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I. INTRODUCTION

This rcport describes image data of military vehicles at
wavelengths of 3.2 mm and 10.6 I.~m available on magnetic tape from thePhysical Sciences Directorate, US Army Missile Research and Development
Command (MIRADCOM) , Redstone Arsenal, Alabama.

The images were obtained through the use of the Hughes Research
Laboratories mobile image scanning equipment. All the data described
here were taken 7 June 1976 through 11 June 1976 at a California
National Guard Armory in San Diego, California. Thanks are due to Lt.
Col Curtis E. Reigel, Commander , 3rd Battalion, 185th Armor, for pro-
viding support and allowing the use of the facilities and equipment under
his command .

This report is to provide an index of the available images for pro-
spective users. Additional study of the images and methods of process-
ing them will be carried out both at Hughes Research Laboratories and
HIRADCOM.

II. BACKGROUND

A basic research program was established in December 1975
at MIR ADCOM to evaluate the submillimeter wavelength region of the elec-
tromagnetic spectr~a for possible Army applications. The goal of this
program is to determine if an all-weather capability will be provided
by utilization of these wavelengths. Initial emphasis was created by
an ASAP summer study in 1974 by Dr. Paul W. Kruse which suggested that
submillimeter waves could provide sufficient resolution and’ inclement
weather pen$ration to allow the Army to acquire, recognize, and direct
conventional weapons fire onto hostile targets such as tanks and other
military vehicles[l—4j. The 1976 ASAP summer study reviewed the MIRADCOM
effort [51 .

The primary reasons for selecting this wavelength region are as
follows:

a) Millimeter and centimeter wavelengths are not seriously
degraded by inclement weather but they cannot provide sufficient res-
olut ion for target identification without exceeding the restrictions
placed on antenna size by operational systems.

b) Optical and infrared wavelengths can provide the required
resolution for target identification but propagation of these wave-
lengths in inclement weather is poor .

5
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c) Submillimeter wavelengths can be used with system compatible
antenna sizes to provide a narrow beam that will minimize the problem
of clutter returns and provide sufficient resolution for accurate target
location, size discrimination, and shape recognition capability. Clear
air attentuation is expected to be high but inclement weather effects
should not seriously degrade the beam.

The characteristics of submillimeter waves suggest potential
application in the following:

a) Terminal homing.

b) Target designation.

c) Active seekers.

d) Beam riders.

e) Prelaunch guidance.

f) Surveillance.

g) Target acquisition.

h) Secure communications.

1) Reducing system vulnerability to antiradiation missiles (ARM)
and electronic countermeasures (EcM) .

Before any application can be undertaken, a data base in the submillimeter
region must be established. Propagation in conjunction with meteor-
ological observations and data on target reflectivities and scene contrast
needed for image capability predictions are the most important inputs
needed for the data base.

A more specific list of the critical data inadequacies in the area
of propagation can be given [6]. There are no experimental data on

• scattering. Measurements of absorption in clear air are limited and do
not include detailed meteorological measurements. Observed fluctuations
in attenuation are not explained. The theories on clear air absorption
do not work well in the atmospheric windows. The data base for extinction
in rain, snow, and fog is very limited . A bibliography to provide an
introduction to the field of submillimeter propagation is available [7].

A program is currently under way at MIR.ADCOM to obtain a statis-
tically meaningful data base for submillimeter propagation in the atmos-
pheric windows at approximately 750 , 850 , and 1.3 nun [8].

It was decided that the most productive technique for evaluating
the imaging capability at these wavelengths was not to build an imaging
submillimeter radar but rather to use an existing 3.2-mm radar at ranges
which simulate the resolution one would obtain with a submillimeter
wave radar.
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In addition to obtaining the simulated submillimeter data, high
resolution images were obtained both at 3.2 nun and at 10.6 .im. These
data are now available in digital format. The high resolution data
allow digital image processing to be used to study the effects of image
degradation and image enhancement.

The intensity of the returned signal is calibrated with respect
to the return from a polished gold sphere. It is hoped that these cali-
brated data will be useful to system designers. Calibrated target
signature data of this type are not available in the submillimeter wave-
length region; neither are data available on optical properties of
materials in this region. A program is begining at MIRADCL~1 to fill this
gap. The 3,2-mm and lO.6-jim data will aid in interpretation and
uation of the subinillimeter target signature and otpical constant
parameters.

III . DESCRIPTION OF THE IMAGE SCAN SYSTEM

There is a detailed description [9] of the image scanning
equipment and the methods used to calibrate the equipment. A summary
of that description will be given here.

A . The 3 .2-mm Equipment

The 3.2-mm system used a Hughes LOW-I backward wave
oscillator (SWO) to provide at least 1 W of power to the 45-cm trans-
mitting antenna. A separate receiving antenna with an identical aper-
ture feeds the heterodyne receiver. At 14.6 m, the system resolution
spot size (at the 3-dB points) is oval in shape with a height of 10 cm
and a width of 8.2 cm. The calibration of the receiver is shown in
Figure 1.

The system response was calibrated against the backscatter from
a polished 50-mm (2-in.) diameter gold-plated chrome steel sphere.
The sphere was assumed to have the theoretical radar cross section of

-26.9 dB/m . The data are digitized into 12 bits and stored on magnetic
tape for later processing. To convert this integer value to voltage,
the relationship 10 V 4096 is used. An effective radar cross section
(RCS) referenced to the gold sphere can be calculated by using the

-
• following expression:

RCS (dB/rn2) 6.91 
~4O9.6 

- V 5) - 26.9 (1)

where I — the integer value on the data tape and V~ — the voltage

reading from the 50-nun gold sphere . The sphere voltage was taken at
the end of every scan when the transmitter and receiver were parallel
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polarized. When the transmitter and receiver were cross polarized, the
following expression was used to calculate the backscattered intensity:

Intensity (dB) = 6.91 
~4o9.6 

- 10) . (2)

The accepted definition of radar cross section is the area inter-
cepting that amount of power which, when scattered equally in all direc-
tions, produces an echo equal to that from the target [10]. Thus, a
specular sphere with a geometrically projected area of a square meter
(a rad ius of l/~/~ ) has an RCS of a square meter. This definition
implies that the target is smaller than the illuminating beam. There-
fore, the RCS calculated using Equation (1) should be used as a
calibrated reflectance , not as an RCS usable in the radar range
equations.

B. The 1O.6-~im System

A 1-W CO 2 laser lasirig on the P20 line provides the

transmitting signal for the 10.6-u rn imaging system. The natural diver-
gence of the laser output beam results is a 4-cm , horizontally polarized ,
illuminated spot on a target at 14.6 ci. A 2-mm diameter liquid nitrogen
cooled HgCdTe detector positioned in the back focal plane of a 20-cm
diameter F/4 telescope acts as the receiver. The receiver was polar-
ization insensitive. Synchronous video detection at 1 K Hz with an inte-
gration time of 0.01 sec is used to eliminate the effects of background
radiation.

The lO.6-um images differ from those obtained at 3.2 mm in several
important respects:

1) The resolution of the lO.6-um transmitter is app roximately
twice that of the 3.2-mm transmitter (4 cm versus 10 cm).

— 2) The receiver in the 1O.6-~ m system performs speckle averaging
resulting in the 3.2-mm data having a larger component of speckle noise.
This speckle noise further reduces the effective resolution of the 3,2-mm
system [11, 12].

3) Heterodyne detection was used at 3.2 mm but video detection
was used at 106 tm.

4) The 3.2-nun receiver is sensitive to only one polarization while
the lO.6-~tm receiver is polarization insensitive.

The calibration curve for the 1O.6-iim system is shown in Figure 2 .
The data are stored digitally in the same format at the 3,2-mm image data.
When the reflected signal is referenced to the same gold sphere as
was uaed in the 3.2-mm calibration, the following equation gives the
effective cross section:

9
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RCS (dB/m2) = 5.346( 4o~~ 6 - V )  - 26.93 (3)

-The return from the gold sphere , V 8 was recorded at the end of each
run . The same warning should be kept in mind when using Equation (3)
that was given with Equation (1) .

When the exterior light level remained constant , very good visible
records were obtained (F igure 3*) .

C. Visible System

A passive visible system with resolution of —.3 mrad was
used to provide a boresight reference record for the 3.2-mm data .
However , the lack of an automatic gain control (AGC) on this data channel
and the fact that the light levels often changed rapidly during a scan
produced streaking in most of the visible sensor images (Figure 3b) .
Nevertheless , the visible images can still be used to obtain the spatial
origin of the reflectivity data in the 3.2-mm and l0.6-~ m records.

• D. Accessory Equipment
p

An equipment van and azimuth and elevation (AZ/EL ) scanning
pedestal from a 584 radar system were used to house all of the equipment
and provide the scanning capability needed to form images. Figure 4
shows the system in operation at San Diego , California .

The scanning motors in the AZ/EL pedestal were replaced by stepping
motors . Data were recorded when the motors were stepped from top to
bottom, left  to right. In all but two cases , the scattered intensity
was recorded every 3.5 mrad in AZ and 3.4 mrad in EL.

The raw data tapes were returned to Hughes Research Laboratories
where they were read , unpacked into separate computer files for each
wavelength , and stored on a final 9-track data tape at a density of
800 BPI . The 12-bit work for each intensity is r ight-justified into
a 16-bit work and written into two bytes on the tape. Each file on the
data tape contains one image written in a TV raster format a row at a
time. The data files are blocked into records 2048 bytes long (1024
intensity readings) without regard to the raster format. If the last
record of a file does not contain 2048 bytes , then the remaining bytes
are filled with zeros . Figure 5 shows the first 3 image rows of file
No. 32.

The f irst  file contains an EBCDIC listing of the data tape directory.
A printout of this file is shown in Figure 6. The remaining 135 files
contain the binary image data . In each data file , the f irst  three
intensities have been replaced by the number of column s, the number of

• .. row s , and a zero ( f i rs t  three numbers in the listing shown in Figure 5).
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Figure 3. Visible image files.
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IV. DATA PROCESSING

The digital records have 4Ô96 gray levels available; no image
display can provide such a large dynamic range. It is therefore necessary
to process the digital data before creating a visual record . One of the
most straightforward methods of converting the digital data to useable
gray scale value s is to perform a l inear mapping of the form:

Ii ‘- I  ~
I(display) = 256( i

0 
- 

m m )  (4)
\ max mini

This simple mapping function is shown graphically in Figure 7. It
converts the 12-bit digital data to 8-bit gray scale data and was used
to create all of the images shown in this report.

Mapping of one image intensity into a new image intensity, indepen-
dent of position, is called point processing. Point processing is one
of a number of digital image processing techniques which can be used to

• - provide the viewer with information or insight about the image [131 .
The sole purpose of the point processing functt ~,n shown in Figure 7 was

• to provide a visual record of the data file.  Follow-on work will examine
the usefulness of more complicated digital image enhancement techniques.

V. DATA DISPLAY

During a scan , a composite image was produced in the radar
van by exposing a polaroid f i lm to an oscilloscope trace whose x and y
deflections are associated with the AZ/EL scan and whose z-axis modulation
is associated with signals from the three sensors. An example of such
a composite image is shown in Figure 8. The images from the top to
bottom are associated with the l0.6-~jm , visible , and 3.2-mm sensors,
respectively. These composite displays provide the operator with evi-
dence that a successful scan has been completed but very little infor-
mation about the quality of the images is provided by this crude display.

Once the data have been obtained and a final data tape created ,
digital image processing can be used to provide images for any display.
Figure 9a shows the easiest display to implement. The digital image
data were mapped one~ the integers from 0 to 2 and a line printer was
used to generate the image. Another simple method for generating visual
images utilizing equipment available in most laboratories is shown in
Figure 9b. A Versatec Matrix Model 1200A is used to print, in binary

• format , an image with eight grey levels.

There are several types of display devices available which can
provide high quality images from digital data. Figure 10 shows images
produced by two such devices. On the left of Figure 10 is a composite
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Figure 18. Composite real time image.
(Scan No. 27—i l images of two jeeps
at 450 , top to bottom 10.6 urn visible
and 3.2 ma, respectively.
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image produced during a scan in real time. The center column of images
contains photographs of a Conographics Model C9 gray level cathode ray
tube (CRT) computer terminal which is capable of displaying up to 256
gray levels in a 1024 by 1024 pixel image. The photographs are a poor
representation of the actual images because the film does not have the
dynamic range of the display; nor is the film response matched to the
display.

The highest quality hard compy images were produced by a flying
spot scanner with matched photographic equipment. These images are
shown in the right-hand column of Figure 11. The visible image is a
normal photograph included for reference.

VI. TARGETS

The targets used to generate the images on the data tape are
shown in Figure 10. The mess truck and trailerare a mobile kitchen and
supply trailer constructed from plywood on a standard Army truck bed.
The paint samples used in this experiment were made according to MIL
specification of 1.5-ft aluminum squares. The top coats used were:

a) TT-E-489 gloss enamel, black No. 17038.

b) MIL-E-52227 semigloss enamel, olive drab No. 24037.

c) TT-E-527 lusterless enamel,olive drab No. 34087.

d) TT-E-516 lusterless enamel, white No. 37875.

e) TT-E-489 gloss enamel, black No. 17038.

f) MIL-E-46l36 semigloss solar heat reflecting enamel,
Type II , olive drab No. 24087 over an undercoat of MIL-E-
46127 gray solar heat reflecting paint.

g) MIL-E-46096 lusterless solar heat reflecting enamel,
olive drab No. 34087 over an undercoat of TT-E-516.

Different primers were used on the two sides of the aluminum plates,
as follows:

a) TT-P-l757 zinc chromate primer , green No. 34141.
b) MIL-P-52192 epoxy primer, red. Only samples with the first

undercoat were measured due to high winds. In addition to the
painted samples, scans over the following unpainted samples were
made :

1) Plywood behind canvas.

2) Aluminum behind canva s.
3) Galvanized steel samples produced by two different types

of surface treatment were used.
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4) 304 stainless steel.

5) 410 stainless steel.

6) Unpainted aluminum.

Appendix A provides detailed information about the contents of the

~.2-mm and 10.6-pm files recorded on the data tape . A photograph of the
target is included with the other information. The histograms of
reflectivity values provided with each file present graphically the
information content of the image contained in a given dynamic range.
They also provide the information needed to perform certain types of
processing.

The histograms, when used in conjunction with a program such as
BIWT (Appendix B), provide information about the spatial origin of
given reflectivity values. Figure 12 demonstrates the implementation
of this “intensity disection” of an image. Figure 12a is from file No.
11 and is a 3.2-mm image of a tank taken with the transmit and receive
antennas parallel polarized. Figure 12b is from file No. 98 and is
identical ~~ Figure 12a except that the transmit and receive antennas are
cross polarized. Figure 12c is the lO.6-iim image of the same target
and is from file No. 12.
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Appendix A. INDEXOF DATA TAPE

In the data index which follows , informat ion will  be provided to
aid the user in selecting image data for evaluation:

1) A photograph of the target and its location with respect to
the scanner.

2) A composite image obtained during the scan.
3) Calibration voltages and additional conunents.

4) Histograms of the 3.2-mm and 10.6-i.im data files and images
produced using the digital data.

A suninary of scans by target type is provided in Table A-l.

I
4
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TABLE A-I. LIST OF ThE TARGETS SCANS TAKEN

3 2-i Range Tape and
Tar get Angle of View Polarization* Ut) Scan So. Note.

2—in.  Ba ll  — HR SL.5 27-1 and 2

548A5 Tank Side 
- 

HR S0~ 27-3
45 LIII 50 27—4
Head RH 50 27-5
Back HR 50 27-6 and 8
Head ‘JR 50 29-2 Scanne d a f te r  dark
Sid. ‘JR 50 29—7
45’ ‘JR 50 29—8
Back ‘JR 50 29-11 Ligh t rain
Side YR 100 2 9— 1 3

Side HR 100 29—14
S ide NH 200 29—21
Side NH 400 2 9— 15 to 19

2- 1/2 Ton Ttuck with Front HR 50 28-5 Two vehicle, in one scan
Canva. Top Back

45 NH 50 28—4 Include. water trailer
Si de NH 50 28-3 Include. water trailer
Side VH 50 29—5 Include, w.ter traile r 1 after

dark
Head - YR 50 29-9 Dark overcast
Back VII 50 29— 12
Side YR 100 2 9—13
Side HR 100 29-14
Side RH 200 29—21
S ide HR 400 29— 15 to

19 1 20

Jaep . with and without Read RH 50 27-9
Rubberized Canvaa Back HR 50 27-10

45’ HR 50 2 7 — l I
Side HR 50 27—12 Include, trailer
S ide VII 50 29—1 One jeep with trailer
4$’ ‘JR 50 29—3 One jeep with trailer , af ter

dark
Fron t ‘JR 50 29—4 Two jeepa with trailer , a fter
Back dark
Side YR 100 29—13
Side HR 100 29— 14
Side HR 400 29—15 to 19

Jeep with Enclo.ed Side NH 50 2 8 1
Cab

2-1/2 Ton Truck with Side NH 50 28-12 Lain
Wooden Side Rail. Side YR 50 29-6 Af ter dark

2-1/2 Ton Field S ide HR 50 28-14 Wooden enclosure on truck
Latchen with Trailer

Target pan.1. Noroal HR 50 28—1 Six bare a.tal panel., itght
(1,5 ft squat.) Nuonal 50 28-8 Six bar. .stal panels , rain ,

double density data
Nor.al HR 50 28— 10 Seven painted panel. rain

double density data
Sotua l NH 50 28-11 Seven petnt.d panels , rein •noreni den.ity data
20 NH 50 28-13 Bares painted penal.

~~lt: The following tile. ar e either partial scan, or scen . that are au.p.ct due to teuporary equipenot problae.•

Tank lack 1 RH 50 27-7
2-1/2 Ton Truck Side HR 50 28-2
Unknown Target 28-6 Not supplied on data tape
Tank lack VS 50 2~ -l0 Not supplied on date tape
Test Panel. Norua l RH 50 28-9 Rain

— Hor iiont a l-Nori.on t al (parallel polarizatio n)
NV • Hor izonta1- V~ r tica1 (cons. polar iiat thn)
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SCAN NO. 27—01 AND 27—02

~~~— --- — _ A.~
_a ~

TARGET: GOLD REFERENCE SPHERE

IMAGE SIZE: 18 COLUMNS. 20 ROWS

FILE NO V, WAVELENGTH

3.57 32 mm
734 lO.6j~zm— VISIB LE —

NOTE: DISTANCE TO SPHERE 1S 51 ft. TWO IDENTICA L SCANS OF THE
REFERENCE SPHERE WERE MADE. ONLY DATA FOR ONE SCAN
IS SHOWN. NO IMAGE PRINTOUT IS GIVEN. FOR SCANS NO. 27—01
TH ROUGH 28— 14, 10 dB OF ATTENUATION WAS PLACED AT THE
RECEIVER ANTENNA. I T SHOULD BE NOTED THAT THE LAST TWO
COLUMNS OF EACH ROW ARE DUMMY PIXALS WHOSE VALUES ARE
ZERO.

- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SCAN NO. 27-03

_____
-

TARGET: M48 AS TANK . SIDE VIEW

IMAGE SIZE: 174 COLUMNS, 96 ROWS

1T~

FILE NO. V, WAVELENGTH

8 3.57 3.2 mm - -~~~ 
-

~
- -i -

9 7.~~ 1O.6~ m ____

10 — VISIBLE

NOTE: DISTANCE FROM CENTER OF SCAN TO TARGET
LEFT 51 ft CENTER 49 ft 5 In. RIGHT SO ft 4 In.
VISIBLE SCAN IS STREAKED DUE TO CLOUDS

35
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SCAN NO. 27—04

TARGET: M48A5 TANK . 450 VIEW

-~~~~~0

~~ 4 ~~~~~~,,,

IMAGE SIZE: 147 COLUMNS. 98 ROWS

• 

c- 

~
I1
~~;:ijiiu1~

FILE NO. V5 WAVELENGTP~
ii 16 3.2mm
12 7.35 10.6Mm ~~~ “7.13 — VISIBLE

NOTE: DISTANCE TO TARGET
LEFT 64ft41n. CENTER 47ft5ir..
RIGHT 56 ft 11 in,

— 

IT SHOULD BE NOTED ThAT WHEN AN ODD NUMBER OF COLU ‘INS OCCURS,
AN EXTRA PIXA L IS ADDED TO EACH ROW TO MAKE THE NUMCER OF
COLUMNS EVEN. THE VALUE OF THIS PIXAL IS ZERO. THIS MAKES THE LAST
ThREE COLUMNS ZERO. -
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€ TARGET: M48A5 TANK . HEAD—ON

IMAGE SIZE: 102 COLUMNS, 96 ROWS

FILE NO. V, WAVEL ENGTH ~~~
14 3.6 3.2mm
15 7.36 1O.6pm

V 16 VISIBLE

NOTE: DISTANCE TO TARGET LEFT 46 ft 4 In. CENTER 46 ft RIGHT 46 ft 3 In.
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SCAN NO. 27—S
BAD DATA

SCAN NO. 27—7

V 

_ _ _  
_ _  

_ _

~~~~: 
~~~~~~~~~~~

-.~~~~~~~~~~ 
-
~~~~~~~~~~~ -

• • •~~riT~. -

~ft ~~~~
_.
~~~~~~~

_ l .
•
, ~~~~~~~~

•
~~~— . ~~~~~~~~~~~~~

TARGET: M48A5 TANK , REAR VIEW

--9 - --!

IMAGE SIZE: 99 COLUMNS, 98 ROWS

—
-~~~~

I——.
V-I !

FILE NO. V5 WAVEL ENGTH 1.,-

20 3.6 3.2 mm .

7,36 10.6 pm i.’
. ~~~~~~~

— VISIBLE

NOTE: ANOTHER TANK PASSED BEHIND TARGET DURING THE SCAN. SCAN NO. 27-8
IS A REPEAT OF THIS SCAN AND CAN BE USED FOR SPECKLE AVERAGING.

SCAN NO. 27—8
IMAGE SIZE: 90 COLUMNS, 96 ROWS
A REPEAT OF SCAN NO. 27—7. CALIBRATION VOLTAGES ARE IDENTICAL
DISTANCE TO TARGET: LEFT 46 ft 1 In. CENTER 45 ft 4 in, RIGHT 45 ft 2 In.
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SCAN NO. 27—9

~~~~~~~~~~~~
~~~~~~-

: :~ ~~
- 

~~~~~~~~~~~~~~~~~~~~~~ ‘ :~~~~~~~

TARGET: TWO JEEPS, HEAD ON; ONE WITH RUBBERIZED CANVAS TOP.

IMAGE SIZE: 117 COLUMNS. 72 ROWS

FILE NO, V5 WA VE LENGTH ~~~ ,

26 ISV 3.2mm
27 7.36V 10.S pm

-
~ 28 — VISIBLE

- ~~~~~~~~~~ NOTE: DISTANCE TO TARGET.

RIGHT—HAND SIDE: LEFT 5Oft 6In. RIGHT SOft4 In.
LEFT—HAND SIDE: LEFT 4S ft 7 In. RIGHT 49ft 7 In,- 

-~-r FILE NO.28 HAl A GOOD VISIBLE RECORD.
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SCAN NO.27-10

- V ~~~~~~~~~~~~~~~~~~~~~

TARGET: TWO JEEPS, ONE WITh A RUBBERIZED CANVAS TOP
REAR VIEW

IMAGE SIZE: 102 COLUMNS, 73 ROWS

SW-

-I

FILE NO. V WAVELENGTH

~g ISV 3,2 mm

~~ 7,25V 10,Ipm
31 — VISIBLE

NOTE: DISTANCE TO TARGET
RIGHT—HAND SIDE: LEFT SOft 4 In, RIGHT 40 ft 10 In.
LEFT—HAND SIDE: LEFT !‘~1 ft 7 In. RIGHT SOft 11 In.

FILE NO.31 HAS A GOOD VISIBLE RECORD.
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SCAN NO. 27—li.

~~~~~~~~~~~ ~~~~~ 

~~~~~~ - 
‘

~~~~~~~~~~~~~~~ ~~~~4,.

TARGET: TWO JEEPS, ONE WITH A RUBBERIZED CANVAS TOP, 460 VIEW

1

IMAGE SIZE: 174 COLUMNS. 73 ROWS

FILE NO. V, WAVELENGTH 
~~~~ ~~~~

~~ 3.56 V 3.2 mm
33 7.20 V l0.6p
34 — VISIBLE

NOTE: DISTANCE TO TARGET
RIGHT—HAND SIDE: LEFT SOft 1 In. RIGHT 51 ft 7 in,
LEFT—HAND SIDE: LEFT 58 ft RIGHT 55 ft 4 in.
FILE NO. 34 HAS A GOOD VISIBLE RECORD.
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SCAN NO. 27—12

~~~~~~~ • 0S~’ ~

• 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ‘J • ~~~~~~~~~~~~
• ;~~~~~~~~~~~~~ ,

TARGET: TWO JEEPS AND ONE TRAILER . SIDE VIEW.
ONE JEEP WITH RUBBERIZED CANVAS TOP

--

IMAGE SIZE: 213 COLUMNS, 64 ROWS

I-

FILE NO. V
1 

WAVELENGTH

35 3.6 3.2mm
36 7.15 10.Spm
37 — VISIBLE

NOTE: DISTANCE TO TARGET
TRAILER: LEFT 47 ftIki. RIGHT 40ft

COVERED JEEP: LEFT 40 ft 2 In. RIGHT 40 ft 2 In.
JEEP LEFT 4Sft 1In. RIGHT 62 In.
FILE NO.37 CONTAINS A GOOD VISIBLE . RECORD.

- 
- 
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SCAN NO. 28—01

*

-

TARGET: JEEP TOTALLY ENCLOSED BY CANVAS TOP. SIDE VIEW

•5. ~
- V -

I

V 
IMAGE SIZE: 87 COLUMNS, 62 ROWS

FILE NO. V, WAVELENGTH
3,55 3.2mm

~~ ~,9 1O.Spm
40 — VISIBLE 1~ lI$~~~~~ -

NOTE: RANGE TO TARGET
RIGHT S2ft 11 In, CENTER S2ft7In.
LEFT 52 ft 11 In.
A VISIBLE IMAGE IS AVAILABLE

SCAN NO. 29—02
BAD FILE
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SCAN NO.28—3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-
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~ 5

TARGET: 2 1/2 CANVAS—COVERED TRUCK WITH WATER—TANK
TRAILER, SIDE VIEW

--5
A

- - V~~~~

V
-

-

V

IMAGE SIZE: 201 COLUMNS, 66 ROWS ‘I’

A

FILE NO. V5 WAVELENGTH
3,2mm

46 6.7 10.6~tm
— VISIBLE

NOTE: NO VISIBLE IMAGE.
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SCAN NO. 28—4

_ _ _ _  _ _ _  

•1
_ _ _ _ _  - - - _ _ _ _  

- 
- 4

TARGET: 21/2 TON. CANVAS—COVERED TRUCK WITH WATER—TANK TRAILER AT 46°

IMAGE SIZE: 144 COLUMNS, 76 ROWS

FI LE NO. V5 WA VE LENGTH 
- Twy” ~~— 

~,r “ t~’~~~47 3.6 3.2 mm 1
48 6.9 10.6~Lm • + 

- 
• 
a
-- ‘f ’-

49 — VISIBLE

NOTE: RANGE TO TARGET
LEFT 69ft CENTER ISftll in. RIGHT 46ft S in.

NO DATA IN VISIBLE FILE. FOR SOME REASON UNKNOWN TO THE AUTHOR.
THE PROGRAM HIS WILL NOT WORK ON FILE NO. 47. HOWEVER. GOOD IMAGES

V CAN BE PRODUCED FROM THIS FILE
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SCAN NO. 25—6

_ 
~~~~~~~~~~~ ~~~~

-•: —

- -

_-

4

- 
0 5~~~ 0 ’~~~

TARGET: FRONT AND BACK VIEW OF 2 1/2 TON CANVAS— COVERED
TRUCK 

- - - V

*~
IMAGE SIZE: 156 COLUMNS, 98 ROWS - . 

I ~~

FILE NO. V5 WAVELENGTH

50 3.6 3.2mm
51 6J 1O.Spni
52 — VISIBLE

- (  
NOTE: RANGE

LEFT TRUCK: LEFT 43ft4In. RIOHT 42ft4In.
RIGHT TRUCK: LEFT 44 ft RIGHT 44 ft S in.

NO DATA IN VISIBLE FILE.

~~~~~ 

:~~

-

~~
-J

~~~~

’

~~ 

- 

58

‘-

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  - 

~~~~~~~~~~~~~~ 
- . V .

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
-

--
~~~

- -
~~
‘- --

~~~~——~~~ 
-- -- - - - - 

~~~
— - —-

~~~~~
— ---—



-- -~~~~ -V -- -- - — -- -

I 
- $ - -—-----*V- —-- - ---.-- - - + - -

551 Iii lit 051 55 05 55 vi I
lit flSII *~~~O

4 — —-  I I 

-

- t — —f--—-—-- + • • 

a

-1

515 rIO lii SIt SI 55 51 51
m sasss~~~oo

59 
V

V V - -

•
~~~~~~~~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ~~~~~~~~~~~~ - - -
~~~~~~~~~~~ --‘- -: -

~~ 
—- - - -



SCAN NO. 28—7
..

- •—~~~~~~~~~~ -

_ _  S
- ____________
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_
~~~~~~~~~~~~~~~~~~~~~~ t~~~~~~~~~ • •~~~~~~~~~~~~~ 

-

~~~~~~~~
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•

TARGET: FROM LEFT—TO—RIGHT:

1. WOOD BEHIND CANVAS 5. 304 STAINLESS STEEL
2. ALUMINUM BEHIND CANVAS 6. 410 STAINLESS STEEL
3. GALVANIZED STEEL 7. ALUMINUM
4 GALVANIZED STEEL

IMAGE SIZE: 108 COLUMNS. 64 ROWS

FILE NO. V, WAVELENGTH
53 3.8 3.2mm
64 6~8 10.Spm
56 — VISIBLE

NOTE: RANGEWAS 48ft2In,

I
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FILE NO. 28—8

TARGET: SAME AS FItE NO, 28-9, BUT AZ AND EL STEPS WERE 1.7 mmd, GIVING
A 1-OGHER DENSITY OF DATA POINTS.

IMAGE SIZE: 216 COLUMNS. 90 ROWS

FILE NO. V, WAVELENGTH

58 3.6 3.2mm
57 7.1 10.Spm
58 — VISIBLE

NOTE: A UGHT RAIN WAS FALLING.
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SCAN NO. 28—9

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

TARGETS: PAINTEDALUMINUM PANELS 1 1/2ftSQUARE . THE PRIMER WAS
1757—TT—P—1757 ZINC CHROMATE PRIMER . GREEN NO. 34151. THE
TOP COATS WERE FROM LEFT TO RIGHT.

1. MIL—E—5V98 LUSTERLESS ENAMEL, CAMOUFLAGE. FOREST GREEN (USED ON NEW
PERSHING, LANCE, AND TOW).

2. MIL—E—52227 SEMIGLOSS ENAMEL NO. 24037,

1. MIL—E—52798 LUSTERLESS ENAMEL, CAMOUFLAGE. FOREST GREEN (USED ON NEW
PERSHING, LANCE, AND TOW).

2. MIL—E—52227 SEMIGLOSS ENAMEL. OLIVE DRAB NO. 24037, (USED ON LANCE).
3. TT—E—527 LUSTERLESS ENAMEL, OLIV E DRAB NO. 34087 (USED ON PERSHING).
4. TT—E—516 LUSTERLESS ENAMEL. WHITE NO. 37875.
5. T1—E—489 GLOSS ENAMEL, BLACK NO. 17038.

V 6. MIL—E—46136 SEMIGLOSS SOLAR HEAT REFLECTING ENAMEL. TYPE II, OLIVE DRAB
NO. 24087, WITH A MI L—E—461 27 GRAY SOLAR HEAT REFLECTING UNDERCOAT.

7. PaL—E—46096 LUSTERLESS SOLAR HEAT REFLECTING ENAMEL, OLIVE DRAB NO,
34081, WITH A TT—E—516 LUSTERLESS ENAMEL. WHITE UNDERCOAT (USED ON
HERCULES AND HAWK).

IMAGE SIZE: 168 COLUMNS, 43 ROWS

NOTE: THE 3.2 mm HETERODYNE LOST LOCK SO THE RUN WAS REPEATED IN SCAN NO. V

28—10, RAIN WAS FALLING AND SCAN NO. 28—10 HAD TO BE TERMINATED BEFORE
A CALIBRATION CHECK COULD BE OBTAINED. WHEN THE EQUIPMENT WAS TURNED
ON AGAIN AFTER THE RAIN. THE CALIBRATION VOLTAGES WERE THE SAME AS IN
SCAN NO. 28—8. - 4
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• --
-~ SCAN NO. 28—10

TARGETS: SAME AS IN SCAN NO. 28-9
+ IMAGE SIZE: 186 COLUMNS, 41 ROWS

-

V SCAN NO.28—li

I TARGETS: SAME AS IN SCAN NO. 28-9, BUT WITH STEP SIZES OF 3.5 mrsd
IN AZ AND 3.4 nw.d IN EL

IMAGE SIZE: 99 COLUMNS. 44 ROWS

FILE NO. V, WAVELENGTH

66 3.8 3.2mm
16 7.1 iO. pm

— VISIBLE
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SCAN NO. 28—12

-~ •0. ~~ - - - -~~ - -ii. .~~~-~-*~s.+i
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~~~~~~~~~~ 

_  

- _
TARGET: 2 1/2 TON TRUCK WITH WOOD SIDE RAILS, SIDE VIEW.

- -.~~—-

L..

IMAGE SIZE: 166 COLUMNS. 88 ROWS

I-
a 

-

—4
FILE NO. V5 WAVELENGTH

68 3.7 3.2mm
90 7.2 10.Bpm
70 — VISIBLE

NOTE : RANGE
LEFT 47f t 1  in. CENTER 47ft 11 In. RIGHT 46 ft
A LIGHT RAIN WAS FALLING DURING THE FIRST 2 MIN OF THE SCAN.
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SCAN NO 28—13

TARGET: REPEAR OF SCAN NO. 38—13 WITH THE METAL PLATES TITLED AWAY
FROM THE SCANNER 3Q0 WITH RESPECT TO THE NORMAL

IMAGE SIZE: 111 COLUMNS. 44 ROWS

FILE NO. V5 WAVELENGTH

71 *7 ~~~~28 7.3 1o.8~~~73 — VISIBLE 
- -g

NOTE- TWI MSAIUNIMIN T$ ON THESE PAINTED SAMPLES WERE TERMINATED DUE TO
NISH 90N06.
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— SCAN NO. 28—14

- -__it_ =-_5--_~~
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— 
- V -; -

~~~~
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-~~~-

-~~~~~~~~~~~~~~~~~~~ 1

TARGET: SIZE VIEW OF MOB$LE FIELD KITCHEN, CONSTRUCTED OF PLYWOOD
ON A 21/2 TON TRUCK BEN. SUPPLY TRAILER IS ATTACHED TO TRUCK.

‘—.4 .- 5

IMAGE SIZE: 225 COLUMNS, 100 ROWS

FILE NO. V5 WAVELENGTH
74 3.7 3.2mm
75 7,3 t0.Bpm
7$ — VISIBLE

NOTE: RANGE TO TARGET.
LEFT 51 ft bin, CENTER 46ft S In. RIGHT 48 ft
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SCAN NO. 29—1

~
.‘-•-.. • 

~~~~~~~.

- -0+

~Ip~4

._# -

TARGET: SIDE VIEW OF JEEP WITH TRAILER.

S S -

IMAGE SIZE: 123 COLUMNS, $0 ROWS

4

FILE NO. V5 WAVELENGTH

~ ;.~ ~~~— VISIBLE

V 

NOTE: RANGE TO TARGET.
LEFT SOft11n. CENTER 49 ft 11n. RIGHT 49ftIIn.

L • THE POLARIZATION OF THE RECEIVER ANTENNA IS PERPENDICULAR TO THE
POLARIZATION OF THE TRANSMITTER ANTENNA (CROSS POLARIZED). THE
SPECULARLY REFLECTING GOLD SPHERE CAN NO LONGER BE USED TO
CALIBRATE THE RETURN.
IN ALL PREVIOUS SCANS, 10 dB OF ATTENUATION WAS PLACED AT ThE RECEIVER
ANTENNA IN ALL OF THE REMAINING SCANS, NO ATTENUATION WAS USED IN THE
RECEIVER.
IN ALL OF THE CROSS POLARIZED SCANS ThE 10.8 pm SCANS WERE NOT MODIFIED;
ThUS, THEY CONTAIN NO NEW INFORMATION.
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V SCAN NO. 29—2
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TARG ET; M48 TANK , VIEW IS HEAD—ON

-t
I -.,-

IMAGE SIZE; 99 COLUMNS. 103 ROWS

—

FILES NO. 60 (3.2 mm) AND $2 (VISIBLE ) ARE UNCALIBRATED.
FILE NO. S1 (10.lpm) HASAV ,• 7.1.
NOTE: RANGE TO TARGET.

LEFT 44ft7 1n. CENTER 4S ft RIGHT 4 ft 4 1n.
THE 3.2 mm DATA ARE CROSS POLARIZED.
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SCAN NO. 29—3

ifi ~~~~~~~ 
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TARGET: JEEP WITh RUBBERIZED CANVAS TOP AND
TRAI LER — 410 VIEW

IMAGE SIZE: lOS COLUMNS, 79 ROWS -

U-

FILE NO. WAVELENGTH
83 3.2 mm

10.Spm CROSS POLARIZED
VISIBLE

RANGE TO TARGET
LEFT S7ft ’ - CENTER 4SftII1n. RIOHTSOft 3In.
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SCAN NO. 29-4

TARGET: 2 JEEPS, ONE REAR VIEW AND ONE FRONT
VIEW

IMAGE SIZE: 120 COLUMNS, 75 ROWS

FILE NO.
3.2mm

~~ 10.6 pm 
CROSS POLARIZED

$~ VISIBLE

NOTE: PHOTOGRAPH AND REAL TIME COMPOSITE IMAGE
ARE NOT AVAILABLE 
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SCAN NO. 29—6

-‘
~~~ _

• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TAR GET: 2 1/2 TON CANVAS COVERED TRUCK’WITH WATER TANK
TRAILER — SIDE VIEW

VI

IMAGE SIZE: 201 COLUMNS, 97 ROWS

FILE NO. WAVELENGTH V
5

89 3.2mm CROSS POLARIZED
go 10.Spm 7.1
ai VISIBLE —

RANGE TO TARGET

t LEFT S3ft CENTER48ft1 in. RIGHT 5Oft2In.

NOTE: SCAN MADE AT DUSK SO THERE IS NO VISIBLE IMAGE
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SCAN NO. 29—6

TARGET: 21/2 TON TRUCK WITH FLAT BED AND WOODEN SIDE
RAILS — SIDE VIEW.

L
IMAGE SIZE: 183 COLUMNS, 96 ROWS - V - ‘

FILE NO. WAVEL ENGTH V5
92 3.2mm CROSS POLARIZED
•~ 

10.Bpm 7.1
~~ VISIBLE —

RANGE TO TARGET
- - 

-
- 

LEFT S1ft2In. CENTERSO ft 1 in. RIGHT SO ft lO in. 
-
- -~ - 

- 
V NOTE: NO VISIBLE IMAGE L~SCAN MAKE AT DUSK.
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SCAN NO. 29—7 -

______  ~~~~~~~~~~~~~~~ ‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~

~~~~~~~~~~~~~~~~~ : ~~

_ _ _ _ _  

~~~~ ‘

V 

TARGET P448 TANK — SIDE VIEW

IMAGE SIZE; 183 COLUMNS, 89 ROWS

- 

_________________________________

FILE NO. WAV ELENGTH V5
96 3.2 mm CROSS POLARIZED
96 106pm 7.1 V

- 97 VISIBLE
RANGE TO TARGET

1 LEFT 51 ft 7 in. RIGHT SOft 3 h~.
- NOTE~ 

- TIfF GAIN OF -THE 3.2 mm SYSTEM WAS INCREASED BY
V APPROXIMATELY A FACTOR OF FOUR. NO CHANGE WAS MADE

IN THE 10.6 pm SYSTEM
87
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SCAN NO. 29—8
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TARGET: P448 TANK AT 46 d.g VIEW

• ~~~~~~ 1

h IMAGE SIZE: 174 COLUMNS, 100 ROWS
-I ~ ~

-1i.~~~t1~
I

I .~~. 
V

FILE NO. WAVELENGTH

- 98 3.2mm CROSS POLARIZED
99 1O.Spm

100 VISIBLE
V RANGE TO TARGET

LEFT S0ftBIn. CENTER44ft 11 In. RIGHT 5S ft 5 In.
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SCAN NO. 29—9

_

TARGET: 21 /2 TON CANVAS COVERED TRUCK — HEAD ON

IMAGE SIZE: 75 COLUMNS• 100 ROWS

4

FILE NO WAVE LENGTH - V

101 3.2 mm
102 lO.6pm
103 VISIBL E

RANGE TO TARGET
LEFT 46 ft 6 in. RIGHT 47 ft S in.

NOTE: THE PAINT ON MANY OF THE VEHICLES WAS QUITE 
WEATHERED. THE HOOD ON THIS-TRUcK WAS RUSTY.
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SCAN N~~ 29—11

i—I

H
TARGET: WE TANK — BACK VIEW

IMAGE SiZE: 102 COLUMNS 95 ROwS

1~

FILE NO. WAVELENGTH
104 3.2mm
105 l0. sam
106 VISISLE

RAZdGE TO TAROET tEFT 45ft11 ks. RIGHT 4Sft1O k~.
NOTE: A VERY tiGHT DRIZZLE WAS PALLING.
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SCAN NO. 29—12.

- 

~~~~~~ ~~~~~~~~~~ ~~~~~

IMAGE SIZE: ~~
- 9

7$ COLU~~~S
AND 95 ROwS

TARGET: 2 1/2 TON TRUCk WITH CANVAS TOP—REAR VIEW

PILE NO. WAVELENGTH 
Vs

167 3.2 mm CROSS POLARIZED
105pm 7.2 V

109 VISIBLE —

RANGE TO TANGET LEFT 43 ft 7 In.
• RSGNT 43ftTIR.

NOTE: THE NEAL TINS COMPOSITE IMAGE IS NOT
AVMLASII FOR THIS SCAN.

95

_ _  
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_ _ _ _ _ _ _  
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SCAN NO. 29—13

- . .._ •.ie ~. • .
•

TARGET: FRONT VIEW FROM LEFT TO RIGHT OF A 21/2 TON CANVAS
COVERED TRUCK A JEEP. A CORNER CUBE MOUNTED IN THE
CENTER OF A BLACK SQUARE OF PAPER MOUNTED ON WHITE
CARDBOARD. AND AN M-48 TRUCK.

IMAGE SIZE 139 COLUMNS 59 ROWS
• •, Iw -

~~~~~~~
_

~~~~~ 
-

FILE NO. WAVELENGTH
110 3.2mm
111 1~ Sia*

• 112 VIIISLE

RANGE TO TARGET u Sfs
NOTE: THE TRAMINT AND RECEIVE ANTENNA ARE CROSS

POLARIZED. THE RECEIVED SIGNAL WAS QUIET WEAK.

4 
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SCAN NO.29—14

IMAGE SIZE
129 COLUMNS
62 ROWS

TARGET: THIS IS A REPEAT OF SCAN NO. 29—13

FILE NO. WAVELENGTH
113 3.2 mm
114 10.Ipm
115 VISIBLE

RANGE TO TARGET: SAME AS SCAN NO. 29—13

NOTE: SC~AN NO.29—13 WAS REPEATED WITH THE POLARIZATION
OF THE TRANSMIT AND RECEIVE ANTENNAS PARALLEL
RATHER THAN CROS$EO.
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SCAN NO. 29—15,16 AND 17
THESE FILES DO NOT CONTAIN MEANINGFUL INFORMATION. THE
SCANS WERE USED TO ALIGN THE SYSTEM AT THE 400 ft RANGE.

SCAN NO. 29—18

~ 4 • 
~

~~~~~~ ~~
-
~~- ~~~~~~~ • • •~~~~~ ~~~~~~~ ••

- I

I TARGET: FRONT VIEW LEFT TO RIGHT A 21/2 TON TRUCK, A
• CORNER CUBE. A JEEP. A CORNER CUBE AND A TANK.

IMAGE SIZE: 81 COLUMNS AND 49 ROWS

I
FILE NO. WAVELENGTH

125 3.2mm
• 129 10.$pm

127 VISIBLE

• RANGE TO TARGET 400ft
NOTE: THERE IS A LARGE AMOUNT OF PARALLAX BETWEEN THE IMAGES

• ~~~~~• 
- AT 3.2 mm AND 10.6 pm. ThE 10.6-pm FIELD (NO. 129) HAS NOT SEEN

EXAMINED.

101
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SCAN NO. 29—19

TARGET: FRONT VIEW FROM LEFT TO RIGHT A 2 1/2 TON
TRUCK, A JEEP AN D A TANK

- -,~~ • • • •

IMAGE SIZE: 84 COLUMNS 48 ROWS
— __-

• 
-

I FILE NO. WAVELENGTH

128 3.2 mm
129 10.lpm
130 VISIBLE

RANGE TO TARGET 400 ft

NOTE: THE LARGE OIL STORAGE TANK VISIBLE IN THE PHOTOGRAPH
ONTHE RIGHT SIDE OF THE TANK AT A RANGE OF 2SO ft DOES

• APPEAR IN THE 3.2—mm IMAGE.

103
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SCAN NO. 29—20

.1 _~&_ _ ~~~~~~ - ~~~— ~~~~~~~~~~~~~~~

~~~~~~~~~~~T 
~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~ _ _ _

TARGET: SIDE VIEW FROM LEFT TO RIGHT OF A CANVAS
COVERED 21/2 TON TRUCK AND AN M48 TANK

IMAGE SIZE 75 COLUMNS 40 ROWS 

- 

• -‘

FILE NO. WAVELENGTH
131 3.2mm
132 10.Spm

• . 133 VISIBLE

RANGE TO TARGET II 400ft

105
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SCAN NO. 29-21

TARGET: FRONT VIEW FROM LEFT TO RIGHT
A 21/2 TON TRUCK AND AN INS TANK

IMAGE SIZE 75 COLUMNS 48 ROWS 
- • -

a- t-
~

1:
FILE NO. WAVELENGTH -.

134 3.2mm
136 10.6 pm ~~~~~~~~~~~

136 VISIBLE

RANGE TO TARGET 200ft 
. .

106
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Appindix B. COMPUTER PROGRAMS

To indicate the methods used to handle the image data described in
• this report, a listing of the computer programs is provided in this

appendix.

• The program entitled RI*’IT read, the data from the magnetic tape
and stores thedata in a computer disk file for later use, The data are
arranged so that individual rows can be accessed from the disk file.

Program WDT allows the binary data to be printed out in integer
format. No modification to the data is made except a change from
binary to integer for mat .

• Program HIS uses the calibration information to convert the binary
data to effective radar cross secti on values . A histogram of the data
is then created and plotted. The resolution of the histogr am can be

• modified by changing the value of the variable fliT.

Program Wh IT produc es a crude visible image of the data by mapping
the intensit y values onto the numb ers from 0 to 9.

• Program BIWT produces a visible imige of the data using a Versatic
Plotter. Calibrated intensity contours can also be created using this
program.

t

109
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Program RhIT to Read Data Files into Computer Disk File

ISI s F I W L T
1512
1113 C READ lX&~~ DATA 7*151 DATA TAPE *1W WI’URE II
9094 C DISE FILE CALLED DATAI
1005 C .3. D. guvrim 12/2?#’?ö
1106 DII~JISIOl .1*17(128) IDATA( 1124) IPRAN(5)
1017 DINEOSIOB 57111(8)
111 8 DATA 1FILE.’2DDA 2ITA 101’
loll C CO ‘10 PROPER Fill
1619 CALL RM’AR( IPRAN)
1611 IPRA11(1)~~IPRAN( 1)— 1

• 1612 II CALL EYEC(3 13*08)
• 1613 IPRAN( 1) IPP .AN ( l)—1

1114 IF( IPRAII(1).CT.l) CO TD II
0015 C READ IS FI!~~T RECORD
0516 CALL E~EC( 1 1 198 IDATA 1624)
Ill? C CALCI1LAIE 1I1~NSEI! OF ~~~~~~ 115 FILE
0018 IC IDATM1 )

- 
• 1019 IP.IDATA (2)

1121 1RR~~1024’IC
0921 LU~ 1024— ic*tm~0022 1C1~~IC/2
0023 lC2~ lC-lC1
0024 iCl~ IC2
0925 IC.2*1C2
4026 1ROV~0

• 9927 V’AB I
4028 C ~TO!!E COW’LETE ROllS COSTAIRED III RECORD OWT~) DI~ K
9029 116 DO 11 ES”i I”

• • 1031 C 9TO~.E F1!!~” 1/3 OF ROW IW!O ODD °EC T~P OF DI~K
• • 0031 DO 12 KC~ 1 id

0132 L~EC+ lC*( KB- 1)+V’AB
• 1133 12 JB~TT( EC)~~IDATA( L)

9034 J~.3*(~~Bj. IflOY)-1 -

1135 • CALL E!EC( 15 1028 JBIJF id 17111 .19)
5936 C STORE LAST l’2 OF POW 1N’!~) EVES ~ECTO~ OF DISK

4 
• 1137 • DO 13 EC~ 1 1C2

903$ [,a EC+K3* IC 1+( ES-I) * 1C2+r”AB
- 1139 13 JB1!F(KC)*IDATA (L)

1941 J~’2*( ED~ IT!OV)
0041 CALL V~EC( 15 *028 JBVF 1C2 I7JLE J e)
1042 11 COWr IST,E
1043 IF(LEF)51 s. 70
9944 C ~TOflE I1OV Dl’t’IDED DE~~EEN ~~~~~ !‘ECO”D~
9145 TO IROV IROY+1
0946 IFOLw LE7~ IC1
0047 ICOLUI
1148 JNUI
0949 IV (IYOL)19 30
Sill C IF OVEn 1/2 0? nOV “0” B rI!!F~? 1/2 IS ODD ~EC’09051 20 80 33 KA.1 Id
0152 LUEA+ IC* I1lR+KTAB

• 4053 33 J B11P(W .IDATA(L)
1154 JR.J Q+ I
1055 CALL E!fZC( II 1028 JE !F id IF IL E .19)
1156 LBF•LEF - ICI

4 • 9557 ICOLU IC3
- 

• 1153 17(111)24 24 19
Sill 19 DO 28 EAu 1 LU
1161 LPKA+IC*tflfl+ETAI
116 1 28 J$117( El) • IDATA( L)
0192 J$.J~+I

~

• 
• 

0165 C ~~ t WV RECOnD 7~0*5 ‘A’S
- • • 1164 24 CALL E’~~C( 1 Ill IDA !’A 5516)

r~

4 ( • -:~r~ • 110
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0065 ITAB I
0066 IF( IFOL)5l 49 51
0167 30 TOOL. IC1• 0068 81 ITAB IdOL-LU
0069 I~ EC~LEF+ 1
1171 L.I
001 1 C OTO’S ~ENA I15DEfl OF F1!!ST 1/2 01 SOW DI”IDW Rr”EEN ‘SO* DD

1 1112 DO 32 KA-ISEC ICOL
1073 JB!YF(W~~IDATA(L)
0074 32 L.L+ 1

1 IllS CALL E~20(15 1123 JB~? 1001. IFILE .19)
1 1116 17( 1101.141 55
I II?? 41 DO 41 KA~ I 1C2

• 1178 L.K&+IT*B
1179 41 J8,Tp(El) .JDATA( L)
1181 .115.1
5584 JSzJO+ 1
5082 CALL E~2C( 15 *525 JW’F 1C2 17111 .1!)
ISIS C STORE LAO’!’ 5/2 01 nOV DI~~IDBD BE’!’VW 00’SS

• 5584 55 ISOV ISOW+IRfl
1085 ITAD. !T*~B+ I~~ $JX
5586 ITAI. 1I24-~~rAD

• • ill? I~ S•I’A3/IC
ISIS LEF• I I’AD-IC*IRW
IS., IF( P- I~ O”)öS 61 III
0090 61 ~~ I”B 1 95) JQ
0191 90 FORM ’(’DA”A LOADID 1V IS I~ ‘~ EC7Ofl~~ )
1192 END
1193 ENDS
**** LIST END 5*1*

4.
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Program WDT to List Contents of Image File Stored in Computer

SIl l 115 LT
0552 PISCOAI 1ST
1553 C PRIPT 1~~~ O(~rumwiw 07 1~~~ DIRE FILE DATAI
0104 C VOICE CONTAINS AS 10101 DATA FILE
1015 C S.D. CIIE$11SR 12/27/76
1016 DIIIE1 ~~I0l IBUF( 128) JEC F( 128) 11112(3)
0007 IF 1LI (1) 21D*
0008 IFILE (3) 201A
0409 IFI L E (3) .ID 1
0559 “115( 5 1)
0111 I FON)IAT( INPUT # OF 9ECTO!~~~)
0912 READ( 1 9I) I~ SC
0113 91 FOSNA T( I3)
0014 “SI’!Z(I 4)

• 0515 4 FOR11AT( IiIP~?P. Of COL!!1I15 )
0016 R.EAD( I 91) 1001.
0417 !mIFB( I 92)
0018 92 FORMT( 1NPUT FILE 9’)
0019 RBAD( I II) IF?
0025 “'115(6 91)1??
0021 91 FOUJ1&T( ‘FIL E NSI ER • 13 /~ )

• 0022 Id .  1001. 13
0023 93 FOUIW”( • 10101 O~ W’IWE” • 13)
1124 5 FOSNA”( lI( IS 3W) )

• 0025 IC2 ICCL-ICS
• 0426 ICI. Ida

5427
5928 DO 3 1.2 1SEC 2
0129 .1.1-5
1131 *15+1
ISI S CALL 1~~C( 14 1531 IIt’F ICI SP Ill .1)
1532 CALL E~~C( 14 1531 JBUP ICZ 11112 1)
0083 ~I!I~%(6 93)51

• 0034 “flI’E( 6 5)(IIIIF( L) LUl  ICI)
0035 3 !“ITE( ö 5)(JDUF(L) L.1 Ida)
0036 CALL VftC(3 11161 -1)

• 0037 END
0038 ENDS

• **** LIST END 0*8*

4 112
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Program HIS to Calculate and Plot a Histogram of an Image File
5501 F u lL ?
.)512 P510051*51 110
IllS C CALCULATE AND PLOT 51151008*51 01 SPlICE DATA
5054 C STONED 115 DATA FILE CALLED DATAI
0005 C R D .  GUEN ThER 12/2?’76
0006 DIMENS 1015 JBUF( 128) X( 1124) Y( 1124) 11512(1)
0007 DIMENSION IPAT(4) ITS(4) IX(6) ITS(S) 115( 13)
5008 COMNDN 10051( 535)
5009 DA ”A IFILE/2HDA 2HTA 1115, ZTI/28Fl 2111.! 21 S 23. /
0015 DATA ~*I9999./ IPAT/104213 215425 421045 1142115/
III * DATA I’V2 2PJC 210!! 2051 ZINC 3IE /
0012 DATA IYI’2511N 2*1!’! 211119 2511? 28Y ./

• 00*3 DATA I”2/25C’ 21109 223 2235 2HCT 2010 21115
0014 125/51 28*8 2~~ 20( 211DB 20 )i’
0015 1 FOfi?WT( ’INPTiT S OF RECTORO’)
0016 2 FOR1(AT( IS)
0017 3 FORNAT ’IIIPVfr S OF COLVMIO’)
9010 4 FOR!IAT( ‘INPU T OPHERE VOLTAJ~~’)
0019 5 FODiWr ( INP!!! 001-10.6 -01—3.2 O’~ Ill- ’1”)
0020 6 FORNA1’(’INPU’r FILE I’)

• 002 1 ~~1”!(1 1)0022 READ( 1 2) 1~ EC
0023 ~~ 1’t( 1 3)
0024 ~EAD( 1 2) IdOL
0025 ““J”E( l 4)
0026 RLAD( I *)~~ V~~~
0027 “!I’E( l 5)
0520 ~EADE 1 2)501)
0029 “'I”E (l 6)
0030 “1*8(1 2) liv
043£ C CLEAR PWT B1~~flR0032 DO II J’l 1124
9033 ~I’(J)a5.• ($934 Il V(J) . 9 .
0035
0436 101’ 100L/2
0037 lCl-ICOL-lCl
0038 C “SAD 111101 DATA OFF DI”S
0039 DO 30 1~ 1 1910
0040 CALL £YZC( I4 1931 J 8!YF id LiSLE 1)
1141 17(500)31 11 31
1042 11 A’e.ll
5043 C’S.
0044 00 50 32
1045 31 AU6.91• 1046 C’26.9
0147 00 *0 32• 0048 35 A’5.346
0049 C’26.9
0050 32 NIS.—91
005 1 INT’l
0052 C CALCULATE 1I~ ’~0CflA11
0033 DO 19 I ’S  IC I
0054 Ii(J 1”F(J))ll II 33
0055 33 t’OL’A*( ( FLOAT( J1!!p(J) )/~~~.4)-”UL) -C0056 EI.IFIY( (V0L-NIN),lW,),l
0057
0058 IP( 11—23)59 $4
0059 84 23.15
0060 19 COIFI INUE
006 1 20 008TIDS!E

• 9062 C OlIVER? 10 51 OCC?’RENCE
0063 110.5.
0064 50 41 Jul  23

• 
•

~~~~~~~~~

•

~~ 
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5065 40 BIC BIG+9 J )
0066 DO 55 1-1 23
5067 11’(2*J)—1
0460
0069 Y( El) .(X(J ) *l I l .) /BI C
0070 50 Y( 52) ’Y(Kl)
II? ) C CREATE ‘~-A!’I~0072 DO 51 Ju l 23
0073 1l’(2*J)-l
0074
0075
0076 51 ~(X2) s IIlT*J+MI11
0077 23.2*23
0078 C PLO? RI~~*0CflA51
00?9 65 CALL 15001(0 2. I. I . )
09L41 CALL ~CA11( V V -23 440)
5001 CALL D~.A~1(V V 23 444)
0082 IF( KOD)61 62 61
0083 62 CALL A~~”(9.S ITt 11.1 It!)
0084 00 70 63
0085 6* CALL A”E~ (26 .l i”2 11 .1 I~)9086 63 CALL )IODE(4 .16 .1 ~A)ISO? CALL NO”1(2.5 6. I”l 8)
0088 CALL NO’E(°A ~ A IF” I)
0009 CALL NODE( Il ~A I’AT 4.)0990 CALL ‘ONE(S. I. 441 5)

• 0591 • CALL ‘~ONE( V V 23 1)
• 0092 CALL D A”(I. I. 1 9111)

0093 CALL D”A’~(0 0 0 9999)0094 CALL E~EC(3 11068 - I)
0095 00 Q70P
0096 END
0097 1.1580
**** Lu ST END *8*8

- 
-

• 
• 
/

• ~
•

•-~
•

• •

-

~~~~~~ • 114

: 

~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _¶i~~~~~
— 

_____ 

-• 

- *.. ~~~~~~~~~~ 
•

- ~• :—w- —-~~ -~ — 
- - --_____________



— ~ •- . •

Program WDT to Create a Visible Image Uiang a Line Printer

ISII FII L ?
0002 P2308*51 wimr
0553 C CREATE A VISIBLE 810088 OP IMAGE STORED IN DISI FILE DATAI
0004 C BY 1~~IUG ¶~~ LINE P~ IW!t!
IllS C S.D. GUE11l~~ R l2.’27/76
0006 DIMENS IO R JIUF( 128) 11112(3)
0007 IFI LE (*) ’223A
0058 IFI LE (2).2 11A
5059 IF I LE ($) .lR l
lOll “111( 1 1)
IllS I FUNMT(’INPUT S of 911CT0119 )
1152 ~LAD( 1 94)11550
IllS 94 F~R5111(I$)
1114 ~~ITE(I 4)
0515 4 FORII&’P(’INPUT S 07 CVLUNSS’)
1116 ‘.EAD( I 90) ICOL
III? I~~l’!E( 1 91) 

________0018 91 FORPIITS ‘INPOT ofp~~~*’)
1119 SEAD( 1 6) 101
1121 6 FOR51AI( 14)
0021 “I”E( l 92)
0022 92 PORPWT’( ‘INPU T 11ORMALI7ATION U)

0523 “1*0( 1 6) 1150’
0024 ICI ’ICOL#2
0025 1C2’ICOL-ICI
0026 ICI ’IC2
0027 C CORVEflT LEFT 1/2 1*1101 DATA TO INTECEPS 0-9
5028 00 2 J’l 1SEC 2
5029 CALL E”EC( 14 IS3B JBTTF Id 11112 J)
0030 00 II .15 1 ICS
1031
5032 IF (JB’.’P(Jm)20 20 21
0033 20 J RTTF(J 5).5
0434 21 IF( 1l-JB’YF( JX) ) 30 30 10• 0033 30 Jfi~!F( J5).9• 0036 10 COIITI15UE
003? C WRITE LEFT 1/a OF ALL !!OWR

• 0538 2 ~“I’E( 6 5)(JBTTF(JC) JC’l ICI)
0939 5 FORPI&T(69(I1))
0040 C ~~ IP A PACE
004 * CALL E~ZC(3 *1165 63)
0042 C CONVE?~~ RIGHT 1~2 551101 DATA ru 1WTT.GV’~’ 5-90043 DO 3 1.2 ISEC 2
0044 CALL rfEC( 14 1035 JBT3F ICE STILE 5)
0045 0041 ~~~~‘ 1 ICE
5046 JBUF( BL) • ( JIT1P ( EL) —I0f)~ 1150*1
5047 lF(JW ~P(EL))5l 55 51
0048 $1 JB*1F( EL) .I
1149 51 51( 5 I—J3”P(~~.))6I 60 4O
5550 60 JBUF( EL)u9
ISI S 40 CONTINUE
5052 C WR ITE *11051? I/a OP ALL POW
5053 5 Im~~rg( 4 S)(JBUF (JC) J0.1 ICE)
0034 CALL £~EC(3 1 1141 -1)
5055 END
0036

• *88* LIR? WI 8*8*

113
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Program BIWT to Create a Visible Image

5001 FT N LT
1102 123011*51 B lilT
1103 C POI NT PSIOCENS IMAGE IN 0181. TILE CALLED DATA I
0004 C AND WflITE OW VE1ISA~~C IN BINARY FORI11T
0505 C B.D.CUEIITWt 13/27 76
1106 DIPI!N ION JB”F(128) IBTIF(256) 17512(3) kB!!F( 132)
0007 DATA IFILZ/2HDA 2BTA 185/
0008 1 FOPNAT( ‘INPUT S Of c~EC10R R )
0009 2 F0PM&T( • IIIP*!T S OF COLT123~’)
0015 3 FOPIIAT( 1NPT.’T S OF POW~’)0011 4 FORIIAT( IIIPUT P11W PIXEL VAL!’E’)
0012 5 FOPMAT( IIIPIJT *1115 PIXEL VALTJE )
0013 6 FO!~NAT( INP~rr ~P11EUE VOLTAGE’)
0014 8 FORNA’ (5” •M” “C” u U f4 ~ DB • ABo”E NA” “C” . F4. I 9)8’)
5015 9 FO!JIAT(5~ ‘P11W !1CS - 74. 1 ‘DB ‘ 5V ~~CR • 74. 1 9)8
0016 7 FORNAT( 13)
00*? 99 FO!~J11T( IS” ‘FILE 5 • £3)
0018 98 FOPMAT( INPT?T FILE 5’)
0019 97 FO!)NAT( ‘SW!! 001 F0~ 10.6 -SI FO!~ 3.2 0” 050 70’ ‘!I°)
1020 96 FORIIAT( • INPUT PIXEL VALUE ¶4) BE ~.E11~~ED Oft NIl P I XEL “ALUE’)
0121 95 7OPJIAT( • INPUT PIXEL INTEW~ ITT ABO~’E MV IXEL )
0022 %mITE( I 98)
0023 !‘EAD( l 7)17”
0024 ~mJTE (1 1)
5025 “EAD( 1 7) I ~ ZC
0026 WR 1TE( l 2)
002? “EAD( l 7) IC
0028 ‘~‘fTE ( 1 3)
0029 “EAD( l 7)1’
5030 “(‘1(1 4)
0031 “EAD( l *)VPIAX• 0032 ~“'ITE(1 95)

• 0033 !~ZAD( 1 *)V~C1
0034 ‘~“ITE(1 5)
0035 ‘EAD( 1 8) VNJN
0036 ‘~‘ITE( l 96)
0037 !‘EAD( 1 8) V~~0038 ~“I’E( 1 6)
0039 “.EAD( 1 8) VS
5040 WR IT1( 1 97)
004 1 ‘1*8(1 7)500
0042 ICI’IC.’2
0043 ICE’ IC—Id
0044 ICI’1C2
0045 IC’2*1C2
0046 “PITE(6 99) STY
004? ~“UTE (6 8) VMW ~ V1
0048 “‘I!E(ö 9)VPIIN ‘!~~~
0049 C POINT PP0C~~~ OF 1*1101.
5050 17(500)2* 32 31
0051 21 A•6.91
0052 C’26.9
0053 CO 10 33
0054 31 AuS $46
0055 C’36.9
5056 00 TO 33
III? 33 A’6.91
5058 C’l
5059 33 VNAV,419.6*( ( ( VMAW+C)/A)+W)
1161 V15551.459 • 6*( ( ( VIflN+C) /A) +vq~
0161 VW 1.4I9.6*(((VWI+C)/A)+’~~)

• 5062 Vil2 419.4*(((VR2+C)/A) +V51)
• 1163 DO ll S’S I~0064 10.2*1—I
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9065 JE’2*I
0066 CALL E”EC(14 153B JBUF ICI IFILE ~O)0067 00 550 .1.1 Id
0008 IF(JBUF(J) .CT .”P1&~!) JBY!F(J) V”l
50069 IF(JB ’TF(J) .EO. V~(2) JBUF(J) VMIN
~470 LF( JBT!F(J) .LT .VNIN ) JBUF(J) .VNIN
90T J VO~286. *( JBtYF ( J)  —VPIZN ) ‘( VMX—V1fIR)
0072 100 IBTtF (J).ITIW (VO)
9073 CALL E”EC( 14 1035 JB~TF 1C2 IFILE SE)
0074 DO 200 J ’l IC2
0075 J D ’J+ I C I
0076 1F(JB !!F (J ) .G T. ”N&’!~’) JB UT(J ) ’V” l
0077 IF(JB TTF (J) .EO.V~(2) JBTTF(J).VMh15
0078 IF( JBT !F(J) .LT .VN IN ) JBUF(J) VNIII

• 0079 ‘IO’256. *1 JBUF( .1) -VMIN) /( VIIAX-YMhJI)
0080 291 IBUF ( JD ) AB~ (VO)
0081 DO 400 J ’l IC
0082 IF ( IBUF (J ) .L ’ .a)CO TO 20
9083 IF ( I BVF( J) • LT. 5)00 *0 35
9084 IF ( IB’!F ( J ) . LI’. 9) CO *0 40
9085 IF( IBT!F(J) .LI’. 17)CO 1’0 55

• 0086 IF( I Bt!F(J) . LT. 33) CO 70 60
0087 £F( JBTTF(J) .LT.65)GO 10 70
0088 I F( IBUF(J) . LI’. 129) GO ‘0 80
0089 55!!)(J)*355
0090 00 70 400
009 1 20 I$VF(J) .0
0092 00 ¶4) 450
9093 35 I BT!F (J )i3
9094 CO TO 405
0095 40 IBT!F(J).7
1096 00 10 400
0097 55 15Y’~’(J)s$ 5
0098 00 70 400
0099 65 I BT!V (J )U 3 1
0100 CO 10 400
0101 70 IBY~F(J) ’63
0102 00 TO 400
1103 80 ZBTTF(J) ’127
0104 400 COW~IW!E
0105 C “ACE “0 8 31” P 5V ~15$ INTO ONE 16 35’!’ !~OPD
0106 DO 311 J u l  IC 1
Ill? JO’2*J ’
5108 JE’2*J
0109 IB”F ( JO ) ’IAW D( 377B I BUF ( JO ) )
0110 IB tT F (J0 ) ’IBR F ( JO )*256
Si ll l5”F(JO)’IAISD(177450B IBUF(J0))
5112 IB”F(JE) ’IAJW ( ST?B I8”F(JE) )
I l l s  so. ED” F (J ) ’IO” ( IB”F ( JO ~ IB~T (JE ) )
0154 C P12!’ 8 IDENTICAL POW FLU EACH IMAGE !!OhII
5115 DO 15 5.1 8
1116 CALL E”EC(2 5565 KW’F I C I )
0117 11 COIITI NTIE
0118 CALL EXEC( 3 11068 -1)
0119 P70*1
0121 11W
1121 ENDS
*8*8 LI NT END *88*
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