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INTERACTIVE COLOR DISPLAY FOR
MULTISPECTRAL IMAGERY USING
CORRELATION CLUSTERING

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aeronautics Space Act of 1958, Public Law 85-568 (72
Stat. 435; 45 USC 2457). ! :

FIELD OF THE INVENTION

The present invention relates to a method of and an
apparatus for producing single-class and multi-class
composite classification maps from multispectral data
and in particular, relates to a method of and an appara-
tus for interactively changing classification level param-
eters in real time during processing of multispectral
scanner data.

BACKGROUND OF THE INVENTION

In ever increasing numbers, aircraft and satellites are
being equipped with multispectral scanners used to

—
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gather earth resource data. To increase the accuracy of 25

this data, the number of spectral channels included in
the scanners has increased, from the 4-channel scanner
on the ERTS-1 satellite, through the 13-channel scan-
ner on Skylab, to the Bendix Corporation’s 24-channel
scanner in numerous aircraft. As the number of scanners
in use increases and the number of channels per scanner
increases, multispectral data is being generated in in-
creasing quantities. As the amount of data generated
increases, the problems associated with processing the
data in order to derive meaningful information there-
from also increase.

In the prior art, two distinct but complementary ap-
proaches to the processing of multispectral scanner data
have been followed. One such approach to such pro-
cessing uses a variety of techniques to produce color
maps of the ground area that are suitable for visual
inspection and interpretation. One such technique is to
use the intensity of one primary color (red, green, or
blue) to represent the intensity of the reflected energy in
one of three spectral channels. If these three-color im-
ages are superimposed (either photographically or with
a color video system) then a full color map is obtained.

There are a number of limitations to the color maps
produced in this manner. First of all, since one color is
associated with one particular spectral channel of the
data it is difficult to produce a map that uses data from
more than three different spectral channels. On the
other hand, multispectral scanners with up to 24 spec-
tral channels have been built. Further, if one uses data
from multiple-passes of the 4-channel ERTS multispec-
tral scanner, then 8, 12 or 16 effective channels of data
would not be uncommon.

A second approach to processing multispectral scan-
ner data focuses on digital processing techniques and
attempts to classify each ground resolution element in a
given area. One such technique attempts to classify each
ground resolution élement based on some type of pat-
tern recognition algorithm. Such algorithms will re-
quire ground truth information in order to train the
classifier. Obtaining good ground truth information is
one of the most difficult and costly parts of the classifi-
cation process. Further, a parametric classification tech-
nique is generally used in which statistical parameters
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2
such as mean vectors and covariance matrices are esti-
mated from ground truth information with the degree
to which these estimates reflect the true statistics deter-
mining the operating performance of the classification
method. However, the resultant difficulty in obtaining
good estimates of these parameters when the number of
channels increases indicates that the classification accu-
racy tends to deteriorate when more spectral data is
used. Thus, the additional spectral information, which

‘should increase the class discrimination, is not effec-

tively used in parametric classification techniques.

To overcome the obvious disadvantages of the pat-
tern recognition method of processing the data and
include information from more than three channels, a
number of digital processing techniques, including vari-
ous clustering methods, such as correlation clustering,
have been developed. The correlation clustering
method is based on the assumption (implicit in all uses of
multraspectral scanner data for classification purposes)
that ground resolution elements with the same (or
nearly the same) spectural signatures will belong to the
same class. Starting with this assumption, those ground
resolution elements with similar spectral signatures can
be assigned parameters grouping them together into
clusters which may then be processed to produce color
maps by the use of display systems such as NASA’s
PMISDAS system at the Johnson Space Center in
Houston.

A disadvantage of this type of approach is that the
processing is done blindly. That is, the parameter selec-
tion and processing are done without being able to see
what the resulting color map will look like. Having seen
a map produced by initial selection of parameters, the
classifier will most likely wish to change these parame-
ters. This requires more off-line digital processing. It is
not uncommon for such an iterative approach to take
many days or weeks to produce an “ideal” color map of
a given area.

It becomes apparent that, in order to reduce the pro-
cessing time required to produce acceptable classifica-
tion maps, an interactive system which will allow the
operator to change the various parameters in real time is
desirable. Such an interactive system would permit
extraction of the maximum amount of information from
the multispectral data in a minimum amount of time.

Further, such an interactive color display that is to
operate in real time would preferably utilize a video
display system. Assuming a 500 X 500 picture element
(pixel) matrix video display that must be refreshed
every 1/30 second, one sees that a 3.75 MHz data rate is
required to refresh the video display. Such systems are
available and in use today. However, existing systems
will simply display a single image and do not process
the multispectral data in any way.

What is desired is to be able to change the correlation
parameters in “real-time” as observed by the operator.
Suppose one tries to do this digitally. Assume that the
calculation of a single parameter value requires only 5
basic operations, each taking 1 psec. For ERTS data
this calculation must be done for each of the four chan-
nels and the results added (assume 1 psec per addition) -
to obtain the correlation parameter of a single pixel.
Thus, it would take 23 usec to compute the correlation
parameter from the spectral signature for each of the
three colors. Therefore, each of the 250,000 pixels con-
tained in a 500 X 500 pixel display would require 69
usec of computation which means that it would take
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over 17 sec. to change the video picture. This is obvi-
ously not the real-time operation that is desired.

The basic problem with digital computations is that
there are too many pixels (250,000) and one can there-
fore afford to spend only about 1 psec to process each
pixel if the entire calculation is to be completed in some
fraction of a sec. This suggests that a substantial amount
of parallel processing must be done if real time opera-
tion is to be achieved. Although digital computers with
substantial parallel processing capabilities have been
designed and built (such as the ILLIAC IV), they
would not be suitable for use in the small type of dedi-
cated system envisioned here.

Alternatively, optical processing offers the ultimate
in parallel processing. In U.S. Pat. No. 3,984,671, enti-
tled “Optical Process for Producing Classification Maps
from Multispectral Data”, a method is suggested by
which holographic correlation techniques could be
used to produce classification maps. In such a system all
of the ground resolution elements are processed simul-
taneously at the speed of light. However, a real-time
system would require a real time input transducer capa-
ble of changing coded data for all ground resolution
elements at video rates as well as a real time medium for
recording the holographic filters. While a number of
such real-time devices and recording media are being
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developed in various laboratories, none at the present

time possesses all of the properties that would be re-
quired for the type of interactive system disclosed in the
present invention. Additionally, in order to make a
color display it would be necessary to conmstruct an
elaborate system containing lasers of three different
colors. Such an interactive real-time system using co-
herent optical processing is, at present, beyond the cur-
rent state of the art.

The disadvantages of the prior art are overcome with
the present invention, wherein a method and an appara-
tus are provided for producing color displays of multi-
spectral imagery and which allow an operator to
change parameters of the clusters (ie., classification
level changes) in an interactive, real-time manner

SUMMARY OF THE INVENTION

According to the present invention, method and ap-
paratus are provided for processing multispectral scan-
ner data in real-time to develop a color video display
classification map. The multispectral signature or re-
flectance of a ground resolution element contained in N
channels of spectral data, is converted from a digital
format to N analog voltage signals. The N analog volt-
ages are coupled into each of three processing circuits,
each circuit containing N parallel processor channels. A
reference signature voltage having a preselected wave-
shape and defining a correlation cluster center is devel-
oped in each of the N parallel processor channels and
algebraically combined with one of the N analog volt-
age signals. The resultant voltages of each of the N
parallel channels in each processing circuit are summed
to develop a color-gun drive voltage signal. Each of the
three color-gun drive voltage signals are coupled to one
of the color-guns of a color video display to provide a
three-color representation, in the form of a picture ele-
ment (pixel) on the video screen, functionally related to
the spectral signature of each ground resolution ele-
ment.

Each of the N parallel processor channels is provided
with a first interactive control which allows real-time
changes in the cluster center of each channel and with
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a second interactive control which allows real-time
expansion and contraction of the upper and lower limits
or bandwidth about each cluster center.

By storing the serially recorded N spectral channels
of multispectral data in a parallel-output, multi-track,
fixed head disk, the N channels of spectral data may be
processed simultaneously for display. Further, the oper-
ator, through use of the interactive controls, may
change the classification parameter of each of the N
channels of data to correlate ground resolution elements
having similar spectral signatures. This allows the oper-
ator to define and “highlight” areas of particular inter-
est contained within the multispectral data.

Accordingly, it is a feature of the present invention to
provide reductions in processing time by permitting an
operator to make classification parameter changes dur-
ing processing and in real-time.

It is another feature of the present invention to pro-
vide interactive controls which permit an operator to
change levels of classification during a smgle processing
pass.

It is still another feature of the present invention to
permit processing of N channels of multispectral data
simultaneously.

These and other important features and advantages of
the present invention will become apparent from the
following detailed description wherein reference is
made to the figures in the accompanying drawings
showing preferred embodiments of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above-recited
features and advantages can be understood in detail, a
more particular description of the invention may be had
by reference to the specific embodiment thereof which
is illustrated in the appended drawings, which drawings
form a part of this specification. It is to be noted, how-
ever, that the appended drawings illustrate only a typi-
cal embodiment of the invention and therefore are not
to be considered limiting of its scope for the invention
may admit to other equally effective embodiments.

IN THE DRAWINGS

FIG. 1 is a block diagram of a color display system
for multispectral imagery incorporating the processing
system of the present invention.

FIG. 2 is a block diagram of the interactive analog
processor depicted in FIG. 1 and showing multiple
spectral inputs into three groups of identical processor
circuits used to develop video color-gun drive signals.

FIG. 3 is a block diagram of the parallel color chan-
nels contained within a typical processor circuit of the
interactive analog processor depicted in FIG. 2.

FIGS. 4 A-C depict various wave shapes present at
preselected points in the typical parallel color channel
depicted in FIG. 3.

FIGS. 5 A-D are representations of preselected ref-
erence wave shapes used to cluster the spectral signa-

" tures in the parallel circuits of FIG. 3.

FIG. 6 is a representation of the regions of influence
developed by intersecting two of the reference wave
shapes depicted in FIG. 5.

FIGS. 7 A-D are representations of the shift in classi-
fication levels by interactive operatlon of the controls
depicted in FIGS. 2 and 3.



4,139,862

.S

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 1, there is shown a block
diagram of one embodiment of the interactive color
display system 10 of the present invention. Although
depicted as a four channel system in the drawings, the
display system 10 can process any number of channels
of multispectral data to produce color classification
maps and will allow an operator to interact with the
data flow from all channels during processing to change
classification parameter levels during such map produc-
tion.

In order to understand the operation of the system
and the processing steps involved, it is helpful first to
consider the original format of the multispectral data.
First, an airborne spectral scanner (not shown) mea-
sures and records the reflectance from a particular
ground resolution element simultaneously for each of N
different spectral bandwidths. The reflectance measure-
ment of a single ground resolution element is thus di-
vided into N separate spectral channels, and each of the
measurements in the N channels is typically quantized
as an integer.

The scanner sequentially scans a line of contiguous
resolution elements, called a scan line, and records N
channels of data for each resolution element that is
scanned. The scanning is done perpendicular to the line
of flight of the scanner and a recording of successive
scan-lines produces data for all ground resolution ele-
ments that are in the flight path.

In order to present the information contained in N
channels of multispectral scanner data in a form that is
readily, understood by an observer it is advantageous to
use a video color display to represent the multi-dimen-
sional information contained therein, with each picture
element (pixel) on the display functionally related by
color to the multispectral signature of a given ground
resolution element. In particular, the present invention
provides a method and apparatus for associating a given
ground resolution element with a particular localized
region in N dimensional feature space and with the size
of a particular localized region and the color associated
with it under the interactive control of an operator.

The above-described association requires that the
color “c” of each localized region be some combination
of the three primary colors — red, r; green, g; and blue,
b — such that:

¢c=Crr+ Cgg+ Cgb [¢))
where Cpg, Cg, and Cpare the proportions of red, green
and blue, respectively, which make up the given shade
of color “c” associated with a particular region. Thus,
for an embodiment of the present invention which uses
a color video display to visually present the classifica-
tion map, Cg, C; and Cp will be the drive voltages
developed and applied to the red, green and blue color-
guns, respectively, which are associated with a typical
color cathode ray tube (CRT) 32.

The present invention provides method and appara-
tus for developing the values of Cg, C;and Cgfrom the
multispectral data contained on computer compatible
tape 12 by the following correlation clustering method.
Let Vydefine an analog voltage functionally represen-
tative of the N-channel multispectral signature associ-
ated with a particular ground resolution element and
V , define an analog voltage functionally representative
of one of N spectral bands which make up the spectral
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signature of that resolution element. That is, V7 = (¥},
Vy ... V). Next, let Vdefine an analog voltage func-
tionally representative of a reference spectral signature
associated with a particular color, i.e., I = r, g, or b and
let V) define an analog voltage having a preselected
wave-shape which defines a color center for each of N
spectral channels. Next, a weighting function may be
defined as ¢; (V,; — V() which is associated with a
particular channel *“j” whose value is a maximum at V,;
= V{(»yand whose value becomes small as |V,; — Y(,)j(
increases.

A correlation function C; associated with the color i
(i=R, G or B) as defined in equation (1) may then be
defined as:

N 2
Ci= 2 @
j=i

& Voj — Vi)
From the above-described properties of the function
¢;it is clear that the maximum value of C;is defined as:

CMAX _ %’ e 6]
Jj=1

and will occur when the spectral signature V,in a par-
ticular channel “j” is equal to the reference spectral
signature V ; associated with channel “j”. Further, it is
apparent that a large value of C; will occur when the
spectral signature and reference signature are similar,
while a small value of C; will occur when the spectral
signature and reference signatures are dissimilar. Thus,
if the three reference signatures V(p are well separated,
then a pixel associated with a ground resolution element
having a spectral signature ¥y = ¥,y would appear red.
Similarly, pixels associated with resolution elements
having spectral signatures V(qy = V(g and Vi) = V3
would appear green and blue, respectively. Further,
those pixels associated with resolution elements having
spectral signatures made up of proportionate parts of
the reference signatures for red, green and blue will
appear as separate and distinct colors.

Referring now to FIGS. 5 A-D, examples of possible
weighting functions ¢; (V,; — V) are depicted. The
various wave-shapes depicted in FIGS. 5A through 5D
may be preselected to determine a preselected range of
values for the weighting function. The various wave-
shapes shown are typically provided by an external
function generator with the particular wave-shape se-
lected to allow interaction between the spectral signa-
ture of a resolution element and the associated reference
signature to derive specific data values. This interaction
provides an instataneous data value ¢;for each spectral
signature V ;. To develop ¢, the reference signature is
positioned along the horizontal axis depicted in FIGS.
5A through 5D which represents the data space counts
contained in the N-dimensional feature space defining
the spectral measurement regions. The reference signa-
ture wave-shape is symmetric about a cluster center
V(o which is located at a preselected data space count
and which has a bandwidth defined by the intersections
of the wave-shape with the horizontal or data space axis
and has a preselected amplitude along the vertical axis
depicted in FIGS. 5A through 5D. If a spectral signa-
ture V,; has a discrete data space count falling within
the bandwidth of the reference signature, a value ¢;is
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developed at the point of coincidence of a vertical ex-
tension of V,;and the waveshape envelope.

From the above-described interaction it is apparent
that the value of ¢; for identical V,; data space counts
will vary according to the particular wave-shape se-
lected. Note in particular that if the wave-shape de-
picted in FIG. 5B is used, ¢; can only be one of two
possible values, either zero or the maximum preselected
amplitude of the weighting function wave-shape.

Accordingly, if N values of V,; are simultaneously
compared with N clusters V(;;to develop a ¢; value for
each of N channels of spectral data and the N simulta-
neous values of ¢;are summed, the result will be C;, the
correlation function defined in equation (2) or (3), ex-
pressed as an analog voltage.

Referring now to FIG. 7A, there is depicted a typical
reference signature having a cluster center Vy;located
on the horizontal or data space count axis. Further, a
spectral signature V,;is depicted as having a measured
data space count greater than the defined bandwidth of
the reference signature. Thus, the instantaneous value
of ¢; will be zero. As will be hereinafter described, an
operator may interactively shift the cluster center Vy;
along the data space axis as shown in FIGS. 7B through
7D. Further, the operator may also expand or contract
the bandwidth of the reference signature to include or
exclude the spectral signature V ;5o that a desired value
¢; may be developed.

Referring now to FIG. 6, localized color ranges may
be developed by intersecting a plurality of cluster cen-
ters so that an actual color region is defined by the
intersection of the upper and lower limits of the prese-
lected weighting function wave-shapes. For example, if
any one of the wave shapes depicted in FIGS. 5A - 5D
is present in two separate channels which are then
summed, a circular color region “R” will be defined for
correlating the spectral signatures of both channels.
Further, if two different wave-shapes such as depicted
in FIGS. 5A - 5D are present in separate channels, the
summation result could appear as the “G” or “B” re-
gions shown in FIG. 6. Thus, by proper choice of the
reference signature wave-shape present in each separate
spectral channel, the operator can preselect various
color regions of interest to aid in processing the multi-
spectral data.

Referring now to FIG. 1, there is depicted an em-
bodiment of the present invention capable of simulta-
neously processing four channels of spectral data to
develop a color display which may be visually in-
spected. Assuming the reflectance measurements re-
ferred to above are available in a digital format on a
computer compatible tape 12, the first step in the pro-
cessing sequence is to transfer the serially stored data on
tape 12 to a storage device 18 having parallel output
capability in order that each of the reflectance measure-
ments contained within the four spectral channels may
be processed simultaneously. In the present invention, a
high speed tape drive recorder/reproducer (R/R) 14
provides an output, in the form of a serial bit-stream of
the measurements contained on tape 12, which is cou-
pled into a high speed buffer 16 over a data line 15. High
speed buffer 16 provides addressing for each 8-bit data
word and transfers the addressed data words to the
parallel output storage unit 18 over data line 17. In the
present embodiment, a minicomputer having addressing
and throughput capability, such as is well known in the
art, is utilized as the high speed buffer 16.
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Parallel output storage unit 18 comprises a conven-
tional high-speed, 32 track, fixed-head, magnetic disk
storage unit. Thus, storage device 18 provides 8 parallel
tracks for each spectral channel which can store the
8-bit integer per ground-resolution-element data for
each channel. Accordingly, 32 tracks can then store the
data for all four spectral channels which make up the
multispectral signature of the scanned ground resolu-
tion element. As each single track on the magnetic disk
contained within storage unit 18 can store up to 250,000
bits, a video display unit 30 having up to a 500 X 500
pixel matrix may be utilized in the present invention.
Further, the rotational rate of the disk contained within
storage unit 18 is preselected so that data for a complete
video frame will be available at the color video display
30 refresh rate.

Thirty two data-bits representing a four channel mul-
ti-spectral signature for a given ground resolution ele-
ment are read from the disk in parallel by 32 fixed-head
transducers (not shown) and coupled into the input
ports of four parallel input digital-to-analog converters
(DAC) 20, 22, 24 and 26 over parallel data lines 21 a-h,
23 a-h, 25 a-h and 27 a-h, respectively. DAC’s 20, 22,
24 and 26 convert the 8-bit integers of the digitally
formated spectral signature data into four analog volt-
ages which are coupled into an interactive analog pro-
cessor 28 over analog voltage output lines 29, 31, 33 and
3s.

Referring also to FIG. 2, the interactive analog pro-
cessor 28 contains three identical analog circuits 34, 36
and 38 as will be hereinafter described, which function
to develop a signal representative of the proportion of
each of the three primary colors (red, green and blue)
which are developed to visually represent the spectral
signature of each ground resolution element. Each of
these analog circuits contain interactive controls which
permit an operator to change the classification levels
assigned to each ground resolution element in real-time
during processing of the data, with the change reflected
in a change of color of the video display 30 pixel repre-
sentative of that ground resolution element.

In the present embodiment, the desired classification
map is obtained as a display on the color video display
unit 30 which has the color-guns of a CRT 32 intercon-
nected to the processor 28 by drive voltage signal lines
37, 39 and 41, with the signal representative of the pro-
portion of red coupled into the color gun which pro-
vides the red color on CRT 32, and with the green and
blue signals being similarly coupled into the green and
blue color-guns. Additionally, the refresh rate of color
video display 30 is synchronized to the video output
rate of the storage unit 18 such that the display is re-
freshed each time the storage unit 18 outputs a prese-
lected video frame. Conventional color video display
units 30 are available which provide a 500 X 500 pixel
matrix making up a single video frame. Additionally,
storage disks capable of storing up to 250,000 bits per
track are available for use with storage unit 18. Thus,
the multispectral data for an entire video frame com-
prising a 500 X 500 pixel matrix can be stored in storage
unit 18.

Still referring to FIG. 1, interactive controls 40a
through 625, the purposes of which will be hereinafter
explained, are shown mounted on color video display
unit 30. This mounting location positions the controls
proximate to the operator: who may easily make desired
parameter changes while viewing the CRT 32 display
during processing. =
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Referring now to FIG. 2, there is shown a block
diagram of the interactive analog processor 28 of the
present invention. The processor 28 contains three iden-
tical analog processor circuits 34, 36 and 38, each uti-
lized to process the spectral signatures to provide the
color-gun drive voltage signals 37, 39 and 41, that are
applied to the color-guns of display 30. Referring also to
FIG. 3, each of the processor circuits 34, 36 and 38 are
shown to comprise four (4) parallel processing chan-
nels. For example, red processor circuit 34 is shown to
include four (4) parallel processing channels 40, 42, 4
and 46 with each processing channel interconnected to
receive a different analog spectral signal over data lines
29, 31, 33 and 35, applied from each DAC 20, 22, 24 or
26, respectively. Further, the above described interac-
tive controls 40A-62B are interconnected to channels
40 through 62 so that each processor channel, such as
49, is provided with a first manual control, such as 40A
which is used to control the data space location of clus-
ter center V(y; (hereinabove defined) of the reference
signature voltage, as will be hereinafter described, and a
second manual control, such as 40B, which is utilized to
control the bandwidth of the reference signature, again
as will be hereinafter described. )

Referring now to FIG. 3, there is shown a block
diagram of analog processor circuit 34 which is typical
of processor circuits 34, 36 and 38, and which illustrates
additional details of the four (4) typical parallel analog
processor channels within each processor circuit. The
description which follows will be limited to a descrip-
tion of one parallel processing channel 40, but the tech-
nical explanation applies equally to the operation of all
other parallel processing channels of processor circuits
34, 36 and 38.

Still referring to FIG. 3, parallel processor channel 40
includes a two-port differential amplifier 64, having a
positive input port interconnected to the analog voltage
output from digital to analog converter, DAC 20. The
remaining negative port is interconnected to a function
generator 106 which acts as a source of the reference
signature voltage wave-form which is variable through
operation of the reference signature control 40A shown
in FIG. 3 as a variable resistor or potentiometer. The
combined signal developed at the differential amplifier
64 from the spectral and reference signatures is effec-
tively coupled into a conventional gain amplifier 66
having a variable gain control 40B, also shown as a
variable resistor or potentiometer.

The output signal of gain amplifier 66 is applied to a
conventional limiting circuit 68 which operates to limit
the amplified signal to achieve a signal having a typical
wave-shape as shown in FIG. 4A. The signal from
limiter circuit 68 is applied to a conventional squaring
circuit 70 to achieve a signal having a typical wave-
shape as shown in FIG. 4B. The output signal of circuit
70 is then coupled into the negative port of a second
differential amplifier 72. A preselected voltage level,
shown as V 4-, is coupled into the positive port of differ-
ential amplifier 72 to provide a zero reference level for
the amplifier 72 output signal which is shown as a typi-
cal output signal as depicted at 4C. The output signal of
second differential amplifier 72 is the previously defined
¢; value and is coupled into a port of a multi-port sum-
mation network such as network 74. Since the inputs to
network 74 are analog voliage levels, the output will
also be an analog voltage level corresponding to the C;
term defined in equations (2) and (3). The output signal,
C,;, of each summation network of each of the processor
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circuits 34, 36 and 38 is applied to one of the conven-
tional color-guns of CRT 32 contained within color
video display 30.

From the above-description, it is apparent that the
spectral signature of a given resolution element in terms
of red, green and blue color-gun drive signals which
determine the color of each display pixel will be the
instantaneous value of the analog voltage signal from
each of the three color circuits 34, 36 and 38. Thus, to
provide a corresponding visual representation of the
spectral signatures on CRT 32, the frame scan of color
video display 30 is synchronized to the parallel output
of storage unit 18. Any conventional synchronization
method, such as providing a separate synchronization
track or providing an additional channel which is uti-
lized solely for synchronization, may be used to provide
this function.

The above-described operation of processor system
10 relates to processing digitally encoded multi-spectral
data to provide a visual representation which may be
interpreted by an operator. However, a more important
aspect of the present invention is the provision for alter-
ing parameters during real-time processing such that the
visual representation on CRT 32 may be altered to
enhance particular areas of interest to the operator.

Referring now to FIGS. 1, 2, 3, 5A-5D and 7A-7D,
the classification level parameters of the multi-spectral
data may be altered by interaction between the operator
and the reference signature position and gain controls
40A-62B, which are depicted as variable resistors or
potentiometers in FIG. 3. Again, utilizing channel 40
for purposes of explanation, changes in the setting of
control 40A. changes the series resistance provided by
control 40A, thereby changing the cluster center Vy;
voltage coupled into first differential amplifier 64. As
the V(y; voltage of the reference signature corresponds
to a data space count, a change in the voltage will shift
V(y; along the data space axis to a data space count
position corresponding to the new voltage. Assuming,
for example, control 40A is changed to decrease the
resistance in the variable resistor, then the increased
cluster-center voltage coupled into first differential
amplifier 64 results in the cluster center Vi shifting
from a lower data space count to a higher data space
count as shown by the shifts depicted in FIGS. 7A-TD.
Thus, and now referring to FIGS. 5A-5D, the various
wave-shapes present in a particular spectral channel
may be positioned at any data space count along the
data space axis by operator interaction with that chan-
nel’s reference signature control.

Referring now to FIGS. 1-3, and 7A-7D, gain con-
trol 40B, shown in FIG. 3 as a variable resistor or poten-
tiometer, permits increasing or decreasing the band-
width about cluster center V ;. Changing the resistance
through operation of control 40B changes the actual
gain provided by gain amplifier 66 with a resulting
change in the bandwidth. Further, interaction of gain.
amplifier 66 with the incoming signal merely affects the
bandwidth, with the gain amplifier 66 maintaining a
constant amplitude on the signal. By way of example,
operation of control 40B to increase the resistance in the
variable resistor (depicted as 40B) lowers the actual -
gain provided by gain amplifier 66 with a resulting
spread in the bandwidth. As shown in FIGS. 7A-7C,
the resistance of control 40B is increased, there is a
corresponding spread in the bandwidth about cluster
center V(. Thus, in FIG. 7 the gain of amplifier 66 is
shown decreasing in FIGS. 7A through 7C while the
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gain is shown increasing over the-values depicted in
FIGS. 7A through 7C in FIG. 7D. Further, the band-

width of the various weighting wave-shapes present in-

the spectral channels, such as depicted in FIGS. 5A
through 5D, may be expanded or contracted by opera-
tor interaction with gain controls 40B, 42B, 44B and’
46B interconnected to the channel in which the
weighting wave-shape appears.

5

Assume that a spectral signature V,; is present in-

channel 40 as a data space count along the data space
line as shown in FIGS. TA-7D. Operation of control
40A will enable the operator to move the cluster centér

V(yi so as to bring the spectral signature within the

cluster defined by the bandwidth about the cluster cen-
ter. Thus, in FIG. 7A the spectral signature V,;is signif-
icantly larger than Vy;and is outside the cluster wave--
shape giving a ¢; of zero for that spectral signature of
the ground resolution element and would not be a factor

in the output of the summation network 74. In FIG. 7B,

the operator has moved the cluster center V(,), and in-
creased the bandwidth to include the spectral signature

10

15

20

V- The instantaneous value of the output analog volt- -

age ¢;, outputted would be the intersection of the clus-
ter wave-shape with the data space count posxtlon of the
spectral signature V,; as previously described in con-
nection with FIG. 5. FIGS. 7C and 7D show additional
examples of the shifting of cluster center V ;;along the
data space axis to include and exclude the spectral sig-
nature V,,; within the cluster wave-shape to develop a
desired ¢; during actual processing.

include or exclude specific spectral signatures within a
particular color, thereby broadening or narrowing the
classification of the visual representation for obtaining
broad or narrow classifications, in accordance with
predetermined requirements.

The above-described embodiment of the present in-
vention deals specifically with a system 10 capable of
handling four channels of spectral data. However, the
scope of the present invention is such that any number
of channels of spectral data could be simultaneously
processed. In the above-described embodiment, the
limitation to processing four channels simultaneously is
imposed by the parallel output storage device 18. Ac-
cordingly, use of a storage device which would permit

25

30
Thus, the operator of the system 10 has the ability to "

35

40

45

the simultaneous parallel output of the 8-bit data words :
for more than four channels would enable the system 10 -

to be expanded. Such expansion would, of course, re-
quire that additional digital-to-analog converters be
added as well as additional color processor channels be
included in each of the processor circuits 34, 36 and 38.

Further, the above-described embodiment of the
present invention assumes that the multispectral data is

present in a digital form. It is within the scope of the -

invention, however, that multispectral data recorded as
analog voltage signals recorded in a plurality of parallel

50

55

channels on an analog tape could be utilized as the data
input to processor 28, negating the requirement for the -

serial-to-parallel and digital-to-analog conversions.
It will be apparent from the foregoing that many
other modifications and variations may be made in the

60

apparatus and method depicted herein. Accordingly, it -

should be clearly understood that the forms and details
of the apparatus and technique described herein and
depicted in the accompanying drawings are intended as
illustrations only, and are not intended as lnmtatlons of
the scope of the present invention.

What is claimed is:
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1. Apparatus for producing color classification maps
from multispectral scanner data in which the color
classification of the multispectral data can be changed in
real-time, comprising:

“a source of a plurality of channels of multispectral
data in digital format representative of the reflec-
tance of preselected ground resolution elements,

transform means for receiving said plurality of chan-

nels of multispectral data in digital format and
providing a like plurality of analog voltage output
signals, a selected instantaneous voltage of each of
said signals being representative of a selected spec-
tral signature functionally related to said reflec-

- tance of one of said ground resolution elements,

processor means responsive to said plurality of analog

voltage output signals for developing primary
color classification signals functionally related to
said spectral signatures, said processor means in-
cluding interactive control means for changing said
primary color classification signals to effect a
change in the color classification of the v1sually
displayed multnspectral data, and

display means responsive to said primary color classi-

fication signals for producing a visual display in
map form of said multispectral data.

2. The apparatus described in claim 1, wherein said
transform means comprises: :

means for serially receiving said plurality of channels

of multispectral data in said digital format and
converting said data to a like plurality of channels
of multispectral data in a parallel digital format,
and

means for receiving said plurality of channels of said

parallel digital data and converting each of said
channels of said digital data to an analog voltage
output signal.

3. The apparatus described in claim 2, wherein said
processor and interactive control means comprises
three parallel processing circuits, each of said circuits
receiving all of said analog voltage output signals from
said transform means for developing a primary color
classification signal representative of the proportional
value of a primary color to be assigned to said spectral
signatures.

4. The apparatus described in claim 3, wherein each
of said three parallel processing circuits comprises a
plurality of parallel processing channels, each of said
plurality of parallel processing channels receiving one
of said analog voltage output signals from said trans-
form means and generating an analog color classifica-
tion signal functionally related to the spectral signatures
in one of said plurality of channels of multispectral data.

:5. The apparatus described in claim 4, wherein each
of said plurality of parallel processing channels com-
prises:

at least one signal generating means for generating a

" preselected analog reference signal representative

of a preselected reference signature, each of said
preselected reference signals defining a preselected
waveshape having a preselected bandwidth sym-
metrical about a preselected cluster center voltage
and having a preselected amplitude, said prese-
lected waveshape cooperating with said selected

- instantaneous voltage for providing a preselected

spectral signature weighting function,

a differential amplifier receiving one of said plurality

of analog voltage output signals from said trans-
form means and said preselected analog reference
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signal from said at least one signal generating
means for generating a first analog signal represen-
tative of the difference between said selected in-
stantaneous voltage of one of said analog voltage
output signals from said transform means and said
preselected cluster center voltage of said prese-
lected analog reference signal, -

control means interposed between said at least one

signal generating means and said differential ampli-
fier for selectively changing the preselected cluster
center voltage of said reference signal with respect
to said preselected instantaneous voltage for
weighting said selected spectral signature,

an amplifier for receiving said first analog signal from

said differential amplifier, said amplifier having a
gain control means for selectively controlling the
bandwidth of said first analog signal,

" means receiving said controlled bandwidth first ana-
log signal output from said amplifier for limiting
the amplitude of and squaring said first analog
signal and producing a second analog signal,

inverting means receiving said second analog signal

for inverting said signal and establishing a prese-
lected reference level therefor, wherein said in-
verted signal output is said analog color classifica-
tion signal.

6. The apparatus described in claim 5, further includ-
ing summing means receiving each of said analog color
classification signals from each of said inverting means
in each of said parallel processing channels in one of
said parallel processing circuits for summing said analog
signals to provide one of said primary color classifica-
tion signals.

7. The apparatus described in claim 6, wherein said at
least one signal generating means is a function genera-
tor.

8. The apparatus described in claim 6 wherein said
control means is a manually-operable variable resis-
tance.

9. The apparatus described in claim 6, wherein said
gain control means is a manually-operable variable re-
sistance.

10. The apparatus described in claim 3, wherein said
display means comprises a color CRT having three
primary color-guns each of which receives one of said
primary color classification signals from said processor
means.

11. Apparatus for producing color classification maps
from a plurality of channels of multispectral data repre-
sentative of the reflectance of preselected ground reso-
lution elements, and in which the color classification of
the multispectral data can be changed in real-time, com-
prising:

transform means for receiving said plurality of chan-

nels of multispectral data and providing a like plu-
rality of analog voltage output signals, a selected
instantaneous voltage of each of said signals being
representative of a selected spectral signature func-
tionally related to said reflectance of one of said
ground resolution elements,

processor means responsive to said plurality of analog

voltage output signals for developing primary
color classification signals functionally related to
said spectral signatures, said processor means in-
cluding interactive control means for changing said
primary color classification signals to effect a
change in the color classification of the visually
displayed multispectral data, and
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display means responsive to said primary color classi-
fication signals for producing a visual display in
map form of said multispectral data.

12. The apparatus described in claim 11, wherein said

transform means comprises:

means for receiving said plurality of channels of mul-
tispectral data and generating an analog voltage
output signal corresponding to each of said plural-
ity of channels of multispectral data.

13. The apparatus described in claim 12, wherein said
multispectral data from said plurality of channels of
multispectral data is in digital format, and said trans-
form means further comprises:

means for serially receiving said plurality of channels
of multispectral data in said digital format and
converting said data to a like plurality of channels
of multispectral data in a parallel digital format,
and

means for receiving said plurality of channels of said
parallel digital data and converting each of said
channels of said digital data to an analog voltage
output signal.

14. The apparatus described in claim 12, wherein said
processor and interactive control means comprises
three parallel processing circuits, each of said circuits
receiving all of said analog voltage output signals from
said transform means for developing a primary color
classification signal representative of the proportional
value of a primary color to be assigned to said spectral
signatures, ‘

15. The apparatus described in claim 14, wherein
each of said three parallel processing circuits comprises
a plurality of parallel processing channels, each of said
plurality of parallel processing channels receiving one
of said analog voltage output signals from said trans-
form means and generating an analog color classifica-
tion signal functionally related to the spectral signatures
in one of said plurality of channels of multispectral data.

16. The apparatus described in claim 15, wherein
each of said plurality of parallel processing channels
comprises:

at least one signal generating means for generating a
preselected analog reference signal representative
of a preselected reference signature each of said
preselected reference signals defining a preselected
waveshape having a preselected bandwidth sym-
metrical about a preselected cluster center voltage,
and having a preselected amplitude, said prese-
lected waveshape cooperating with said selected
instantaneous voltage for providing a preselected
spectral signature weighting function,

a differential amplifier receiving one of said plurality
of analog voltage output signals from said trans-
form means and said preselected analog reference
signal from said at least one signal generating
means for generating a first analog signal represen-
tative of the difference between said preselected
instantaneous voltage of one of said analog voltage
output signals from said transform means and said
preselected cluster center voltage of said prese-
lected analog reference signal,

control means interposed between said at least one
signal generating means and said differential ampli-
fier for selectively changing the preselected cluster

- center voltage of said reference signal with respect
to said preselected instantaneous voltage for
weighting said selected spectral signature,
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an amplifier for receiving said first analog signal from
said differential amplifier, said amplifier having a
gain control means for selectively controlling the
bandwidth of said first analog signal,
means receiving said controlled bandwidth first ana-
log signal output from said amplifier for limiting
the amplitude of and squaring said first analog
signal and producing a second analog signal, and

inverting means receiving said second analog signal
for inverting said signal and establishing a prese-
lected reference level therefor, wherein said in-
verted signal output is said analog color classifica-
tion signal.

17. The apparatus described in claim 16, further in-
cluding summing means receiving each of said analog
color classification signals from each of said inverting
means in each of said parallel processing channels in one
of said parallel processing circuits for summing said
analog signals to provide one of said primary color
classification signals.

18. The apparatus described in claim 16, wherein at
least one signal generating means is a function genera-
tor.

19. The apparatus described in claim 16, wherein said
control means is a manually-operable variable resis-

tance.
20. The apparatus described in claim 16, wherein said

gain control means is a manually-operable variable re-
sistance.

21. The apparatus described in claim 17, wherein said
display means comprises a color CRT having three
primary color-guns, each of which receives one of said
primary color classification signals from said summing
means.

22. Apparatus for developing primary color classifi-
cation information for producing color classification
maps from a plurality of analog voltage output signals,
each of which is representative of one of a plurality of
channels of multispectral data functionally related to
the reflectance of preselected ground resolution ele-
ments, a selected instantaneous voltage of each of said
analog voltage output signals being representative of a
selected spectral signature functionally related to said
reflectance of one of said ground resolution elements,
and in which the color classification of the multispectral
data can be changed in real-time, comprising:

processor means responsive to said plurality of analog

voltage output signals for developing primary
color classification signals functionally related to
the spectral signatures, said processing means in-
cluding interactive control means for changing said
primary color classification signals to reflect a
change in the color classification of the multispec-
tral data.

23. The apparatus described in claim 22, wherein said
processor means comprises three parallel processing
circuits, each of said circuits receiving all of said analog
voltage output signals for developing a primary color
classification signal representative of the proportional
value of a primary color to be assigned to said spectral
signatures.

24. The apparatus described in claim 23, wherein
each of said three parallel processing circuits comprises
a plurality of parallel processing channels, each of said
plurality of parallel processing channels receiving one
of the analog voltage output signals and generating an
analog color classification signal functionally related to
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the spectral signatures in one of said plurality of chan-
nels of multispectral data.

25. The apparatus described in claim 24, wherein
each of said plurality of parallel processing channels
comprises:

at least one signal generating means for generating a
preselected analog reference signal representative
of a preselected reference signature, each of said
preselected reference signals defining a preselected
waveshape having a preselected bandwidth sym-
metrical about a preselected cluster center voltage
and having a preselected amplitude, said prese-
lected waveshape cooperating with said selected
instantaneous voltage for providing a preselected
spectral signature weighting function,

a differential amplifier receiving one of said plurality
of analog voltage output signals and said prese-
lected analog reference signal from said at least one
signal generating means for generating a first ana-
log signal representative of the difference between
said selected instantaneous voltage of one of said
analog voltage output signals and said preselected
cluster center voltage of said preselected analog
reference signal,

control means interposed between said at least one
signal generator means and said differential ampli-
fier for selectively changing the preselected cluster
center voltage of said reference signal with respect
to said preselected instantaneous voltage for
weighting said selected spectral signature,

an amplifier for receiving said first analog signal from
said differential amplifier, said amplifier having a
gain control means for selectively controlling the
bandwidth of said first analog signal,

means receiving said controlled bandwidth first ana-
log signal output from said amplifier for limiting
the amplitude of and squaring said first analog
signal and producing a second analog signal, and

inverting means receiving said second analog signal
for inverting said signal and establishing a prese-
lected reference level therefor, wherein said in-
verted signal output comprises one of the analog
color classification signals.

26. The apparatus described in claim 25, further in-
cluding summing means receiving each of said analog
color classification signals from each of said inverting
means in each of said parallel processing channels in one
of said parallel processing circuits for summing said
analog signals to provide one of said primary color
classification signals.

27. The apparatus described in claim 25, wherein said
at least one signal generating means is a function genera-
tor.

28. The apparatus described in claim 25, wherein said
control means is a manually-operable variable resis-
tance.

29. The apparatus described in claim 25, wherein gain
control means is a manually-operable variable resis-
tance.

30. The apparatus described in claim 26, further in-
cluding a color CRT having three primary color-guns,
each of which received one of said primary color classi-
fication signals from said processor means for produc-
ing the classification map. ‘

31. A method of producing color classification. maps
from multispectral scanner data in which the color
classification of the multispectral data can be changed in
real-time, comprising the following steps,
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providing a plurality of channels of multispectral data
in digital format representative of the reflectance of
preselected ground resolution elements,

transforming said plurality of channels of multispec-
tral data in digital format to a like plurality of ana-
log voltage output signals, a selected instantaneous
voltage of each of said signals being representative
of a selected spectral signature functionally related
to said reflectance of one of said ground resolution
elements,
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processing .said plurality of analog voltage output
signals for developing primary color classification
signals functionally related to said spectral signa-
tures,

converting said primary color classification signals to
a visual display in map form of said multispectral
data, and

interactively changing said primary color classifica-
tion signals to effect a change in the color classifi-

- cation of the visually displayed multispectral data.
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