every different data
set and for every different set of desired classes, and it is necessary to determine the best
set to use every time one analyzes a data set.

Further, when there are a large number of spectral bands available, it is well established
both theoretically and as a practical matter that one usually does not want to use all of the
features available. This is the case because, one usually does not have a large number of
training samples, and, for a finite sized training set, the precision by which the class
distributions can be estimated declines as the number features increases. Thus, one must
not only determine which features to use, but how many as well.

If one knows reasonably well how many should be used, then, as we have seen, the
Feature Selection processor can sometimes be useful in finding the best subset to use.
However, this processor does not help to determine the right number to use, but more
significantly, the best set of features may not simply be a subset of the ones available;
rather, it may be some linear combination of bands. A study of high dimensional feature
spaces has shown that (a) the volume in a feature space rises very rapidly with increasing
dimensionality, (b) as a result, higher dimensional feature spaces are mostly empty, and
thus, (c) the class distribution structure of interest is usually in a subspace whose orientation
and location is very problem dependent. This means that the optimal set of features may
be the result of a linear transformation of the original features. Such a linear transformation can
rotate the data set to the proper orientation, and this can be followed by an optimal choice
of subset of the transformed features. This procedure has added importance as the number
of bands in the data become large (greater than about 10).

To provide this capability, two algorithms, referred to as feature extraction algorithms, are

included in MultiSpec. They are Decision Boundary Feature Extractionl23 (DBFE) and
Discrimiant Analysis Feature Extraction (DAFE) and are contained in the Feature
Extraction processor. Both of these two procedures proceed by finding an optimal linear
transformation. For DBFE the transformation is based directly upon the training samples,
while for DAFE it is based upon the mean vector and covariance matrix defined by the
training set. Once determined, this transformation may be used directly, or it may be used
to form a new data set. In either case, the features are automatically in order of their

1 Lee, Chulhee and David A. Landgrebe, "Feature Selection Based On Decision Boundaries," 1991 International
Geoscience and Remote Sensing Symposium, Espoo, Finland, Jun-91.

2 Chulhee Lee and David A. Landgrebe, "Feature Extraction Based On Decision Boundaries," IEEE Transactions
on Pattern Analysis and Machine Intelligence, IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol. 15, No. 4, April 1993, pp 388-400.

3 Chulhee Lee and David A. Landgrebe, “Feature Extraction And Classification Algorithms For High Dimensional
Data,” PhD Thesis, Purdue University, December 1992, and School of Electrical Engineering Technical Report
TR-EE 93-1, January 1993.
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importance relative to discriminating between the defined classes. The eigenvalues of the
DBFE transformation provide the information as to how many features to use in order to
obtain essentially the same accuracy as the full data set would provide. For example the
following graph and table compare the results of the DBFE method with that of
Bhattacharyya distance of the Feature Selection processor for a 12 band data set with 9
classes each of which has a fairly large but finite number of training samples.

Decision Boundary Feature Extraction vs B-Distance
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Dimension 1 2 3 4 5 6 7 8 9 10 | 11 [ 12
Eigenvalues - DBFE | 11.569 8.7917 8.0953 1.966 1.7316 1.3467 0.43290.2004 0.1744 0.0829 0.0327 0.0164
Tr Fid. %-DBFE 509 | 89.4 | 955 | 95.8 | 97.0 | 984 | 98.4 | 98.4 | 984 | 985 | 985 | 985
Tr Fid. %-B. dist. 36.2| 729 935 | 948 972 978 980 | 982 983 | 98.4 [ 98.4 | 985
Tr FId. %-DAFE 64.1| 874 96.0 | 97.4 | 978 98.1 | 98.4 | 984 | 985 | 985 | 985 | 985

Activation of the DBFE algorithm causes calculation of the data such as that labeled
Eigenvalues - DBFE in the above table. The relative size of each eigenvalue is
proportional to that feature’s discrimination value. Thus in this case, by comparing the size of
these entries, one concludes that the first three features should provide most of the
available separability, adding three more should provide a small amount in addition, and the
remaining ones should contribute very little. The line of the table labeled Tr Fid. %-DBFE
shows the results obtained by classification verifying this. The line labeled Tr Fld. %-B. dist.
shows the corresponding results using the Bhattacharyya Distance option of the Feature
Selection processor.

The final line of the table gives the corresponding classification results for the DAFE
procedure, showing very similar performance. These data show that, not only do the DBFE
and DAFE features equal or exceed those of B-distance in accuracy, but they tend to
provide better separability at a lower dimensionality. Further, the eigenvalues resulting from
the DBFE show just how many features to use, while the B-distance method gives very
little information on this point. Thus the guess-work and art needed in effective feature
selection is reduced.
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The theoretical basis for the DBFE algorithm is to use the decision boundary location of
each class pair to determine “discriminately informative” and “discriminately redundant”
features. A brief outline of the steps it follows are:

1. Classify the training samples of the first class pair.

2. For pixels of class 1 locate the nearest pixel of class 2, and from this locate a point
on the decision boundary that is on the line segment between them. After this is
done for all the training samples, the effective portion of the entire decision boundary
is determined.

3. From this, determine a “Decision Boundary Feature Matrix” which contains the
essential information about how to form discriminately informative features.

4. Repeat this process for all class pairs and form the (possibly weighted) sum of the
resulting Decision Boundary Feature Matrices. A possible additional step can
optimize the transformation by eliminating some redundancy, making it more efficient.

The DAFE algorithm is a more standard discriminant analysis algorithm based on within-
class and between-class scatter matrices. The advantage of the DAFE algorithm is that it is
fast, but it does not tend to perform will in cases where the classes involved have a small
difference in mean values. Further, it only provides features reliably up to one less than the
number of classes involved. DBFE does not have these disadvantages, but it is a much
longer calculation and it does not perform as well with small training sets. More details about
it are given in the Feature Extraction portion of the Reference section of these notes.

The steps needed to use either of the new algorithms are as follows:

1. After selecting the training set, choose either the Decision Boundary or the
Discriminate Analysis option from the Feature Extraction menu. One may
choose unequal class weighting and, for the DBFE case, unequal interclass
weighting at this point if desired. For the DBFE case, there are also some
“special options” available for users who become more familiar with the details of
the algorithms via the references. For most uses, the default options should be
satisfactory, and so simply click OK.

2. Upon completion of the calculation resulting from this processor, the necessary
transformation data is presented in the text window and stored in memory. At this
point, if desired, one may select the “Use Feature Transformation” check box
near the Channels pop-up box and proceed normally with any of the four
functions for which such statistics are used, i.e., Classify, Feature Selection,
Create Statistics Image, Check Covariances. If DBFE is being used, use the first
N features, where N may be selected from the list of eigenvalues as indicated
above.

3. If repeated use of the transformed statistics are envisioned, then the transformed
statistics may be saved via the Save Transformation as... item on the File
menu, or it may be desirable to create a new data file based upon the
transformed data. To do so, choose the Change Image File Format from the
Reformat processor, and click on the Transform data ... check box in the
ensuing dialog box. Select the New channels from Eigenvectors option in
the resulting dialog box and note the recommended number of bits. After
selecting OK, set the number of bits per data value to at least the number
recommended in order to ensure that adequate dynamic range will be available
for the transformed data. The user may want to select a subset of features as
desired in the new file, as this can reduce the size of the file significantly. Upon
clicking OK the new data set will be created. Display the new image and select
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the Change Base Image File item from the Project menu to change the base
image to the newly created transformed data. This data set may then be
classified in the normal way, however, by examining the eigenvalues shown in
the text window after step 1, one can choose which features to use, based upon
the relationship of eigenvalue size to accuracy discussed with regard to the
above table.

For users with an interest in the mathematical details, a more complete development of the
theory and some example test results for DBFE are given in the references cited abovel.

The problem becomes even more complex for hyperspectral data, since both DAFE and
DBFE calculations begin with computation in the full dimensional space in order to find the
optimal transformation to a lower dimensional space. Thus these calculations, too, may
suffer from small training set situations. To deal with this limitation, a class-conditional pre-

processing algorithm was designed based upon a method known as projection pursuit2-3,
This algorithm does the necessary calculations in the projected space, rather than the
original, high dimensional space. The figure below shows the overall scheme. The data at
point @ might be 200 dimensional. Through projection pursuit, a subspace of perhaps 20
dimensions might be determined, and in this case, all calculatons are done at a
dimensionality of 20. This can then more optimally be followed by DAFE or DBFE to find a
subspace of perhaps 10 dimensions in which to do the classification. In this way, maximal
advantage can be taken of a training set of limited size.

High Dimensional Data|

CD Dimension Further Reduced

I g 9]

Class Conditioned . e .
. — | Feature Extraction {—J|Classification/Anal S|s—>
Pre-processing y

Dimension Reduced

Sample Label
Information

Classification of high dimensional data including reprocessing of high dimensional data.

The projection pursuit algorithm used to accomplish the preprocessing step is accessed in
the Feature Extraction processor. Choosing this processor allows for the direct use of
DAFE or DBFE, or to precede this with the use of Projection Pursuit preprocessing. The
latter is primarily intended for cases where hyperspectral data is involved.

1 Wwenotein passing that though the DBFE algorithm has been used here only in its parametric form, it has been

generalized to nonparametric classifiers as well. See:

-Chulhee Lee and David A. Landgrebe, "Decision Boundary Feature Extraction for Non-Parametric
Classification,” IEEE Transactions on System, Man, and Cybernetics, Vol. 23, No. 2, March/April, 1993,
and,

-Chulhee Lee and David A. Landgrebe, “Decision Boundary Feature Extraction for Neural Networks,” IEEE
Transactions on Neural Networks, Vol. 8, No. 1, pp 75-83, January 1997.

Luis Jimenez and David Landgrebe, “Projection Pursuit For High Dimensional Feature Reduction: Parallel And

Sequential Approaches,” Presented at the International Geoscience and Remote Sensing Symposium

(IGARSS'95), Florence ltaly, July 10-14, 1995.

3 Luis Jimenez and David Landgrebe, “Projection Pursuit in High Dimensional Data Reduction: Initial Conditions,
Feature Selection and the Assumption of Normality,” IEEE International Conference on Systems, Man, and
Cybernetics, Vancouver, Canada, October 22-25, 1995.
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BiPlot Of Data

One can make scatter plots of selected areas and pairs of channels of data. One can create
a biplot of training data, test data and selected areas. This capability is available under the
Utilities submenu under the Processor Menu item. This processor also can draw the ellipses
of concentration representing the class statistics on the biplot graphs. An example of these
plots is given below showing the ellipse of concentration of class 3 compared to the scatter
plot of pixels from one field of that class. The ellipse plots represent the ellipse for the data
projected onto the requested
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plane. One can control the size of the ellipse by setting the desired threshold level in
percent. One can plot the data values and ellipses in transformed space by selecting the
'Use Transformation' check box in the Biplot Dialog window. If a transformation is applied to
the data, 'Feature’ will be used as the abscissa label on the graphs; if the original data is
being plotted then '‘Channel' is used for the label.

Spectral Graph.

One may display a graph showing how the gray level digital count values vary from
spectral band to spectral band for a given pixel. This capability is activated by choosing
New Selection Graph from the Options menu. This causes a window to be opened
displaying the graph. Selecting a single pixel results in its spectrum being graphed. If the
selection represents more than one pixel in multispectral image windows, the average, plus
and minus one standard deviation and the minimum and maximum values are plotted in the
selection graph. An example of such a graph for a 210 band pixel is shown below. This
graph is useful in judging the relative signal level in the various bands.

Graph windows cannot be Selection Graph

printed directly, but they can be Line 44 - Column 88 Data Value
copied to the clipboard. A
graph window will be copied 3216 I
just as it is on the screen. The | 2814
graph can then be copied into a1z

. . 2010 e Reeeees KTH
another application such as a 1 sosfm\} V(\\IM\

word processor. To copy a

graph window, make it the %gs B ] o it
active window and then use the 0 42 24 126 168 210
Edit menu item Copy or ]E

COMMAND-C. If one is displaying graphs within the ListData processor then one must
use COMMAND-C to copy the graph window.

Statistics Image Display.
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One may also create a display showing both the first and second order statistics of classes
or fields.1 This form of display is most useful in color. To illustrate, the two examples below
compare the statistics for two classes in 12 bands. The large square consisting of 12 by 12
smaller squares in the upper portion of this display depicts the correlation matrix of the
classes. Each individual small square shows the relative degree of correlation for one
particular band to another, on a scale from blue (= -1) to green (= 0) to red (= +1), as
indicated by the color bar at the very bottom. Bands are indicated by the row and column
number. For example, the square in the first column of the eleventh row shows the
correlation between bands one and eleven to be near zero. To the right and also below the
square of squares the wavelengths are indicated if this data has been entered into the data
file. The lower portion of the display shows a graph of the variation of the mean value
+10 versus the band number.
Water Wheat
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These Statistics Image plots are perhaps most useful for high dimensional data, where
visualization of the statistical variation present in a class is more difficult to perceive. Shown
below are example displays for two classes of AVIRIS data containing 210 bands.

1 Chulhee Lee and David A. Landgrebe, "Analyzing High Dimensional Multispectral Data, |IEEE Transactions on
Geoscience and Remote Sensing, Volume 31, No. 4, pp 792-800, July 1993.
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The Statistics Image displays in
this case graphically reveal that the
two classes have very different
second order statistics, even in
spectral ranges where the first
order statistics (the mean values)

are similar, and thus the two
classes should be relatively
separable.

Statistics Image displays may be
created by choosing Create
Statistics Image from the
Utilities item of the Processor
menu. A dialog box will then allow
one to select several parameter
values, including which bands and
which classes
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or fields one wishes to include, after which a new file is created containing the Statistics

Image in the same format as a Thematic image. This file may be opened and displayed in

the usual manner.
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IV. MultiSpec Reference

The reference provides detailed information about:
- MultiSpec Windows,
- MultiSpec Menu Items,
- Shared Dialog Boxes and
- General Characteristics of MultiSpec

Most of the pictures of windows and dialog boxes are taken from the Macintosh version running
under Mac OS 8.6. Figures are included for those windows and dialog boxes in the Windows
version which are significantly than those in the Macintosh version. The pictures for the
Windows version were taken from the 32-bit Windows version running under Windows NT 4.0.

MultiSpec Windows

This section describes the windows that are used in MultiSpec. There are:
- an output text window,

- image windows of two types
- multispectral image window
- thematic image window

a project window

- graph windows of three types
- selection graph window
- biplot graph window
- histogram graph window
a coordinate view

The output text, image and graph windows can be printed as described under the File —Print
menu item. Also these three types of windows can be copied as described under the Edit —
Copy menu item.

Each of the windows are shown and described below. First, those controls that are shared
across several different types of windows are described.
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Shared Window Controls

This section describes the controls on a window that are shared across the different types of
windows used in MultiSpec.

Close box
Macintosh Version Window Title
/ Window zoom box
[€==TIPML1Jan{chs.432) = [ Collapse window box

/ Arrow scroll control
Space in scroll bar

/ Thumb scroll control
/ Dragging edge control

Window sizing box

MErenn

l=lel ]

4| I | [»]| X 2.0

Windows Version

Window Title
Collapse window box

Expand window box
?QOSG box

5. tipjull_lan [chs... = E2 /Arrow control

Space in scroll bar

<4 Thumb scroll control

/ Dragging edge control
/Window sizing box

2

T |
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Close box: This control button closes the window. It does the same operation as
the File-Close Window menu item.

Window title: This is the title for the window. One can click the mouse button
down on or near the title to move the window to another location on the monitor or
to another monitor if attached.

Window zoom box: (Macintosh version only) This control button will force the
edge of the window to just fit around the image being displayed in the window. If
one then clicks in this box again, the edge of the window will go back to the its
original size.

Collapse window box: This control button collapses the window to be just the
title. If one clicks on the box again, the full window will be displayed again.

Expand window box: (Windows version only) This control button expands the
size of the window to fit the entire application main window. If one clicks on the
box again, the window will be displayed at its previous size. One can view more
than one window at a time within the MultiSpec application window.

Scroll controls: One can scroll the text or image if it is larger than the window
by using the horizontal and vertical scroll bars along the window edge.

Arrows: Click on the up, down, left or right arrows to scroll a line of text
or a small portion of the image at a time.

Thumb: Click the mouse button down on the thumb control and then move
it to the desired location. When one lets the mouse button up, the text or
image will scroll to that location.

Note that for image windows, one can first hold the option button down
and then mouse down and move the thumb to cause the image to move
real time as the thumb control is moved.

Space scroll bar: One can click the mouse button down on the space on
either side of the thumb to scroll a page of text or image at a time.

Dragging edge control: Clicking the mouse button down along the edge and
then dragging allows one to move the image window to another location on the
monitor or to a second monitor if attached.

Window sizing box: This control allows one to change the size of the window.
The procedure is to move the cursor over this box, click the mouse button down
and then drag the lower right corner of the window to the desired size.
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Output Text Window

The output text window is created when MultiSpec is opened.

All text output from MultiSpec s processors is written into this window. The text in the window
will summarize what the processor action did and include any tables such as a classification
results summary.

The Output Text Window

Text Output = E

B CPU seconds for displaging image. @9-23-1999 1811538 |

S ¢

1] [»

Hiding Window: The output text window cannot be closed. It can be hidden
using the Window-Hide Window menu command.

Saving Window: One can save the information (or selected information) in the
text window to a disk file using the File-Save Text Output As menu command.
One will also be prompted to save the information in the text output window when
one quits MultiSpec if the information in the window has changed since the last
save operation.

Copying Window: One can also copy the information in the window (or a
selected portion of it) to the clipboard so that the information can be pasted into
another application.

Paste into Window: One can past information into the output text window.
However one cannot open up a previously saved text output window with
MultiSpec. If one wishes to do this, then open the previously saved disk file with a
text editor application and then copy the text from that application to the output
text window in MultiSpec.
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Image Windows
Image windows are created with the Processor — Display Image menu item.

There are two types of image windows —multispectral image windows and thematic image

windows.

- Multispectral image windows are used to display multispectral scanner data for which one
wants to select the channels (or features) to be displayed as red, green, or blue.

- Thematic image windows are used to display classification output images or other
Geographic Information System (GIS) raster images where specific colors in the image
will be assigned to specific themes.

Multispectral Image Window (3-channel display)

Macintosh Version

|

TIPIWL1Jan (chs.4... EE B

Coordinate View control

S R T~ Cursor

[ Selected area

/ Overlay control

Zoom out control

Zoom in control

1 ' Magnification control
P X 2.0 s:;;‘j/

I [=] E3

File Edt “iew Project Processor Option:  Window  Help

(| [ [ea( ] (2] x|l <« Tool Bar

Overlay control
Zoom out control
-------- . Zoom in control

: Magnification control
Selected area

Zoom factor indicator
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The window above is a multispectral image window. It represents a 3-channel
color IR display of Thematic Mapper data. The title of the window includes the
image file name that the image represents plus the channels that are used to
display the image in red, green, blue order.

Many of the control buttons on the window are described above under Shared
Window Controls . The control buttons that are unique to image windows are
described below.

Coordinate view control (Macinstosh version only): This control button causes
the coordinate view to be displayed above the image. If one clicks on the box
again, the coordinate view will be closed. One can also display and close the
coordinate view using the Window — Show/Hide Coordinate View menu item.

Note for Windows version, one can Show/Hide the Coordinate View using the
View - Show/Hide Coordinate View or Window —Show/Hide Coordinate View
menu items.

Cursor: The cursor is in the shape of a + when it is over the image.

In Macintosh version only: If one holds the option key down, the cursor will
change to a hand. One can then mouse down on the image and drag or scroll the
image in any direction.

Selected area: This is an example of a selected area within the image. See the
section below on Making Selections within an Image Window .

Overlay control: This control button causes the popup
menu to the right to be displayed. The popup menu No averlays
allows one to control the visible status of any overlays All overlays
assigned to the image window. One can hide all
overlays (No overlays), show all overlays (All v fldn_pts.shp
overlays), or hide/show an individual overlay. A |+ fldp_pts.shp
checkmark indicates that the overlay is being drawn in
the image window.

If one holds the option key down (Macintosh version) r—
or right mouse button down (Windows version) before No overlays
mousing down in this control, the popup menu to the All overlays
right is displayed. Upon selecting one of the overlays,
one can select the color and thickness of the overlay v fldn_pts.shp..
lines using the 'Set Overlay Parameters’ dialog box that |« fldp_pts.shp...
is illustrated below.

Set Overlay Parameters

Line Color... ]D
Line Thickness:

Cancel I

If no overlays are assigned to the image window, this control is not drawn.
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Zoom out: This control allows one to zoom out of the image.
Zoom in: This control allows one to zoom in to the image.

If one clicks on the zoom in button, one will zoom in one step such as from x1.0 to
x2.0 to x3.0, etc. The center point of the zoom may be controlled by selecting a
point in the image, i.e. clicking on a point or selecting an area. The zoom in will
then be centered as near as possible to that point or area.

If one clicks on the zoom out button one will zoom out one step such as x2.0 to
x1.0 to x0.5 (1/2) to x0.33 (1/3), etc.

There are some options that can be used with the zoom control buttons.

- - If one holds the Option key (Macintosh version) or Control key (Windows
version) down when one clicks on one of the zoom buttons, the zoom
factor will be by 0.1 steps instead of 1.0 steps.

- - Also if one holds the zoom buttons down, the zooming action will be
continuous at a rate of up to 3 or 4 steps per second. However, if one
holds the command key (Macintosh version) or right mouse button
(Windows version) down while holding the mouse button down within a
zoom control button, the zooming action will be as fast as the computer
can go.

Magnification: The title of this control, currently x1.0, indicates to the user what
the zoom factor is. It also allows one to go directly to the non-magnified state, i.e.,
X 1.0, if not already there by simply clicking on it.
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Multispectral Image Window (side by side channel display)

2: @.52- @.68 um 31 @.53- @.60 um 4 @.76- @.99 um

i -

[0 =————TIPIULllan {multichannels) ="—=HH

s =le] 4]

The window above is another example of a multispectral image window. [
represents three spectral channels displayed side by side using the "Side by Side
Channels" Display Type option in the dialog box presented by the Processor —
Display Image menu item.

The title above each of the channels represents the channel number and if
available, the channel description. If the width of the channel is too narrow, only
the channel number will be given.

The controls around the window are the same as those discussed above.

When one makes a selection within one of the channels, that selection will be
drawn in all of the channels. The zooming operation will be centered around the
channel that the selection was actually made in.

Note that overlays are currently not drawn in "Side by Side Channels" image
windows.
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Thematic Image Window

regend Tite —___|E flc1.GIS H
Legend List \‘I Closses | -
™ background
Split Bar Control \ = 'g'i E:lggi 1
Legend Scroll Down |}
Legend Scroll Up
Palette Control \\
1]
I
| v [X.333) -

The window above is an example of a thematic image window. It represents the
output of a classification.

The Windows version of the thematic image window is very similar. The
differences are that the split bar control extends the entire edge between the
legend and the image and the palette control is labeled as Palette .

Many of the control buttons on the window are described above under Shared
Window Controls and under Multispectral Image Window (3-channel display) .
The portion of the window that is unique to the thematic image window, the
legend and legend controls, are described below.

Legend Title: This popup menu allows one to
control whether the classes or information groups
are to be displayed in the image and in the legend Groups

list. Groups/Classes

The popup menu also allows one to combine classes into information groups. This
is useful when subclasses are necessary to properly model a multi-modal
information class, for example, or when it is desired to group classes together for
display purposes. The procedure to combine classes into groups is described
under Combining Classes into Information Groups .

Legend List: This list displays the color that represents the class (or group) and
the class (or group) name.

One can choose a different color for displaying a class or group, by double-
clicking on the color chip to the left of the name to display a dialog box. The dialog
box will present a color wheel or other methods to choose the desired color.

Version 5.01
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allows one to edit the class or group name.

Split Bar Control: One controls the width of the legend by mousing down on the
split bar and dragging to the desired legend width. If one changes the width of the
legend to less than 5 pixels wide, then no legend is displayed. Note that the width
of the legend is forced to a minimum width so that the pop-up menu can be
displayed. If one double clicks on the split bar while the legend is closed, the
legend will automatically open. If the legend is open and one double clicks on the
split bar, the legend will close.

Legend Scroll Down/Legend Scroll Up: These control buttons allow one to
scroll the legend list down or up. The list will scroll slowly enough to allow one to
read the list. If one wants to scroll as fast as possible, hold the command key
down while holding the mouse down on the control button.

One can also scroll the legend list down by holding the mouse button down when
the cursor is over the list and dragging the cursor below the bottom of the list or
above the top of the list.

Palette Control: This button allows one to

choose the color palette to be used. Selecting Default Colors

the button will display the popup menu to the Default Gray Levels
right. Correlation Matrix
There is a default set of colors and gray levels. AVYHRR ND¥I

The Correlation Matrix palette, used elsewhere False Color...

to create Statistics Images, is one with a fairly + ERDAS TRL file

smooth (subtle) transition from one color to the
next, i.e. from one class to the next. The User Defined

AVHRR NDVI is a special set for those type of
images.

When one selects 'False Color..." a dialog box will appear which allows the user
to select the channels in each class mean vector to define the red, green and blue
value for each thematic color. Note that an open project file is required for this
option. See the description for the Assign Channels for False Color Palette dialog
box under the Shared Dialog Boxes section.
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Combining Classes into Information Groups

It may be useful to combine classes in a thematic image into information groups
when subclasses are necessary to properly model a multi-modal information
class, for example, or when it is desired to group classes together for display
and/or informational purposes. Doing so allows a thematic image to be displayed
in terms of information groups, and classification accuracy can be evaluated in
terms of information groups as well. This grouping is accomplished when viewing
a thematic image. A group may be defined by mousing down on the Classes
popup menu and sliding to Groups/Classes. The legend will be displayed as

fhhownhtimmediately 0 [Groups/Classes ] |Groups/Closses ]|
© ngnt. background background

To move a class (the 1-background 1-background

numbered items) into Blfalfa B Eare Soil

another group (the .

unnumbered  items), 2-Alfalfa d-Bare Soil

simply drag the class [} Bare Sail M Carn

to the desired group, S-F Sail 4

e.g. drag 2-Alfalfa to are =0l orn

6-Red Clover. The 8 Corn Oats

Group "Forage" will 4-Carn a-Oats

then have two Oat = [ Forage

members as shown

in the legend a-Oats 2-Altalfa

displayed on the far [l Red Claver f-Red Clover

right. Note that the f-Fed Clover

group name was
changed from Red Clover to Forage as described in the next paragraph.

One can double click on the group name (not the color chip) to open a dialog box
which allows one to edit the group name. For the case above the group name
was changed from Red Clover to Forage .

Note that the color chip in the Group/Class list goes with the group names. List
items without color chips represents classes. If one holds the control key down
and double clicks on a class name, the class will be assigned to a new group. A
dialog box will appear allowing one to enter the name for the new group.
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Other User Actions on Thematic Legends

Save Changes: One can save changes in the class or group names and
assigned colors by selecting 'Save Thematic Class/Group Info As...” from the File
menu. The changes can be saved to the current trailer file associated with the
class. The default name for this file is the image name with .TRL suffix.
Alternatively, one can save to a different file. A different trailer file that contains
the class names and colors can be associated with the thematic image by
selecting 'Open Thematic Class Info..." from the File menu.

Blink Class or Group Colors: One can ’blink’ the class or group by placing the
cursor over the respective color chip in the Legend (both Macintosh and
Windows versions) or over the respective color in the image window (Macintosh
version only) and do the following:

Shift Key: If one holds the shift key down, the cursor will change to an eye.
Clicking the mouse button down will change the color of the class or group to
the background color. Releasing the mouse button will change the color back
to the original.

Shift and Control Keys: If one holds the shift and control keys down, the
cursor will change to an eye. Clicking the mouse button down will change the
color of all of the other classes or groups to the background color. Releasing
the mouse button will change the colors back to the original.

Shift and Option Keys: (Macintosh version)

Shift and Right Mouse Button: (Windows version)

If one holds these keys or buttons down, the cursor will change to an eye.
Clicking the mouse button down will change the colors of this class or group
and all with class/group numbers less than the selected one to the
background color. Releasing the mouse button will change the colors back to

the original1 .

1 This capability was really implemented for Probability Images. See the section on the Classify selection of the
Processor menu.
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Selections within an Image Window

Uses for Selected Areas: Selected areas are used for:

- Defining areas to be used as training and or test fields. This is described
under the Select Field Project Window .

- Defining areas within which a processor function is to operate on. Many
processor functions such as Histogram Image and List Data  have
dialog boxes which allow one to specify an area in the image file to use. If
a rectangle selection is made in the image window, this is the area that is
used as the default in these dialog boxes. The dialog boxes also have a
button to allow one to quickly change the selected area to the entire area
in the image file. This button does not affect the selected area in the image
window.

- Define an area to zoom in on. This is described under the discussion of the
Zoom in control button above.

Making Selections: One can make selections within an image window by
mousing down on a corner and dragging diagonally to the opposite corner of the
area that one wishes to select. The area is selected when one releases the
mouse button. This action will cause the area to be outlined in the image window
with a dashed line.

If one drags to the edge of the window during a rectangle selection, the image will
automatically scroll to show a new portion of the image window if it is not
currently at the edge of the image.

If the coordinate view is visible, the coordinates of the selection will appear in it
along with the number of pixels in the selected area.

Deleting Selections: Selections in the active image window can be deleted by
using the Edit — Clear Selection Rectangle menu item or by striking the delete key.

Duplicate Selections in all Image Windows: One can also cause a selection
in one image window to be applied to all open image windows. To do this, hold the
control key down while making the selection. The temporary selection will be
drawn (and redrawn) in the active image window. When the mouse button is
released, that selection will be converted to a permanent selection (dashed lines)
in all image windows. Note that the control key needs to be down when the
mouse button is released to cause the above to happen. The start line and
columns of each of the image windows and image files are taken into account.
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Project Window
The project window is created with the Processor — Statistics menu item.

The project window has four modes indicated by the window title:
- The Select Field mode is used to select training and test areas for classes.
- The Class List mode is used to list and operate on the classes in the project.
- The Field List mode is used to list and operate on the fields within a given class.

- The Coordinate List mode is used to list and operate on the coordinates that define a
given field or area.

The group of buttons near the center of the window labeled ->Project, ->Class, ->Field, and -
>Select allow one to move from one mode to another.

O =fici.Project =H| (O =fclProject =HB| O =ficl.Project = H| |0 =Aficl1.Project =H
SELECT FIELD CLASS LIST FIELD LIST COORDINATE LIST

Class:New' | Class: Alfalfa Class: Alfalfa

] Polygen Enter Field: n Field 1

[ Edit Selection__. |

[ Edit Class Name__ |

[ Edit Field Name_. |

[ Edit Coordinates__ |

Stats:

Stats:

[ Histogram Classes |

[ Histogram Class |

[ Histogram Field |

[ List Classes Stats |

[ List Class Stats |

[ List Field Stats |

Add To List._. Update P. Stats Update C. Stats Update F. Stats
—:Fields [=*Fields | [=>Classzes| [=>Clagses| [ —>Fields |
—>Coord. —>Coord. [ =*Select | [ —Coord._ | [ ==>Select |
Coordinates {L,C) Classes Fields Coordinates {L,C)
(<] Alfalfa [<]] || Field 1 [<]] || 730 122 (<]
] Bare Soil ] n Field 2 ] 738 200 ]
Corn
Dats
Red Clover
Rye
Soybeans
| Yater || || ||
¥ heat

The Select Field Project Window

As stated above, the Select Field mode is used to select training and test areas
for project classes. The selected areas can be created in three ways:

- Rectangular areas can be selected as described under the Selections
within an Image Window section above.

- Rectangular areas can be created using the Edit Selection
described below.

- Polygonal areas can be selected as described in the Polygon Enter
discussion below.

button

Once a selection is made in a project image window, which may be the base
image window or an associated image window (see the Project —Add as
Associated menu item), the Add To List button that is described below will be
enabled.
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More detailed information about the controls in the Select Field Project Window
follows.

Class: This popup menu allows one to select the class to which a selected field
is to be assigned. If the current class name is New , then the selected field will
be added to a new class which the user will be given the chance to name. See
the Add to List button below.

Polygon Enter: This check box allows one to select polygonal shaped areas
instead of rectangular areas. In this case, fields are selected by clicking on the

corners of the desired polygons, instead of dragging1. One completes the
polygon selection by double clicking on the last point to be selected. While the
polygon selection has not been completed, one can delete the last selected point
by striking the delete key.

Edit Selection: This button will cause a dialog box to be presented to allow one
to enter or edit the line and column coordinates of the selected rectangular area.
See the Edit — Edit Rectangle Selection menu item for more information.

Add To List: This button will cause the Define Class and/or Field dialog box to
be presented to allow one to add the selected area, referred to as a field, to the
project. This dialog box allows one to associate the field to a class, name the field
and define the field as being either a train or test field. The Define Class and/or
Field dialog box is discussed in more detail below.

This button can also be activated by striking the 'Return’ or 'Enter’ key when a
selection has been made in an image window associated with the project and the
Project window is in the 'Select Field mode. This action will work even if the
image window is the active window.

->Classes, ->Fields, ->Coord.: These buttons allow one to change the project
window mode to Class List, Field List or Coordinate List, respectively.

Coordinates (L,C): This list includes the line and column coordinates for the
corners or vertices of the selected area.

A rectangular area is defined by the coordinates of the upper left and the lower
right corners.

Polygon areas are defined by the coordinates of each of the vertices of the
polygon.

1 NOTE, a problem has been found with polygonal fields. The right most column and bottom most line will not be
included in a polygonal field as one might expect. An example to illustrate the problem is to select a rectangular
field and a polygonal field of the same area. The polygonal field will not include the right most column or the
bottom most line as are included in the rectangular field of the same specifications. This should be taken into
account when selecting polygonal fields. A fix for this problem is not known at this time.
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The Class List Project Window

The Class List mode is used to list and operate on the
classes in the project. The Class List Project Window is
shown to the right. More detailed information about the
controls in the window follows.

Edit Class Name : This button causes a dialog box to
be presented to allow one to edit the class name. This
dialog box is a subset of the Define Class and/or Field
dialog box.

Stats: This text information indicates which statistics are
currently being used for the project. These are defined

O =nfci.Project =H

CLASS LIST

[ Edit Class Hame... |
[ Histogram Classes |
[ List Classes Stats |
[_Update P_Stats_||

[—>Select | [ ->Coord. |

under the Project — Use Original Statistics menu item. Classes
alfalfa -
Histogram Classes (Macinstosh version only): This |fBare Sefl
button allows one to list a histogram of the classes or ||pats
fields in the output text window or to create a graph of ||Red Clover
those histograms in a histogram graph window. g:':mns
Activating this button will cause the popup menu shown ||water |
below and to the right to appear. W heat -

This popup menu allows one to directly create a
histogram of the classes in the project or of the
fields in the project. The Histogram option
will cause the Set Specifications for Class/Field
Histograms dialog box (described below) to
appear to allow one to change the default settings for these histograms.

Histogram Fields
Histogram...

List Classes Stats: This button allows one to list the class and/or field statistics
in the output text window. Activating this button will cause the popup menu
shown below and to the right to appear.

This popup menu allows one to directly

list the class statistics, the class and m
field statistics or just the field statistics. List Classes & Fields Stats
The List Stats options will cause ‘ List Fields Stats |
the Set Specifications for Listing PR

Statistics dialog box (described below) | Listotats.. |
to appear to allow one to change the default settings for the list.

Update P. Stats: This button allows one to cause the statistics for the project to
be updated. The button is enabled when there has been a change in the training
fields.

->Select, ->Fields, ->Coord.: These buttons allow one to change the project
window mode to Select Field, Field List or Coordinate List, respectively.

Classes: This list includes the names of the classes defined for the project. If the
number of classes is too large for the space, one may use the elevator and
arrows to the right to scroll the list.

One can select a class name in the list and then the "->Field" button, to move to
the Field List mode of the Project Window. One can also just double click on the
class name to do the same operation.
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The Field List Project Window =

ficl.Project =H

FIELD LIST
The Class mode is used to list and operate on the fields || class: alfalfa
in a defined class. The Field List Project Window is

shown to the right. More detailed information about the || [ _Edit Field Name__]
controls in the window follows. Stats:[Original ___ v]

Histogram Class |
List Class Stats |
[Update C_Stats |

Edit Field Name : This button causes a dialog box to

be presented to allow one to edit the field name. It is a ||[=5elect | [=+Coord_|
subset of the Define Class and/or Field dialog box. Fields

n Field 1 -
Stats: This popup menu allows one to set the type of [[n Field 2 ]
statistics to use for the class. The types are defined
under the Project — Use Original Statistics menu item.

Class: This text information indicates what the defined :
class is for which the fields are listed.

Histogram Class (Macinstosh version only): This button
allows one to list a histogram of the class or fields in the I~
class in the output text window or to create a graph of
those histograms in a histogram graph window. Activating this button will cause
the popup menu shown below and to the right to appear.

This popup menu allows one to directly create

histogram(s) of the class or fields in the class. Histogram Fields
The Histogram option will cause the Set Hist
Specifications for Class/Field Histograms dialog Istogram...

box (described below) to appear to allow one to change the default settings.

List Class Stats: This button allows one to list the class and/or field statistics in
the output text window. Activating this button will cause the popup menu shown
below and to the right to appear.

This popup menu allows one to directly list
the class statistics, the class and field

statistics or just the field statistics. The List Class & Fields Stats
List Stats  options will cause the Set List Fields Stats
Specifications for Listing Statistics dialog List Stats..

box (described below) to be presented to
allow one to change the default settings for the list.

Update C. Stats: This button allows one to update the statistics for the class.
The button is enabled when there has been a change in the training fields.

->Select, ->Classes, ->Coord.: These buttons allow one to change the window
mode to Select Field, Class List or Coordinate List, respectively.

Fields: This list includes the names of the fields defined for the class. If the
number of fields is too large for the space, one may use the elevator and arrows
to the right to scroll the list.

One can select a field name in the list and then the "->Field" button, to move to the
Coordinate List mode of the Project Window. One can also just double click on the
field name to do the same operation.
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The Coordinate List Project Window O =fici.Project =H

CODRDINATE LIST
The Field mode is used to list and operate on the || class: slfalfa
coordinates that define a field. The Coordinate List Field: n Field 1
Project Window is shown to the right. More detailed || (_Edit Coordinates_. |
information about the controls in the window follow.

Histogram Field |
List Field Stats |
[ Update F_Stats |

Class: This text information indicates what class the :
defined field is in.

Field: This text information indicates what the defined ||[=:Classes][_—Fields |
field is for which the coordinates are listed.

Coordinates (L,C)
Edit Coordinates : This button causes a dialog box to || +30 122 =]
be presented to allow one to edit the coordinates for the || 738 200 |
field.

Histogram Field (Macinstosh version only): This button
allows one to list a histogram of the class or fields in the
class in the output text window or to create a graph of [~
those histograms in a histogram graph window.
Activating this button will cause the popup menu shown below and to the right to
appear.

This popup menu allows one to directly create a
histogram of the field. The Histogram option will .
cause the Set Specifications for Class/Field Histogram...

Histograms dialog box (described below) to appear
to allow one to change the default settings for the histogram.

List Field Stats: This button allows one to list the field statistics in the output text
window. Activating this button will cause the popup menu shown below and to
the right to appear.

This popup menu allows one to directly list the field
statistics. The List Stats options will cause the List Stat
Set Specifications for Listing Statistics dialog box 15 als...

(described below) to be presented to allow one to change the default settings for
the list.

Update F. Stats: This button allows one to cause the statistics for the field to be
updated. The button is enabled when there has been a change in the training field.

->Select, ->Classes, ->Fields: These buttons allow one to change the window
mode to Select Field, Class List or Field List, respectively.

Coordinates (L,C): This list includes the line and column coordinates for the
corners or vertices of the field. If the number of coordinates is too large for the
space, one may use the elevator and arrows to the right to scroll the list.

If one double clicks on a line-column coordinate value, the Edit Rectangular Field
Coordinates or Edit Polygonal Field Coordinate dialog box will appear to allow on
to change the coordinates.
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Cutting and Pasting Classes or Fields

A field or a class can be cut and pasted into another class. Also by cutting and
repasting, the order of the classes can be changed, since a repasted field or
class is always added to the end of the current list.

Cutting and pasting a field or a class in a project window is described under the
Edit menu.
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The Define Class and/or Field Dialog Box

Define Class and/or Field Description

Class: [ 'New' - |

Enter Class Name:

|Class 0 |
Mumber train pixels in class: 975

Enter Field Identifier:

[Field 9 |
Mumber pixels: 975

@ Training Field

) Test Field Cancel I oK I

Class: This popup menu allows one to select the class to associate the newly
defined field. If the class name is New , the Enter Class Name edit box will
appear to allow one to enter the class name.

Enter Class Name: This edit box allows one to enter the name for the class. The
default name is Class plus the class number. The limit for the number of
characters in the name is 31.

Number train pixels in class: This text information indicates how many training
pixels represent the class (including the field to be added if a training field).

Enter Field Identifier: This edit box allows one to enter the name for the field.
The default name is Field plus the field number. The limit for the number of
characters in the name is 31.

Number pixels: This text information indicates how many pixels are in the field
to be added to the project.

Training Field/Test Field: These radio buttons allow one to define the field as
being a training or test field for the class.

Cancel: This button closes the dialog box and cancels the Define Class and/or
Field Description request.

OK: This button closes the dialog box and adds the selected field to the project.
The selected field will be outlined as defined for a project field and the selection
area will be removed to be ready for a new selection.
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The Set Specifications for Class/Field Histograms Dialog Box (Macintosh version only)

Set Specifications for Class /Field Histograms

& Classes Line interval 1

2 Fields Column interval |1

O Use feature transformation

Channels: [ All Available ]

OQutput Options

Output Group by:
) List histogram values i Channels
[ Include empty bins @ Classes
[] Blank values outside of range List Format
i Matrix

# Flot histograms i Single Column

Cancel I

Classes/Fields: These radio buttons allow one to choose whether the
histograms should be created for the class(es) or individual field(s).

Use feature transformation: This checkbox allows one to specify whether the
data for the original channels (unchecked) or the transformed channels (checked)
are to be used to create the histograms. This option is only available if a
transformation matrix is available by running a principal component analysis, a
feature extraction analysis or reading a transformation from a disk file that has
been previously saved by MultiSpec.

Channels/Features: This popup menu allows one to choose to use all or a
subset of the available channels (original channels) or features (transformed
channels) in the project statistics.

Output: These radio buttons allow one to select whether the histogram table
should be listed in the output text window or plotted in a graph window.

Include empty bins: This check box allows one to request that empty bins
in the histogram be included in the table listed in the output text window.

Blank values outside of range: This check box allows one to request that
bins outside of the minimum and maximum value be blank instead of having 0 s.

Line/Column interval: These edit boxes allow one set the line and column
interval when reading the data from the image file.

Output Options:

Group by: These radio buttons allow one to choose to group the information in
the table by channels or by classes/fields.

List format: These radio buttons allow one to choose to list the histogram
table in a matrix or column format.

Cancel: This button closes the dialog box and cancels the Histogram request.

OK: This button closes the dialog box and executes the Histogram request using
the parameters set in the dialog box.
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The Set Specifications for Listing Statistics Dialog Box

Set Specifications for Listing Statistics

List Statistics For: Include:
G Classes b Means & standard deviations
[ Fields [ Covariance matrix

[ Correlation matrix

Other Options

Mean and Std. Dev. precision (decimal digits): 1

Covariance/Correlation precision {decimal digits): 2

[ use transformation

(aneer) (st )

List Statistics For: These check boxes allow one to specify whether the class
and/or field statistics are to be listed.

Other Options:

Mean and Std. Dev. precision: This edit box allows one to specify the
number of decimal digits to be included after the decimal point for the mean
and standard deviation vectors.

Covariance/Correlation precision: This edit box allows one to specify the
number of decimal digits to be included after the decimal point for the
covariance or correlation matrix elements.

Use feature transformation: This checkbox allows one to specify whether
the statistics for the original channels (unchecked) or the transformed
channels (checked) are to be listed. This option is only available if a
transformation matrix is available by running a principal component analysis, a
feature extraction analysis or reading a transformation from a disk file that has
been previously saved by MultiSpec.

Include: These check boxes allow one to specify whether the mean and
standard deviation vectors, covariance matrices and/or correlation matrices are to
be listed for the specified classes and/or fields.

Cancel: This button closes the dialog box and cancels the List Statistics
request.

OK: This button closes the dialog box and executes the List Statistics request
using the parameters set in the dialog box.
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Graph Windows

There are three types of graph windows — selection, biplot and histogram.

- Selection graph windows display response versus channel plots for selected areas in the
image window.

- Biplot graph windows display a plot of the data for one channel (or feature) versus that of
another.

- Histogram graph windows display histograms of data for selected classes or fields.

Selection Graph Window

This graph window is created by the Options — New Selection Graph menu item.

If the selected area in a multispectral image window or thematic image window includes only one
pixel, then the graph that is generated contains a single line (or +)which represents the data
values for that pixel.

If the selected area in a thematic image window includes more than one pixel, then the graph that
is generated contains a + which represents the data value for the upper left pixel of the
selection.

If the selected area in a multispectral image window includes more than one pixel, then the graph
below is generated which includes multiple lines representing the average, plus/minus one
standard deviation, and the minimum/maximum data values.

————— - —— Graph Title
D ———————— Selection Grﬂph E/E,/
Lines 92-111, Columns 61-25 DatumEE
Value (Average, +-Std Dew, Min—Max}
186 - =
155 |— —]
124 |— —
Q3| — —
62 |— —
2| —]
ol |
5] 2 4 & g
Chanre L
i

The control buttons on the window are described above under Shared Window
Controls .

Graph Title: The title of the graph indicates the selected lines and columns for
the data values that the plots represent.

Red line: The red line represents the average of the data values for each
channel.

Green lines: The green lines represent plus and minus one standard deviation
away from the average of the data values for each channel.

Blue lines: The blue lines represent the minimum and maximum data value for
each channel.
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Biplot Graph Window (Macintosh version only)

This graph window is created by the Processor — Utility — Biplots of Data menu item.

[0 == Graph 3 {ficl lan) "atatata0F—07a—xo g _
EiFlot of Chanmels 7 ws 11 €— || Title
Ch 17
“22‘9'_ | _— Symbols
L—1 .
ol L — Ellipse
/
65 [—
6@ (—
55 [—
. | | | | | ;|
46 (=3 az 115 138 161 124
Channel 11
e

The control buttons on the window are described above under Shared Window
Controls .

Title: The title of the graph indicates the channels (or features) used to generate
the graph.

Symbols: The symbols in the graph, if drawn, represent the data values for the
given class and channel pair. The default symbols for class data are 1, 2, 3, etc.
The default symbol for data from a selected area is the + symbol.

Ellipse: The ellipse in the graph, if drawn, represents the ellipses of
concentration for the statistics for the given class and channel pair.

X-Axis/Y-Axis: The axes represent the data values for the respective channels.
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Histogram Graph Window (Macintosh version only)

This graph window is created by the Histogram button in the Project Statistics, Class
Statistics and Field Statistics windows.

[0 =—————o6raph 2 {ficllan) o0"—""ra=a=—H | Title
Histogram of Classes 4'/
Count Channel 3 — Legend
385 [ | | | | :
atrdiic 4« Il Histogram

388 —

Density Function
231 |— i

- Channel scroll up

I

154 |—
o b J
a [ | dl - .
36 45 Ay e[z}
alu
Charge Chankel :["‘ v - O | e

Many of the control buttons on the window are described above under Shared
Window Controls . Those that are unique to the histogram graph window are
described below.

/Channel scroll down
| _— Legend control

L\

|| —Overlay control

Title: The title of the graph indicates whether the histogram is for classes or
fields and identifies the channel (or feature).

Legend: The legend identifies the classes or fields whose histogram(s) are
presently being displayed by color.

Histogram: The vertical lines indicate the count for each data value.

Density Function: The curve represents the Gaussian density function for the
given class and channel.

Channel scroll up/Channel scroll down: These control buttons allow one to
change the channel (or feature) being displayed either up or down. The scroll is
implemented to allow no more than about two or three graph changes per second.
If one holds the 'command’ key down while one scrolls, the graphs will change as
fast as the computer can draw them. This is helpful when one is viewing
histograms of hyperspectral data.

Legend control: This control button allows one to select the classes or fields
being display in the graph.

Overlay control: This control button allows one to select whether the density
function and/or histogram is displayed in the graph.
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Coordinate View

The coordinate view is used to display the line and column location of the cursor within the image
and the line and column coordinates of any selected area within the active image window. The
number of pixels within the selected area is also displayed. The coordinate view is position just
above the image in the image window.

The Coordinate View (Macintosh version)

[0 =—————=nTIPJULllan (chs.432) =————— E1H
; — =13 43 11-24 Humber pixels Scale
[LinesColumns [ #) | 57| jpas  4ze 1148, 304

il

The coordinate view is created by the Window —Show Coordinate View menu
item or selecting the coordinate view button above the vertical scroll bar.

The Coordinate View (Windows version)
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The coordinate view is created by the Window —Show Coordinate View menu
item or by the View — Coordinates Bar menu item.
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Description of Elements in the Coordinate View

Note:

Lines/Column Popup Menu: This popup # L ines—Columns
menu, illustrated to the right, allows one to Unknown units
choose the units to be displayed for the Lat-Long {Decimal )
cursor and selected area locations. Lat-Long {OMS
Eilometers
Meters

Centimeters
Millimeters
Micrometers
Miles

‘Yards

Fest

| nches

Cursor Location: The cursor location is just to the right of the popup menu. The
upper numbers represent vertical (line) information and the lower numbers
represent horizontal (column) information. The units that may be selected depend
upon the map information that has been defined for the image.

Selected Area Location: The selected area is to the right of the cursor location
after the vertical separator line. The upper numbers represent vertical (line)
information and the lower numbers represent horizontal (column) information. For
polygonal selections, the vertical and horizontal information represent the smallest
rectangle than includes the selected polygon area. The units that may be selected
depend upon the map information that has been defined for the image.

Number Pixels Popup Menu: This popup

menu allows one to select the units for the area Unknown unit=s
of the selection. This may be how many pixels Sq. kilometers
are included in the selection or the number of Hectares
square kilometers, etc. SQ. meters
S5q. centimeters
Sq. millimaters

2q. micrometers
2q. miles=s

Acres

59. yards
S5q. feet
S59. inches

Scale: This text information indicates the approximate scale of the image on the
screen. This information is displayed if map information for the image is available
and the units for the map information is given. The scale is approximate since a
fixed value is used for the resolution of the monitor. The actual resolution of the
monitor may differ from this fixed value.

The thousands and decimal separators in the values in the coordinate view are
those defined by the user for the operating system that they are using. Both the
Mac and Windows OS allow one to set these according to the usage that the user
desires. This must be done before MultiSpec is started.
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Menu ltems

The Apple Menu (Macintosh Version Only)
About MultiSpec

Ahout Multispec...

&) Apple DVD Player
&7 Apple System Profiler
& Apple Video Player

This menu item displays the version number and date
of the MultiSpec application being used. The menu
item also displays the Purdue Research Foundation
copyright statement.

Other choices present on the Apple Menu vary with
the particular Macintosh installation and are not
related to MultiSpec.

The File Menu

The File Menu handles opening, loading, saving, and m Edit Project Processor (
printing capabilities for image files and other supporting New Project

files. Open Image... 360
Open Project... at;
Open Project Image...

File - New Project Menu ltem

This menu item causes a new project to be opened for
the active image window. The Project Window will be
displayed on the right portion of the monitor. Usually, the
next step will be to select the Statistics... or Cluster...
menu items under the Processor menu. In fact one can
skip selecting the 'New Project’ step and instead select
the Statistics... or Cluster... menu items. If a project is

not open, the action of selecting the ’Statistics...” or
"Cluster...” items will cause a new project to be opened

Open Thematic Class Info...
Close Image Window B

Load Transformation Matrix...

Save

S5ave Image To TIFF As... 385
Save Project

Save Project As...

for the active image window. Page Setup...
Print Image... i o
Quit MultiSpec 380

File - Open Image Menu Item

This menu item displays a dialog box to allow the user to select an image to be displayed. The
dialog box, shown below, contains a list of those files on the current disk that may be image files
plus all folders within the current folder.

Macintosh version: MultiSpec assumes that all files with file types TEXT, BINA, 7?7?77, rIMG
(MacSADIE), TPIC (TARGA uncompressed), TIFF (TIFF uncompressed), and Gcls (GAIA) are
candidate image files. If one holds down the option key while selecting Open Image  under the
File menu, files of all types will be displayed in the dialog box.

Candidate TIFF images may be 8 or 16 bits (not 1 bit) and the image must not be in a compressed
format. Those TIFF images with color tables are treated as Thematic type images and those TIFF
images with 1 or more layers (or channels) and no color table are treated as Multispectral type
images.
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The Select Image Dialog Box

Select Image.

[w] #cidan [«] = Macintosh HD
[=] JTIPSUB1.gis i

[3] TIPJULLLAN Elect

[3] TIPJUL1_P3test.GIS

@ TIPJUL1_P3testProb.GI5

- Cancel

Openimage as: @& default
) Multispectral type
) Thematic type

[ Link to active image window

Select Image: This popup box allows one to choose a disk or folder within the
disk/folder hierarchy above those files in the list below.

— Macintosh HD: The name on this button will be the name of the disk
volume on which the files in the list to the left are stored. If one clicks on this
button, one moves up one level in the folder hierarchy.

Eject: This button allows one to eject the removeable disk when the active disk
volume is a removeable disk drive. This button is enabled only when the disk is
removeable.

Desktop: This button allows one to see a list of the files and volumes at the
topmost level in the disk hierarchy.

Open: This button allows one to open the file that is selected in the list to the left.
After selecting a file in the list, this button can be executed by either clicking on
it, striking the return or enter keys, or just double clicking on the file name in the
list.

Cancel: This button allows one to cancel the operation and not open an image
file.

Open image as: These radio buttons define how MultiSpec is to treat the image
file - as a Multispectral image or as a Thematic image:

- .for default case, MultiSpec will determine how to treat the image file by
interpreting the header information in the file if available.

- Multispectral type images are usually selected for multispectral scanner
data for which one wants to select the channels to be displayed as red,
green, or blue.

- Thematic type: images are usually selected for classification output images
or other Geographic Information System (GIS) raster images where
specific colors in the image will be assigned to specific themes.
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Link to active image window: This check box allows one to link the newly
selected image file to that shown in the active image window. The logically linked
files are treated as if they were one image file. This is useful for example when
one has a separate disk file for each channel of data. The procedure to do this is
described below under Logically Linking Files . One can then create a new
single file that is the combination of the logically linked files. This procedure is
described under Combining Files into a Single New File . This check box is
hidden if there is no active multispectral image window.

After an Image File has Been Opened

When an image file has been selected and opened, MultiSpec checks to see if it is
in a recognized format. See Recognized Formats .

If the file is not in a recognized format, MultiSpec presents the "Change Image
Description" dialog box. See the "Change Image Description" menu item below
for more information. If the file is in a recognized format, MultiSpec reads the
image format description from the header record and opens either the
Multispectral Display Specifications or the Thematic Display Specifications dialog
boxes discussed under the Processor — Display Image menu item.

Recognized Formats

The currently recognized formats are:
ArcView,
ArcView Shape File
ENWVI,
ERDAS *.LAN,
ERDAS *.GIS,
ERDAS Imagine, (4,8, 16-bit signed and unsigned data values; uncompressed)
FastL7A,
GAIA,
GeoTIFF & TIFF uncompressed,
HDF-Scientific Data Model (if all in one file),
Land Analysis System (LAS),
LARSYS Multispectral Image Storage Tape (MIST),
LGSOWG,
MacSADIE,
MultiSpec ASCII classification formatted data files,
PDS,
Sun "Screen Dump",
TARGA uncompressed,
VICAR

Logically Linking Files

One can logically link several multispectral image files together as one image file,
such as, a four band image that is stored as four separate disk files. One can
also link multiple image files together that represent multitemporal data from the
same location, provided that line and column numbers for the given pixel ground
locations in the separate image files from each of the times have been made to
correspond. (See Combining Files into a Single New File below to see how
to make a single file out of several such separate files.)
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To link disk files into one image window, open the first multispectral image as one
normally would using the 'Open Image’ menu item under the File menu item. To link
an additional image disk file to the active image window, use the 'Open Image’
menu item again. This time the 'Add to Active Image Window’ option is displayed in
the lower part of the dialog box. Check this box and select the image disk file to be
linked to the active image window. As long as the 'Add to Active Image Window’
box is checked or Cancel is not selected, the open image dialog box will
automatically be displayed to allow the user to add additional image disk files to
the active image window. The title for the open image dialog box will indicate the
number of disk files that will be linked with the selection to be made. Also the
name of the image window is prefaced with 'Ln-" where n is the number of disk
files that are linked for that image window.

After linking the separate disk files together, one can run the Display Image,
Histogram, List Data, Principal Components, and Reformat processors on the
“logically linked" image. One can not use this "logically linked" image as a base
image for a Project.

Some additional rules and limitations on Logically Linking are:

- One can only link image disk files that are being used in Multispectral type
image windows.

- Image disk files that can be linked may contain a different number of data
bytes, a different number of lines and columns, a different number of
channels , and they can be a mixture of BIL and BSQ formats. (NOTE: BIS
formats can not be used in logically linked image files. Change the BIS file
to BIL or BSQ first.) The resulting linked image will contain the largest
number of lines and columns that includes the union of those in the
separate image disk files.

- All image disk files will be overlaid by starting with the first line and first

column in the disk file. No provision has been provided to overlay the
image disk files using different line and column offsets.

Combining Files into a Single New File

Use the Reformat processor to create a new disk file that contains all the
channels included in the "logically linked" image disk files. To do so, after having
logically linked the desired files, select the Change Image File Format option of
the Reformat Processor. On the Change Image File Format Options dialog box,
select New File for the Output File selection. Choose other options as desired.
The new file may be named and will be created upon clicking on OK. This new
file can then be used as a base image for a project or for any of the other image
file uses.

Alternative Methods to Open Image Files

One can also open an image file by double clicking on image files names or icons
that are MultiSpec documents or dragging an image file over the MultiSpec
application icon.

Another way to launch MultiSpec and open image files is to select MultiSpec and
the image file(s) in the finder and double click on one of the selected items.
MultiSpec will start up and automatically open the selected image files.

Additionally, if one double clicks on a file that ends in .STA or .TRL, the associated
image file will be opened if found within the same folder.
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ArcView Shape Files

One can open ArcView Shape files (as long as an image window is opened
first). A popup menu button has been added to the lower left of the Mac Image
Window to allow one to turn the overlay(s) on and off. The popup button for the
Windows version is next to the zoom buttons in the toolbar. (There is no control
over the color currently). The shape file will only be added to the active image
window. One can use the Edit - Clear Overlay menu item to remove the selected
shape file from memory.

Image Map Information

MultiSpec can read at least some of the map geometry information in ERDAS *.lan
& *.gis, ERDAS Imagine, FastL7A and GeoSPOT and GeoTIFF files. The information
is used for allowing options in displaying the map coordinates and for allowing
shape files to be overlain on the image windows.

File - Open Project... Menu ltem

This menu item displays a dialog box to allow the user to select a project file that was saved
during a previous session. The dialog box contains a list of those files on the current disk that
may be project files plus all folders within the current folder.

MultiSpec assumes that all "TEXT" files are candidate project files.

The Select Project Dialog Box

Select Project.

[=] #ctian [«] = Macintosh HD

[=] flc1.Project _
[3] JTIPSUB1.gis Eject

[3] TIPJUL1.LAN
[=] TIPJULL.Project3

[&] TIPJUL1_P3test.GIS

[3] TIPJUL1_P3testProb.GIS

- Cancel

Select Project Popup Box: This popup box allows one to choose a disk or
folder within the disk/folder hierarchy above those files in the list below.

—— Macintosh HD: The name on this button will be the name of the disk volume
on which the files in the list to the left are stored. If one clicks on this button, one
moves up one level in the folder hierarchy.
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Eject: This button allows one to eject the removeable disk if the active disk volume
is a removeable disk drive. This button is enabled only when the disk is
removeable.

Desktop: This button allows one to see a list of the files and volumes at the
topmost level in the disk hierarchy.

Open: This button allows one to open the file that is selected in the list to the left.
After selecting a file in the list, this button can be executed by either clicking on
it, striking the return or enter keys, or just double clicking on the file name in the
list.

If the selected file is not a project file, notification will be provided and the list of
files will be presented again for another selection.

Cancel: This button allows one to cancel the operation and not open a project file.
Alternative Method to Open a Project File

Macintosh version only: One can also start MultiSpec and open a project file by
double clicking on the project file in a Finder window.

File - Open Project Image Menu Item

This menu item causes the image for the current project to be opened. See the Project Menu
description below.

File - Open Thematic Class/Group Info... Menu ltem

This menu item allows one to load thematic class or group information from a file that is different
than that loaded from the default file for the current active image window. This menu item is only
enabled for a thematic type active image window. Also the menu item will be Open Thematic
Class Info if the active image window is showing classes and Open Thematic Group Info if
showing groups.

See the section under Thematic Windows for a discussion about information groups and how to
create them.

File - Close Window Menu ltem

This menu item allows one to close the active window. The active window can be determined by
looking at the Window Menu. A check is next to the name of the active window. The windows
that can be closed with this menu item are image windows, graph windows and the project
window. The Close Window menu item will be named "Close Image Window" when an image
window is active, "Close Project Window" when the Project window is active and "Close Graph
Window" when a graph window is active. One can also close an image, graph and project
window by clicking its close box (small box near the upper left corner of the window).

Close Image Window: The "Close Image Window" menu item may be used when one no longer
needs to use the image file associated with the active image window. The image window is
closed and the window and all of its contents are disposed of, including the memory associated
with the windows. The window just below the active image window becomes the new active
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image window. One can determine the active image window by looking at the Window Menu.
The name of the active image window is given in outlined characters.

Close Project Window: The "Close Project Window" menu item may be used when one no longer
needs the project. The project window is closed and the memory associated with the project is
disposed. If the project has been changed since the last save, a dialog box will be presented
giving an opportunity to 1) Save the project, 2) Not save the project or 3) Cancel the 'Close
Project Window’ request.

Close Graph Window: The "Close Graph Window" menu item may be used when one no longer
needs to use the active graph window. The graph window is closed and the window and all of
its contents are disposed of, including the memory associated with the graph window.

Note: One can not close the text output window; one can, however, hide the text output window
by choosing that item from the Window menu.

File - Load/Save Transformation Matrix... Menu ltem

If a Principal Components or Feature Extraction transformation has been previously calculated
during this MultiSpec session, then Save Transformation Matrix will be enabled and will allow
one to save this transformation to a disk file.

If such a transformation matrix does not currently exist in memory, then Load Transformation
Matrix will be enabled and will allow one to load such a matrix from a file previously saved on
disk.

Note that one cannot read a transformation file written by the Macintosh version with the
Windows version and vice versa.

File - Save Thematic Class Info As Menu ltem

This menu item allows one to save the class information for a thematic image window when
changes have been made in the class names and/or display colors. The information is saved in a
trl file. When the thematic image file is opened for display, this class information is automatically
read in ready for use as long as the trl file has the same base name as that for the thematic
image file.

File - Save Thematic Group Info Menu ltem

This menu item allows one to save the group information for a thematic image window when
changes have been made in the class grouping, group names and/or display colors. The
information is saved at the end of the thematic image file after the data. When the thematic image
file is opened for display, the group information is automatically read in ready for use.

File - Save Text Output As... Menu Item

This menu item allows one to save the text (or selected portion of the text) in the output text
window to a separate text file. It can then be used in other applications, such as word
processors. This menu item is available only when the output text window is the active window.

File - Save Image To TIFF As... Menu ltem

This menu item allows one to save the image (or the selected portion of the image) in the active
window as a TIFF formatted disk file. Note that only the bands of the image being displayed, and
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not all channels in the data file, are saved in this manner. Thematic images and 8-bit color
multispectral images are saved as TIFF Palette-color images, 1 channel multispectral images are
saved as TIFF Gray scale images and 16-24 bit color multispectral images are saved as TIFF
RGB Full Color images. This menu item is available only when an image window is the active
window.

File - Save Project Menu ltem

This menu item will cause the current project to be saved to the same file that was used to read
the project from or the same file that was used for the last save. If this is a new ’Untitled’ project,
a dialog box will be presented that requests entry of the file name desired. Note, a default name
is always given.

File - Save Project As... Menu ltem

This menu item will cause the current project to be saved to a file that can be different than the
file that was used to read the project from. The dialog box that is presented allows entry of a
new file name and selection of the disk drive and folder where the project file to be saved. If the
name given duplicates the name of a file already in the selected folder, an alert will be presented
allowing one to write over the file or cancel the operation. Notification will also be given if there is
not enough space on the disk for the file.

File - Page Setup... (Macintosh) Menu Item or
File - Print Setup (Windows) Menu ltem

This menu item allows one to request the standard dialog box to set printing parameters.
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File - Print Menu ltem

For Text Output Window. This menu item causes text (or the selected portion of the text) in the
"Text Output Window’ to be printed on the selected printer.

For Image Window. This menu item causes the image (or the selected portion of the image) in the
active image window to be printed on the selected printer. The image will be printed at the
magnification used in the image window, unless modified by the "Reduce or Enlarge" parameter
in the Page Setup dialog box.

In the Macintosh version,
one will obtain the dialog
box displayed to the right
after selecting this menu
item. This dialog box allows
one to see how many 2
pages the image will take
and a chance to scale the
image to one page. [ Scaled to One Page

Print Page{s})Layout

Mumber of Pages

In the Windows version if

the image is too large to fit

within the printed page, the

image is scaled down so -]

that it will fit on the page.

Legends in thematic image
windows will be printed if they are being shown in the image window. If they are not being
shown the legends will not be printed.

The field boundaries will also be printed if they are being shown in the image window.

For Graph Window. This menu item causes the window to be printed on the selected printer. The
graph window will be printed in the center of the page at the size displayed in the window. If the
graph is too large to be printed on one page it is scaled down so that it can be.

Use the respective Macintosh or Windows operating system method to select the printer to use.

On a Macintosh system one can select the printer by using the "Chooser" menu item under the
"Apple" menu among other ways.

File - Quit MultiSpec Menu Item

This menu item causes MultiSpec to quit. If there have been any changes in the project since the
last save, a dialog box will request whether the changes should be saved. One has the options
to SAVE the changes, NOT save the changes, or CANCEL the quit request. The user will be
prompted to save any class or group information if it has changed for any open thematic image
window since the last save. The user is also prompted to save the output text window if it has
changed since the last save.
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The Edit Menu

Zi[i¥ Project Processor Optio The Edit Menu handles undoing operations, cutting,
copying, pasting, and editing associated with MultiSpec

RIEE et text, image, graph and project windows.

Cut 36X

Copy 88 Edit — Undo Menu ltem

Paste Text #FY . . _ _ _

Clear Selected Text The Un_do menu item is only usc?d Wh'en,the Project
window is active. One can undo a 'Cut Field’ procedure.

Select All Text A

This will put the field back into the class that it was cut
Selection Rectangle... from. It will go to the end of the field list. In addition to
; ; eliminating a field, this provides a means for changing
Clear Selection Rectangle the order in which fields are listed, if desired. Similarly,
Clear Transformation Matrix one can undo a 'Cut Class’ procedure. NOTE, one can
only undo the last cut procedure done. One cannot
undo a 'Paste Field’ or a Paste Class Fields’ procedure.

Image Description...
Image Map Parameters...

Clear Overlays 4

Edit — Cut Menu ltem

The 'Cut’ menu item allows one to cut text, a project field and/or a project class depending on
which window is active.

For Text Output Window. The 'Cut’ menu item allows one to remove the text in the output
window that has been selected. Selected text is in inverse video mode (for B/W displays) or
color highlighted on screens displaying color. The text that is cut from the output window is
copied to the clipboard and can be pasted into documents in other applications.

One can select text in the output window by positioning the I-bar cursor at the start of the text
desired, click down on the mouse button and hold, and then drag over the text to be select.
When all the desired text is selected, release the mouse button. The selected text should now be
in inverse video mode. If all the text in the window is to be selected, use the 'Select All' menu item
as a short cut.

For Image Window. This menu item is not implemented for image windows.

For Project Window. The "Cut" menu item allows one to remove a field, Cut Field, or a class,
Cut Class, from the project statistics file. The Cut Class menu item is enabled, if the Project
window is active and in the Project mode (i.e. the list of classes is displayed in the window)
and a class in the list is selected. One can select a class in the list by positioning the arrow
cursor over a class and clicking the mouse button once. Executing the Cut Class menu item in
the Edit Menu will cause the selected class to be removed from the class list. After the class is
‘cut’, the 'Undo Class Cut’ menu item under the Edit menu will be enabled. (See Undo for
discussion of this menu item).

Cut Field works similarly to Cut Class . In this case, however, the Project window must be
active and be in the Class mode (i.e. the list of fields for a given class must be displayed in the
window). After a field is cut, the Undo Cut Field Edit Menu item will be enabled.

Edit — Copy Menu ltem

The "Copy" menu item is implemented for the Text Output, Image and Graph windows.
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For Text Output Window. The "Copy" menu item copies the selected text to the clipboard. One
can then paste the copied text into documents in other applications. See the discussion under
'Cut’ for Text Window describing how to select text.

For Image Window. The "Copy" menu item copies the selected image to the clipboard. One can
then paste the copied image into documents in other applications.

One can select the portion of the image desired to be copied to the clipboard by positioning the
cross cursor at the upper left corner of the rectangle to be selected, holding the mouse button
down, dragging to the lower right corner of the rectangle to be selected; then letting up on the
mouse button. A box will be drawn around the selected area. If one wants to select the entire
image, use the 'Select All' menu item.

For thematic type images the legend will be copied to the clipboard along with the selected
portion of the image as long as the legend is being displayed.

The field boundaries will also be copied if they are being shown in the image window.

For Graph Window. The "Copy" menu item copies the graph window to the clipboard. One can
then paste the copied graph into documents in other applications.

Edit — Paste Menu ltem

The paste menu item is implemented for the Text Output and Project windows.

For Text Output Window. One can use this menu item to paste text that has been cut or copied
to the clipboard to the specified location in the text output window.

For Project Window. One can use this menu item to paste (add) a ‘cut’ field or the fields in a 'cut’
class to another class in the project statistics file. 'Paste Field’ will be enabled after a field is cut
AND another class is selected in the Project Class List mode of the Project window.

'Paste Class Fields’ is enabled after a class is cut AND another class is selected in the Project
Class List mode of the Project window.

Edit — Clear Menu ltem

The "Clear" menu item is only implemented for the Text Output window. The "Clear" menu item
has the same effect as the "Cut" menu item except that the "Cleared" text is not copied to the
clipboard.
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Edit — Select All Menu ltem

The "Select All" menu item is implemented for the Text Output and Image windows.

For Text Output Window. The "Select All Text" menu item selects all text in the output window,
i.e., after execution all the text in the window will be selected and highlighted in inverse video.

For Image Window. The "Select All Image" menu item selects the entire image in the image
window. After execution there will be a dotted line around the entire image.

Edit — Selection Rectangle Menu ltem

This menu item will be enabled if the |=--———— Edit Selection Rectangle
active window is an image or project
window. A dialog box, shown to the

) . . Current Line{s): 38 - 103
right, will be displayed to allow one to New Line(s): |38 - 103 |
enter or revise the line and column )
coordinates of the selected rectangle. Current Column(s): 23 Y
New Column(s): (23 |- |94 |

Note that this menu item is not available
if a project window is open and
selected areas are to be defined by [cancer J

polygons.

Edit — Clear Selection Rectangle Menu Iltem

This menu item will be enabled if an image is the active window and a rectangle has been
selected. It is used to clear a selection rectangle in the displayed image. Striking the Delete key
will have the same effect.

Edit — Clear Transformation Matrix Menu ltem

The menu item is enabled if a Principal Components or a Feature Extraction transformation has
been previously computed. It may be used to clear the resulting transformation matrix from
memory. If one executes this command, one will be prompted with a dialog box to verify that one
actually does wish to remove the transformation from memory.
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Edit - Image Description... Menu ltem

This menu item allows one to change the format description of the image file. Selecting this menu
item causes either the Set Multispectral File Format Specifications or Set Thematic File Format
Specifications dialog box below to be displayed. One of these two dialog boxes will also be
displayed if MultiSpec is not able to interpret any header in the image file when the Open
Image menu item is selected.

The Set Image File Format Specifications Dialog Box

5et Multispectral File Format Specifications

For:flcl.lan
Mumber of Lines File Header Bytes 128
Number of Columns File Trailer Bytes

Number of Channels Preline Bytes

Start Line Number Postline Bytes
Start Column Number Prechannel Bytes

Postchannel bytes

TR

il

Band Interleave Format: | BIL-Band Interleaved by Line

Bytes Per Data Yalue: swap Bytes

Bits per Data Value: [ Signed Data
Cancel I

:

|

Set Thematic File Specifications

For:flc1.GI%
Mumber of Lines File Header Bytes 128
Mumber of Columns 220 File Trailer Bytes

Mumber of Classes Preline Bytes

Postline Bytes

Il

Start Line Number

Start Column Number

S [TTTH

Bytes Per Data Yalue: Swap Bytes
Bits per Data Value:
| Determine Number of Classes | cancel | oK |

Number of Lines/Columns/Channels/Classes: These edit boxes allow one
to enter the number of lines, columns, channels (multispectral image file) and
classes (thematic image file) in the image.
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Start Line Number/Start Column Number: These two edit boxes allow one to
enter what the first line and column is for the active image file if the image is a
subset of a larger image file. This is useful when one needs to compare areas
within two image files that may be different subsets of the same image or one is
applying project information from the base image to an associated image that is a
subset of that area.

File Header Bytes/File Trailer Bytes: These two edit boxes allow one to enter
the number of bytes to skip to start reading the image data and which bytes to
ignore at the end of the file, respectively.

Preline Bytes/Postline Bytes: These two edit boxes allow one to enter the
number of bytes to ignore at the beginning and end of each line of data when
reading the image data. For example, calibration information may be stored in
these bytes.

Prechannel Bytes/Postchannel Bytes: (multispectral image file only) These
two edit boxes allow one to enter the number of bytes to ignore at the beginning
and end of each channel of data when reading the image data. For example,
calibration information may be stored in these bytes.

Band Interleave Format: (multispectral image file only) This popup menu allows
one to indicate how the image data are organized within the file. There are three
choices - BIL refers to band interleave by line, BSQ refers to band sequential, and
BIS refers to band interleave by sample. (BIS is also called band interleave by
pixel or BIP.)

Bytes Per Data Value: This popup menu allows one to designate the number of
bytes per data value - either 1 or 2 bytes.

Bits Per Data Value: This popup menu allows one designate the number of bits
per data value — 4, 8, 10, 12, 13, 14, 15 or 16.

This parameter can be important when one creates histograms particularly for 2-
byte hyperspectral data. A significant amount of memory is needed to create the
histogram if one needs to allow for 16 bits of information —say 200 channels
times 65,535 times 4 bytes. However if one knows that only 13 bits are actually
used in the data values, for example, then the amount of memory is reduced to 1/8
of what was needed before.

Swap Bytes: This check box allows one to designate whether the bytes are to
be swapped bytes for cases of two bytes per data value.

Signed Data: (multispectral image file only) This check box allows one to
designate whether MultiSpec will treat the data as unsigned (not checked) or
signed data (checked).

Determine Number of Classes: (thematic image file only) This button allows
one to determine the number of classes in the thematic image file by reading the
file and noting the number of different data values that exist in the file.

Version 5.01

- 75 - Reference: Edit Menu



MULTISPEC Reference

Edit - Image Map Parameters... Menu ltem

This menu item allows one to change the map information of the image file. Selecting this menu
item causes the Set Map Coordinate Specifications dialog box below to be displayed. Note that
one cannot re-project an image to a different projection using MultiSpec. The information in this
dialog box will be copied into any newly generated image files that are the result of using the
Classification or Reformat processors.

The Set Map Coordinate Specifications Dialog Box

S5et Map Coordinate Specifications
Planar Coordinate Information  Units: [_meters hd
X map coordinate for center of pixel {(1,1); ........ 283506.2
¥ map coordinate for center of pixel (1,1} ........ 4347489.0
Horizontal pixel size: .........cvvriinnricnnncnnnns 10.0
Vertical pixel size: ... ...ciiirinriiinereinnncnnnns =-10.0
Grid Coordinate System: | UTM hd |
Geodetic Model Datum: | WG584 hd |
Projection Ellipsoid: | WGS 84 hd |
Planar Coordinate Information: unknown units
_ _ decimal degrees
Units: This popup menu, shown to the right, allows kilometers
one to select the units for the planar map information.
This is needed to allow proper calculation of the FENLIMELETS

image window scale and conversion of locations and
area of selection to different units. The units allow a
broad range of applications from earth resources to
medical images made with microscopes.

millimeters
micrometers
miles

vards

feet

inches

X map coordinate for center of pixel (1,1): This text box allows one to
enter the horizontal map coordinate for the center of the upper left pixel in the
image.

Y map coordinate for center of pixel (1,1): This text box allows one to
enter the vertical map coordinate for the center of the upper left pixel in the
image.
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Horizontal pixel size: This text box allows one to enter the width of the pixel

in the units specified by the Units popup menu above. Use a negative value if

coordinate information decreases as the columns go from left to right.

Vertical pixel size: This text box allows one to enter the height of the pixel in

the units specified by the Units popup menu above. Use a negative value if

coordinate information decreases as the lines go from top to bottom.

Grid Coordinate System:

Grid Coordinate

the image file.

Zone: If the UTM zone is known,
it will be listed below

Coordinate System:".

System
Name: This popup menu, shown
to the right, allows one to select
the grid coordinate system for

"Grid

none defined |

State Plane

Albers Conical Equal Area
Lambert Conformal Conic
Mercator

Polar Stereographic

Polyconic

Equidistant Conic

Transverse Mercator
Stereographic

Lambert Azimuthal Equal-area
Azimuthal Equidistant
Gnomonic

Orthographic

General Vertical Near-5ide Perspective
Sinusoidal

Equirectangular

Miller Cylindrical

Van der Grinten |

Oblique Mercator

Space Oblique Mercator
Modified Transverse Mercator

Geodetic Model:

Datum: This popup menu, shown to the right,
indicates to the user what the horizontal datum is
for the image file if one is know.

Mone defined
MNADZ2T

NADS3

Projection Ellipsoid:

This popup menu,

none defined

shown to the right, indicates to the user what Airy

the projection ellipsoid is for the image file if one

is known.

Australian
Bessel
Clarke 1866
Clarke 1880
Everest
GRS 80
International 1909
Krasovsky
Sphere
WG5S 72

« WG5S B4
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Edit - Clear Overlays Menu ltems

Upon mousing down on this menu item, a submenu similar to the one
at the right will appear. This submenu item allows one to delete all or
selected overlays from memory. If the selected overlay is displayed
in any of the image windows, it will be removed from the image
window.

All

fldn_pts.shp

fldp _pts.shp
WSTREAMS.SHP
WSTREAMS 2.5HP
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The View Menu (Windows version only)

Project  Proce The items under this menu allow one to hide and display some items
7 F in the main MultiSpec window.

. v Toolbar
. Status Bar View — Toolbar Menu ltem
| v Loordinates Bar This menu item allows one to show (checked) and close

(unchecked) the toolbar which is near the top of the main MultiSpec
window just under the MultiSpec menu bar. The toolbar contains the
zoom button controls among other items for image windows.

View — Status Bar Menu ltem

This menu item allows one to show (checked) and close (unchecked) the status which is at the
bottom of the main MultiSpec window.

View — Coordinates Bar Menu ltem

This menu item allows one to show (checked) and close (unchecked) the coordinates bar within
the active image window.
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The Project Menu

Hyil44® Processor Options The items under the Project menu allow one to open
and close projects and control certain project

+» LUse original statistics settings.
Lise LOOC statistics
Use enhanced statistics
Mix of statistics used

Clear Statistics
Change Base Image File...

Base Image

Project - Use Original Statistics Menu Item
Project - Use Leave-1-Out Statistics Menu ltem
Project - Use Enhanced Statistics Menu Item
Project - Mix of statistics used Menu Item

The first three of these menu items allow one to choose one of three possible sets of statistics,
as computed directly from the training samples or those computed using the Leave-One-Out
(LOOC) algorithm™ or those generated by the Enhance Statistics processor if it has been run
already. The current choice is the one with the ". One can toggle between the three by selecting
one that does not currently have a ” in front of it. The last menu item above is always disabled. It
is used to indicate to the user when different sets of statistics are used for individual classes.
This is controlled by a popup menu item in the Statistics-Class window.

The LOOC is a method to estimate a value for the sample covariance for those cases when the
number of training samples for a class is on the order of the number of channels being used or
fewer. This estimator examines the sample covariance and the common covariance estimates,
as well as their diagonal forms, to determine which would be most appropriate. The estimator
has the following form:

] (1—0(i)diag(zi)+aizi O<a;=<1 0
0 U
Ci(ai):D(Z—ai)Zi +(C(i —l)S 1SGiS2 O]
H (3-0)s +(@; -2)diag(S) 2<a;<3 H
L
where S = % z 2;is the common covariance matrix, computed by averaging the class
i=1

covariances across all classes. The variable a; is a mixing parameter that determines which
mixture is selected. The value of the mixing parameter a; is selected by removing one sample,

estimating the mean and covariance from the remaining samples, then computing the likelihood of
the sample which was left out, given the mean and covariance estimates. Each sample is
removed in turn, and the average log likelihood is computed. Several mixtures are examined by
changing the value of a;, and the value that maximizes the average log likelihood is selected.

Though an estimated covariance matrix is ordinarily singular and therefore not usable when the
number of samples used to estimate it is less than or equal to the number of features, the LOOC

1 Hoffbeck, Joseph P. and David A. Landgrebe, "Covariance Matrix Estimation and Classification with Limited
Training Data," IEEE Transactions of Pattern Analysis and Machine Intelligence, Vol.18, no. 7, pp. 763-767, July
1996.
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returns a usable covariance matrix estimate when the number of samples available is three or
more. When the "Project - Use Leave-1-Out Statistics" menu item is the selected one, MultiSpec
returns the value of a; determined for each class and uses the value of C,(_)) it defines

wherever a class covariance value is required.

Project - Clear Statistics Menu ltem

The "Clear Statistics" menu item clears the statistics that have been stored for the currently
loaded project. This action allows one to select a different subset of channels, via the "Statistics"
processor, for the project statistics. This action may be useful for data sets with large numbers
of channels in which some of the channels may be bad and therefore cause singular covariance
matrices. Note, however, that clearing statistics for classes defined by cluster statistics will
cause the classes to be deleted since the "source" of the pixels for these classes is not saved
in the project file.

Project - Change Base Image File... Menu ltem

This menu item allows one to change the image associated with the project file. The menu item
causes a dialog box to be presented with a list of those files in the current disk and folder which
may be image files plus all folders within the current folder, and allows for the selection of the
new base image.

Changing the base image file will cause the current class/field statistics to be cleared. New
statistics will be computed from the new base image file when needed. This menu item is useful,
for example, when one wants to use the same fields/classes for a different date of image data
that has been registered to the original image data or for an image file computed from the current
image file, after calibration calculations or a data transformation has been carried out.

Project - Base Image Menu ltem or
Project - Add as Associated Image Menu ltem or
Project - Remove as Associated Image Menu Item

This menu item allows one to associate non-base image windows to the current project. If the
active image window is from the base image file, "Base Image" will be the menu item shown and
in a disabled state. If the active image window is not from the base image file for the current
project, the "Add as Associated Image" will be the name of this menu item. If the active image
window is associated with the current project, then "Remove as Associated Image" will be the
name of the menu item.

Associating an image such as a classification output image, to the project causes the field
boundaries to be displayed in the image window. One can also select new fields/classes in the
associated image window to be added to the project. All field/class statistics, however, will be
computed from the base image file. Any differences in the start line and columns and the
line/column intervals between the base image file and the associated image file are accounted
for.
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The Processor Menu

O Options Window The items under the Processor menu allow one to

Display image... 4D file or the open project file.
Histogram image... 3EH

List Data... i

Reformat 4

Cluster... 3EL

Statistics... 8T

Enhance statistics... S8E
Feature extraction... 3F
Feature selection... 3EB

control the processing to be done on the active image

Classify... 3EM
List results... £Y
Litilities b

Processor - Display Image Menu ltem

This menu item allows one to display the selected portion of the image data file in an image
window. Selecting this menu item will display a dialog box to allow one to choose some display
options. The dialog box that is displayed depends upon whether the image data file is being
treated as a multispectral image or a thematic image. The dialog box for a multispectral image file
is shown below. The dialog box for a thematic image file is shown later in this section.

The Set Multispectral Display Specifications Dialog Box

Multispectral Display Specifications

Set Display Specifications for TIPJUL1.LAN

Start  End Interval
Line |1 |[169 |1 | —
[ Channel descriptions... |

Column |1 |l169 |1 |
Display type: | 3=-Channel Color v| Channels:
Bits of color: Red [
Enhancement: | Linear Stretch w| Green|3
Number of display levels: |256 Blue |2

Magnification: X

[ Load New Histogram

Areato Display

Cancel I 0K I
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Area to Display: The line and column edit boxes allow one to select the area to
be displayed. The button to the left of Line and Column allows one to easily switch
between the user selected area (if one has been made in the image window) and
the entire image area. The default values are the entire image.

One can use the line and column interval to display the image at a smaller scale.
Sometimes, when an image file is first opened, the interval will default to a value
larger than 1 ; This occurs when MultiSpec determines that there is not enough
memory to display the selected area at every line and column.

Display type: This popup menu provides

the choices shown at right. These 1-Channel B&Y¥ Pattern
choices control the type of the 1-Channel Color
multispectral display, either one, two or 2-Channel Color {(R-G)

three channel color and a Side-by-Side
option which displays a gray scale 2-Channel Color (G-B)

version of each channel placed side by 2=-Channel Color {R-B)
side. Examples of the image windows v 3=Channel Color
created with these options are given in - -

the Windows - Multispectral Images Side by Side Channels
section.

Bits of Color: This popup menu provides the choices to display the color image in
1, 8, 16, or 24 bits of color. The 1-bit display is available for systems with B/W
monitors with only 1 bit depth. 8, 16, and 24 bit displays are available for systems
with monitors having more than 1-bit color.

Enhancement: This popup menu,
displayed to the right, allows several [T gk iin=10n]]

display enhancement choices. Note that Egual Area Stretch
the Windows version is organized -

differently in that the choices to the right | 2 parcent Tails Clipped
are organized in three popup menus. .
EATIre Hange

The upper two choices control the Specify Min-Max...
fashion by which gray scale intervals i
are assigned. In the case of Linear Treat '0" as Background

Stretch, gray scale intervals are equally | Treat 'I"as Data
spaced over the range, while the Equal
Area Stretch choice causes them to be set so that each interval represents the
same number of pixels. Though nonlinear, this latter means will provide maximum
contrast.

The middle part of the popup allows one to select the beginning and end points of
the image histogram to be used for enhancement. The 2 Percent Tails Clipped
item will cause the start and stop range of data values for a given channel to
represent the data values where 2 percent of them in the histogram are outside of
the selected range , so that a small number of extreme outlier data values in the
image histogram will not unduly influence the gray scale display enhancement.
This usually results in a display of the data that has better contrast. Selection of
the Specify Min-Max... option causes the Set Specifications for Display
Enhancement dialog box to be displayed which is described below.
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In the lower portion of the Enhancement pop-up menu are selections allowing one
to treat zeroes in the data as data, in which case they will be displayed as black,
or to treat them as background, in which case they will be displayed as white.

Number of display levels: This edit box allows one to enter the number of
display (or gray scale) levels that the range of data for each channel will be
converted to. The default number of display levels is the maximum possible for the
number of bits of color. The value can be changed to a smaller value but not to a
larger value.

Magnification: This edit box allows one to set the magnification to be used to
display the image in the image window. The default magnification value indicates
the magnification that will be used so that the entire image will fit within the
monitor area. The magnification can be changed to any value between 0.01 and
99.

Load New Histogram: This check box allows one to request (when checked)
that a new image histogram is be computed for determining the enhancement of
the displayed image.

Channel Descriptions: This button allows one to display another dialog box that
gives the channel descriptions if this information is available in the image file.

Channels: These edit boxes allow one to select the channels to be displayed as
Red, Green, and Blue by entering the channel numbers in the boxes to the right of
the color names. The defaults used are as follows:

- Ifimage file has 3 channels, assume SPOT image and use 3, 2, 1.

- Ifimage file has 4 channels, assume MSS image and use 4, 2, 1.

- Ifimage file has 5 channels, assume MSS image and use 4, 2, 1.

If image file has 7 channels, assume TM image and use 4, 3, 2.

If image file has 12 channels, assume Michigan scanner and use 11, 9, 7.
If image file has 210 channels, assume HYDICE image and use 63, 52, 36.

Otherwise when image file has more than 84 channels use 50, 27, 17
(AVIRIS).

Else when image file has less than 85 channels use 4, 3, 2.

Cancel: This button closes the dialog box and cancels the display image request.
No changes are made in the display image specifications.

However, if one selects Cancel when the Display Specification dialog box is
being displayed after selecting the File-Open Image  menu item, a blank image
display window will remain. This blank window is a reminder that one still has
access to that image for use by processors that need it even though it is not
actually displayed. This feature can be useful, e.g., for very large images which
would take a significant amount of time and memory to display, but for which you
have no need to view.

OK: This button closes the dialog box and executes the display request using the
requested specifications.
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The Set Display Enhancement Specifications Dialog Box

S5et Specifications for Display Enhancement

Data Enhancement
Min  Max Min  Max

Red channel: 11 =YY 191 |ﬁ'5l || 161 |
Green channel: 9 40 249 |49 || 150 |
Blue channel: 7 44 224 |52 100 |

@ Channel min/max with percent of tails clipped:
) Entire data range

User specified

() o)

Channel min/max with percent of tails clipped: This button and edit box
allows one to ignore a specified percentage (value in the edit box) of the tails of
the histogram, so that a small number of extreme outlier data values in the
histogram will not unduly influence the gray scale display enhancement. This
usually results in a display of the data that has better contrast.

Entire data range: This button causes the entire data range of the histogram to
be used in establishing the image gray scale.

User specified: This button allows the user to specify the range to be used.
Note that the opportunity to specify a user-selected range is provided only after
the image has been displayed the first time. The user will then have the
opportunity to enter his/her choices in the edit boxes below Enhancement
above.

Cancel: This button closes the dialog box; no changes are made in the display
enhancement specifications.

OK: This button closes the dialog box and sets the display enhancement
parameters to those specified in the dialog box.
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The Set Thematic Display Specifications Dialog Box

S5et Thematic Display Specifications

Start End Interval
Line | 1 | | 169 | | 1 | Magnification
o [ ] po ] [ ] xm ]
Palette: | ERDAS .JRLfile |
Display:| Classes | Number classes: 9

MNumber groups:
Display classes/groups: aroups: s

[ Backgound color.. ]|:|

A Display legend

Cancel I

Area to Display: The line and column edit boxes allow one to select the area to
be displayed. The button to the left of Line and Column allows one to easily switch
between the user selected area (if one has been made in the image window) and
the entire image area. The default values are the entire image.

You can use the line and column interval to display the image at a smaller scale.
Sometimes, when an image file is first opened, the interval will default to a value
larger than 1 ; This occurs when MultiSpec determines that there is not enough
memory to display the selected area at every line and column.

Palette: This popup menu, shown to the right,
allows one to choose the color palette to use Default Colors

to display the thematic image. Default Gray Levels

The Correlation Matrix palette, used elsewhere Correlation Matrix
to create Statistics Images, is one with a fairly AYHRR NDYI
smooth (subtle) transition from one color to the False Color...

next, i.e. from one class to the next. v ERDAS TRL file

When one selects 'False Color...” a dialog box User Defined

will appear which allows the user to select the

channels in each class mean vector to define the red, green and blue value for
each thematic color. Note that an open project file is required for this option. See

the description for the Assign Channels for False Color Palette dialog box under
the Shared Dialog Boxes section.

Display: This popup menu allows one to designate whether classes or
information groups (if defined) will be displayed. Information groups are explained
under the Thematic Windows section.

Display classes/groups: This popup menu allows one to choose to display a
subset of the classes or groups. Non-selected classes or groups will be
displayed as a background color.
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Background color: This button allows one to choose the background color to be
used in the image window. The default color is white.

Display legend: This checkbox allows one to designate whether the legend
should be displayed to the left of the image window. The default is to display the
legend unless there are more than 256 classes in the image.

Magnification: This edit box allows one to set the magnification to be used to
display the image in the image window. The default magnification value indicates
the magnification that will be used so that the entire image will fit within the
monitor area. The magnification can be changed to any value between 0.01 and
99.

Number class/number groups: This text information indicates how many
classes are in the image and, if defined, how may information groups are defined.

Cancel: This button closes the dialog box and cancels the display image request.
No changes are made in the display image specifications.

However, if one selects cancel when the Display Specification dialog box is
being displayed after selecting the File-Open Image  menu item, a blank image
display window will remain. This blank window is a reminder that one still has
access to that image for use by processors that need it even though it is not
actually displayed. This feature can be useful, e.g., for very large images which
would take a significant amount of time and memory to display, but for which you
have no need to view.

OK: This button closes the dialog box and executes the display request using the
requested specifications.
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Processor - Histogram image Menu ltem

The "Histogram image" menu item allows one to load a set of histogram statistics of the image
data file into memory and/or list the histogram statistics either by computing them from the image
data file, or reading from an image statistics file. Selecting this menu item will display the
following dialog box to allow one to choose some options before the request is executed.

The Set Histogram Specifications Dialog Box

Histogram Specifications

Set Histogram Specifications for "TIPJULT.LAN"
Default Statistics File: TIPJUL1.5TA

Method: | Compute new histogram information |

Start Stop Interval

Line 96 | (n3 | |5 |
Column |ﬁl] | ‘33 | |5 |
Channels: Write results to:
[ List histogram summary [ Text window
[ Disk file

[ List Histogram
Format: @& Columns ) Llines

O include empty hins Cancel I oK |

Default Statistics File: This line indicates the name of the current image
statistics file that is associated with the active image window.

Method: This popup menu allows one to:
- use the default image statistics file (if available)
- select a different default image statistics file

- or to specify that a new set of histogram statistics information should be
computed.

Selected area: The line and column edit boxes allow one to select the area to be
used to compute the image statistics. The button to the left of Line and Column
allows one to easily switch between the user selected area (if one has been
made in the image window) and the entire image area.

Channels: This popup menu allows one to select a subset of the channels. See
Select Channels under the Shared Dialog Boxes section.

List histogram summary: This checkbox requests, if checked, that just a
summary table of the histogram statistics be listed. The table is tab delimited so
that it can be copied and pasted into a spreadsheet application. See the example
output tables section below.

List histogram: This checkbox requests, if checked, that a table of the
histogram for each requested channel be listed. The table is tab delimited so that it
can be copied and pasted into a spreadsheet application. See the example output
tables section below.
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If the List Histogram checkbox is selected, the following additional options are
available.

Format: The column and line buttons allow one to select whether the data
values are to be listed in a column or line format in the table.

include empty bins: This checkbox specifies whether data values with no
counts are to be listed. This option is only available for the column format.
Empty bins are always included when the data is listed in a line format.

Write results to: These two check boxes allow one to select whether the
table(s) are to be listed in the output text window and/or a disk file.

Cancel: This button closes the dialog box and cancels the histogram image
request. No changes are made in the histogram image specifications.

OK: This button closes the dialog box and executes the histogram image request
using the requested specifications.
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Example Histogram Output Tables

Histogram Summary Table

H stogram I nage 09-10-1999 16:13:40 (Milti Spec6. 30.99)
Image file = ' TIPJUL1. LAN

Statistics from ' TIPJU1. STA

Total Nunber of Pixels = 1156

H st ogram Summary Tabl e

Channel Channel Dat a Range Mean Median  Standard
Description Devi ati on

1 0.45- 0.52 pm 78 to 160 89.8 87 7.6

2 0.52- 0.60 pm 28 to 71 36.3 35 5.1

3 0.63- 0.69 pm 24 to 92 34.4 31 8.9

4 0.76- 0.90 pm 42 to 184 115.4 118 19.9

5 1.55- 1.75 pm 56 to 207 104. 4 105 26.0

6 2.08- 2.35 pm 14 to 122 38.7 36 17.8

7 10.4 -12.5 pm 145 to 164 149.8 149 3.1

Histogram Table in Column Format (portion of table)

H stogram I mage 09-10-1999 16:22:55 (Milti Spec6. 30. 99)
Image file = ' TIPJULL1. LAN

Statistics from 'TIPJU1. STA

Total MNunber of Pixels = 1156

H st ogram Vectors (col um fornat)
Data Channel Number
Value 1234567

1400000 10
1500000 20
1600000 30
1700000100
1800000270

Histogram Table in Line Format (portion of table)

H stogram I nage 09-10-1999 16:53:44 (Milti Spec6. 30.99)
Image file = ' TIPJULL1. LAN

Statistics from 'TIPJUL. STA

Total MNunber of Pixels = 1156

H stogram Vectors (line format)

Channel Dat a Val ue

0 14 15 16 17 18 19 20 21 22
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0O O O O o o o0 o
3 0 0 0O O O O o o o0 o
4 0 0 0 0 0 0 0 0 0 0
5 0 0 O O O O o o o0 o
6 0 1 2 3 10 27 63 76 49 34
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Processor - List Data Menu ltem

This menu item allows one to list the image data values from a selected area and subset of
channels in the output text window and/or disk file. This is useful, for example, if one desires to
extract a portion of the data set for processing external to MultiSpec. Upon selection of this menu
item, the following dialog box appears to allow one to set some options.

The Set List Data Specifications Dialog

Set List Data Specifications

Areais)

:CAa___v] Mramm
@ nsses: (A_v] @I
bf Area
Start  End Interval
Line EEE |
Column (67 133 |1 |
Channels: Write results to:
G Textwindow
Options [ Diskfile

List channels in: Rows -

O Include line and column values

& Include class and field identification
[ Graph data values Cancel I

Area(s): The Classes and Area check boxes allow one to specify that data
values belonging to one or more of the selected classes and/or data values
contained in a selected rectangular area of the image should be listed.

The classes to be used are selectable via the pop-up menu labeled All next to
the Classes check box.

The Training and Test check boxes allow one to select whether the data
values included in the training and/or test areas are to be listed.

The button to the left of Line and Column allows one to easily switch between the
user selected area (if one has been made in the image window) or the entire
image area.

Channels: This popup box allows one to select a subset of the channels to be
listed. See Select Channels under the Shared Dialog Boxes section.

Options: The List channels in: popup menu allows one to choose whether the
channel data values for a pixel are to be listed in a row or a column. See the
example output tables section below.

The other check boxes allow for:
- including the line and column values when the data is listed,
- including class and field identification codes when the data is listed,
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- and choosing that the data values for each selected pixel should be graphed
in a graph window. After the data for the first selected pixel is graphed,
one can go to the next pixel by clicking in the close window box. After the
last pixel has been plotted, the List Data processor is closed with the
graphics window still open. The graphics window may then be closed if
one wishes by clicking on the close window box or striking the esc key.

Write results to: These two check boxes allow one to select whether the list is
to be placed in the output text window and/or a disk file.

Cancel: This button closes the dialog box and cancels the list data operation.

OK: This button closes the dialog box and causes the list data operation to
proceed using the specified parameters.

Example Output Tables

Table with channel data values listed in rows

List Data 09-10-1999 17:19:14 (Milti Spec6. 30.99)
Project = 'TIPJUL1. Project3
Image file = ' TIPJULL1. LAN

Channel s used:

1. 0.45- 0.52 pm

: 0.52- 0.60 pm
3: 0.63- 0.69 pm
4: 0.76- 0.90 pm
5. 1.55- 1.75 pm
6: 2.08- 2.35 pm
7: 10.4 -12.5 pm

Mul ti spectral |nage Data Val ues

Li ne Col Channel s
1 2 3 4 5 6 7
96 60 87 32 29 124 73 22 147
96 61 86 32 28 124 73 20 147
97 60 85 32 30 125 73 23 147
97 61 86 33 28 126 73 19 146

Table with channel data values listed in columns

Li ne Chan Col ums

60 61 62

96 1 87 86 84
2 32 32 32

3 29 28 28

4 124 124 125

5 73 73 73

6 22 20 20

7 147 147 147

97 1 85 86 84
2 32 33 33

3 30 28 29

4 125 126 128

5 73 73 71

6 23 19 20

7 147 146 146
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Processor — Reformat

Upon mousing down
on the Reformat
selection, the submenu
at right appears. ltems
in the submenu may be
selected by dragging
over to the desired
selection.

The items in this
submenu allow one to
make changes in the
disk file associated
with the active image
file.

Menu ltems

Change Header...

Change Image File Format... 2R
Convert Multispectral Image to Thematic Image...
Convert Project Fields to Thematic Image File...
Convert Shape File to Thematic Image File...
Modify Channel Descriptions...

Mosaic Images...

Recode Thematic Image...

Rectify Image...

Convert ENY1 ASCI ROl to Thematic Image...

Processor — Reformat — Change/Write Header... Menu Item

The purpose of this menu item is to insert or change the header in the image file associated with
the active image window. A header record includes the number of lines, columns, channels, bits
per data value, start line and start column in the image file so that one does not need to enter this
information each time the image file is opened. The header record may also contain map

information about the image file.

If the image file contains an ERDAS *.LAN header, then, ‘Change Header’ will be the name of this
radio button. If the image file does not contain a header, then 'Write Header’ will be the name of
this radio button. If the image file contains a header that MultiSpec recognizes but is not ERDAS
*.LAN, then, 'Change Header’ will be the name of this radio button but it will not be enabled. This

menu item can also be used to update the map information in the header.

Upon selecting this menu item, the dialog box below is presented.

The Set Header Specifications Dialog Box

S5et Header Specifications

Header: [ ERDAS 73format |

Current Header Parameters

Number of Lines 949
Number of Columns 220
Number of Channels 12
Number of Bits ]

Start Line of Image 1
Start Column of Image 1

[ Edit Image Parameters... |

[ Edit Image Map Parameters... |

Cancel I
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Header: The popup box allows one to choose the header to be added or
changed in the file. There are two choices — ERDAS73 or ERDAS74.

Current Header Parameters: These text information items indicate what the
current settings are for the number of lines, columns, channels, data bits, start
line and start column.

Edit Image Parameters : This button will cause the "Set Image File Format
Specifications dialog box, described under the Edit-lmage Description... menu
item, to be displayed to allow one to change the settings.

Edit Image Map Parameters : This button will cause the Set Map Coordinate
Specifications dialog box, described under the Edit-lmage Map Parameter... menu
item, to be displayed to allow one to change the settings.

Cancel: This button closes the dialog box and cancels the change or write
header operation.

OK: This button closes the dialog box and executes the change or write header
operation using the parameters requested in the dialog box. This operation may
take awhile if the image file is large.
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"Processor — Reformat — Change Image File Format..." Menu ltem

The purpose of this menu item is to allow one to create a new image file based on that
associated with the active image window with a number of format changes such as a subset of
lines, columns, channels, plus many others. Selecting this menu item causes the following dialog
box to be presented.

The Image File Format Change Options Dialog Box

Image File Format Change Options

Inputfile: TIPJULL.LAN

Lines: 169 Channels 7 Bytes: 1
Columns: 169 Band format: BIL Bits: 8
Output file: | New File w ]

start End Interval Channels:
Line: a6 113 1 Options:
column: |60 a3 1 [ Invert bottom to top

O Invert right to left
[ Transform Data... Swap bytes
Write channel descriptions

Bits per data value: 8 b4 P
Bytes per datavalue: [_1__ w] Header:| ERDAS 74format |

Band format: | BIL-Band Interleaved by Line  w| Cancel II

Input file: This text information displays the name of the image file associated
with the active image window. Also the number of lines, columns, channels, data
bytes, data bits in this image file along with the band format are displayed. This
information is available as reference information.

Output file: This popup allows one to select 'New file’, ’Append to’, or 'Modify
part’ as the operation to be carried out.

If Append to or Modify part is selected one willlater have the chance to specify
a line or channel number after which to start making changes in an already
existing file. See information under the OK' button description.

Transform Data: This check box causes the Set Reformat Transform
Parameters dialog box to presented. It is described below.

Bits per data value: This edit box allows one to specify the number of bits per
data value in the output image file.

Bytes per data value: This edit box allows one to specify the number of bytes
per data value in the output image file. The choices are 1, 2 or 4 bytes.

Band format: This popup menu allows one to specify the band interleave format
for the output image file.

Channels: This popup menu allows one to select a subset of the channels to be
used. See Select Channels under the Shared Dialog Boxes section.
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Options:

Invert bottom to top: This check box allows one to invert the lines top to
bottom relative those in the input file.

Invert right to left: This check box allows one to invert the columns left to
right relative those in the input file.

Swap bytes: This check box allows one to specify that the bytes for two
byte data be swapped relative to those in the input file. This option is only
available for output files with two byte data values.

Write channel descriptions: This check box allows one to specify that the
channel descriptions be included in the output image file. This option is only
available if the channel descriptions are included in the input image file.

Header: This popup menu, shown to the right, ‘None'

allows one to control the type of header to be .

written. If the output data is in BIL format, one ArcView format
can write an ERDAS header record or a ERDAS 73 format

Matlab? header to the new file. If the Matiab WA= 10 L Rit gt

format is selected then the selected output .
image is written in Matlab file format. The file GAlA format
can be read directly by Matlab. MultiSpec will Matlab format

not be able to read this file. One can also write

a GAIA header to this image file if a thematic image is the active image
window and a project file is opened. The GAIA header requires statistics from
the project file.

Cancel: This button closes the dialog box and cancels the change image file
format operation.

OK: This button closes the dialog box and executes the change image file format
operation using the specifications requested in the dialog box.

For New file request: A dialog box will be presented to allow one to give a hame
to the new output image file and set the location in which to save the file.

For Append to or Modify part request:

Append File Specifications

A dialog box will be present to allow
one to selected the image file that one | appendto TIPJUL1LAN
is to append to or modify a part of.
After this the dialog box to the right will | Afer

be presented to allow one to specify [ Line: 169
the line number (for BIL and BIS image
files) or the channel number (for BSQ [ Lastline

image files) after which to append the

new image file or to modify a part of the Cancel |

selected file, respectively.

1 Matlab is a numeric computation and visualization software system by The Math Works, Inc., 24 Prime Park
Way, Natick, MA 01760-1520.
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The Set Reformat Transform Parameters Dialog Box

5et Reformat Transform Parameters

#® Adjust Selected Channels
= |I] |+| 1 |-0Id‘l.lfa|uef|:| O Allow signed data

) New Channels from PCEigenvectors:

) New Channel from General Algebraic Transformation

) Mo Transformation to be Done Cancel I

The first three radio buttons allow one to choose one of three methods to change
the data values in selected channels for the output image file. Selecting any of the
first three options will cause additional options to be displayed, as in the case of

the first option above.

Note that all output data values are rounded to the nearest integer value. Also the
output data will be truncated at the limits defined by the output number-of-bits
parameter in the parent Change Image File Format dialog box and the signed data

checkbox.

If any of these three transformation options are used, the minimum and maximum
computed values are listed in the output text window along with the number of
pixels that were clipped at the lower and upper limits. This information may help
one determine what factors may need to be changed to allow for the maximum

dynamic range possible.

Adjust Selected Channels: This radio button allows one to adjust data values
in selected channels by linearly scaling and/or offsetting the current data values.
The first edit box on the left allows one to specify the offset value. The next two
edit boxes to the right allow one to specify the scaling parameter. The check box
to the right allows one to indicate (if checked) that the output data will be signed

and should not be truncated to 0.

One can use this method, for example, to change signed data to unsigned data or
vice versa. One could also use this method to reduce the number of bits/bytes in

the data.
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New Channels from PC or FE Eigenvectors or G-O Transform :

{® New Channels from PC Eigenvectors:

Recommended minimum number of bits - All PC Components: 9

Selected Components: 9
Scale Factor:

This radio button allows one to create new channels using the transformation,
currently stored in memory, on the original channels represented by the image in
the active image window. There are three possible transformations:

- PC (Principal Component) eigenvectors
- FE (Feature Extraction) eigenvectors

- G-O (gain-offset) transformation.
The PC and FE eigenvectors are created using the Processor-Utilities-Principal
Component Analysis and Processor-Feature Extraction menu items,
respectively, or read into memory using the File-Load Transformation Matrix
menu item. The G-O transformation needs to be read in from a disk file using the
File-Load Transformation Matrix menu item.

The popup menu allows one to select a subset of the transformation images to be
created.

The text information suggests the minimum recommended number of bits to use
for the new channel data. One line is for eigenvalue image 1 (maximum variation)
and one line is for the maximum selected eigenvalue image. The minimum
recommended number of bits is the number of bits to represent 6 times the square
root of the associated eigenvalue plus 1. This allows a range of plus/or minus 3
standard deviations around the mean. One can change the number of bits for the
output image file using the ’Bits per data value’ pop-up menu item in the parent
dialog box.

The edit box allows one to specify a factor to scale the output data values before
rounding to an integer value.

New Channel from General Algebraic Transformation:

# New Channel from General Algebraic Transformation

| 5C4+0.5C5 |
+

| sc2+0503 |

This radio button allows one to use a General Algebraic Transformation of the
original channels to create one new channel. The transformation is in the form of
= offset + (a0 + a1C1 + a2C2 + ...)/(b0 + b1C1 + b2C2 + ...) * factor; where offset,
factor, a0, a1, b0, b1, ... are real constants which can be positive or negative and
C1, C2, ...Cn represent the channel number to be used!. Both 'c’ or 'C’ can be
used. The number of constant*Channel value (e.g. a1C1) combinations in either
the numerator or the denominator is limited to the number of channels in the active
image file plus 1. Also the number of characters in the numerator and denominator

1 with MultiSpec, one can copy text from another application and then paste it into any dialog edit field. This may

be a convenient method to use here if the General Algebraic Transformation equation is long.
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is limited to 255. Note that this option currently only allows one to create one new
channel at a time.

No Transformation to be Done: This radio button allows one to specify that no
transformation is to be used.

Cancel: This button closes the dialog; no changes are made in the transformation
parameter settings.

OK: This button closes the dialog box and sets the transformation parameters to
those requested in the dialog box.
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"Processor — Reformat — Convert Multispectral Image to Thematic Image..." Menu
ltem (Macintosh Version Only)

The purpose of this menu item is to convert the active multispectral image window to a thematic
type of image. This processor uses tools which are available within the Macintosh operating
system to determine the ’best’ palette of 'n’ colors to represent all the colors available in the
active multispectral image. This capability is only available when MultiSpec is run under Mac OS
(operating system) 7.0 or later.

This could be used as a quick way to 'cluster’ a multispectral image into a user selected number
of classes using the three displayed channels of data. Note that this processor will only use up
to 3 channels of data for clustering. If an image has many more than 3 channels then, this
technique would not be a good one.

Upon selecting this option, the following dialog box will be presented.

The Set Multispectral to Thematic Specifications Dialog Box

S5et Multispectral To Thematic Specifications

Color sampling method Mumber of classes:
2 System
) Popular
& Median

Qutput format: [ ERDAS 74 format v |

[ List color table in text window

Cancel I

Color sampling method: These radio buttons allow one to select a method to
use to obtain the best set of N colors (defined by the number of classes) to
represent the multispectral three channel true or false color image with perhaps
thousands or millions of different colors.

Number of classes: This edit box allows one to specify how many colors are to
be in the output thematic image.

Output format: This popup menu allows one to select the header to be included
in the new image file.

List color table in text window: This check box allows one to choose to list
the 8-bit red-green-blue values for each color in the output text window.

Cancel: This button closes the dialog box and cancels the convert multispectral
image to thematic image operation.

OK: This button closes the dialog box and executes the convert multispectral
image to thematic image operation.
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"Processor—Reformat—Convert Project Fields to Thematic Image File..." Menu Item

The purpose of this menu item is to create a thematic image showing the training and test fields.
Pixels outside of the training or test fields will be represented by the background class. This
menu item is useful to create an image file from selected training/test rectangles and polygons
that can be used as a mask image file. Upon this option s selection, the dialog box below is

presented.

The Project Areas to Thematic Image Dialog Box

Project Areas to Thematic Image

Set Specifications for Creating Thematic Image
from Project Train/Test Areas
Thematic image area:
Start End Int.
429 563 1
23 123 1

Line
Col.

Use:
[ Training fields/areas
[J Testing fieldsfareas

Classes:| aj -

Output format options:
G ERDAS header record and trailer file -

Thematic image area: The line and column edit boxes allow one to select the
area to be represented in the new thematic image file relative to the training and/or
test fields. The button to the left of Line and Column allows one to easily switch
between the user selected area (if one has been made in the project image
window) and the entire image area.

Use: These check boxes allow one to include the training and/or test fields in the
output thematic image file.

ERDAS header record and trailer file: This check box allows one to specify
that an ERDAS *.LAN header should be included in the output thematic image file
and a .TRL file should be created that will contain the names of the classes
represented in the new thematic image file.

Cancel: This button closes the dialog box and cancels the convert project fields
to thematic image file operation.

OK: This button closes the dialog box and executes the convert project fields to
thematic image file operation using the parameters requested in the dialog box.
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"Processor—Reformat—Convert Shape File to Thematic Image File..." Menu Item

The purpose of this menu item is to create a thematic image file that contains class 1 for those
pixels that are under a shape file point and 0 for all other pixels that do not include a shape file
point. This capability may be expanded in the future.
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"Processor—Reformat—Modify Channel Descriptions..." Menu Item

The purpose of this menu item is to add a description of up to 16 characters for each channel in
the image file. This is useful in annotating the wavelength range for each channel. One can add,
change or delete the descriptions. Upon selecting this menu item, the following dialog box will be

presented.

The Channel Descriptions Dialog Box

Channel Descriptions

# Modify Channel Information for Channel: 1

[ Nextchannel | [ Prevchannel |

Description
example: 0.45-0.52 pm
(Limitis 16 characters.)

| 0.45- 0.52 um |

Value
example: 0485
(Limitis 10 digits.)

\ 0.485

2 Delete Channel Information at end of file

Cancel I

Modify Channel Information for Channel: Selecting this radio button will
cause the input channel information to be stored at the end of the multispectral
image file when OK is selected.

Next channel & Prev channel: These buttons allow one to change the channel
that is to be edited.

Description: This edit box allows one to enter a description for the channel, e.g.
the wavelength limits of the band. The limit is 16 characters.

Value: This edit box allows one to enter a value for the channel, e.g. the band
number or the center wavelength.

Delete Channel Information at end of file: Selecting this radio button will
cause all of the channel information stored at the end of the multispectral image
file to be deleted when OK is selected.

Cancel: This button closes the dialog box and cancels the modify channel
descriptions operation.

OK: This button closes the dialog box and causes the revised channel
descriptions to be written to the end of the image file if the Modify radio button is
selected or the channel information to be deleted if the Delete radio button is
selected.
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"Processor — Reformat — Mosaic Images..." Menu Item (Macintosh Version Only)

The purpose of this menu item is to ‘'mosaic’ or join two selected images side to side. Upon its
selection, the dialog box below is presented.

The Set Mosaic Images Specifications Dialog Box

Set Mosaic Images Specifications

Left: TIPJULLLAN Right: [_TipJul2lan od
Start End start End
Line: 22 109 Line: 1 58
Column: |51 11 Column: |1 [160 |
Options:

& lgnore background value: D

[ Write channel descriptions

Header:| ERDAS 74 format | Cancel |

Left: This text information defines the name of the active image window that will
be the basis for the left portion of the new image file.

The edit boxes below the text information allow one to select the portion (lines
and columns) of the left image to be used.

Right: This popup menu allows one to select the image window that is to be used
as the basis for the right portion of the new image file. Note that this is a list of the
open image windows within MultiSpec not the available data files on disk.

The edit boxes below the popup menu allow one to select the start line and the
columns of the right image to be used. The end line will be forced to a value such
that the number of selected lines in the left image is equal to the number of lines in
the right image.

Options:

Ignore background value: This check box and edit box allow one to elect to
ignore background values when combining the images. This allows one to
combine different TM quads. The default background value is 0; the user can
set a different background value if needed.

Write channel descriptions: This check box allows one to choose to
include the channel description information in the new image file.

Header: This popup menu allows one to select the header to be included in
the new image file.

Cancel: This button closes the dialog box and cancels the mosaic image
operation.

OK: This button closes the dialog box and executes the mosaic image operation
using the parameters requested in the dialog box.
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Some Other Notes: Any combination of band interleave for BSQ and BIL may be
combined; the output file will have a band interleave of BIL.

If either of the left or right image has a band interleave of BIS, then both must have
a band interleave of BIS. The output band interleave format in this case will be
BIS.

The number of channels in the left and right images must be the same and the
number of bytes per data value in the left and right images must be the same.

Only those images that fit the above limitations are enabled in the right image list in
the Mosaic Dialog box. The left image defines what format specifications are
allowed for the right image.
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"Processor—Reformat— Recode Thematic Image..." Menu Item

The purpose of this menu item is to allow one to change the data values in the thematic image file
associated with the active image window. This may be helpful in creating or modifying training
and test image mask files. Upon selecting this menu item, the following dialog box will be
presented.

The Set Thematic Recode Parameters Dialog Box

Set Thematic Recode Parameters

set data to: D in "JITIPSUB1.gis".
YWhen data value = vI 0

infile: | JTIPSUB1.gis v |

Cancel I

Set data to: This edit box allows one to set the new value that the data are to be
changed to when the conditions that follow are met. The name in the quotes is the
name of the thematic image file that will be changed.

When data value: This popup menu and edit box allow one to set the conditions
when data values in the thematic image file are to be changed. The popup menu
choices are:

- <=

- >=

- ~= (not equal)

in file: This popup menu to the right allows -

one to select the file to use to check the [CaAllaLY % Tk

conditions on. The default file is the one that select threshold file...

is going to be changed. However, one can

specify a different file if one wishes. This is a useful approach if one needs to
keep the original file for backup purposes.
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"Processor—Reformat—Rectify Image..." Menu ltem (Macintosh Version Only)

The purpose of this menu item is to rectify (change the geometry) of one or more selected
channels with respect to the other channels. Upon its selection, the dialog box below is

presented.

The Set Image Rectification Parameters Dialog Box

Set Image Rectification Parameters

Input Image Settings Rectification Settings

Start End Linear Offset  Scale

Line: o2 109 Lines: 0 1.0

o’ Columns: |0 1.0
Column: |51 111

Rotation {clockwise)

Output Image Options

Header:| ERDAS 74format | Channels:| All |

o 5et Nonselected Pixels to
Background Yalue

Background value: D Cancel I oK I

Input Image Settings: The line and column edit boxes allow one to select the
portion of the image to be rectified. The button to the left of Line and Column
allows one to easily switch between the user selected area (if one has been
made in the project image window) and the entire image area.

Output Image Options:

Header: This popup menu allows one to select the header format to be used
in the output image file.

Set Nonselected Pixels to Background Value: This check box allows one
to choose to set non-selected pixels to the background value instead of the
value that they currently are.

Background value: This edit box allows one to set the data value to use to
represent background values.

Rectification Settings:

Offset/Scale: These edit boxes allow one to set the line/column offsets to
use to shift the selected channels relative to the non-selected channels.
Negative values shift the selected channels by the specified offset value up
(lines) or to the left (columns). Positive offset values shift the selected
channels by the specified offset value down (lines) or to the right (columns).

Scale: These edit boxes allow one to set the line/column scale values to use
to re-scale the image. A value of 1.0 indicates no re-scaling. A scale value
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greater than 1 will cause the new image to be larger. A scale value less than
one will cause the new image to be smaller.

Rotation (clockwise) Degrees: This edit box allows one to specify the
number of degrees to rotate the selected channels. Positive values reflect a
clockwise direction; negative values reflect a counter clockwise direction.

Channels: This popup menu allows one to select a subset of the channels to
be shifted, re-scaled and/or rotated. See Select Channels under the Shared
Dialog Boxes section.

Cancel: This button closes the dialog and cancels the rectify image operation.

OK: This button closes the dialog box and executes the rectify image operation
using the parameters requested in the dialog box. One will be prompted for a file
name for the new output image file. Note that nearest neighbor interpolation is
used for the output image file.
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"Processor—Reformat—Convert ENVI ASCII ROI to Thematic Image..." Menu ltem
(Macintosh Version Only)

The purpose of this menu item is to allow one to convert an ASCII file with pixels identified as
part of a region of interest, ROI, to be converted to a thematic image with a different class for
each ROI. ENVI can generate such ASCII files.

An example of the format of the ASCII file is as follows:

ROI Name : Corn
ROI Color: (255,255,0)

(92),(44)
(93),(45)
(94),(45)
(94),(44)
(92),(43)
(92),(44)
(92),(45)
(92),(46)
(93),(46)
ROI Name : Soil

ROI Color: (255,255,0)

The first line identifies the name of the class.
The second line defines the color to use for the class in (red,green,blue).
The next lines give the line and column for each pixel in the class.

Use a blank line between classes.

The procedure to convert the file is to:
- open the multispectral image file on which the ROI's are based
- Select the Reformat-Convert ENVI ASCII ROI to Thematic Image option
- MultiSpec will request a name for the output file
- MultiSpec will then allow one to select the ROI ASCII file to be used
- The operation is then executed
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Processor — Cluster Menu Item

This menu item allows one to run one of two clustering algorithms1, a simple one-pass cluster
algorithm or an Isodata type iterative algorithm, on the selected image data. Selection of this menu
item results in the dialog box shown below.

The Set Cluster Specifications Dialog Box

S5et Cluster Specifications

Algorithm Channels: [ All hd |
) Single Pass ..

i 1SODATA ..

L Symbaols:
Cluster Classification Map Area(s) ymbols: |_Default set A

{J No classification map Cluster Stats: | Add To Project |

i) Training Area(s)

i# Image Area
Start End  |nterval YYTite Cluster Report/Map To:

[ Create cluster mask file

Line 1 949 1 [ Project Text Window
Column |1 220 1 [ Disk File

Classification threshold: [ cancel | [ oK "

Algorithm: These radio buttons allow one to select the algorithm to be used.
Selecting either of these buttons will cause another dialog box to be displayed so
that the user can specify the parameters for the selected cluster algorithm. Those
dialog boxes are described below.

Cluster Classification Map Area(s): These radio buttons allow one to choose
to use the calculated cluster statistics to classify training areas or a selected area
with a minimum Euclidean distance classifier. Each pixel in the selected
classification area(s) is compared to the final cluster centers using the Euclidean
distance. The pixel is assigned to the nearest cluster unless it is too far away. A
pixel is determined to be too far away if the Euclidean distance squared is more
than "number of channels * Classification threshold squared". If the pixel is too

far away, the pixel is labeled with the blank symbol.

If the cluster classification has been requested and the cluster classification map
is saved to a disk file, the classification map can be displayed using the File -
Open Image menu item discussed above.

Line/Column: The line and column edit boxes allow one to select the area for
which the cluster classification map is to be generated for. The button to the
left of Line and Column allows one to easily switch between the user selected
area (if one has been made in the image window) and the entire image area.

1 See John A Richards, Remote Sensing Digital Image Analysis, First Edition, Springer-Verlag, 1986, pages 197-

199, or Second Editon,1993, pages 236-7.
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Classification threshold: This edit box allows one to enter the threshold value
to be used in generating the cluster classification map described above.

Channels: This popup menu allows one to choose the channels to be used for
the clustering operation. The default is all channels. See Select Channels under
the Shared Dialog Boxes section.

Symbols: This popup menu allows one to choose the symbols to be used to
represent the cluster classes. See Change Class Symbols under the Shared
Dialog Boxes section.

Cluster Stats: This popup menu allows one to
specify how the cluster statistics are to be handled | Do Not SEW I
upon completion of the clustering operation. The |RdLAUIMRRMLI=In:
choices are: Add To Project

- Do not save the statistics

- Save the statistics to a new project file (the default)

If one saves the statistics to a new project file and a project file is
already open, then the current project will be closed. The user is given a
chance to save the current project if it has changed since the last save.

If the cluster statistics are being saved to a new project, the channels
for the saved cluster statistics will be those used for the clustering. Note
that if one desires to cluster with a subset of channels and save the
statistics for all the channels in a new project, then a new project should
be created, using the 'New Project’ Project menu item before selecting
the ’Cluster’ processor. Then in the cluster processor select Add to
Project’.

- Or add the statistics to those in the current project

If one saves the cluster statistics to the current project, the channels
used will match those being used in the current project. In other words
one can cluster with a different set of channels than one saves the
statistics for.

Create cluster mask file: This check box allows one to specify whether the
cluster operation should create a mask file which identifies the pixels used to
generate the statistics for each of the final cluster classes. The mask file is the
same size as the input image that was used for clustering. A value of '1’ is used
to identify those pixels used for cluster 1, a 2’ is used for cluster 2, etc. ‘0’ is
used for all pixels that were not used to generate the cluster statistics. The mask
file can be treated as a thematic image file and it can be used to define training
areas using an option described under the Processor-Statistics menu item.

Write cluster report/map to: These two check boxes allow one to select
whether the cluster report and/or cluster classification map are to be placed in the
output text window and/or a disk file.

Cancel: This button closes the dialog box and cancels the cluster operation.

OK: This button closes the dialog box and executes the cluster operation using
the parameters set in the dialog box.

Version 5.01

- 111 - Reference: Processor Menu



MULTISPEC Reference

Set Single Pass Cluster Specifications Dialog Box

Set Single Pass Cluster Specifications

Options
Minimum cluster size: g
Critical distance 1 {first line): 17

Critical distance 2 {other lines): 4

Determine clusters from:
2 Training Area(s)
& Image Area
Start  End  Interval
Line 35 116 1

-:ulumn 38 127 |5 cancel |

Minimum cluster size: This edit box allows one to set the minimum number of
pixels required for a cluster class for the statistics of that class to be saved at the
conclusion of the cluster operation.

Critical distance 1: This edit box allows one to specify the critical distance to
use (in data value units) during the cluster operation of the first line of each
cluster area. If the distance between a pixel and the center of the closest cluster
is larger than this value, then this pixel is used as the first pixel to define a new
cluster class. The distance measure is the Euclidean distance.

Critical distance 2: This edit box allows one to specify the critical distance to
use (in data value units) during the cluster operation of the rest of the lines of
each cluster area. If the distance between a pixel and the center of the closest
cluster is larger than this value, then this pixel is used as the first pixel to define a
new cluster class. The distance measure is the Euclidean distance.

Determine clusters from: These radio buttons allow one to specify the areas
to use for clustering. Either the training area(s) or a selected image area may be
used.

The line and column edit boxes allow one to select the area to be used for
clustering. The button to the left of Line and Column allows one to easily switch
between the user selected area (if one has been made in the image window) and
the entire image area.

Cancel: This button closes the dialog box and cancels the single pass cluster
algorithm specification. No changes are made in the single pass parameters

OK: This button closes the dialog box and sets the single pass algorithm
parameters to those specified in the dialog box.

Description of Single Pass Algorithm

The first sample in the first row of the first cluster area defines the center of the
first cluster. For each remaining pixel, the closest cluster is found using a
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standard Euclidean distance measure. Next the data value for each selected
channel for the pixel is compared against the closest cluster center value for that
channel. If the data value for any channel is more than "critical distance1" units
away, then that sample is used as the center of a new cluster.

Once all the samples in the first row of all the cluster area(s) have been
evaluated, a user specified subset of the remaining samples in the cluster area(s)
are used to add to the current clusters or to create new clusters. The pixels are
compared to the current clusters as described above for the first line. The only
difference is that "critical distance2" is used to determine when to start a new
cluster. During the clustering of the "rest of the lines", the user specified column
and line intervals are used. Note that the column interval as implemented continues
from the end of one line to the beginning of the next selected line. In other words,
if the last sample used for clustering in a line of 169 pixels is 166 using a column
interval of 5, then the first sample to be used from the next line will be pixel 2. This
allows a user the opportunity to use samples from all columns even when a
subset is being used.

After all the selected area(s) have been clustered, those clusters with fewer
pixels than "minimum cluster size" are deleted. Cluster classification then
proceeds as described above, assuming that option was selected.

Set ISODATA Cluster Specifications Dialog Box

S5et 1S0DATA Cluster Specifications

Initialization Options Other options

) Along first eigenvector Initial number clusters: |10
@ Within eigenvector volume Convergence (Yo): 98.0
i3 Use one-pass clusters Minimum cluster size: H]

[ Include project class means

Determine clusters from:
) Training Area(s)
#® Image Area
Start End Interval
Line 35 116 1

&7 cotumn 18 127 |5 Cancel |

Initializing Options: These radio buttons (and one check box button) allow one
to designate how the initialize cluster centers are to be located. The choices are:

- ¥ Along first eigenvector,
- ¥ Within eigenvector volume,
- ¥ Use one-pass cluster centers.

The include project class means checkbox allows one to specify that the
current project class means be used as cluster centers along the first
eigenvector or within the eigenvector volume. This option is not available for the
case for initializing with one pass cluster centers.
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Determine clusters from: These radio buttons allow one to specify the areas
to use for clustering. Either the training area(s) or a selected image area may be
used.

The line and column edit boxes allow one to select the area to be used for
clustering. The button to the left of Line and Column allows one to easily switch
between the user selected area (if one has been made in the image window) and
the entire image area.

Initial number clusters: This edit box allows the user to set the number of initial
clusters.

Convergence(%):This edit box allows the user to set the percent to use as the
threshold to stop the ISODATA iteration. If the number of pixels that do not change
cluster classes during one iteration is more than or equal to the convergence
percent of the total number of pixels being clustered, then the ISODATA cluster
operation is complete.

Minimum cluster size: This edit box allows one to set the minimum number of
pixels required for a cluster class for the statistics of that class to be saved at the
conclusion of the cluster operation.

Critical distance 1: This edit box is displayed when the Use one-pass cluster
initialization options is selected. The edit box allows one to specify the critical
distance to use (in data value units) during the cluster of the first line of each
cluster area. If the distance between a pixel and the center of the closest cluster
is larger than this value, then this pixel is used as the first pixel to create a new
cluster. The distance measure is the Euclidean distance.

Critical distance 2: This edit box is displayed when the Use one-pass cluster
initialization options is selected. This edit box allows one to specify the critical
distance to use (in data value units) during the cluster of the rest of the lines of
each cluster area. If the distance between a pixel and the center of the closest
cluster is larger than this value, then this pixel is used as the first pixel to create a
new cluster. The distance measure is the Euclidean distance.

Cancel: This button closes the dialog box and cancels the ISODATA cluster
algorithm specification. No changes are made in the ISODATA parameters

OK: This button closes the dialog box and sets the ISODATA algorithm parameters
to those specified in the dialog box.
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Description of ISODATA Algorithm

The along first eigenvector and within eigenvector volume initialization options
cause calculation of the principal components of the data. For the along first
eigenvector initialization option, the specified number of initial cluster centers are
equally spaced along the first principal component. For the within eigenvector
volume initialization option, the initial cluster centers are scattered within the
volume defined by the first three principal components. If include project class
means is requested then the project class means replace those initial centers
found above which are nearest to them.

For the use one-pass cluster centers initialization option, the one-pass
clustering algorithm is run first, then the cluster centers determined by it are used
as the initial cluster centers for ISODATA clustering.

After determining the initial cluster centers, the algorithm proceeds to associate
each pixel with the cluster center the smallest Euclidean distance from it; one
complete iteration is done after all pixels have been so assigned, and a test for
stopping is carried out, as follows. If during that iteration at least P percent of the
pixels did not change the cluster center to which they were associated during the
previous iteration, the clustering is declared complete. If not, the mean values of
all clusters are calculated. These become the new cluster centers, and the
clustering process is repeated through another iteration.

The clustering stops when the convergence percent has been met. Clustering
can also be stopped by entering "Command-.", hold Command key and the period
key down at the same time, at the keyboard. If "Command-." is entered, a dialog
box will be displayed to allow the user to choose to finish the current pass and
save statistics, cancel operation and do not save any statistics, or continue
clustering.

After clustering has stopped, each cluster is examined to determine if it contains
at least the requested minimum number of pixels. If it does not, then that cluster
center is not listed and/or saved in the project statistics. Classification then
proceeds as described above, assuming that option was selected.
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Processor — Statistics Menu Item

This menu item allows one to define training and testing areas and to associate them with
classes. If the "Statistics" menu item is selected and no project is active, a new project will be
activated automatically. (If one wishes to work with a previous project that was created and
saved, then use the "Project - Open Project” menu item to select the desired project and load it
into memory.) Selecting this menu item will also cause the following dialog box to be presented to
allow one to set some project related options.

The Set Project Options Dialog Box

Set Froject Qptions

|Project Changes = | Muitline selected areas:
[ Trainimg Melds
Channels to Use: | &) - [ Tast fields

| SHiowe Class fdines
B Shows field names
L1 Showe TraiinsTest label

Color:

| Project Statistics Options... |

Training mask file: | mone |
Test mask file: | Pl i - |
| Cancel I ” 0K ||

Project Changes: This popup menu allows one to clear the project statistics or
establish a new project.

Channels to Use: This popup menu allows one to select a subset of the
available channels to be used to compute the mean and covariance statistics. See
Select Channels under the Shared Dialog Boxes section.

Project Statistics Options.... This button causes another dialog box to be
displayed to allow one to control other project statistics options. The "Project
Statistics Options" dialog box is discussed below.

Training mask file: This popup menu item allows one to select an image file that
contains a mask that will be used to define the areas in the project base image to
be used for the training statistics. This mask file can be in any image format that
MultiSpec recognizes. If the image file is a multispectral type of image file, then the
mask currently needs to be the first channel of that file.

Each different data value other than 0 in the mask file is treated as a different field
and class. After selecting a mask and then clicking the "OK" button in the dialog
box, the mask data is read into memory and the mask values are assigned to a
project class in numerical mask value order. Unused mask values are skipped. For
example, if data exists in the mask file for data values of 1, 2, 4 and 6, then the
mask value of 1 is assigned to project class 1, mask value 2 is assigned to project
class 2, mask value of 4 is assigned to project class 3 and mask value 6 is
assigned to project class 4.

New classes are generated if there are more mask values than there are project
classes. If a thematic type of image file is used as the mask and that image file
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contains the class names to associate with the data values in the file, then those
class names are used as the newly generated project class names.

Each mask value is treated as a field and has a name associated with it. The
name is MaskFieldn when "n" refers to the mask value in the file or when available
"classname_Mn" where "classname" is the mask class name and "n" is the mask
value. Because each mask value has a field associated with it, one can copy and
paste the mask fields from one class to another if they do not happen to be in the
same order as the associated classes in the project file.

Note that one can have a combination of training fields defined by rectangular or
polygonal selected areas and a mask image file.

The current methods to generate a mask image file within MultiSpec are to use the
"Create cluster mask file" in the Cluster Processor or the "Reformat - Convert
Project Fields to Thematic Image File" menu item. One can also generate masks
with other software packages that could then be used as input to MultiSpec.

Test mask file: This popup menu item allows one to select an image file that
contains a mask that will be used to define the areas in the project base image to
be used as test areas. See the discussion under "Training mask file" for more
information.

Outline Selected Areas

Training fields: This check box controls whether the boundaries of the
training fields defined by rectangles or polygons are to be shown in the
project image window or each associated project image window.

Test fields: This check box controls whether the boundaries of the test
fields defined by rectangles or polygons are to be shown in the project image
window or each associated project image window.

Show class names: This check box controls whether the class names are
to be shown with each outlined area in the project image window or each
associated project image window.

Show field names: This check box controls whether the field names are to
be shown with each outlined area in the project image window or each
associated project image window.

Show train/test label: This check box controls whether the train or test
label is to be shown with each outlined area in the project image window or
each associated project image window. The label is "n" for training and "t" for
test.

Color: The color popup menu item allows one to control the color of the text
and field borders specified in the above check boxes — either black or white.

Cancel: This button closes the dialog box and cancels the Processor - Statistics
menu item request. No changes are made in the project statistics settings.

OK: This button closes the dialog box and causes the selections in the "Set
Project Options" dialog box to be accepted and a "Statistics" window to be
displayed if one is not already. See the section on "Project Window" for more
information.
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The Set Project Statistics Options Dialog Box

This dialog box allows one to control some project statistics options.

et Project Statistics Options

Compute statistics for:
i) Mean and std deviation
@ Mean, std deviation and covariance

] Keep only class statistics in memory

[ Set zero variances to:
Minimum log determinant
allowed for valid matrix

inversion:

Use common covariance in leave-one-out
covariance estimations.

Cancel I

Compute statistics for: This pair of radio controls allows one to specify
whether the means, standard deviations, and covariances are computed, or only
the means and standard deviations. If only means and standard deviations are
computed then one does not have access to several processors such as Feature
Selection, Statistics Image, and the Maximum Likelihood and ECHO Classifiers. The
option was made available for those cases when memory is short and second
order statistics are not needed.

%}

Keep only class statistics in memory: This checkbox allows the user to
specify that the class statistics are to be saved in memory instead of the field
statistics. The default is to keep the class statistics in memory. This capability
exists so that one could use projects that contained many fields of high
dimensionality (more than 50 channels or so) for relatively few classes and
therefore save memory. There are some drawbacks to keeping only the class
statistics. If one cuts a field from a class then the statistics for the class will need
to be computed by rereading from the base image disk file. If one keeps the field
statistics then the class statistics can be easily computed by summing the field
statistics stored in memory. Also it will not be possible to update the statistics for
a class if those statistics are defined by cluster fields and one of the fields is cut.

Set-zero-variances to: This check box allows one to use class statistics that
have zero variance in algorithms that require the second order statistics. In these
cases, one can not invert the covariance matrix. This situation occurs, for
example, when one has a border around the area of interest which has a
constant value such as ’'0’ and one would like to treat this border as a class. This
option allows one to reset any '0’ variances to a small, specified value. The
default value is 0.01. When this checkbox is selected, an edit box appears to
allow one to enter the variance value to be used.
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Minimum log determinant allowed for valid matrix inversion: This edit box
allows one to set the log determinant value below which a matrix inversion is
considered to be ill-conditioned. The value is in log units. Therefore -25 refers to
10 to the -25 power.

Use common covariance in leave-one-out covariance estimations: This
checkbox allows control over what matrices are used when the leave-one-out
covariance estimator is used.

Cancel: This button closes the dialog. No changes will be made in the project
statistics options.

OK: This button closes the dialog box and causes the selections in the " Set
Project Statistics Options " dialog box to be accepted. The user is returned back to
the "Set Project Options" dialog box.
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Processor — Enhance Statistics Menu Item

This processor computes class statistics in a combined supervised-unsupervised mode by using
non-labeled samples to modify or enhance the statistics for the labeled samples. This

processor is based upon research results of recent origin.1’2’3’4’5’6 The processor is based
upon modeling the entire data set by a linear combination of weighted Gaussian density
functions. It uses an iterative process to achieve a best fit of this model to the combination of the
training samples and the designated unlabeled samples, by sequentially adjusting the class mean
vectors, class covariance matrices and the class weights (which in this case become estimates
of the a posteriori class probabilities). The adjustment is made using a process known as
expectation maximization. Provision is made to ignore outlier pixels, i.e., pixels whose likelihood
value for any of the classes is below a user-selected threshold. Part Ill, Using MultiSpec provides
an example of using this processor and illustrates some of the potential benefits this process
can provide. Selecting this menu item will display the following dialog box to be presented to
allow one to set some parameters before executing.

The Set Statistics Enhancement Specifications Dialog Box

Set Statistics Enhancement Specifications

Lnlabeled samples: 208780 Labeled samples: 30850
start end int Classes:
line |1 M9 1 Class weights:
col. |1 220 1|
Options
o Use enhanced statistics for EFfwWeight labeled samples
initial conditions weighting:
Outlier thresholds Chi=Chi Iteration stop conditions
Soft: | Labeled pixel | Maximum number:

Iteration length: 4

Log like change{%:):
Hard: | Percent w || 50.8

Percent: ‘l].l]l]l]l | Cancel I

1 Behzad M. Shahshahani and David A. Landgrebe, "Using Partially Labeled Data For Normal Mixture Identification
With Application To Class Definition," Proceedings of the International Geoscience and Remote Sensing
Symposium (IGARSS'92), Houston, TX, pp 1603-5 May 26-29, 1992.

2 B.M. Shahshahani, D.A. Landgrebe, "On the Asymptotic Improvement of Supervised Learning by Utilizing
Additional Unlabeled Samples; Normal Mixture Density Case," SPIE Int. Conf. Neural and Stochastic Methods in
Image and Signal Processing, San Diego, CA, July 19-24, 1992.

3 Behzad M. Shahshahani and David A. Landgrebe, “Use Of Unlabeled Samples For Mitigating The Hughes
Phenomenon” Proceedings of the International Geoscience and Remote Sensing Symposium (IGARSS'93),
Tokyo, pp 1535-7, August 1993.

4 Behzad M. Shahshahani and David A. Landgrebe, “Classification of Multi-Spectral Data By Joint Supervised-
Unsupervised Learning,” PhD thesis, School of Electrical Engineering, Purdue University, December 1993,
School of Electrical Engineering Technical Report TR-EE-94-1, January, 1994.

5 Behzad M. Shahshahani and David A. Landgrebe, “The Effect of Unlabeled Samples in Reducing the Small
Sample Size Problem and Mitigating the Hughes Phenomenon,” IEEE Transactions on Geoscience and Remote
Sensing, Vol. 32, No. 5, pp 1087-1095, September 1994.

6 saldju Tadjudin and David A. Landgrebe, “Robust Parameter Estimation for Mixture Model,” IEEE International
Geoscience and Remote Sensing Symposium, Seattle, WA July 6-10, 1998.
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Unlabeled samples: This information text indicates the total number of unlabled
samples in the currently selected portion of the image.

Note that any labeled (training) samples included in the specified unlabeled
samples are used only in the labeled sample set and are excluded from the
unlabeled set. Thus this count of unlabeled samples may be higher than the actual
number that will be used.

Selected area for unlabeled samples: The line and column edit boxes allow
one to select the area to be used for the unlabeled samples. The button to the left
of Line and Column allows one to easily switch between the user selected area
(if one has been made in the image window) and the entire image area.

The default values are the entire image and the smallest line and column interval
that can be used and still be able to store the raw data for the number of selected
unlabeled sample in the available memory.

Use enhanced statistics for initial conditions: This check box allows one to
begin the iterative process with the enhanced statistics as they existed when a
previous enhancement process stopped.

Outlier thresholds:

Soft: This popup menu to the right allows one to Hu_':f )
specify the soft threshold value! by no Chi=Chi
threshold, a Chi squared value, a percent Percent

probability value or the largest labeled [WEREETTHTiNT} 4=
Mahalanobis distance from the mean.

Chi*Chi: This edit box (not shown in the figure above) allows one to set
the soft outlier threshold in terms of a Chi squared value. If the Percent
menu item is selected in the popup menu above, then this value reflects
the Chi squared value that is associated with the percent setting.

Percent: This edit box (not shown in the figure above) is displayed if the
Percent menu item above is selected. This edit box allows one to set the
outlier threshold as a percentage of an equivalent Gaussian distribution
(instead of as a fixed chi squared value).

Hard: This popup menu to the right allow one to Mone
specify the hard threshold value by no Chi=Chi
threshold, a Chi squared value or a percent
probability value.

Chi*Chi: This edit box allows one to set the hard outlier threshold in terms
of a Chi squared value. If the Percent menu item is selected in the Hard
Threshold popup menu above, then this value reflects the Chi squared
value that is associated with the percent setting.

Percent: This edit box is displayed if the Percent menu item is selected
in the Hard Threshold popup menu above. This edit box allows one to set

1 saldju Tadjudin and David A. Landgrebe, “Robust Parameter Estimation for Mixture Model,” IEEE International
Geoscience and Remote Sensing Symposium, Seattle, WA July 6-10, 1998.
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the outlier threshold as a percentage of an equivalent Gaussian
distribution (instead of as a fixed chi squared value).

Weight labeled samples: This allows one to set the weighting of the labeled
samples relative to the unlabeled samples (when checked). The default is
proportional to the number of samples or a weighting factor of 1.0. Change this
factor to 2.0 to double the weighting of the labeled sample or .5 to halve the
weight of the labeled samples.

Labeled samples: This information text indicates the total number of labeled
(training) samples in the project file.

Classes: This popup menu allows one to choose the classes for which
enhanced statistics will be found. The default is all classes. See Select Classes
under the Shared Dialog Boxes section.

Class weights: This popup menu allows one to choose the prior weights for
each class. The default is equal weights. See Specify Class Weights under the
Shared Dialog Boxes section.

Iteration stop conditions: These edit boxes allow one set the stopping
conditions. One can set the maximum allowable number of iterations, and the log
likelihood change as a percentage over the last N iterations, as set by the Iteration
length parameter.

One can also stop the iterations before the stopping conditions have been
achieved by striking the Cancel button in the Status Dialog Box . If the operation
is stopped, a dialog box will be displayed to allow the user to choose to finish the
current iteration (save the current enhanced statistics), dont finish the current
iteration (dont save the enhancement statistics), or cancel the stop request
(continue the statistics enhancement operation).

In the Macintosh version only: One can also stop the iterations before the
stopping conditions have been achieved by entering "Command-.", hold Command
key and the period key down at the same time, at the keyboard.

Cancel: This button closes the dialog box and cancels the Statistics Enhancement
operation. No changes are made in the settings.

OK: This button closes the dialog box and executes the Statistics Enhancement
operation using the settings in the dialog box.

The outputs of this processor are enhanced class statistics (means and
covariances) and prior probabilities. These modified class statistics are stored as
a part of the project file and may then be used in the Feature Extraction, Feature
Selection, Classify, Principal Components, Create Image Statistics (class statistics
only), and Check Covariance processors. The resulting statistics provide a better
model to the entire data set to be analyzed, thus improving the generalization from
training samples to others and also mitigating the Hughes phenomenon allowing
for more effective use of high dimensionality.

Note: One can read a project file containing enhanced statistics written by the
Windows version with the Macintosh version. However, one can not read a
project file containing enhanced statistics written by the Macintosh version with
the Windows version.
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Processor — Feature Extraction Menu ltem

The Feature Extraction processor contains three algorithms, Discrimiant Analysis Feature
Extraction (DAFE) and Decision Boundary Feature Extraction (DBFE), and Projection Pursuit. The

latter two are recent developments1’2’3’4. DAFE has the advantage of being a short calculation,
but it is known not to perform well for classes whose mean vectors are similar. DBFE is a longer
calculation, but it does not have the DAFE disadvantage, and it also gives a direct indication of
how many features are needed for a given set of classes. Aside from these characteristics,
either should perform well in low dimensional situations, however, since DBFE uses the training
samples directly, while DAFE uses class statistics estimated from the training samples, they may
not do as well as possible in cases of high dimensional data where the training set sizes are
limited. For this circumstance a preprocessing algorithm based upon projection pursuit is
available for use in making a preliminary reduction in dimensionality, as described in the Using
MultiSpec section (pp. 31 ff.).

Both DAFE and DBFE calculations proceed by finding an optimal linear transformation of the
spectral features. Once determined, this transformation may then be used to form a transformed
data set, the features of which are optimally separable and are automatically in order of their
importance relative to discriminating between the defined classes. The eigenvalues of the DBFE
transformation provide the information as to how many features to use in order to obtain
essentially the same accuracy as the full data set would provide.

The details of the DBFE algorithm are given in the references cited above. The DAFE algorithm is
a more standard discriminant analysis algorithm based on within-class and between-class
scatter matrices as follows. Let Xj be the covariance matrix of class i, Pj be the a priori

probability of class i, and j be the mean of class i.
Sw =P1*X1 + P2*22 + .... is the within class scatter matrix.
Sp = P1*(1-0)*(1-0) + P2*(2-0)*(2-0) + ... is between class
scatter matrix and ’ denotes transpose.
0=P1*1+P2*2+ ..

Then for DAFE, the transformation is determined by the eigenvalues and eigenvectors of the
matrix SW'1*Sb. There will always be N -1 non-zero eigenvalues where N is the number of

classes because rank(Sp ) = rank( SW'1*Sb ) = N -1, thus only the first N—1features derived in
this way are reliable.

Selecting this menu item will display the following dialog box to allow one to set some parameters
before executing.

1 Chulhee Lee and David A. Landgrebe, "Feature Extraction Based On Decision Boundaries," IEEE Transactions
on Pattern Analysis and Machine Intelligence, IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol. 15, No. 4, April 1993, pp 388-400.

2 Chulhee Lee and David A. Landgrebe, “Feature Extraction And Classification Algorithms For High Dimensional
Data,” PhD Thesis, Purdue University, December 1992, and School of Electrical Engineering Technical Report
TR-EE 93-1, January 1993.

3 Luis Jimenez and David Landgrebe, “Projection Pursuit For High Dimensional Feature Reduction: Parallel And
Sequential Approaches,” Presented at the International Geoscience and Remote Sensing Symposium
(IGARSS'95), Florence ltaly, July 10-14, 1995.

4 Luis Jimenez and David Landgrebe, “Projection Pursuit in High Dimensional Data Reduction: Initial Conditions,
Feature Selection and the Assumption of Normality,” IEEE International Conference on Systems, Man, and
Cybernetics, Vancouver, Canada, October 22-25, 1995.
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The Set Feature Extraction Specifications Dialog Box

5et Feature Extraction Specifications

Preprocessing Transformation: [ Special options
|_None ¥ | Within class threshold:
Feature Bxtraction Algorithm Interclass threshold:
#® Decision Boundary
) Discriminant Analysis Min. threshold number: IZI

2 Preprocessing only
[ Optimize classes

Channels: [ All Available | Percent of all

feature accuracy: m
lasses: A~

Maximum training -
Class Weights: | Unequal... - | pixels per class: m
Interclass Weights: [ Equal - |

[ List Transformation Matrix Cancel I I

Preprocessing Transformation: This popup menu allows one to choose a
preprocessing transformation operation including:

- no projection pursuit transformation,
- a new projection pursuit transformation,
- a previously calculated one.

If one chooses to generate a projection pursuit transform, the Set Preprocessing
Specifications dialog box is presented, allowing for a number of parameter
settings related to it. This dialog box is shown below.

Feature Extraction Algorithm: These radio buttons allow one to select the
algorithm to be used for feature extraction. One may select DBFE, DAFE, or
Preprocessing only.

Channels: This popup menu allows one to choose to use all or a subset of the
channels. See Select Channels under the Shared Dialog Boxes section.

Classes: This popup menu allows one to choose to use all or a subset of the
classes. See Select Classes under the Shared Dialog Boxes section.

Class Weights: This popup menu allows one to choose to apply equal or
unequal weighting to the classes, e.g. the class prior probabilities. See Specify
Class Weights under the Shared Dialog Boxes section.

Interclass Weights: This popup menu allows one to set the weighting for any of
the interclass pairs. This feature is useful if one wants to eliminate from
consideration subclasses of a given class for which separation is not desired.
This option is only available for DBFE. See Specify Class Pair Weights under the
Shared Dialog Boxes section.

List Transformation Matrix: This check box allows one to request that the
transformation matrix be listed in the text window.
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Special Options: This checkbox displays additional options for the DBFE
algorithm. An explanation of these special options is contained in the references;
they are intended for those who wish to experiment with these additional
parameters of the algorithms after having become familiar with the material in the
references cited. Ordinarily the default values should produce satisfactory
results, and one need not be concerned with the special options.

Within class threshold: This edit box allows one to set the within class
threshold.

Interclass threshold: This edit box allows one to set the between class
threshold.

Min. threshold number: This edit box allows one to set the minimum
threshold number.

Optimize classes & Percent of all feature accuracy: This checkbox
allows one to specify whether optimization (deletion of redundant features) is
desired, and if so to what percent of all feature accuracy is desired.

Maximum training pixels per class: This edit box allows one to set the
maximum number of training pixels per class to use.

Cancel: This button closes the dialog box and cancels the Feature Extraction
operation. No changes are made in the settings.

OK: This button causes the dialog box to close and the Feature Extraction
processor to proceed to calculate the eigenvalues and eigenvectors for the
desired linear transformation, stores them in memory, and writes them in the Text
Output Window. See the section on the Feature Extraction processor in the Using
MultiSpec section above for more information for the steps which the two
algorithms follow. One can then use the transformed features instead of the
original ones in the Classify, Feature Selection, Create Statistics Image, or Check
Covariances processors by selecting the appropriate check box when beginning
the execution of any of these four processors.

Alternatively, one can use the Reformat processor to cause a new file with these
transformed features instead of the original bands to be formed. See the Change
Image File Format of the Reformat processor above. After completing the
Reformat operation, one can use the Project - Change Base Image menu item to
make the new file the base image, and choose the Classify processor. In the
Classify Processor, choose the first N features where N is selected based upon
the accumulative proportion of the transformation eigenvalues or by other means
and classify.
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The Set Preprocessing Specifications Dialog Box

Set Preprocessing Specifications

Algorithm Band Grouping Method
@ Projection Pursuit {PP} ) Uniform
) PP Feature Selection ) Top-down only method

[ with Numerical Optimization @ Top-down/Bottom-up method

Top-down threshold: |25 Yo
Bottom-up threshold: | 0.5 Yo

Initial Band Grouping

& Uniform grouping Eoth choices for odd groups up
) Last final grouping thru:
Elfe ature(s) 9 total features.

Max number of output features: |12

An explanation of these parameter settings is contained in the references; they
are intended for those who wish to experiment with these additional parameters
of the algorithms after having become familiar with the material in the references

cited1.2,3, Ordinarily the default values should produce satisfactory results.

1 Luis O. Jimenez and David Landgrebe, “High Dimensional Feature Reduction Via Projection Pursuit,” School of
Electrical & Computer Engineering Technical Report TR-ECE 96-5, April 1996.

2 Luis Jimenez and David Landgrebe, “High Dimensional Feature Reduction Via Projection Pursuit,” Proceedings
of the International Geoscience and Remote Sensing Symposium (IGARSS'94),CD-ROM pp 1473-1479,
Pasadena, Calif, August 8-12,1994.

3 Luis Jimenez and David Landgrebe, “Projection Pursuit in High Dimensional Data Reduction: Initial Conditions,
Feature Selection and the Assumption of Normality,” IEEE International Conference on Systems, Man, and
Cybernetics, Vancouver, Canada, October 22-25, 1995.
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Processor — Feature Selection Menu ltem

This menu item causes calculations to be performed which assist in determining the best subset
of channels or features to be used for a given training set. It can also be used to determine the
relative degree of separability of tentatively defined classes during the early stage of the training
process. This processor calculates the statistical distance between all class pairs for each of
the subsets of channel combinations chosen. The results of the calculations are listed in rank
order, tabular form in the Text Output window, where they may be viewed and a selection made.
Or, alternatively, they may be copied to a spreadsheet and further sorting and calculation done
on them. For example, if one wished to find the best 3 channels out of 7 available, the processor
would calculate and add up the statistical distances between all class pairs for each possible 3
channel subset. The table would then show on each line, the distances between all the class
pairs for a given subset and the subsets would be listed in the table in sorted order, for example,
in order of decreasing average interclass distance.

Upon choosing the "Feature Selection" menu item, a dialog window appears as follows.

The Set Feature Selection Specifications Dialog Box

Set Feature Selection Specifications

Distance measure: Classes:
| Bhattacharvva VI 36 combinations
[ Use feature transformation Weights:|_Equal hd|
Channels: | All Available | Symbols: [ Default set ~]
Channel Combinations List Options
Number of channels: [ Subset... |
Contiguous channels per group: l:l Write re_sults to: .
b project text window
[Juse step procedure [ disk file

Max search combinations: 493

Max number combinations to list:

(cancer]) [_ok_]

Distance measure: This popup menu item allows one to choose the distance
measure to be used. The choices are:

- Bhattacharyya

- Error-function Bhattacharyya
Mean Bhattacharyya
Covariance Bhattacharyya
Non-Covariance Bhattacharyya

Transformed Divergence

- Divergence

See the Description of Feature Selection Distance Measures section below.

Use feature transformation: This checkbox specifies whether the feature
selection processor is to use the statistics for the original channels (unchecked)
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or the transformed channels (checked). This option is only available if a
transformation matrix is available by running a principal component analysis, a
feature extraction analysis or reading a transformation from a disk file that had
been previously saved by MultiSpec.

Channels/Features: This popup menu allows one choose to use all or a subset
of the available channels (original channels) or features (transformed channels)
in the project statistics. See Select Channels under the Shared Dialog Boxes
section.

Channel Combinations: This group of popup menus, check boxes and edit
boxes allow one to select how the channels are to be grouped in sets of channel
combinations.

Number of channels: This popup menu allows one to choose the number of
groups of channels. There is no default for this parameter; it must be set
before the feature selection algorithm can be run. See the description of the
Set Number of Channels to Use dialog box below.

Contiguous channels per group: This edit box allows one request 'n’
groups of channels (selected with the Number of channels popup menu
above) with ‘'m’ contiguous channels in each group. This feature is particularly
helpful when one has a large number of channels of data, and spectral
classes which, for example, have unique absorption features expressed in m
contiguous channels. This option can reduce the number of channel
combinations to be searched substantially while focusing on diagnostic
features that occur across a small number of adjacent channels. The more
conventional selection of optimal channel combinations can be used by setting
the number of contiguous channels to 1.

Use step procedure: This check box allows an alternate procedure to find
the best combination that is also intended for the case of large numbers of
bands. The step-wise search technique consists of first finding the best
single group of m (m%1) contiguous channels. Then using the best single
group, find the best 2 groups of m channels, then the best 3 groups, etc. up to
the number of groups of channels specified by the user. This technique is a
sub-optimum search since one is not guaranteed of finding the best set of all
possible combinations. However, it does allow one to at least examine a
reasonable number of the channel combinations in a high dimensional data set.
The number of channel combinations to be searched can be reduced
considerably in this way. For example the best 4 out of 210 channels includes
milions of combinations. Using the step procedure, the number of
combinations to be searched is reduced to a few thousand. Note however
that the number of combinations to be searched when one is choosing n-1 of
n or n of n channels will be higher for the step search than for the exhaustive
search technique.

Max search combinations: This text information provides the user with a
count of the maximum number of combinations that will be searched for the
current settings. For example, if there are 12 channels available and
contiguous channels per group is one, there are 495 possible combinations of
4 channels out of the 12.

Max number combinations to list: The edit box allows the user to set the
number of combinations (after ranking) to list in the output text window.
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Classes: This popup menu allows one to choose to use all or a subset of the
classes. See Select Classes under the Shared Dialog Boxes section.

Weights: This popup menu allows one to set the weighting for any of the class
pairs. This feature is useful if one wants to eliminate from consideration
subclasses of a given class for which separation is not desired. See Specify
Class Pair Weights under the Shared Dialog Boxes section.

Symbols: This popup menu allows one to choose the symbols to be used to
represent the classes. See Change Class Symbols under the Shared Dialog
Boxes section.

List Options : Clicking on this button causes the Set Feature Selection List
Options dialog box to be displayed to allow one to set some list options. The
dialog box is described below.

Write results to: These two check boxes allow one to select whether the
feature selection table is to be placed in the output text window and/or a disk file.

Cancel: This button closes the dialog box and cancels the Feature Selection
operation. No changes will be made in the Feature Selection parameters.

OK: This button closes the dialog box and executes the Feature Selection
operation using the requested specifications.

The columns of numbers in the feature selection tables are separated by tabs so
that they can be copied into a spreadsheet program for further analysis. The
program will not allow one to run a feature selection analysis of the best m
channels out of n total channels if the number of combinations is greater than
2,147,483,647; of course one probably does not want to come close to this
number anyway!

The Select Number of Channels to Use Dialog Box

Select Number of Channels to Use

List of Possible Numbers

=

First
Last |7
Interval

b =X, R R T N
—

[Enter new range]

Mumber selected: 1 Cancel I

List of Possible Numbers: This list allows one to select the number of
channels or groups of channels to use. Click on the number to select that number.
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The selected numbers are highlighted. One can hold the shift or command key
down to make multiple selections in the list.

Number selected: This information text line indicates how many items are
currently selected in the list above.

All: This button allows one to select everything in the list to the left.
None: This button allows one to clear all of the selections in the list to the left.

First, Last, Interval, Enter new range: The edit boxes allow one to select the
first and last number of channels or groups of channels in the list to the left plus
an interval. The Enter new range button allows one to enter the values specified
in the edit boxes into the list. The list is updated automatically when one makes
changes in the edit boxes. The Enter new range button is useful, if one uses the
All or None buttons and then one wants to change the list back to those
specified in the edit boxes.

Cancel: This button closes the dialog box and cancels the Select Number of
Channels request.

OK: This button closes the dialog box and sets the number of channels or groups
of channels to use to that specified in the dialog box. For example, in the list
above, by selecting 4, one requests that the best 4 of the 7 available channels be
found by the feature selection processor.

The Set Feature Selection List Options Dialog Box

5et Feature Selection List Options

] Separability table with:

Best out of 495 possible combinations

Distance range: ||]_|] |tu |3l]l]l]l].l] |

Sort channel combinations by: 2 Average class distance.
& Minimum class distance.
) Order computed.

[ List class pair distances

Cancel I

Best ____ out of 495 possible combinations: This edit box allows one to set
the number of feature combinations to list out in the output text window.

Distance range: ___ to ___: These two edit boxes allow one to set a minimum
and maximum distance value to be considered in establishing the rank ordering of
the table.

Version 5.01

- 130 - Reference: Processor Menu



MULTISPEC Reference

Sort channel combinations by: These radio button allow one to choose to
have the feature combination ranked in order of the highest average class pair
distance, minimum class pair distance, or merely listed in the order they are
computed.

List class pair distances: This checkbox allows one to include all the class pair
distances in the feature selection table (checked) or have only the average or
minimum distance listed which makes a much smaller table (not checked).

Cancel: This button closes the dialog. No changes will be made in the Feature
Selection list options.

OK: This button closes the dialog box and causes the settings in the Feature
Selection List Options dialog box to be accepted.

Description of Feature Selection Distance Measures

The definition of the Bhattacharyya distance is as follows.

1
5[21 +3,)
VIZIZ,

where x is a mean vector and Zx is a covariance matrix. It may be noted that the

first term accounts for the separation due to the class means (normalized with
respect to the class covariances), while the second term accounts for the
separation due to the class covariances. In the case of the Non-Covariance
Bhattacharyya, only the first term is used, and the off-diagonal terms of X1 and
>2 are set to zero. In the case of the Error function Bhattacharyya, the
Bhattacharyya distance is mapped through the Gaussian error function, so that
the results are more nearly linearly related to probability of error and thus more
nearly project what the classification error rate a given value of Bhattacharyya
distance implies. Divergence and Transformed Divergence1 are other alternatives
that are usually not as effective as those based upon Bhattacharyya distance
and are included for historical reasons.

-1
B=[p - uz]T%E ™ +%ln

1

See John A Richards, Remote Sensing Digital Image Analysis, First Edition, Springer-Verlag, 1986, pages 207-

214, or Second Editon,1993, pages 246-253 for a detailed discussion of Divergence and Transformed

Divergence.
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Processor — Classify Menu ltem

This menu item allows one to classify selected portions of the target image file using the project
statistics. Execution of this menu item will cause the following dialog box to be presented.

The Classification Specifications Dialog Box

Set Classification Specifications

Procedure:

[ Quadratic Likelihood

[ use feature transformation

Channels: | All Available |

Target: Base-flcl.lan

Classify:

Class areas: | All

ad

[ Training (resubstitution)
[ Training {leave-one-out)
] Test (holdout)

] Image selection

Classes: [ All - |
| .
Class weights: | Equal |
Symbols: | Default set |
Write classification results to:
[ Project text window
4 Diskfile: | ERDAS .GIS w|

Palette: | Default Colors w|

b4 Threshold results at %

[ Create Probability Results File

[ Results List Options... ]

start end int.
line |237 41 1

.
col. 133 171 1

Cancel I

Procedure: This popup menu to
the right allows one to choose the
classification algorithm to be used.
The choices are the Gaussian

+ Quadratic Likelihood

Fisher Linear Likelihood
Minimum Euclidean Distance

Maximum Likelihood (Quadratic i
Likelihood), Fisher Linear ECHO S5pectral-spatial...
Discriminant, Minimum Euclidean Correlation {SAM)
Distance, ECHO spectral-spatial,

; Matched Filter {CEM])...
Correlation (spectral angle
mapper), and Matched Filter (constrained energy minimization).

The ECHO and Matched Filter classifiers, if selected, will cause an additional
dialog box to be displayed to allow one to set some additional parameters that are
unique to them. These dialog boxes are described below.

Additionally if one holds the option key (Macintosh version) or right mouse button
(Windows version) down before mousing down on the Procedure popup menu,
one can cause another dialog box to be displayed when the Correlation classifier
is selected. Again this dialog box is described below.

Use feature transformation: This checkbox allows one to specify whether the
classify processor is to use the statistics for the original channels (unchecked) or
the transformed channels (checked). This option is only available if a
transformation matrix is available by running a principal component analysis, a
feature extraction analysis or reading a transformation from a disk file that has
been previously saved by MultiSpec.
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Channels/Features: This popup menu allows one to choose to use all or a
subset of the available channels (original channels) or features (transformed
channels) in the project statistics. See Select Channels under the Shared Dialog
Boxes section.

Target: This text information indicates what the target data set is, i.e. the one to
be classified. If there are more than one image data file open with the same
number of features and the same number of bytes per data value, this item
becomes a pop-up menu allowing one to select which file is to be classified. The
file to be classified does not have to be the one that the training statistics came
from.

Classify: The area in the lower left, under "Class areas:," allows for designation
as to what data will be classified, the Training Fields, the Test Fields, or a
rectangular area of the image file designated by start, end, and intervals. The
check boxes labeled Training (resubstitution) and Training (leave-one-out) also
control how the results of the classification will be evaluated in these cases.
Resubstitution refers to using the proportion of training samples that have been
correctly classified. However, it is well known that this method of estimating
accuracy is optimistically biased. The leave-one-out method, on the other hand, is
unbiased.

Test areas previously designated in the Statistics Processor may also be
selected, and this method of evaluation is often referred to as the "holdout"
method, since labeled samples which might have been used in training are held
out to provide a degree of testing as to how well the classifier generalizes from
samples used in training to samples not used in training.

Classes: This popup menu allows one to choose to use all or a subset of the
training classes. See Select Classes under the Shared Dialog Boxes section.

Class weights: This popup menu allows one to choose to apply equal or
unequal weighting to the classes, e.g. the class prior probabilities. See Specify
Class Weights under the Shared Dialog Boxes section.

Symbols: This popup menu allows one to choose the symbols to be used to
represent the classes in any alphanumeric classification. See Change Class
Symbols under the Shared Dialog Boxes section.

Write classification results to:
Project Text Window: This check box allows one to specify whether the

classification results are to be listed in the output text window as an
alphanumeric map.

Disk file: This check box allows one to specify whether

the classification results are to be written to a disk file. If ASCII
this option is selected, a popup menu, shown to the
right, is made available to allow one to choose one of GA LA

three output formats.
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Palette: If the ERDAS.GIS disk file format is

selected, this popup menu is made available. Default Colors

This popup menu, shown to the right, is used Default Gray Levels
to define the colors to be assigned to the F A
classes in the trailer (.TRL) file that is written AL ET D |1 L
along with the classified image (.GIS) file. AYHRR ND¥Y1

The choices here are the same as those False Color...
described for the Display Image (Thematic) + ERDAS .TRL file

menu item. Also see the description for the .

Assign Channels for False Color Palette User Defined

dialog box under the Shared Dialog Boxes
section.

The Correlation Matrix palette, used elsewhere to create Statistics Images, is one
with a fairly smooth (subtle) transition from one color to the next, i.e. from one
class to the next.

When one selects 'False Color..." a dialog box will appear which allows one to
select the channels in each class mean vector to define the red, green and blue
value for each thematic color. Note that an open project file is required for this
option. See the description for the Assign Channels for False Color Palette dialog
box under the Shared Dialog Boxes section.

If written to a disk file, the results may then be displayed as a color coded
thematic map by opening an image window in thematic format.

Threshold results at _ : For the Maximum Likelihood, Fisher Linear
Discriminant and ECHO classifiers, one may also apply a threshold value such that
pixels whose largest likelihood value is below the threshold are assigned to a
"classification declined" or thesholded class. When this checkbox is selected, a
edit box will appear allowing the threshold level to be set to a certain percentage
value equal to the proportion of an ideal Gaussian distribution which would be
thresholded.

One may also apply threshold values for the SAM and CEM classifiers. The SAM
threshold may be in degrees or a correlation coefficient value. The CEM threshold
is a unitless value, usually between 0.5 and 1.0

Create Probability Results File:
Create SAM Values File:
Create CEM Values File:

For the Maximum Likelihood, Fisher Linear Discriminant and ECHO classifiers, this
check box allows one to designate that a Probability Results File will be created. In
this case, instead of each pixel being assigned to a certain class, the likelihood
value of the most likely class is stored for each pixel. This file can then be
displayed in color coded thematic form to illustrate the degree of membership of
each pixel to its assigned class. The average probability of correct classification
is listed in the Text Output window as the classification is completed.

For the SAM and CEM classifiers, this check box is named Create SAM Values
File or Create CEM Values File , respectively. In this case the SAM or CEM value
is stored for each pixel in a disk file. This file can then be displayed in color coded
thematic form.
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If one has created both a Probability Results (or Values) map and a thematic map
(disk file) of the classification results, then one can apply a threshold to the
results after the classification has been completed. See the Processor - List
Results menu item section.

Results List Option...: This button displays another dialog box that allows one
to control what is included in the classify processor text output.

Cancel: This button closes the dialog box and cancels the Classify operation. No
changes will be made in the Classify parameters.

OK: This button closes the dialog box and executes the Classify operation using
the specifications requested in the dialog box.

The Classification Results List Options Dialog Box

Classification Results List Options

Training Areas
[ List Training Areas Used

%}

B4 List Training Area Perfomance Summary Table
b List Training Class Perfomance Summary Table

List Training Area Classification Summaries.
({Includes likelihood probability if available.)

Test Areas
b List Test Areas Used
[ List Test Area Classification Summaries
[ List Test Area Performance Summary Tahle
[ List Test Class Performance Summary Table

Cancel I 0K I

These check boxes allow one to control for both Training and Test data whether
the area listings, area classification summaries, area performance summary
tables and class performance summary tables are to be listed. This feature is
useful for those cases when there are hundreds of areas used for training
and/or testing. In this case, the output in the text output window becomes very
large.
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The Specify ECHO Parameters Dialog Box

Specify Echo Parameters

Spectral-spatial Algorithm: | Quadratic v|

Cell size (pixels square):
Homogeneous Cell Threshold

# Percent
2 =Cell Log Likelihood

Annexation Threshold:

BA Merge Like Fields

[ Create Files for Homogeneous Fields & Classes

Cancel I 0K I

Spectral-spatial Algorithm: This popup menu allows one to specific whether
the quadratic (Maximum Likelihood) or linear (Fisher Linear Discriminant) algorithm

is to be used.

The difference is the covariance matrix to be used for each of the classes: The
Maximum Likelihood algorithm uses the respective covariance matrix for each
class, the Fisher Linear Discriminant uses the same covariance, the common

covariance, for all classes.

Cell size: The edit box allows one to specify the size of the spatial cell in pixels
per side. The larger the value the more blocky the classification will be but the
classification may go more quickly as long as there are not too many cells that are

thresholded. The cell size range is 1 to 100.

Homogeneous Cell Threshold: These radio buttons and edit box allow one to
specify the threshold value to use to determine if a cell is homogenous and can
therefore be treated as one unit. The radio buttons control whether the threshold

value is in units of percent probability or the actual log likelihood value.

The percent probability will represent that portion of the tail of the Gaussian
density function to thresholded. The percent probability value is converted to a
likelihood value that is unique for each class. If the largest class likelihood value
for a cell is less than this homogeneous likelihood value then the cell is
thresholded. The higher the homogeneous value, the higher the number of cells

that will be thresholded.

The percent threshold range is 0 to 100 and the likelihood range is 0 to 1,000,000.

Annexation Threshold: This edit box allows one to set the threshold value that
determines which cells are to be combined into fields. If the annexation value for a
cell to a field or a field to a field is less than this value then the two are treated as
separate fields. The higher the annexation value, the lower the number of

homogeneous fields for a given homogeneous cell threshold.

The annexation threshold range is 0 to 100.
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Merge Like Fields: This check box allows one to control whether to annex
(combine) like fields. If this box is not checked then only cells are combined with
fields, not fields to fields.

Create Files for Homogeneous Fields & Classes: This check box allows
one to request additional output disk files showing the boundaries of
homogeneous fields and classes to be created (if checked). These additional files
can be used to form scene segmentation maps of the data.

Cancel: This button closes the dialog. No changes will be made in the ECHO
parameters.

OK: This button closes the dialog box and causes the ECHO parameters set in the
dialog box to be accepted.

Description of the ECHO Classifier

ECHO (Extraction and Classification of Homogeneous (_)bjects)1 is a spatial-
spectral classifier, i.e. one that incorporates not only spectral variations but
spatial ones as well into the decision-making process. It uses a two stage
process, first segmenting the scene into statistically homogeneous regions, then
classifying the data based upon a maximum likelihood object classification
scheme. It uses exactly the same training procedures and statistics as a
conventional maximum likelihood pixel classifier, however there are three
selectable parameters that the user may set to vary the degree and character of
the spatial relationship used in the classification. These parameters enable one to
vary the spatial characteristics used from little or none to those incorporating
image texture over a block area surrounding each pixel.

The segmentation stage of the classifier, itself, is carried out in two stages. In the
first stage cells, consisting of contiguous n x n regions (cell size n is set by the
user) are checked with a mild test for statistical homogeneity. The threshold used
in the test is set by the user. Cells failing this test are said to be singular, and the
pixels contained will ultimately be classified by a maximum likelihood pixel
classifier. This allows for the proper classification of isolated cells within
otherwise homogenous objects. After the cell selection test, next neighboring
non-singular cells are compared with a statistical homogeneity test. Those
passing the test are annexed thus growing regions. The threshold used in this
test is, again, set by the user. After all annexation tests are complete, the
homogeneous regions thus identified are classified using a maximum likelihood
object classification scheme. With a proper choice of parameter values, ECHO
usually provides higher accuracy than a pixel classifier and frequently requires
less computation time for a given classification task.

In addition to the thematic classified result, when instructed to write the results to
disk, the ECHO processor may be requested to write files giving the
homogeneous fields or objects found (_echoField suffix) and those fields
combined into classes (_echoClasses suffix). Thus it can serve as a scene

1 R L Kettig and D. A. Landgrebe, "Computer Classification of Remotely Sensed Multispectral Image Data by

Extraction and Classification of Homogeneous Objects," IEEE Transactions on Geoscience Electronics, Volume
GE-14, No. 1, pp. 19-26, January 1976.

D.A. Landgrebe, "The Development of a Spectral-Spatial Classifier for Earth Observational Data," Pattern
Recognition, Vol. 12, No. 3, pp. 165-175,1980.
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segmenter without classification; however, in order to obtain good results,
training statistics for each class occurring in the scene should be provided. Note
that cells which do not meet the statistical homogeneity test are thresholded in the
_echoField and _echoClasses files. A large number of thresholded pixels in these
files indicates that either classes exist which are not represented in the training
set, the size of the homogeneous areas are smaller than the cell size, or the
homogeneous threshold was set at too stringent of a level.

The Specify SAM Parameters Dialog Box

Specifiy 5Ak Parameters

Class Covariance: | Do notuse v |

Cancel I

Class Covariance: This popup menu allows one to choose whether the
covariance matrix is to be used in the correlation classifier (spectral angle
mapper). The choices are:

- Do not use
- Class covariance
- Common covariance

The use of a covariance matrix in the correlation classifier algorithm normalizes
the data from channel to channel in the same way that the covariance matrix
normalizes the data in the Maximum Likelihood or Fisher Discriminant classifiers.

Cancel: This button closes the dialog. No changes will be made in the SAM
parameters.

OK: This button closes the dialog box and causes the SAM parameters set in the
dialog box to be accepted.

Description of the SAM Classifier

The Spectral Angle Mapper (SAM) is a correlation classifier. This classifier
compares the shape of the spectral response of the sample to the mean for each
of the training classes using a correlation coefficient ignoring the absolute
difference or offset between the spectral response curves. One can set a
threshold using the correlation coefficient value or an angle derived from the
inverse cosine of the correlation coefficient. This is where the term spectral angle
mapper comes from.

A description of the Spectral Angle Mapper classifier can be found in:

- - Kruse, F.A., et. al. 1993. "The Spectral Image Processing System (SIPS) -
Interactive Visualization and Analysis of Imaging Spectrometer Data.
Remote Sensing of Environment, v. 44, p. 145-163.)
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The Specify CEM Parameters Dialog Box

Specify CEM Parameters

Area{s)to use for background correlation matrix:

) Classes:

@ Selected Area:
Start End  Interval

Line 1 040 1
B Col
olumn |4 220 1

Cancel I

Area(s) to use for background correlation matrix: These radio buttons
allow one to specify how the backgound correlation marix is to be created. It can
be from the combination of selected classes or from a selected area.

If Classes: is selected, a popup menu will appear to allow one to select a subset
of the classes.

Cancel: This button closes the dialog. No changes will be made in the CEM
parameters.

OK: This button closes the dialog box and causes the CEM parameters set in the
dialog box to be accepted.

Description of the CEM Classifier

A description of the Constrained Energy Minimization (CEM) classifier can be
found in:

- Resmini, R.G.,, J.C. Harsanyi, et. al. 1997. "Mineral mapping with
Hyperspectral Digital Imagery Collection Experiment (HYDICE) sensor data
at Cuprite, Nevada, U.S.A,, Int. J. Remote Sensing, 1997, Vol. 18, No. 7, pp
1553-1570.

- Harsanyi, J.C. 1993. Detection and Classification of Subpixel Spectral
Signatures in Hyperspectral Image Sequences. PhD Dissertation,
University of Maryland, Baltimore County.

For the implementation in MultiSpec, the CEM value closest to 1 is considered to
be the closest class, not the highest CEM value.

Version 5.01 - 139 - Reference: Processor Menu



MULTISPEC Reference

Processor — List Results Menu ltem

This menu item becomes available whenever a thematic image is the active window. It is used to
provide tables showing the assignment of pixels in the active window to the classes defined.
Upon selection of the List Results menu item, the dialog box shown below is displayed.

The List Results Specifications Dialog Box

Set List Results Specifications

List results for fallowing areas: Tahle type:
G Training 2 Class
[ Test | All vl @ Group
Image selection
b g B Table units:
start end int.
) ) Samples
Imle 1 240 1 (3 Percent
col- 1 220 1 # Area Conversion factor:
Summarize by {train/test only): [ Threshold results at
[ Field Probabilities ¢ %
M Class Write results to:
O Group B Text window
[] Disk file

Cancel I

List results for following areas: These check boxes allow one to select
training areas, test areas, and/or a selected image area. To use training areas one
must have a project open. To use test areas, one must have a project open which
has test areas defined.

The line and column edit boxes allow one to select the area that the results table
is to represent. The button to the left of Line and Column allows one to easily
switch between the user selected area (if one has been made in the image
window) and the entire image area. The default values are the selected area; if
none has been selected, then the default is the entire image.

Summarize by (train/test only): These check boxes allow one to choose
whether Fields, Classes, and/or Groups summary tables are to be listed. This
option only applies to training and testing areas. The fields, classes and/or groups
will be listed in rows. To obtain a grouping summary, one must have grouped the
classes in the thematic image window. See Combining Classes into Information
Groups under the Thematic Image Window section above.

Table Type: These radio buttons allow one to specify the table type - class or
group. The columns represent the classes or groups in the thematic image file.

Table Units: These radio buttons allow one to specify the units for the table -
samples, percent of samples, or area. If 'area units’ is selected, one may specify
an area conversion factor to be used, e.g. hectares per pixel. The limit for the
conversion factor is 3 places to the left and right of the decimal point.

Threshold Results: This check box and edit box allow one to set the threshold
level to use. If one has both the classification file and the probability results (or
values) file for the classification open and the classification window is active, one

Version 5.01

- 140 - Reference: Processor Menu



MULTISPEC Reference

can threshold the results. Selecting this check box will cause an edit box to
appear in which the desired threshold level can be set.

Write results to: These check boxes allow one to select whether the table(s)
will be listed in the Output Text Window and/or a disk file.

Cancel: This button closes the dialog box and cancels the List Results operation.
No changes will be made in the List Results parameters.

OK: This button closes the dialog box and executes the List Results operation
using the requested specifications. The width of each column in the results table
is controlled by the length of the class or group name. Up to the first 12
characters of the class or group names is used.

Example Output Table

List Results 09-16-1999 12:06:04 (Milti Spec6. 30.99)
Project = 'flcl. Project’
Image file = '"flcl. @S

Project d asses used: QG oup
1: Afalfa 3: Ag Oops
2: Bare Soil 2: Bare Soil
3: Corn 3: Ag Oops
4: Qats 3: Ag Oops
5. Red d over 3: Ag Orops
6: Rye 3: Ag Oops
7: Soybeans 3: Ag Oops
8. Wter 4: \Mter
9: Wieat 3: Ag Oops
Thenatic | mage A asses Q oup
0: background 1: background
2: Bare Soil 2: Bare Soil
1. Afalfa 3: Ag Oops
3: Corn 3: Ag Oops
4: Cats 3: Ag Oops
5. Red d over 3: Ag Oops
6: Rye 3: Ag Oops
7. Soybeans 3: Ag Oops
9: Wieat 3: Ag Oops
8: Water 4: \Wter
TRAI N NG GROUP PERFCRVANCE (Resubstitution Met hod)
Proj ect Ref er ence Nunber of Sanples in Thematic | mage
Q oup
Q oup QG oup Accuracy+ Nunber 1 2 3 4
Narre Nurber (% Sanpl es background Bare Soil Ag Grops Water
Bare Soil 2 100.0 874 0 874 0 0
Ag O ops 3 100.0 29913 0 0 29913 0
Wt er 4 100.0 63 0 0 0 63
TOTAL 30850 0 874 29913 63
Reliability Accuracy (%* 100.0 100.0 100.0

OVERALL GROUP PERFCRVANCE ( 30850 / 30850 ) = 100.0%
Kappa Statistic (X100) = 100.0% Kappa Variance = 0. 000000.

+ (100 - percent onission error); also called producer's accuracy.
* (100 - percent commission error); also call user's accuracy.

Note, the Kappa Statistic is described in: Congalton, R.G. 1991. A Review of
Assessing the Accuracy of Classifications of Remotely Sensed Data. Remote
Sensing of Environment 37:35-46.
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Processor — Utilities Menu ltems

Upon mousing down on
the Utilities selection,
the submenu at right
appears. ltems in the
submenu may be
selected by dragging
over to the desired
selection.

Principal Component Analysis... #K
Create Statistics Image... 31
BiPlots of Data... # O
List Image Description #L
Check Covariances... |
Check Transformation Matrix... 3]

Processor — Utilities — Principal Component Analysis... Menu ltem

The purpose of this menu item is to run a principal component analysis on selected project
classes for training and/or test areas, or for a selected area within the active multispectral image

file. Upon choosing this menu item, the dialog box below is presented.

The Set Specifications for Principal Components Analysis Dialog Box

Set Specifications for Principal Components Analysis

Areais) o
:[Al____) MTraining
® classes: [l w] =%

) Area

Interval
Column D
Channels: Write results to:
Text window
Options b4

[ List eigenvectors

[J Equalize variances {correlation matrix)

] Disk file

G Save eigenvalues/eigenvectors in memory

Cancel I I

Area(s): These radio buttons, edit boxes and check boxes allow one to select

the area(s) to be used for the principal component analysis.

Channels: This popup menu allows one select a subset of the channels to be
used. See Select Channels under the Shared Dialog Boxes section.

Options:

List eigenvectors: This check box allows one to choose to list the
eigenvectors; the eigenvalues are always listed. This feature is useful when
one has 50 or more channels and does not want to list a 50 by 50 or more
matrix.

Equalize variances (correlation matrix): This check box allows one to
request that the analysis be done on the covariance matrix (not checked) or

the correlation matrix which represents equalized variances (checked).
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Save eigenvectors/: This check box allows one to choose to save the
eigenvectors and eigenvalues so that the transformation can be used in other
processors such as Classify, Feature Selection, Create Statistics Image, and
Check Covariances processors, by setting the Use feature
transformation check box in the dialog boxes associated with those
processors.

Note that one can also save the eigenvectors and eigenvalues to a disk file by
using the File-Save Transformation as... menu item. Also, one can use
the Reformat processor to create a principal component image. (See
Processor-Reformat... processor previously described.)

Write results to: These two check boxes allow one to select whether the
principal component tables are to be listed in the output text window and/or a disk
file.

Cancel: This button closes the dialog box and cancels the Principal Component
Analysis operation. No changes will be made in the Principal Component
parameters.

OK: This button closes the dialog box and executes the Principal Component
Analysis operation using the requested parameters.
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Processor — Utilities — Create Statistics Image... Menu Item (Macintosh Version

Only)

This menu item allows one to generate an image file that displays the correlation matrix of
classes or fields as color images. The image file is in the Thematic Map format. After creation, the
Statistics Image file may be displayed by opening the file as an image. A more complete
discussion of this image is provided in the 'Using MultiSpec’ section. Upon choosing this menu
item, the dialog box below is presented.

The Set Create Statistics Images Specifications Dialog Box

S5et Create Statistics Images Specifications

Channels: | All Available | [J Use feature transformation

Area(s)
@ Classes: [ All v |
Create statistics image for each selected & Class i) Field

Base minimum/maximum settings for each image on
) Overall values - same for all images
2 Individual values - each image differs

# User settings - min: III max: 299

Cancel I 0K I

Channels/Features: This popup menu allows one to select a subset of the
channels (or features if the transformation is to be applied). See Select Channels
under the Shared Dialog Boxes section.

Use feature transformation: This checkbox specifies whether the statistics
image is to be created using the statistics for the original channels (unchecked) or
the transformed channels (checked). This option is only available if a
transformation matrix is available by running a principal component analysis, a
feature extraction analysis or reading a transformation from a disk file that had
been previously saved by MultiSpec.

Area(s):

Classes: This popup menu allows one to choose a subset of the classes.
See Select Classes under the Shared Dialog Boxes section.

Create statistics image for each selected: The radio buttons allow one
to select whether an image file is to be created representing the statistics for
each class or each field within a class.
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Selected Area: If no project file is open, then edit boxes will be displayed to
allow one to select the area to use to compute a covariance matrix to be used
as the basis for the statistics image. The button to the left of Line and Column
allows one to easily switch between the user selected area (if one has been
made in the image window) and the entire image area. The default values are
the selected area; if none has been selected, then the default is the entire
image.

Base minimum/maximum settings for each image on: These radio buttons
allow one to set the minimum and maximum values on the image graph to be based
on the overall min and max values of all images to be created, the min and max
values for each image or be user selected.

Cancel: This button closes the dialog box and cancels the Create Statistics Image
operation. No changes will be made in the Create Statistics Image parameters.

OK: This button closes the dialog box and executes the Create Statistics Image
operation using the requested parameters.
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Processor — Utilities — BiPlots of Data... Menu Item (Macintosh Version Only)

The purpose of this menu item is to plot the data of one channel (or feature) versus that of
another, as seen in the example below left. One may also show the ellipses of concentration of
training or test classes as is shown below right. In this case the ellipse of concentration of class
3 is compared to that of class 4 in channels 5 vs. 2.

Bi Plot of Channels 5 vs 2 Bi Plot of Channels 5 vs 2
Channel 5 Channel 5
= I [ |
= 3 1
o — -
24 36 48 60 72 84 30 35 40 45 50 55
Channel 2 Channel 2
Upon choosing this menu item, the dialog box below is presented.
The Set Biplot Specifications Dialog Box
et Biplot Specifications
Channels to Plot: Options:
Horizontal axis: |2 [ Display pixels as symbols
vertical axis: 5 ] Outline classes as ellipses

[ Use feature transformation Threshold Level: %

Pixels to Plot:

[ Training Classes: | Subset.. w |
[ Test Symbols: | Default set w ]
[ Area

start end int.

line |1 169 1

col.

Channels to Plot: These edit boxes allows one to select the channels to show
on the horizontal and vertical axes.

Use feature transformation: This checkbox designates whether the
presentation is to be in the channel original space (unchecked) or the feature
transformed space (checked). This option is only available if a transformation
matrix is available by running a principal component analysis, a feature extraction
analysis or reading a transformation from a disk file that had been previously
saved by MultiSpec.

Pixels to Plot: One may select the set of pixels to be plotted: training, test and/or
a selected area. The button to the left of Line and Column allows one to easily
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switch between the user selected area (if one has been made in the image
window) and the entire image area. The default values are the selected area; if
none has been selected, then the default is the entire image.

Options: These check boxes allow one to choose whether the pixels and/or the
ellipses of concentration of the pixels within a class are to be displayed. If ellipses
of concentration of the pixels are to be drawn, one also can specify the threshold
level to use for the ellipses.

Classes: This popup menu allows one to select a subset of the training and/or
test classes. See Select Classes under the Shared Dialog Boxes section.

Symbols: This popup menu allows one to select the symbols to be used to
display the pixels. See Change Class Symbols under the Shared Dialog Boxes
section.

Cancel: This button closes the dialog box and cancels the Biplots of Data
operation. No changes will be made in the Biplots of Data parameters.

OK: This button closes the dialog box and executes the Biplots of Data operation
using the requested parameters.
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Processor — Utilities — List Image Description Menu Item

The purpose of this menu item is to list the known characteristics of the image file(s) used for the
active image window in the output text window. The information listed includes that described in
the header information for the image and/or that entered in the File - Change Image Description
dialog box.

Example of Image Description

Description information for: 'flcl.lan'

File format: Erdas73

| mage type: Mul tispectra
Band interl eave format: Bl L

Si gned dat a: No

Nunber of |ines: 949
Nurmber of col ums: 220
Nurmber of channel s: 12
Nunber of bytes: 1
Nunber of bits: 8
Nunber of header bytes: 128
Nunber of pre-line bytes: 0
Nunber of post-line bytes: 0
Nunber of pre-channel bytes: 0
Nunber of post-channel bytes: 0
Line start: 1
Col um start: 1

Channel s used:

1. 0.40- 0.44 pm
2: 0.44- 0.46 pm
3: 0.46- 0.48 pm
4: 0.48- 0.50 pm
5:  0.50- 0.52 pm
6: 0.52- 0.55 pm
7: 0.55- 0.58 pm
8: 0.58- 0.62 pm
9: 0.62- 0.66 pm
10: 0.66- 0.72 pm
11: 0.72- 0.80 pm
12:  0.80- 1.00 pm
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Processor — Utilities — Check Covariances... Menu Item

The purpose of this menu item is to evaluate the class covariance matrices. In particular one can
use this menu item to check if any of the class covariance matrices are singular and examine the
"quality" of the covariance inversion. This evaluation may be done on the original, enhanced or
leave-one-out covariances depending upon the selection under the Project menu. If one selects
this menu item, the dialog box below will be displayed.

The Set Specifications for Evaluating Covariance Matrices Dialog Box

Set specifications for Evaluating Covariance Matrices

] List original covariance matrix

[ List inverted covariance matrix

[] List covariance X inverted covariance matrices
[ List inverted=inverted covariance matrix

[J Vse feature transformation
Channels: | All Available w |

Classes: | All ¥ |

Cancel I 0K I

List original covariance matrix: Check box to do as name implies.
List inverted covariance matrix: Check box to do as name implies.
List covariance x inverted : Check box to do as name implies.

List inverted-inverted : Check box to do as name implies. This should be the
original covariance matrix.

Use feature transformation: This checkbox specifies whether the covariance
matrices should be transformed (checked) or not (unchecked). This option is only
available if a transformation matrix is available by running a principal component
analysis, a feature extraction analysis or reading a transformation from a disk file
that had been previously saved by MultiSpec.

Channels/Features: This popup menu allows one to select a subset of the
channels (or features if the transformation is to be applied). See Select Channels
under the Shared Dialog Boxes section.

Classes: This popup menu allows one to choose a subset of the classes. See
Select Classes under the Shared Dialog Boxes section.

Cancel: This button closes the dialog box and cancels the Check Covariances
operation. No changes will be made in the Check Covariances parameters.

OK: This button closes the dialog box and executes the Check Covariances
operation using the requested parameters. This processor will invert each
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selected covariance matrix, multiply the covariance matrix by its inverse and
invert the inverted covariance matrix.

The following output will be generated in the output text window in addition to the
listings requested in the check boxes:

- the determinant, log of the determinant, rank, smallest pivot value, and CPU
time for inversion (to the nearest second),

- the ’total error’ difference between the multiplied matrices and the identity
matrix, which is the sum of absolute difference between all elements in
the multiplied matrix and the identity matrix, the average error for each
matrix element, and the maximum matrix element error,

- and lastly, the determinant, log of the determinant and CPU time for inversion
of the inverted matrix.
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Processor — Utilities — Check Transformation Matrix... Menu Item

The purpose of this menu item is to evaluate the transformation matrix. If one selects this menu
item, the dialog box below will be displayed.

The Set Specifications for Evaluating Transform Matrix Dialog Box

Set Specifications for Evaluating Transform Matrix

[ List Eigenvalues
B List transformation matrix {eigenvectors)

] Check Transformation Matrix

List Transposed Transformation matrix
[+ times Transformation matrix.
(5hould be identity matrix).

Cancel I 0K I

List Eigenvalues: Check box to do as name implies.
List transformation matrix (eigenvectors): Check box to do as name implies.

Check Transformation Matrix: This check box allows one to choose to check
the transformation matrix by multiplying the transformation matrix by its transpose
and comparing the result with the identity matrix.

List Transposed : Check box to do as name implies.

Cancel: This button closes the dialog box and cancels the Check Transformation
Matrix operation. No changes will be made in the Check Transformation Matrix
parameters.

OK: This button closes the dialog box and executes the Check Transformation
Matrix operation using the requested parameters. The following output may be
generated in the output text window:

- a list of the eigenvalues,
- a list of the eigenvectors,

- the 'total error’ difference between the multiplied matrices and the identity
matrix, which is the sum of absolute difference between all elements in
the multiplied matrix and the identity matrix, and the average error for each
matrix element,

- and lastly the result of multiplying the transformation matrix by its transpose.
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The Options Menu
window Help The menu items under this menu allow one to
select or control some additional options in
Palette 4 MultiSpec.

Memory Status... 3\

"Options - Palette" Menu Items

Upon mousing down on the Palette selection, the E
submenu at right appears. ltems in the submenu ¥ Show Classes

may be selected by dragging over to the desired Show Information Groups
selection.

Invert Palette

The items in this submenu allow one to view the i
current palette used in displaying the data in the Show Palette Window
active image window and to have some control .

over the way the image in the active image v Bl!nk Procedure 1
window is to be displayed. Blink Procedure 2

Notice that these menu items are in groups Better 8-bit Palette
separated by beveled lines. The menu item in each

group that is set for the active image window has

a " to the left of it.

Options - Palette — Show Classes Menu Item

This menu item is used for thematic type image windows. The menu item will force the individual
classes to be displayed in the active image window using the most recent color palette defined
for those classes.

Options - Palette — Show Information Groups Menu Item

This menu item is used for thematic type image windows. The menu item will force the currently
defined information groups for the image window to be displayed using the most recent color
palette defined for the groups.

Options - Palette — Invert Palette Menu Iltem (Macintosh Version Only)

This menu item is used for multispectral type image windows. The "Invert Palette" menu item is
used to reverse the order of the colors or patterns relative to low and high data values. Normally
black or dark colors indicate low data values and white or light colors indicated high data values.
If the palette is inverted, a check will be placed to the left of the "Invert Palette" menu item. One
can put the palette in normal mode by executing this menu item again. The check will be removed.

Options - Palette — Show Palette Window Menu Item (Macintosh Version Only)

The "Show Palette Window" menu item will cause a window to be presented along the right edge
of the screen which contains the colors or patterns that are being used to display the image in
the active image window. If the palette window is being displayed, then this menu item will
change to Close Palette Window .
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Options - Palette—BlinkProcedure 1/Blink Procedure 2 Menu Item (Macintosh
Version Only)

For circumstances where blinking of screen elements is implemented, e.g. blinking of colors in
thematic display of clustering and classification results, two blinking procedures have been
implemented. Blink procedure 2 is the fastest; however this procedure only works if 32-bit
quickdraw is available in the Macintosh operating system and the monitor being used is in 8-bit
color mode. The speed of the blinking is dependent upon the size of the thematic map and the
zoom magnitude. If, for a given set of circumstances, the blinking speed is unsatisfactory or the
blinking operation does not seem to work, one should try choosing the alternate blinking
procedure.

Options - Palette — Better 8-bit Palette Menu Item (Macintosh Version Only)

This menu item is for the Macintosh version only. The purpose of this menu item is to create a
better 8-bit palette for situations when a 16 or 24-bit color image is being displayed on a monitor
with only 8-bits of color available. The menu item will use a system routine to create a 256-color
palette that best represents the colors available in the 16 or 24-bit color image.

Options — Memory Status Menu Item (Macintosh Version Only)

This menu item causes a dialog to be presented that indicates how much memory is free for the
application. Click on the "Continue" button to remove the dialog box from the window.

This feature is available in the Windows version under the Help — About MultiSpec menu item.
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The Window Menu (Macintosh version)

m Help The items under this menu allow one to hide and display
- - selected windows and also to bring windows to the
Hide Window front of others.

Show Coordinate View | \vindow — Hide Window Menu ltem

Mew Selection Graph
p The "Hide Window" menu item causes the active

Text Output window and all information in the window to be hidden.

Palette - .
i Hiding windows makes the screen appear less
Project confusing. One can show a window again by selecting

v TR ED mm the window name in the last group at the bottom of the

ITIPSUB1.gis menu, if it is available (i.e. not shown in grayed form).

Selection Graph

Window — Show/Hide Coordinate View Menu ltem

This menu item allows one to show or hide the coordinate view in the active image window. The
coordinate view is above the image in the image window. The coordinate view displays the
cursor location within the image, the start and end map information of the selected area and the
image scale. See the "Coordinate View" discussion under MultiSpec Windows at the beginning of
this Reference Section for further information.

Window — New Selection Graph Menu ltem

The purpose of this menu item is to open a Selection Graph window. When one makes a
selection within an image window, the average, plus and minus one standard deviation and the
minimum and maximum values are plotted in the selection graph window as a response vs.
channel number plot. If the selection represents only one pixel, only the values for that pixel are
plotted. If the selection is for a thematic image window, the data value for the upper left pixel in
the selection is plotted. The Selection Graph Window may be re-sized and moved on the screen
in the usual manner. An example is shown in the Windows section of this reference.

Keeping Selection Graph Windows

One can ’keep’ selection graphs. If one selects the "New Selection Graph" again
when a selection graph is already open, the contents of the current selection
graph window is fixed and a new selection graph window is created. One can
have up to 20 selection graph windows opened at any one time. Use the close
box in the graph window or the File-Close Window menu item to close the
window.

Printing Selection Graph Windows
Graph windows can be printed by selecting the File-Print Graph Window menu
item when the graph window is the active window. A graph window will be
printed just as it is on the screen; the size will be the same.

Copying Selection Graph Windows
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One can also copy the graph window to the clipboard. After copying, the graph
can then be pasted into another application such as a word processor. To copy a
graph window, make it the active window, and then use the Edit-Copy Graph
menu item or the COMMAND-C (Macintosh) or CONTROL-C (Windows) key
combination. Note, if one is displaying graphs within the List Data processor then
one must use COMMAND-C (Macintosh) or CONTROL-C (Windows) key
combination to copy the graph window.

Window — Text Output Menu Iltem

This menu item allows one to show the output text window if it is hidden and then bring it to the
front position on the screen.

Window — Palette Menu ltem

This menu item allows one to show the palette window if it is hidden and then bring it to the front
position on the screen.

Window — Project Menu ltem

This menu item allows one to show the project window if it is hidden and then bring it to the front
position on the screen.

Window — image or graph Menu ltem

This menu item allows one to show the selected image or graph window if it is hidden and then
bring it to the front position on the screen.

Each open image and graph window is listed in the Window Menu. The acti vei mage wi ndow
is indicated by its name printed in outlined characters. The active window (which may not be the
active image window) is indicated by a check to the left of the window name.
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The Window Menu (Windows version)

The items under this menu allow one to arrange the
windows, display selected windows and also to bring
TR E windows to the front of others.

LCascade

g Til Window — New Window Menu ltem
{ Tile
| Arange ootz This menu item is not used in MultiSpec.

1 Text Output

o 2 hpal lan [che. 4.3.2)
! w 3 Selection Graph

Window — Cascade Menu ltem

This menu item allows one to arrange the windows within the main MultiSpec window on top of
each other with those on top being positioned slightly below and to the right of the window
below it.

Window — Tile Menu ltem

This menu item allows one to arrange the windows within the main MultiSpec window in side by
side fashion.

Window — Arrange Icons Menu ltem

This menu item allows one to automatically arrange any icons that represent MultiSpec windows.

Window — Text Output Menu Item

This menu item allows one to show the text output window if it is an icon and then bring it to the
front position on the screen.

Window — image or graph Menu Iltem

This menu item allows one to show the selected image or graph window if it is an icon and then
bring it to the front position on the screen.

Each open image and graph window is listed in the Window Menu. The active window is
indicated by a check to the left of the window name.

Window — project window Menu ltem

If the project window is open, then the menu item for it allows one to show the window if it is an
icon and then bring it to the front position on the screen.
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Shared Dialog Boxes

The dialog boxes described below are used by more than one of the windows or menu items
discussed above.

The Select Channels Dialog Box

Select Channels

Channel List

1: 049=- 0.52 pm - -m|.
2. 0.52- 0.60 pm
3 0.63- 0.69 pm
4: 0.76= 0.90 pm
o 1.55- 1.75 um
6 2.08- 2.35 um First |3
104 =125 pm
Last |7
Interval |1
[ Enter new range ]

Number selected: 5 Cancel II

Channel List: This list allows one to select the channels (or features) to use.
Click on the channel (or feature) to select it. The selected channels (or features)
are highlighted. One can hold the shift or command key down when making
selections to make multiple selections in the list.

If this is a list of channels and the channel descriptions are available then the
descriptions will be listed next to the channel number.

Number selected: This information text line indicates how many items are
currently selected in the list above.

All: This button allows one to select everything in the list to the left.
None: This button allows one to clear all of the selections in the list to the left.

First, Last, Interval, Enter new range: The edit boxes allow one to select the
first and last channel (or feature) in the list to the left plus an interval. The Enter
new range button allows one to enter the values specified in the edit boxes into
the list. The list is updated automatically when one makes changes in the edit
boxes. The Enter new range button is useful, if one uses the Al or None
buttons and then one wants to change the list back to those specified in the edit
boxes.

Cancel: This button closes the dialog box and cancels the Select Channels
request.

OK: This button closes the dialog box and sets the channels (or features) to use
setting to that specified in the dialog box. For example, in the list above, channels
3 through 7 have been selected. This set will also be the default subset for other
processors.
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The Select Classes Dialog Box

Select Classes

Class List
Alfalfa m
Bare Soil -
Corn
Qats
Red Clover
Rye First [3
Sovbeans
water Last |9
Wheat Interval (1

[ Enter new range ]

NMumber selected: 7 Cam:ell 0K I

Class List: This list allows one to select the classes to use. Click on the class
name to select it. The selected classes are highlighted. One can hold the shift or
command key down to make multiple selections in the list.

Number selected: This information text line indicates how many items are
currently selected in the list above.

All: This button allows one to select everything in the list to the left.
None: This button allows one to clear all of the selections in the list to the left.

First, Last, Interval, Enter new range: The edit boxes allow one to select the
first and last class in the list to the left plus an interval. The Enter new range
button allows one to enter the values specified in the edit boxes into the list. The
list is updated automatically when one makes changes in the edit boxes. The
Enter new range button is useful, if one uses the All or None buttons and then
one wants to change the list back to those specified in the edit boxes.

Cancel: This button closes the dialog box and cancels the Select Classes
request.

OK: This button closes the dialog box and sets the classes to use setting to that
specified in the dialog box. For example, in the list above, classes 3 through 9
have been selected.

Other Notes: The default subset will be the class selected in the project window
if the project window is open and a class is selected in it.
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The Specify Class Weights Dialog Box

Specify Class Weights

Class Units
Alfalfa - 5.0EE [=] & Relative
efiare Sail - 16.HAA ) Percent
sCorn - 16. 6684
slots - 18,888 Height Total
efed Clover - 18. 68684 a5.8
sFye - 16. 68686
sSoybeans - 16. 0688
slater - 16. 68686
slheat - 18.088 [+]

Edit weight(s) for selected

[ Enter New Weight | | 5.000
[ Add To Equal Weight Set | cancel |

Class: This list allows one to select the class whose weighting value is to be
changed. Click on the class name to select it. The selected classes are
highlighted. One can hold the shift or command key down to make multiple
selections in the list.

Enter New Weight: This button and edit box allow one to specify the weight
value for the selected class(es) in the list above and to then enter that value into
the list.

Add to Equal Weight Set: This button allows one to force the weight for the
selected class(es) to be that used for an equal class weight.

Units: This information indicates that the weight values should be considered as
relative to each other. If one class has a weighting value of 10 and another has a
value of 5 then the first class should be treated as having double the weight of
the second class. (Some thought has been given to doing the weights as a
percent, but that capability has not been implemented.)

Weight Total: This information text line indicates what the current total is for the
weight values in the list to the left.

Help : This button allows one to open a dialog box which describes how to use
the Specify Class Weights dialog box.

Cancel: This button closes the dialog box and cancels the Specify Class
Weights request.

OK: This button closes the dialog box and sets the class weights to those
specified in the dialog box.

The procedure to determine the actual weight ratio to use in the algorithms is to
compute the sum of the weight values in the list (the weight total) and then divide
the weight value in the list for each class by the total. This guarantees that the
sum of the weight ratios will be 1.
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The Specify Class Pair Weights Dialog Box

Specify Class Pair Weights

Ht.-Class Pairs

B-% 5 ~

Class List

1-Caornl — Hew
2-Cornd Height
3-Corn3

4-Soybeansl
5-Soybeans2
6-Bare Soil
T-Hoter

§-Alfalfa Remove

fiED

- -

Default weight: [ﬂ]

Class List: This list allows one to select the classes whose between class
weighting value is to be changed. Click on the class name to select it. The
selected classes are highlighted. One can hold the shift or command key down to
make multiple selections in the list.

Default weight: This edit box allows one to set the weight value to use as the
default weighting between classes.

New Weight: This edit box allows one to specify the weight value to use
between the classes selected in the list to the left.

Add: This button allows one to set the between or interclass class weighting for
the selected classes in the list to the left to the value entered in the edit box
above. After selecting this button, a line will be entered in the list to the right listing
the class pair weighting value and the class pairs that the value will be used for.
If more than two classes in the list to the left are selected, then the weight value
will be used for all class pair combinations in the selected classes.

Remove: This button allows one remove the selected class pair weighting set(s)
in the list to the right.

Help : This button allows one to open a dialog box which describes how to use
the Specify Class Pair Weights dialog box.

Wt. - Class Pairs: This list indicates the class pairs that have interclass
weighting values that have been set by the user. Click on a line in the list to select
it; the selected lines are highlighted. One can hold the shift or command key down
to make multiple selections in the list.

Cancel: This button closes the dialog box and cancels the Specify Class Pair
Weights request.

OK: This button closes the dialog box and sets the class pair weights to those
specified in the dialog box.
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The Assign Channels for False Color Palette Dialog Box

Assign Channels for False Color Palette

Available Channels
: 0.40- D44 pm
: D4d= D46 pm
: 046- 048 pm
: 0.48=- 0.50 pm
0.50- 0,52 pm
: 0.92- D55 Um
» 0.95- 0.58 pm
» 0.58- 0.62 pm -

Cancel I 0K I

1| »

Red:

Green:

IR

==~ T, B IR R

Blue: |7

This dialog box allows one to select the channels in each class mean vector to
define the red, green and blue value for each thematic color. For example one
could assign channels 4, 3, and 2 to red, green and blue, respectively, for
Thematic Mapper data to obtain class colors very similar to a multispectral color R
image of the data. Classes that are close to each other in spectral space for the
three selected channels will have similar colors. Note that an open project file is
required.

Red, Green, Blue: These edit boxes allow one to select the channel to be used
in the mean vector for each class to define the Red, Green, and Blue value in the
respective thematic color palette.

Available Channels: This list allows one to view the list of available channels
and channel descriptions for reference if needed.

Cancel: This button closes the dialog box and cancels the Assign Channels for
False Color Palette request.

OK: This button closes the dialog box and sets channels to be used in each class
mean vector to define the palette colors for each class.
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The Change Class Symbols Dialog Box (Macintosh Version Only)

Change Class Symbaols

Symbol-Class name Symbols
1-Alfalfa
2-Bare Soil
3-Corn
F-Oat s a
3-Fed Claover

6-Fye [B
T-Soybeans

G-Hater
O-Hheat

<
4

Symbao L

Lo (O o S o o = R cw ) AN e e

This dialog box allows one to assign a symbol to represent a given class.

Symbol-Class name: This list allows one to select the class to which a
different symbol is to be assigned. The symbol to the left is the one that is
currently assigned to the class. The selected class or classes are highlighted.

New Symbol: This edit box contains the symbol that is selected in the list to the
right or one can enter a value between 0 and 9 into the box.

<-: This button allows one to assign the selected symbol in the New Symbol edit
box to the selected class or classes in the list to the left.

Symbols: This list contains all the symbols that are available to be assigned to a
class. In the case above, the symbol a has been selected.

Help : This button allows one to open a dialog box which describes how to use
the Change Class Symbols dialog box.

Cancel: This button closes the dialog box and cancels the Change Class
Symbols request.

OK: This button closes the dialog box and sets the class symbols to those
specified in the dialog box.
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General Characteristics of MultiSpec
Under the Apple Macintosh Operating System

MultiSpec supports the high level Apple Events. The Apple Events that MultiSpec currently
supports are the four required events: open application, open document, print document, and quit
application. Eventually it is planned to have MultiSpec fully scriptable, e.g., to have the capability
to have a client application use MultiSpec to obtain the project statistics and image data to be
used for another type of classifier being developed.

Apple’s Balloon Help capability for System 7 has been implemented for the menu items.

One can put MultiSpec in the background when one is displaying an image. Both the short status
dialogs (as used in the Reformat processor) and the long status dialogs (as used in the Classify
processor) are moveable if MultiSpec is being run under the Macintosh Operating System 7 or
later. If a status dialog box is being displayed, the user has access to the application menu to
place MultiSpec in the background. Generally speaking the cancel button is checked every 1-2
seconds so that there may be some delay in the actual cancel operation.

"Popup menus" type are indicated by the Y symbol. "Mousing down" on them results in a menu
appearing allowing for the selection of allowed values of those parameters.

All computations in the MultiSpec are done with 19 digit precision for Motorola 680x0 based
machines and 15 digit precision for IBM/Motorola PowerPC and Intel based machines.
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APPENDIX A. PROJECT FILE FORMAT
Versions 890105, 900508, 911106, 920226, 930226, 940105, 971008, 990107.

Descriptions of the format of each line in the project files follow. The item given between the
single quotes are exact descriptions of what is in the field or parameter. ’\t’ refers to a tab and ’\r
refers to a carriage return. The information between () to the right of each parameter is the 'C’
format that was used to write the value to the project file.

Project format description line.

MultiSpec project format file identifier.
'PROJECT FORMAT VERSION’

Project format version identifier.
'890105’ or '900508’ or '911106’ or ‘920226’ or 930226’ or 940105’ or 971008’ or
990107’

Filler
"1\r’ or O\r’ or "O\r’ or "O\r’ or "O\r’ or "O\r’

Project information lines.

P1 line.
'P1 PROJECT NAMEW
number of characters in project name, '\t' - (%d)
project name, \t' - (%s)
number of characters in base image file name, "\t’ - (%d)
base image file name, \r' - (%s)

P2 line
P2\t
number of lines in base image file, \t' - (%ld)
number of columns in base image file, \t' - (%ld)
number of channels in base image file, '\t’ - (%d)
number of bytes in data values in base image file, '\t' - (%d)

start line of base image file, '\t - (%ld) (900508 and later
versions)

start column of base image file, '\t - (%Id) (900508 and later
versions)

number of bits per data value in base image file, \t'-(%d) (911106 and later versions)

swap bytes flag, \t'-(%d). 0=no, 1=yes. (911106 and later versions)

band interleave code, '\t'-(%d). 1=BIL, 2=BSQ, 3=BIS. (911106 and later versions)

number of header bytes, \t'-(%ld) (911106 and later versions)

number of trailer bytes, \t'-(%ld) (911106 and later versions)

number of preline bytes, \t'-(%ld) (911106 and later versions)

number of postline bytes, \t'-(%ld) (911106 and later versions)

number of classes, "\t' - (%d)

number of classes with training field, \t' - (%d)

number of fields, \t' - (%d)

number of training fields, '\t’ - (%d)

number of test fields, '\t’ - (%d)

number of coordinates that define the fields, "\t' - (%d)

number of statistics channels, "\t - (%d)

flag indicating whether computed statistics for the project are up-to-date, '\t’ - (%d).
0=no, 1 =yes.

code indicating the type of statistics computed for the project, "\t' - (%d).
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1 = mean & standard deviation only. 2 = mean, standard deviation, and covariance.
(920226 and later versions)
flag indicating whether only the class statistics are saved instead of the field
statistics, \t' - (%d) - \r'. 0 = no, 1 = yes. (930226 and later versions)
flag indicating whether the data are to be treated as signed data (=1) or unsigned
data (=0). \t' - (%d) - \r’. (971008 and later versions)
flag indicating whether the common covariance is to be used when computing the leave-
one-out covariance. '\t’ - (%d) - \r'. 0 =no, 1 =yes. (971008 and later versions)
code indicating which covariance statistics to use. \t' - (%d) - ’\r’. 1 = original, 2 = leave-
one-out, 4 = enhanced statistics, 8 = mixed statistics. (971008 and later versions)

P3 line
'P3\
channel numbers separated by tabs, ’\t’, and ending with a carriage return, \r’ - (%d).

P4 line (990107 and later versions)
‘P4 TRAINING MASK NAME\t

number or characters in training mask file namelt
111

PS5 line (990107 and later versions)
'P5 TEST MASK NAME\t'
number of characters in test mask file nameit
11 t

Line indicating start of training statistics.
"Training Statistics\r’

Class information. There will be one set of the following information for each class in the project.
Note that beginning with the 920226 version, the class statistics will be computed by summing the
field statistics if the class statistics lines are not present. This was done to reduce the size of the
project. If the statistics for a field have not been computed, then the FS and FSS lines are not
required.

C1 - required.

CM - optional for 920226 and later versions.
CS - optional for 920226 and later versions.
CCV - optional for 920226 and later versions.
CSS - optional for 920226 and later versions.
CEM - optional for 940105 and later versions.
CEC - optional for 940105 and later versions.

F1 - required. One for each field in the class.

FS - required if computed. One for each field in the class.
FSS - required if computed. One for each field in the class.
FM - required if computed. One for each field in the class.
FN - required if computed. One for each field in the class.
FCV - optional for 920226 and later versions.

FX - optional for 920226 and later versions.

V1- required. One set for each field in the class.

C1 line.
'C1\
number of characters in the class name, "\t' - (%d)
class name, ‘\t’ - (%s)
number of fields in the class, "\t' - (%d)
number of training fields in the class, '\t' - (%d)
number of test fields in the class, '\t' - (%d)
total number of training pixels in the class, "\t' - (%d)
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flag indicating whether the computed statistics for the class are up-to-date, '\t' - (%d)
0 =no, 1 =yes.
flag indicating if enhanced statistics exist for the class, \t' - (%d)
0 = no, 1 =yes. (940105 and later versions)
prior weighting for original statistics, \t' - (%f) (940105 and later versions)
prior weighting for enhanced statistics, '\t' - (%f) - '\r’ (940105 and later versions)
weighting for computing common covariance, '\t' - (%f) - '\r’ (971008 and later versions)
leave-one-out covariance value, '\t' - (%f) - \r' (971008 and later versions)
code indicating covariance statistics to use for class. \t' - (%d) - "\r'. 1 = original, 2 =
leave-one-out, 4 = enhanced statistics. (971008 and later versions)

CM line - Channel means for the class.
'CM\t’
channel means separated by tabs,’\t'. The last channel mean is followed by a carriage
return,’\r'’. - (%.99)

CS line. Sums of the data values for each channel in the class.
'CS\t’
channel sums separated by tabs,’'\t'’. The last channel sum is followed by a carriage
return,’\r'’. - (%.0f)

CCV lines. The covariance matrix for the class is written in lower triangular form.
'CCVWY
covariance values separated by tabs,’\t'. The last covariance value for each line in the
lower triangular matrix is followed by a carriage return,’\r'. - (%.99)

CSS lines. A matrix of the sum of the squares of the data values for the class is written in
lower triangular form.
'CSS\t’
sum of square values separated by tabs,’\t'. The last value for each line in the lower
triangular matrix is followed by a carriage return,’\r’. - (%.0f)

CEM line - Enhanced channel means for the class.
"CEM\Y
The enhanced channel means are written in 12-byte (MC68881 Extended) binary form.
The last channel mean is followed by a carriage return,’\r’.

CEC lines - The enhanced covariance matrix for the class is written in lower triangular form.
'CECW
The enhanced values are written in 12-byte (MC68881 Extended) binary form. The last
enhanced value for each line in the lower triangular matrix is followed by a carriage
return,’\r’.

Field information. There will be one set of the following information for each training field in the class -
lines F1, FM, FS, FCV, FSS, and V1.

F1 line
1
number of characters in the field name, '\t - (%d)
field name, \t' - (%s)
number of coordinate points that describe the field , '\t’ - (%d)
class number that the field belongs to, \t' - (%d)
code for the field type, '\t’ - (%d). 1=training, 2=testing.
code for the coordinate type, '\t' - (%d). 1=rectangular, 2=polygonal, 3=cluster
total number of pixels in the field, '\t’' - (%d)
flag indicating whether the statistics for this field have been loaded into the class
statistics, "\t’ - (%d)
flag indicating whether the computed statistics for the field are up-to-date, \r’ - (%d)
mask value for field if any, '\t’ - (%d). (990107 and later versions)
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FM line - Channel means for the field. If the statistics have not been computed for the field
yet, this line will not be included.
FM\
channel means separated by tabs, '\t'. The last channel mean is followed by a carriage
return, '\r’. - (%.99)

FN line - Channel minimums for the field. If the statistics have not been computed for the field
yet, this line will not be included.
'FN\Y
channel minimums separated by tabs, ’\t'. The last channel mean is followed by a carriage
return, '\r'’. - (%d)

FX line - Channel maximums for the field. If the statistics have not been computed for the
field yet, this line will not be included.
FX\t
channel maximums separated by tabs, '\t'. The last channel mean is followed by a
carriage return, '\r'. - (%d)

FS line. Sums of the data values for each channel in the field. If the statistics have not been
computed for the field yet, this line will not be included.
'FS\t’
channel sums separated by tabs, '\t'. The last channel sum is followed by a carriage
return, '\r’. - (%.0f)

FCV lines. The covariance matrix for the field is written in lower triangular form. If the statistics
have not been computed for the field yet, this line will not be included.
'FCV\’
covariance values separated by tabs, '\t'. The last covariance value for each line in the
lower triangular matrix is followed by a carriage return, "\r’. - (%.99)

FSS lines. A matrix of the sum of the squares of the data values for the field is written in lower
triangular form. If the statistics have not been computed for the class yet, this line will not be
included.
'FSS\t’
sum of square values separated by tabs, '\t'. The last value for each line in the lower
triangular matrix is followed by a carriage return,’\r’. - (%.0f)

Coordinate description of the field.

V1 lines. There will be one V1’ line for each one of the coordinate points that describe the
field. If the point type is ‘rectangular’, point type = 1, then two coordinate points are given - the
upper left corner and the lower right corner. If the point type is 'polygonal’, point type = 2, then
a coordinate point is given for each vertex of the polygon.

VAW

line number of coordinate, \t' - (%d)

column number of coordinate, '\r' - (%d)

"Sets of information for rest of training fields for the class"

"Sets of information for rest of classes in the project”

Line indicatiﬁg start of test field information.
"Test Fields\r
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Test field information. There will be one set of the following information for each test field in each of
the classes - lines F1 and V1.

F1 line - See description for 'F1’ line above.
V1 lines - See description for 'V1’ lines above.

An example project file follows:

PRQIECT FORMAT VERSI ON 990107 0

P1 PRQJECT NAME 15 TIPJULL. Project 11 TIPJULL. LAN

P2 169 169 71 1380112800022844157121011

P3 1234567

P4 TRAI NI NG MASK NAME 19 TipJull tn nask.gis 1

P5 TEST MASK NAME 19 TipJull tt mask.gis 1

Training Statistics

Cl 4 Corn 4 2 2 396 1 0 10.000000 10. 000000 10.000000 -1.000000 1

CS 33047 12191 10631 48769 28558 7751 58139

CN 79 29 24 112 66 15 145

CX 88 35 31 131 108 41 149

CSS 2758705

CSS 1017414 375593

CSS 887265 327329 285911

CSS 4069797 1501403 1309154 6009399

CSS 2383690 879826 767056 3515945 2068506

CSS 647058 238945 208325 953963 563077 154333

CSS 4851848 1789832 1560851 7160041 4192758 1138005 8535835

F1 7 Corn_ ML 0114252101

F1 7 Fileld 52111144 100

V1 34 35

V1 49 43

Cl 9 Bare Soil 4 2 2 229 1 0 10.000000 10. 000000 10.000000 -1.000000 1
CS 22878 9849 11124 20558 32751 15573 35533

CN 90 34 34 55 86 39 152

CX 118 55 71 116 186 99 159

CSS 2292094

CSS 987507 426257

CSS 1117552 482869 548756

CSS 2062995 891615 1010500 1874654

CSS 3290931 1420218 1610688 2974874 4753819

CSS 1571067 677210 768633 1417537 2280209 1109271

CSS 3550989 1528887 1727148 3191134 5086017 2419864 5514415

F1 12 Bare Soil _M2 0 2 1 4 143 1 0 2

F1 7 Field 6 321286100

V1l 74 63

V1l 72 78

V1l 84 76

Test Fields

F1 7 Corn_M2 O
F1 7 Field 7 4
Vi 35 7

V1l 33 16

V1l 49 16

V1 49 5

F1 12 Bare Soil M3 0 2
F1 7 Field 822211
V1 5 142

vl 19 151
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APPENDIX B. MULTISPEC LIMITS

Some of the limits for MultiSpec are described below. In most cases the limits are high enough so
that the real limits are memory, disk space and time. Please let us know if any of these limits
cause any problems.

Image File Description Maximums

number of lines - 200,000

number of columns - 200,000

number of channels - 8,192 (Multispectral)
number of unique classes numbers - 65,535 (Thematic)
start line - 2,147,483,647

start column - 2,147,483,647

header bytes - 2,147,483,647

trailer bytes - 2,147,483,647

pre-line bytes - 2,147,483,647

post-line bytes - 2,147,483,647
pre-channel bytes - 2,147,483,647
post-channel bytes - 2,147,483,647

maximum file size (bytes) - 2,147,483,647

maximum number of data value bytes - 2

maximum number of data value bits - 16

minimum data value - -32,768

maximum data value - 65,535

Displayable Limits

number of lines - 32,767

number of columns (B/W pattern, 8-bit color) -
(Macintosh Version) 16,376
(Windows 16-bit Version) 8,188
(Windows 32-bit Version) 32,767

number of columns (24-bit color) -

(Macintosh Version) 4,094
(Windows 16-bit Version) 21,844
(Windows 32-bit Version) 32,767

maximum magnification - 99
minimum magnification - 0.01
number of classes (Thematic display) - 65,535
Project Maximums
number of statistics channels - 8192
number of classes - 255
total number of fields - 32,767
number of fields per class - 512
total number of points to describe fields - 32,767
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APPENDIX C. TRANSFORMATION FILE FORMAT

The transformation file format is:

Bytes 1-256 bytes: Image file name in pascal format (i.e. first byte is number of characters in the
name. (ASCII characters)

Bytes 257-258: Number of channels in transformation. (2 byte integer)
Byte 259: Version number for format. Latest is 2. (1 byte integer)

Byte 260: Created-by code. Principal Component =1, Feature Extraction =2, Feature Extraction
with preprocessing =21. (1 byte integer)

Bytes 261-262: Number of features. (2 byte integer)

Bytes 263-263+numberChannels*2: List of channels that were used. (2 byte integer for each
channel)

Next group of bytes: If the Created-by code =21, then this is the preprocessing channel
grouping. It is numberFeatures * 2 bytes long. (2 byte integer for each channel)

Next group of bytes: Eigenvalues. This is nhumberFeatures*(size-of-double) bytes long. (In the
Mac version, this is in 68881 double format which is 96 bits (10 bytes) long. In the Windows
version, this is in double format which is 64 bits (8 bytes) long. NOTE that the transformation
file is not cross-platform compatible.)

Next group of bytes: Principal Component Means. This is numberFeatures*(size-of-double) bytes
long. (See description above for eigenvalues)

Next group of bytes: Eigenvectors. This is numberFeatures*numberChannels* (size-of-double)
bytes long. (See description above for eigenvalues).

The order of the eigenvectors: There are "numberFeatures" eigenvectors with
"numberChannels" components in each one. The order of them in the file is the first
component for each of the eigenvectors, then the second component, then the third, etc. This
is the transpose of how the eigenvectors are listed by MultiSpec in the output text window, if
you think of memory being connected across a line of text.
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APPENDIX D. GAIN-OFFSET TRANSFORMATION FILE FORMAT

A gain-offset transformation can be used to apply a gain and offset adjustment to each channel
in the image data. For example, it can apply a flat field adjustment to image data to convert the
data from apparent radiance units to apparent reflectance or vice versa. One can use the File —
Load Transformation Matrix menu item to load the transformation into memory. Use the
Reformat-Change Image File Format menu item to apply the transformation when creating a
new image file. One can verify that the transformation loaded properly using the Processor-
Utilities-Check Transformation Matrix menu item.
The format of the offset-gains type of transformation file is:

line 1: 'Offsets-Gains’

line 2: 'Current=New’ or 'New=Current’

line 3: number of channels in the file, one per line, (%Id)

line 4: scale factor to multiply final value by after offset-gain adjustment, (%Id)

line 5 to end: one line for each channel contain the offset as first value, and the gain as the

second value. Other values can be in the line such as channel number, but they will be
ignored.

If the file is a 'Current=New’ type of file, the new value is computed as:

new = scale factor * (old value - offset)/gain
If the file is a 'New=Current’ type of file, the new value is computed as:

new = scale factor * (offset + gain*old value)
The scale factor can be used to scale the data so that one keeps a specified amount of
precision. For example, if the transformation causes the data to be scaled from 0 to 1, one may
want to use 100 to re-scale the data from 0 to 100 or 1000 to re-scale the data from 0 to 1000
before rounding to an integer value which the Reformat - Change Image File Format option does.

An example file is:

O fsets- Gai ns

Cur r ent =New

7

100

1298. 14 8498. 14 1
1336. 84 8920. 26 2
1246. 94 8410. 39 3
1185. 94 8512.11 4
1240. 09 8538. 67 5
1232. 11 8620. 57 6
1219. 22 8933. 45 7
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