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SPECTRAL GEOGRAPHIC INFORMATION SYSTEM

BACKGROUND OF THE INVENTION

[001] This invention relates to a system specifically adapted for use in spectral
geographic information systems. More particularly, this invention relates to a system
configured to translate large information databases into a more compact database for
analysis using various hyperspectral techniques to facilitate the location of targets.

[002] Hyperspectral imagery consists of hundreds of ‘spectra,” or
measurements of reflected or lemitted energy. Hyperspectral sensors scan many
channels across a relatively narrow bandwidth and provide detailed information about
target spatial and spectral patterns. Absorption and emission bands of given substances
often occur within very narrow bandwidths. They allow high-resolution, hyperspectral
sensors to distinguish the properties of the substances to a finer degree than an
ordinary broadband sensor. The intensity of this energy can be measured at various
wavelengths. Many objects and substances have spectral characteristics that are
unique and a unique spectral "signature" allows that object or substance to be identified
through various spectral analyses. By using sensors to detect multiple wavelengths, it's
possible to differentiate between natural and manmade objects - even different kinds of
vegetation and various types of building materials.

[003] The utility of subdividing the ultraviolet, visible and infrared spectra into
distinct bins for imaging has long been known. In multispectral imaging (MSI), multiple
images of a scene or object are created using light from different parts of the spectrum.
If the proper wavelengths are selected, multispectral images can be used {o detect
many militarily important items such as camouflage, thermal emissions and hazardous
wastes to name a few.

[004] A primary goal of using multispectral/hyperspectral remote sensing image
data is to discriminate, classify, identify as well as quantify materials present in the
image. Another important application is subpixel target detection, which allows one to
detect targets of interest with sizes smaller than the pixel resolution, and abundance
estimation, which allows one to detect concentrations of different signature specira
present in pixels. In remote sensing image analysis, the difficulty arises in the fact that a
scene pixel is mixed linearly or nonlinearly by different materials resident in the pixel
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where direct applications of commonly used image analysis techniques generally do not
work well.

[005] Hyperspectral imaging (HSI), is a passive technique (i.e., depends upon
the sun or some other independent illumination source) that creates a large number of
images from contiguous, rather than disjoint, regions of the spectrum, typically, with
much finer resolution. This increases sampling of the spectrum and provides a great
increase in information. Many remote sensing tasks which are impractical or impossible
can be accomplished with HSI. For example, detection of chemical or biological
weapons, bomb damage assessmeni of underground structures, and foliage
penetration to detect‘troops and vehicles are just a few potential HSI missions.

[006] Hyperspectral imaging technology uses hundreds of very narrow
wavelength bands to “see” reflected energy from objects on the ground. This energy
appears in the form of “spectral fingérprints” across the light spectrum; enables
collection of much more detailed data; and produces a much higher spectral resolution
of a scene than possible using other remote sensing technologies.

[007] Once these fingerprinis are detecied, special algorithms—repetitive,
problem-solving mathematical calculations—then assess them to differentiate various
natural and manmade substances from one another. “Signature” libraries may also be
used to identify specific materials—e.g., rooftops, parking lots, grass, or mud—by
comparing a library’s pre-existing reference catalogs with freshly taken hyperspecitral
images of the battlefield from space.

[008] Image processing equipment then portrays the various types of terrain and
objects upon it in different colors forming a “color cube,” each based on the wavelength
of the reflected energy captured by the image. These colors are subsequently
“translated” into maps that correspond to certain types of material or objects to detect or
identify military targets such as a tank or a mobile missile launcher. Algorithms can also
categorize types of terrain and vegetation (useful, for example, in counter-narcotic
operations), detecting features such as disturbed soil, stressed vegetation, and whether
the ground will support the movement of military vehicles.

[009] Using this technology, theater commanders can use mobile ground
stations to process in real-time information transmitted by the satellite, which will allow
theater commanders to keep pace with rapidly changing conditions.
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[010] Due to the large amount of data associated with HSI technology,
analyzing and displaying this data is difficult and processor intensive. Clearly, there
is a need for a method that can convert the large amount of data associated with HIS
technology to a compact and efficient file structure that will ease the analysis and
presentation of the data.

SUMMARY OF THE INVENTION
[011] In accordance with one aspect of the invention there is provided a
method for detection of a target in a hyperspectral image. The method involves
loading the hyperspectral image, stored in an Adaptive Background/Foreground
Analysis database (ABFA database), into computer readable memory, and
generating a Spectral Geographic Information System database (SGIS database)
based upon the hyperspectral image. The SGIS database includes a shape file
portion, a hyperspectral global data portion and a hyperspectral segment data
portion. Generating involves loading a data structure of the SGIS database, creating
the shape file portion by determining corner coordinates of shapes based on the
AFBA database, setting a number of shapes in the SGIS database to a same
number of segments found in segment data in the AFBA database, and creating an
array of records for a shape library. Space is provided to hold a record header and a
record content for each shape. Generating also involves creating a long integer
array to contain a shape index, and creating a short integer array to contain the
shape library, comparing a target spectra to the hyperspectral segment data of the
SGIS database. The method also involves determining a location of a match
between the target spectra and the hyperspectral segment data, and, displaying the
location of the target based on the match.
[012] Creating the shape file portion may further involve generating a
plurality of polygons for use in the shape file portion.
[013] The shape index may act as an index to the plurality of polygons.
[014]) The location of the target may be provided based on a latitude and a
longitude of the target.
[015] The target spectra may be based on spectral data from known military
targets.
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[016] In accordance with another aspect of the invention there is provided a

computer program product including a memory having computer readable
instructions stored thereon for analysis of hyperspectral images, the instructions
operable to cause a programmable processor to load the hyperspectral image,
stored in an Adaptive Background/Foreground Analysis database (ABFA database),
into computer readable memory, and to generate a Spectral Geographic Information
System database (SGIS database) based upon the hyperspectral image. The SGIS
database includes a shape file portion, a hyperspectral global data portion and a
hyperspectral segment data portion. Generating involves loading a data structure of
the SGIS database, creating the shape file portion by determining corner coordinates
of shapes based on the AFBA database, setting a number of shapes in the SGIS
database to a same number of segments found in segment data in the AFBA
database, and creating an array of records for a shape library. Space is provided to
hold a record header and a record content for each shape. Generating also involves
creating a long integer array to contain a shape index, and creating a short integer
array to contain the shape library. The instructions are also operable to cause a
programmable processor to compare a target spectra to the hyperspectral segment
data of the SGIS database, determine a location of a match between the target
spectra and the hyperspectral segment data, and display the location of the target
based on the match.

[016a] The computer program product may include further instructions

operable to cause the programmable processor to display the shape file portion over

a digital image file containing the hyperspectral data.
[016b] The computer program product may include further instructions

operable to cause the programmable processor to display a latitude and a longitude
location of the match.

[016c¢} The target spectra may be representative of a predetermined military
target.
[016d] In accordance with another aspect of the invention there is provided a

method for the compression of a hyperspectral image database. The method
involves reading the hyperspectral image database into computer readable memory
for processing. The hyperspectral image database describes a three dimensional
cube where the database includes a file header, global data and an array of segment
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data that includes segment vertices and. The method also involves translating the
hyperspectral image database to an Spectral Geographic Information System (SGIS)
database by determining from the hyperspectral image database the number of
segment vertices and determining the coordinates of the segment vertices to form a
shape file portion of the SGIS database.

[016¢€] Translating the SGIS database hyperspectral image database to the
Spectral Geographic Information System (SGIS) database may further involve
generating a shape file index as part of the shape file portion for each the segment
data record of the hyperspectral image.

[0161)] Generating a shape file may further involve generating a polygon
shape.
[0169] Generating the polygon shape may involve determining polygon points

and determining polygon parts.

[016h] The method may involve displaying the SGIS database on a computer
screen.
[016i] The method may involve comparing predetermined target spectra to

the hyperspectral segment data portion to determine the presence of a match.

[016]] The predetermined target spectra may be generated from a known
military target.

[016Kk] The method may involve determining the location of the match.

[0161] The method may involve displaying the presence of the match on a
computer screen.

[016m)] The method may involve displaying the latitude and longitude of the
match.

[016Nn] In accordance with another aspect of the invention there is provided a
computer program product including a memory having computer readable
instructions stored thereon, the instructions operable to cause a programmable
processor to perform the method of any one of the methods above.

[017] These and other features, aspects and advantages of the present
invention will become better understood with reference to the following drawings,
description, and claims.

423
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BRIEF DESCRIPTION OF THE DRAWING

[018] Figure 1 is a flow diagram of a database translation in accordance with

an embodiment of the invention;
[019] Figure 2 is a top level flow control diagram of a database converter in

accordance with an embodiment of the invention:

4b
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[020] Figure 3a is a detail block diagram of a hyperspectral image database
converter in accordance with an embodiment of the invention;

[021] Figure 3b is a continuation of a detail block diagram of a hyperspectral
image database converter in accordance with an embodiment of the invention;

[022] Figure 4 is a block diagram of a hyperspectral image database interface in
accordance with an embodiment of the invention;

[023] Figure 5 is a block diagram of the various software modules for the
analysis and display of hyperspectral images in accordance with an embodiment of the
invention;

- [024] Figure 6 is a typical screen shot of an image of a hyperspectral
geographic image database in accordance with an embodiment of the invention; and
[025] Figure 7 is a typical screen shot of an image of a hyperspectral
geographic image database with target locations identified in accordance with an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[026] The following detailed description is of the best currently contemplated
modes of carrying out the invention. The description is not to be taken in a limiting
sense, but is made merely for the purpose of illustrating the general principles of the
invention, since the scope of the invention is best defined by the appended claims.

[027] The system described herein is suitable for use with Hyperspeciral
Imaging (HIS) applications where the collection of geographic imaging data is used for
the location of specific target types. More specifically, the system lends itself
particularly well to the identification and location of military targets typically associated
with air to ground geographic imaging technology.

[028] The system described herein differs from the prior art because it provides
a means to translate large graphic image data files into a compact, highly efficient
database file structure that provides for the real time analysis and display of
hyperspectral image data.

[029] Referring to Fig. 1 which shows a block diagram for the conversion of a
hyperspectral geographic image database. Current imaging technology captures the
Image data in a database structure for analysis by a technique commonly referred to as
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Adaptive Foreground/Background Analysis (AFBA) which can be described as a three-
dimensional cube having RGB and grayscale image data. The AFBA database
structure is shown as block 12. The AFBA database typically may comprise a file
header 12a, a section of global data 12b and an array of image data or segment data
12c. This database is typically very large and can be of the order of 260 megabytes in
size. A translator 13 may be provided that transforms the large image database to a
more efficient and much smaller Spectral Geographic Information System (SGIS) file
which facilitates the rapid analysis and display of information. An SGIS database
structure 14 may be comprised of a shape file portion 16, a hyperspectral global data
portion 18 and hyperspectral segment data portion 20. The shape file portion 16 may
be comprised of a shape library 16a, a shape index 16b and a hyperspectral database
portion 16c. The shape library 16a may contain an array of polygons which may be
used to describe the map image to be analyzed. The shape index 16b acts as the index
to the polygon shapes contained in the library 16a and the hyperspectral database
portion may be a database format file that locates the polygons to generate the map
image to be analyzed.

[030] Fig. 2 shows the translation of the AFBA database to the SGIS database
in more detail. At block 100, the AFBA database 12 is read into memory. Each record
of this database may include information which describes the geographic image ana
may include header data, spectral channel data, image targets, and Iimage
endmembers. Image target data may further include segment data such as segment
vertices, channel indices, target indices, endmember indices, target-to-endmember
match indices, target abundances and end member abundances. At block 102, the
rather large AFBA database is converted to the smaller more efficient SGIS database.
At block 102, a file header portion is generated. For each record of the AFBA database
12, the translator 13 takes the number of vertices and the coordinates of the vertices to
generate the shape file portion 16 of the SGIS database. At block 104, the translator 13
creates the hyperspectral global data portion 18. This may require the translator 13 to
write field names for each channel, wavelength and FWHM. The transilator 13 may also
add records to the SGIS database for each channel the channel number, the
wavelength and the FWHM. The translator 13 will also create names for the targets and
endmembers. The SGIS database structure may be of any well known type such as
DB3 or the like.
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[031] At block 106, the translator 13 writes the segment data 20 to the SGIS
database. Segment data 20 may comprise for each record of the image database the
byte position, the segment pixel, vertices, channels, targets, endmembers, target-
endmember matches, target abundances and endmember abundances.

[032] At block 108, the translator 13 writes the shape file portion 16 to the SGIS
database. First, the shape file library 16a is created. Then, for each record of the
AFBA database 12, the polygon points and polygon parts that comprise the shape file
library 16a are created and written to the SGIS database 14. Also for each record, the
shape index 16b is generated and written to the SGIS database 14. Finally, the
hyperspectral database portion 16¢ is created by first creating a database header and
then for each record in the AFBA database the shape attributes are written as values in
the SGIS database.

[033] FigS. 3a and 3b further describe the AFBA to SGIS conversion algorithm
in still more detail. As mentioned previously, the AFBA database contains the data
associated with a large geographic image file that may be analyzed by a compuier to
determine target locations. At block 110, the data structure of the AFBA database 12 is
loaded. At block 112, the data structure for the SGIS database 14 is loaded. At block
114, the shape file portion 16 is created which includes the steps shown at block 116
where the corner coordinates of shape are determined based on the AFBA database.
At block 118, the number of shapes in the SGIS database 14 is set to the same number
of segments found in the segment data 12¢ in the AFBA database 12. At block 120, the -
array of records is created for the shape library 16a and space is provided to hold
record header and record content for each shape. At block 122, a long integer array is
created to contain the shape index 16b information. At block 124, a short integer array
iS created to contain the shape library 16a size. At block 126, the translator 13 enters a
main loop which is repeated for each shape in the shape library 16a.

[034] Referring now to Fig. 3b, the main loop 126 is described. For each shape,
the translator 13 will cycle through the following steps to populate the SGIS database
with the geographic imaging data. At block 130, for each shape, the database record
structure is created. At block 132, the number of polygon vertices associated with the
current shape is determined based on the data contained in the AFBA database 12. At
block 134, memory is provided to contain the data associated with the polygon vertices.
At block 136, the vertices data contained in the AFBA database 12 is translated to the
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shape file structure 16 of the SGIS database. At block 138, the image data from the
AFBA database 12 is analyzed to determine the number of times the current polygon
can be used in the geographic data being converted. At block 140, record space in the
SGIS database is allocated to contain the data associated with the polygon placement
based on the image data. At block 142 rings, holes, or both, that may be contained in
the polygon are repaired to form a continuous planar polygon with no voids. At block
144, the points associated with the polygon are set in the shape file 16 and at block 146
the coordinates of the bounding box which determines the actual shape of the polygon
are determined. At block 148 the length of the database record is determined and set
by the byte length of the polygon and at block 150 error checking is performed and this
isz verified by checking the cumulative running byte count. At block 152 the number of
vertices and locations of the current shape are written to the SGIS database. At block
154, the translator 13 returns to the beginning of the main loop 126 and repeats for
each shape found in the shape library 16a.

[035] As shown in Fig. 4, the AFBA database 12 may contain the file header
portion 12a, the global data portion 12b and the segment data 12c. The global data
portion 12b is shown in more detail at block 202 and may comprise wavelength data,
wavelength Full-Width Half-Maximum (FWHM), target spectra which describe the
targets being searched for and endmember spectra. The segment data 12¢ is shown Iin
more detail at block 204 and each segment may contain segment vertices, channel
indices, target indices, endmember indices, target to endmember match indices, target
cluster rejection filter, target abundances and endmember abundances.

[036] Referring now to Fig. 5 a software program 301 is shown which comprises
various software modules that may comprise a graphical user interface (GUI) for use on
a computer which allows for the analysis and display of the image data associated with
the SGIS database 14.

[037] At block 300, a main form is provided which allows the user to select from
a number of menu choices which provides the services that may load the SGIS
database 12 and display the background map, shapes, and set up the layers, and
generally act as the starting point for the creatiori and analysis of the SGIS database 14.
1038] At block 302, form 1 is provided which allows a user to select the region of
a map image to be analyzed. Typically the user may use a mouse to click and drag a
box to determine the region of a map the user wishes to analyze. Based on this
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selection, at block 304 a menu is displayed to the user which indicates the target
abundances and endmember abundances that are contained in the region selected in
block 302. At block 306, the endmember spectral data associated with the selected
region may be displayed as a chart for further analysis. At block 308, a table of data
may be displayed which shows the channel, wavelength and FWHM of each
endmember in the selected region. At block 310 the user may change the look ana
contents of the splash screen associated with program 301. At block 312, the shape
attributes associated with the selected region may be displayed. At block 314, module
1 is provided which performs the various conversion and analysis functions of the
program 301. These functions, as previously discussed, may include determining the
shape record structure, the segment records, reading the global data, shape data and
segment data. At block 316, module 2 is provided which also performs various
conversion and analysis functions and may include determining target and endmember
abundances, endmember spectra, spectral subsets and target abundances. Module 2
also displays the forms of data previously described.

[039] Referring to Fig. 6, a typical screen shot of a geographic map image 400
is shown. As can be seen, this image 400 comprises an underlying background map
402 which may be a grayscale or RGB image captured for analysis. An array of shapes
or polygons 404 are displayed onto the map 402 based upon the SGIS conversion. The
location and orientation of the shapes 404 are also determined by the SGIS conversion.
[040] . Fig. 7 shows the location of specific targets 406 based on the criteria
established by the endmember spectral data criteria that was preselected by the user.
The SGIS database 14 is analyzed to determine the location on the map 402 (Fig. 6) of
targets that match the endmember spectral criteria that may be established in the
program 301. In this manner, the user can select a predetermined target based on
endmember spectral data criteria and quickly locate areas of a map that match the
selected endmember spectral data criteria. The exact longitude and latitude of each
occurrence of a target can then be determined.

[041] It should be uhderstood, of course, that the foregoing relates to exemplary
embodiments of the invention and that modifications may be made without departing
from the spirit and scope of the invention as set forth in the following claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for detection of a target in a hyperspectral image, the method
comprising:
5 loading the hyperspectral image, stored in an Adaptive

Background/Foreground Analysis database (ABFA database), Into

computer readable memory;

generating a Spectral Geographic Information System database (SGIS
database) based upon the hyperspectral image, wherein the SGIS
10 database comprises a shape file portion, a hyperspectral global data

portion and a hyperspectral segment data portion, wherein generating
comprises:

loading a data structure of the SGIS database;

creating the shape file portion by determining corner coordinates
15 of shapes based on the AFBA database,;

setting a number of shapes in the SGIS database to a same

number of segments found in segment data in the AFBA
database;

creating an array of records for a shape library, wherein space Is

20 provided to hold a record header and a record content for each

shape;

creating a long integer array to contain a shape index; and

creating a short integer array to contain the shape library;

10
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comparing a target spectra to the hyperspectral segment data of the
SGIS database;

determining a location of a match between the target spectra and the
hyperspectral segment data; and

displaying the location of the target based on the match.

The method of claim 1, wherein creating the shape file portion further

comprises generating a plurality of polygons for use in said shape file portion.

The method of claim 2, wherein the shape index acts as an index to the

plurality of polygons.

The method of claim 1, wherein the location of the target is provided based on

a latitude and a longitude of the target.

The method of claim 1, wherein the target spectra is based on spectral data

from known military targets.

A computer program product comprising a memory having computer readable

instructions stored thereon for analysis of hyperspectral images, the
instructions operable to cause a programmable processor to:

load the hyperspectral image, stored in an Adaptive
Background/Foreground Analysis database (ABFA database), Into

computer readable memory;

generate a Spectral Geographic Information System database (SGIS
database) based upon the hyperspectral image, wherein the SGIS
database comprises a shape file portion, a hyperspectral global data

11
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portion and a hyperspectral segment data portion, wherein generating
comprises:

loading a data structure of the SGIS database;

creating the shape file portion by determining corner coordinates
of shapes based on the AFBA database;

setting a number of shapes in the SGIS database to a same

number of segments found in segment data in the AFBA
database;

creating an array of records for a shape library, wherein space is
provided to hold a record header and a record content for each
shape;

creating a long integer array to contain a shape index; and

creating a short integer array to contain the shape library;

compare a target spectra to the hyperspectral segment data of the
SGIS database;

determine a location of a match between the target spectra and the
hyperspectral segment data; and

display the location of the target based on the match.

The computer program product of claim 6 wherein the computer program

comprises further instructions operable to cause the programmable processor
to display the shape file portion over a digital image file containing the
hyperspectral data.

12
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The computer program product of claim 6 wherein the computer product
comprises further instructions operable to cause the programmable processor
to display a latitude and a longitude location of the match.

The computer program product of claim 6 wherein said target spectra is

representative of a predetermined military target.

13
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DB CONVERTER FROM AFBA TO SGIS
ALGORITHM DETAILS, 2 OF 2

MAIN LOOP: FOR EACH SHAPE 126
130

ALLOCATE RECORD STRUCTURE FOR CURRENT SHAPE AS POLYGON
152

GET THE NUMBER OF POLYGON VERTICES FROM AFBA STRUCTURE

134

ALLOCATE MEMORY FOR SHAPEFILE POLYGON VERTICES
136

COPY VERTICES FROM AFBA STRUCTURE TO SHAPEFILE STRUCTURE
138

CALCULATE HOW MANY PARTS WILL HAVE THE SHAPEFILE POLYGON
140

ALLOCATE THE MEMORY FOR POLYGON
PARTS RECORD IN CURRENT SHAPE

. ~—14
TAKE CARE OF THE RINGS AND HOLES INSIDE THE POLYGON

144

SET SHAPEFILE POLYGON POINTS
146

DETERMINE THE BOUNDING BOX COORDINATES OF THE POLYGON
148

SET THE CONTENT LENGTH OF RECORD TO THE BYTE LENGTH OF RECORD
150

VERIFY THE RUNNING BYTE COUNT
| 192

PRINT THE NUMBER OF VERTICES AND PARTS FOR THE CURRENT SHAPE
| 154

FIG. 3b
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SPECTRAL GIS DATABASE:
TARGET ABUNDANCES
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DATABASE CONVERTER IN C:
AFBA DB — SGIS DB

e

File Header 12a HS.shp l 1Sa

] HS.shx 16b
Global Data 12b — l
HS.dbf 16c
13~ '
Segments: Shapetfile 18
Header 1 12¢
Data 1
tc.
= HS_ glo.dbf 18
— 20
HS_ seg.dat
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