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OBJECTIVE

The objective of this report is to describe data collection
and computer software used to characterize armored targets and ground
clutter in the 3- to 5-pym and 8- to l4-um infrared (IR) spectrum., The
software is designed to evaluate a conceptual seeker algorithm for
effectiveness against an armored threat within the threat's operational
scenario.

. INTRODUCTION

The US Army Missile Research and Development Command (MIRADCOM)
Advanced Sensors Directorate is conducting a Ground Target Signatures
Program to investigate and evaluate passive IR targets and background
(clutter) signatures and identify potential target discrimination and
acquisition techniques. To these ends, several computer software routines
have been developed which progress from a point of producing graphics
which provide intuitive insight into the problem to qualitative evalua-
tion of detection and acquisition algorithms. The computer software
features are as follows:

a) Three-dimensional plot of target-clutter energy versus
aspect position with a subroutine to convert the data to a two-dimensional
plot of energy versus scan direction position — This is accomplished by
an integration process in the vertical dimension., These data provide
information for scan direction Weiner Spectrum analysis.

b) Two-dimensional matrix plot of energy versus target
clutter position — This program provides a matrix of data values versus
position to be used in a simple hot spot detection algorithm.

c) Target~-clutter noise discrimination model used to vary a
threshold on the matrix array provided in Routine b) — The program out-
put is the number of data points exceeding the threshold and the loca-
tion of those points.

d) Histogram of target-clutter scene. This routine generates
an energy probability density function which can be used to evaluate
target energy versus clutter energy and the setting of a seeker threshold.

e) Variable field-of-view (FOV) scan — This program is used
to subdivide a large array of data into smaller increments as would be
seen by a matrix array of detectors or a line array with scan direction
data storage equivalent to the vertical scan dimension.

£) Fly-in simulation model — This program selects consecutive
subsets of the original data matrix to simulate the reduced FOV encountered
during seeker fly-in and calculates data statistics.

g) Graphics target-clutter frame-to-frame comparison model-—
— This program is used to accumulate statistics over a large number of
scenes as in Routine d). It then calculates the mean and standard




deviation of the accumulated scenes and uses Routine c) to evaluate a
threshold set to the scene mean value plus integer multiples of the
standard deviation. :

h) Two-dimensional gradient and spatial discriminator — This
program generates a two-dimensional thermal gradient by evaluating the
pixel to pixel changes in both horizontal and vertical directions through |
the use of a 2-horizontal by 2-vertical pixel window.

i) Two-dimensional thermal gradient and spatial discriminator-— .
This routine is identical to Routine h) except for the window function |
which has been expanded to 3-horizontal by 3-vertical pixels, |

These routines are used in conjunction with AGA Thermovision data
to evaluate tactical scenes, The following sections provide the AGA
thermovision raw data and data formating into a CDC 6600 compatible
format, a mathematical and physical description of each computer program,
and a users guide for each program.

1. PROBLEM DEFINITION

A, Introduction

The evaluation of seeker performance against armored
threats requires a thorough understanding of the seeker algorithm and
the nature of the threat and its expected environment. Once this basis
is established, more sophisticated methods of target-background dis=-
crimination can be applied.

B. System Characterization

The first step which must be taken in any computer evalua~
tion is characterization of the system to be analyzed. To do this,
either the target must be characterized by some model or actual field
measurements must be obtained. A model is usually a tradeoff between
accurate representation of the target-background and the mathematical
complexity which the analytic system can handle. Field measurements
are real-world situations limited only by the similarity of the data
acquisition system to possible seekers and by the number and variety
of measurements that can be made. Once the data are collected, they
can be analyzed on numerous levels from intuitive to analytical.

Iv. DATA COLLECTION

The data collection system is a raster type scanner manufactured
in Sweden by AGA AKTIEBOLAG. The system contains two major subassemblies;
the camera head and an electronics control/display console. The camera
head consists of a silicon lens with a 134-mm focal length and a maxi=-
mum aperture opening of £/1.5. The optical system uses a variable
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aperture stop to control the FOV and an image plane scanner designed to
produce a raster scan at 16 frames/sec over a 10° by 10° square FOV,

The scan rate is determined by the 280 vertical line 2/1 interlace raster
with 140 unambiguous data points per horizontal line and 140 unambiguous
vertical line resolution capability, The single detector is an InSb
photovoltaic detector operating at 77°K by means of a nitrogen dewar.

The detector angular subtense for both horizontal and vertical FOV is

1.3 mrad.

The detected video signal is supplied to the video amplifying circuits
which amplify and filter the signal to drive a small cathode ray tube
which generates a pictorial result. At the same time, the video signal
is supplied to an analog-to-digital converter. The analog-to-digital
converter presently digitizes approximately one frame per second and
stores data serially in a PCM format on one track of a l4-track tape on
an AMPEX-1300 tape recorder. Each digitized data frame consists of 140
vertical lines with 140 data points per line in a 10-bit word for each
data point. This l4-track output tape, with one track of serially
packed digitized Thermovision output data contains 140 X 140 X 10 bits
of information for each frame digitized. This information is then
selected on a per frame basis and recorded on a digital parallel seven-
track tape compatible with input data format requirements of an Army
CDC-6600 digital computer, Further and more detailed descriptions of
recording techniques and the reduction of Thermovision data will be
addressed in the ensuing sections of this report.

The AGA Thermovision system is relatively small and may be mounted
on a helicopter, elevated tower, or installed in a fixture at ground
level to view a ground target or background scene. In support of many
different air defense and ground target signature applications, the
system has been equipped with eight different bandpass filters. Each
of these filters represents an IR bandpass of military interest.

A, AGA Thermovision Field Measurements

In general, the AGA Thermovision system has been used
in IR measurements of ground targets viewed from both ground level posi-
tions and elevated platforms. This system of data collection has proven
to be reliable in many and varied applications. For example, this sys-
tem has been used by the Air Force to record in-flight IR signatures of
jet aircraft plumes. The Thermovision system was mounted in a pod on
the wing of a chase plane.

For the current application, the Thermovisions were mounted on a heli-
copter to collect ground target and clutter data from various altitudes,
ranges, and aspect angles near vertical. Due to the interaction between
the target and ground clutter and a desire to gain more of an intuitive
insight into the problem and evaluate seeker concepts, a large quantity
of data has been taken for ground targets and clutter.
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Data of these types, along wi*h computer analysis, can evaluate and
establish limits on seeker systems acquisition techniques which operate
predominately on cnergy levels and spatial frequency. These types of
data and computer analyses can also be used to assess the feasibility
of automatic target cueing technology in detecting and recognizing tacti-
cal targets in forward looking IR (FLIR) imaging systems.

B. Data Formatting

The purpose of this sectijn is to outline steps required
to process and reduce the raw Thermovision data to a computer compatible
format., The block diagram of Figure 1 will be used to describe the
required process from the point of data inception to the point of input-
ting reduced data to the CDC-6600 for analysis.

STEP 1 " STEP2 STEP 3

EACH DIGITIZED
THERMOVISION ANALOG TO DIGITAL FRAME IS SERIALLY |
TAPES 2| CONVERTER DIGITIZES [==-] RECORDED ON ONE
16 FRAMES/sec ONE FRAME fsec TRACK OF AN AMPEX

1300 TAPE. .

Figure 1. AGA Thermovision data recording process.

During Step 1, each Thermovision data frame is composed of 140 lines
with 140 resolution elements per line; consequently, if each data point
is represented with a 10-bit word (16 X 140 X 140 X 10 bits of informa- 4

tion), the string of 3.136 X 106 bits/sec would require recording on
magnetic tape. This data rate is well beyond the tape drive operating
capability; therefore, an analog-to-digital converter was developed to
digitize one frame per second, approximately 196,000 bits of information
per frame. This requires the matching of lines from frame to frame to
reconstruct one frame out of every 16 frames. To assure correct frame
reconstruction, the last two data points at the end of each frame have

a special coded value. Therefore, at the end of Step 3, a l4-track
AMPEX ~1300 tape is generated with digital PCM Thermovision information
on only one track., A physical representation of the one track is shown
in Figure 2. Each line is composed of Data Point 1 (D1) through Data 4
Point 140 (D140); each data point is represented by 10 bits.

LINENOIT G o imias i ;o - e BINE VA0

Figure 2., Data frame format.
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For each line, Data Points 139 and 140 have the same special bit
pattern to denote the end of a line; in addition, Data Points 139 and
140 of Line 140 are made up of a special bit pattern to identify the end
of a frame. After one frame is recorded on the tape, a new frame is
started; this process repeats itself until the measurements are completed
or a tape is full.

Steps 4, 5, and 6 (Figure 3) are illustrated to show how the data
are recorded to meet CDC=6600 input format requirements. During Step 4,
a decommutator is used to select the correct coded words at the end of
each line and at the end of each frame to reconstruct each data frame
correctly, Each frame of data is input to a PDP-11 digital computer
(Step 5). During Step 6, a PDP-11 digital computer takes the serial
string of bits and generates a seven-track parallel digital packed tape
which may be input to a CDC-6600 computer. It must be recalled that a
10-bit word was output from the analog to digital converter to represent
each 10-bit data point. This 10-bit word is now right-adjusted in each
of the 18-bit words output from the PDP-11 computer. Thus, at the end
of Step 6, a magnetic digital tape composed of Thermovision data has
been generated and is compatible with CDC-6600 software.

STEP 4 STEPS STEP 6
AMPEX-1300
TAPE IS INPUT EACH FRAME A PARALLEL
TO A EMR-2746 I IS INPUT TO __| 7-TRACK TAPE
DECOMMUTOR A PDP-11 ~ 7 | ISPACKED WITH
TO CONSTRUCT COMPUTER 18-BIT WORDS
FRAMES

Figure 3, Data conversion to CDC-6600 format.
C. Validation of Data Format

The initial task in the Thermovision data analysis is to
input to the Eglin BASES program the digital tape generated during the
previously mentioned six steps of the data reduction process., The 10-bit
input data are now contained in an 18-bit word and must be selected,
sorted, and shifted into a 60-bit word. After processing through the
BASES program's GETPIC routine, a new seven-track parallel data tape is
created, which is made up of 60-bit words, with five 12-bit words in
each 60-bit word. Furthermore, the 10 bits of meaningful data are
packed in each of the 12 bits of information as in the example of
Figure 4,




60 BIT ——»

“

XX —p XX ———p XX t——p X ———— XX ~—
108IT 108IT 10BIT 108BIT 10BIT

Figure 4, CDC 60~bit word data format.

After using the GETPIC routine one time to generate the new 60-bit
word data tape, the BASES program may be run any number of times with
the new data tape without using the GETPIC routine again. Outputs from
the BASES program applied to measured data are tabulated in Table 1 for
100 of the 260 frames of data contained on the tape.

V. DATA ANALYSIS

The simplest level at which data can be analyzed is by a two-
dimensional printout of data counts versus the two spatial coordinates
(Figure 5). This gives a quick intuitive feel for the general distri-
bution of energy in the data frame, Maximum, minimum, and rough average
energy across the data can be obtained., Further insight can be gained
by plotting energy versus position using a three-dimensional plotting
program (Figure 6). This three-dimensional plot provides a wealth of
qualitative information. From the three-dimensional plot, an evalua-
tion of target energy as compared to background energy can be obtained.
A rough idea of spatial frequency content and thermal gradients can
also be determined. The three-dimensional plot also quickly reveals
the distribution of equal energy levels (level slicing).

From this point, there are basically three different approaches to
target-background discrimination: spatial filtering, feature selection-
classification, and pattern recognition [1]. Spatial filtering can be
achieved most easily by scanning with an array of detectors. A linear
array of detectors whose output is summed while being scanned at right
angles across a scene will produce a one-dimensional distribution of
energy versus scan position (Figure 6). This output can be converted
to a Weiner spectrum using the Fourier transform [2]. The Weiner spec=
trum can then be used to characterize target and background signatures.

The importance of characterizing IR backgrounds is unquesticnable,
but methods for doing so have been hotly debated [2-5]. Most recent
efforts have centered around modeling IR backgrounds as Gaussian noise
distributions. Such distributions can then be described by Weiner
spectra, autocorrelations, or line scandistributions. Thus, themain
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Figure 6. Three-dimensional plot with vertical scan plot.
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thrust of data acquisition and analysis of the MIRADCOM IR ground target
signatures program has been to confirm or refute these models.

Feature selection and classification also requires knowledge of the
statistical energy signatures of targets and backgrounds. To do this,
a histogram of the number of data points versus scene intensity must
be accumulated (Figure 7). From the histogram (probability density
function), target and background signatures can be fitted to statistical
distributions, usually assumed normal or Gaussian. These statistics
will then define error probabilities for various seeker-target-background
combinations. A qualitative feel for the performance of an adaptive-
threshold seeker algorithm can be gained by thresholding the two-
dimensional matrix plot around the target mean at integer multiples of
the target standard deviation (Figure 8). Further characterization of
target and background signatures requires that statistics be accumulated
on a large number of data frames to increase the statistical confidence
in the signatures obtained.

The first step in performing pattern recognition studies is to
define the shapes present in a particular scene. This is most easily
accomplished by spatial differentiation, which essentially enhances
edges of objects (this is also useful in evaluating the performance with
edge tracker systems)., There are many methods for edge enhancement but
the simplest computationally are linear matrix approximations to the
spatial gradient. These methods involve using either a two by two or
three by three matrix as a window for calculating differences in abso-
lute value among adjacent data points. Matrix windowing also allows
simulation of various configurations of shaped detector arrays. By
altering the size of the matrix, simulation of seeker fly-in can also
be achieved.

Vi. SOFTWARE DESCRIPTIONS |

The program P2171 is a versatile package which provides many
alternate methods to display the information in a particular scene.
The program provides options to enable the user to read packed or
unpacked data, Various operational modes can be selected due to the
compartmentalized structure of the program. Energy levels can be output

either uncalibrated as counts, or calibrated in W cm-zstr-l by using
previously determined calibration constants and various parameters read
from the input data tape. Coordinates can be output in three modes:
uncalibrated (row and column), calibrated linear (ft), or calibrated
angular (deg). Provision is made in this program for editing the data
to decrease the effects of noise spikes or delete obviously bad data.
The program can output a summary (Figure 9) of each frame of data which
includes the following data: time before and after frame, time differ-
ence, frame number, instrument settings (filter, aperture, gain, etc.)
maximum and average counts, location of maximum count, and other
internally related data.

11
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Data can also be output as a two-dimensional matrix of energy
values. Energy and position units can be selected as described previously.
Highlights can be added such as marking maximum count or blanking out
cells with counts below a selectable threshold. The matrix plot also
provides the sum of all counts in the frame. A portion of the program
provides the two-dimensional matrix output for the first intuitive
examination of the data. After the target and background statistical
distributions have been determined, the two-dimensional matrix can be
thresholded and output to give a qualitative feeling for seeker effective-
ness and probable errors (Figure 10).

This two-dimensional matrix of energy values can be plotted in
three dimensions, that is a plot of energy (as the vertical coordinate)
versus spatial coordinates with the benefits described earlier. The sum
of the columns is also plotted as a two-dimensional projection along
the edge of the three-dimensional plot to provide a simulation of scan
direction line detectors.

The KPLOT program provides plots of the statistics of single or
accumulated data frames. It can produce bar or point histogram plots
of the data probability densities, as well as the mean, variance, and
standard deviation of a normal distribution which best fits those data.

Program GOWENS is a fly-in simulation model and edge-tracker model.
The fly-in simulation is implemented by iteratively reducing the full
frame of data to a smaller subset of data points to simulate range
closure, simultaneously finding the statistics for the reduced scene,
The same program can simulate an edge tracker by the same process on a
line-by-line or column-by-column basis. Level slicing and thresholding
can also be done in this program using a subroutine which places only
those data points with counts inside a gate into a reduced matrix,
Coordinates are encoded with the data values so that the gated data may
be accurately reconstructed.

Program Gradient does the 2 X 2 and 3 X 3 spatial gradient calcula-
tions. The program utilizes a moving matrix and an absolute value cal-
culation to approximate the temperature gradient, The 2 X 2 method
calculates from the matrix:

alb

cld

The gradient, s, at point, a, is then given by

S=la-=-d| + |b-c]|

where || is absolute value.
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The 3 X 3 method uses the matrix

alb|c

cle|f

glh|i

and calculates the gradient, s, at point e as

S = lel + ISy!

where
Sx = (c+2f +1i) - (a+2d + g)

S,= (8 +2h +1) - (a+2b +c) :

Sx and Sy approximate the partial derivatives in the x and‘y directions,

respectively, and can thus be used to simulate edge trackers,

Vil SOFTWARE USER INFORMATION

A, Introduction

This portion of the report is to provide a guide for
prospective users of Program P2171, Program GOWENS and Program KPLOT.
Setup procedures and various types of input and output will be demonstrated,
It should also be noted that Program P2171 was modified from the original
Eglin version to simulate IR-guided missile systems against certain
armored targets,

B. Program P2171 Setup

The following files are used:

Files Description Restrictions

1. Input/Tape5 Cards Always

2, Output/Tape 6 Time history listing Always

3. Tape 11 Primary data source PDP-15, picture Always
data tapes or previous compressed
P2171

4, Tape 10 P2385 or P2204 trackpoint range Optional
data tape

17




5.

6.
7.

Files
Tape 12

FILMPL
Tape 9

Description

Compressed output tape of input
Tape 11

Three-dimensional picture plots
Picture matrix listing

Restrictions
Optional

Optional
Optional
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C. Program GOWENS Setup

This program was developed in-<house as a simulation tool
to evaluate each frame of IR data efficiently without utilizing large
amounts of computer resources (memory, time, etc,) which are required
by Program P2171, Program GOWENS will read the same input .tape (Tape 11)
as Program P2171; sort and process IR data are to be plotted with
Program KPLOT.

The following files are used:

Files . Description Restriction

1. Input/Tape 5 Cards Always

2. Input/Tape 1 Primary data source, same as Tape 11, Always
P2171

3. Output/Tape 6 Listing of variables (user may select Optional
any variable)

4, Tape 2/Tape 3 Sort merge Always

5. Tape 7 Processed IR data (cataloged) Always

Program GOWENS Ingut[Outgut

1. KT Card . . . Frame number card, 1615, to identify those frames to
be evaluated. If frame = 0 or -1, program will stop.

2. IFIL Card . . . Time ID card, 5I3,2F10.3, 4Al0, select frame by
time, filter, gain, and aperture setting. The view is also included.

3. Tape 1 . . . Primary IR data source (Eglin AFB).
4, Tape 2 , . . File to be sorted, input to Tape 3.

5. Tape 3 . . . File containing sorted IR data (maximal to minimal
intensity).

6. Tape 7 . . . Output of processed IR data, contains frame times, the
view if any, largest 200 data values, and the leocation of each
value in the frame,

D. Program KPLOT

Program KPLOT is a mathematical model developed for graph-
ical evaluation of the output produced by Program GOWENS. KPLOT generates
bar and point plots by interacting with the Tektronix software plotting
routines. In bar plot graphing, the number of IR data points is plotted
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versus the intensity range which can be expressed in measurements of
counts or watts per steradian. KPLOT will also illustrate a frame of
data (100 X 100 matrix) and show the location and intensity of all hot
spots in the frame.

The following files are used:

Files Description Restrictions
1. Input/Tape 5 Interaction with terminal Always
2. Input/Tape 7 Processed IR data Always
3. Input/AGII Tektronix Software Always
4, Output/Tape 6 Information display (Plots) Always

Program KPLOT IngutZOutgut

NOTE KPLOT is an interactive program that is run on a terminal.

1, Tape 7 . . . Primary input for KPLOT (same as Tape 7 in GOWENS).
2, AGII . . . Tektronix Software.

3. Tape 5/Tape 6 . . . interactive I/0 with terminal.

4, Output . . . barplots, display of frame and location of heat sources,
(Figures 1 and 2).

Vill. COMPUTER PROGRAM LISTINGS

The listing for BASES Program P2171 is presented in Appendix A,
Program GOWENS follows in Appendix B, Program KPLOT listings are con=-
tained in Appendix C.

IX. SUMMARY

The nine different computer models outlined and described in
the introduction all utilize different discriminants to investigate the
spatial radiance of target and clutter. Of the nine different computer
models, only three are contained in the Computer Program Listing
(Appendices A, B, and C) in order to minimize the size of this report.
In the case of energy computer model described in the report the over=-
lapping areas between target and clutter represent a loss function where
targets would be classified as clutter or vice versa. In the search
for a means to minimize this loss function, the authors believe the
Graphics target clutter frame-to-frame comparison model coupled with
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the two-dimensional gradient and spatial discriminator model offer the
most effective and sophisticated approach to optimize the true target
selection criteria for most clutter conditioms.

However, it is anticipated that even after maximizing the use of
these two computer models in complex clutter environments, some loss
function may still exist, Consequently, additional independent samples
of data should be utilized with multispectral data reduction algorithms
for further reduction of the previously mentioned loss function.
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Appendix C. LISTING FOR PROGRAM KPLOT
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