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" T>>This report/describes the image data on military vehicles

at 3,2 mn and 10.6 B wavelengths obtained by US Army Missile Command
(MICOM), Redstone Arsengl, Alabama. The images were obtained through
the use of the Hughes ResSearch Laboratory (HRL) mobile images scanning
equipment. The data described here were taken during June 7 through 11,
1976 at the:CaljlZornia National Guard Armory in San Diego, California.
A detailed description of the image scamming equipment and the method
used to calibrate the equipmuent is found in the report entitled
Millimeter and Infrared Image Scans of Military Vehicles [1]. An index
of the 3.2 nm and 10.6 .m image duta tape is now ia preparation [2].
This index will present a brief sumuary of the equipment and will give

calibrated h;stograms of the !mages «nd a sample printout of each
image. /

!
/

I, BACKGROUND

*JEA.basic research program was established in bocember 1975 at
MICOM to avaluate the submillimeter wavelength regiou of the electro-
magnetic spectium for possible Army aoplications. The goal of this
program is to determine if an all-wcather capsbiility will be provided
by utilization of thess wavelengths, [nitial emphasis was driven by
an ASAP summer study ln 1974 by Paul ¥. Kruse which suggested that sub-
millimeter waves could provide sufficidant regolution and inclement
weather penetration to allow the Army o acquire, recogniza, and direct
ronvantional weapons fire onto hostile targets, such as tanke and other

uilitacy vehicles L3R5} The 1976 ASAP summer study reviewed the
NMICOM effort [6]. /

The primary reascons for se¢lecting this wavelength region are as
ivllows:

Y Millimeter and ceantimeter wavelengths are not seriously
degraded by inclemant weather but they cannot provide sufficient resgo-
lurion without exceeding the rustrictions placed on antenna size by
operaitional systems,

2 Jptical and infrared wavelengths can provide the required

resolution but oropagation of these wavelengths in inclement weather
is poor.

3, Submillimeter wavelengths can be used with system-compatible
antenna sizes to provid: & narrow beam which will minimize the problem
of clutter returns and will provide enough resolution to provide accurate
targer location, size discrimination, and shape recognition capability.
Clear air attenuation is expected to be high, but inclement weather
effects rhould not seriously degrade the beam,
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Critical data inadequacies exist in the area of propagation., There
is no experimental data on scattering. Measurements of absorption in
clear air are limited and do not include detailed meteorological mea-
surements. 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 propagetion is available [7].

Currently, a program is underway at MICOM to obtain a stat:stically
meaningful data base for submillimeter pronagation in the atmospheric
windows around 0.75, 0.85, and 1.3 wm [8]. j

It was decided that the most productive technique for evaluating
the imaging capability at these wavelengths was not to build an imaging
submiiiimeter radar but rather to use an existing 3.2 mm radar at ranges i
which simulate the resolution one would obtain with a submillimeter '
wave radar. 1

In addition to obtaining the simulated ~upbmillimeter data, high
resolution images were obtained at 3.2 mm and 10.6 pm. These data are .
now available in digital format, The high resolution data allow digi- |
tal image processing to be used to study the effects of image degrada-
tion and image enhancement,

5 The intensity of the returned signal {s calibrated with respect

! to the return from & polished gold sphere, It is hoped that these cali-

brated data will be useful to system dasigners. These calibrated target 1
signature data are not available in the submillimeter wavelength region;

nor are data available on cptical properties of materials in this sub-

millimeter region. A program is beginning at MICOM which ia to fill

this gap. It is hoped that the 3,2-mm and 10.6-um data will aid in

interpretation and evaluation of the submillimeter target signature and

optical constant parameters, ‘

Figure 1 contains a photograph of the equipment in the upper left
corner. The location on the various components is given in the drawing
in the upper right. The characteristics of the three subsystems are
shown at the bottom of Figure 1. It should be noted that the 10.6-um !
system i8 not diffraction limited nor does it have the same resolution ,
as the 3.2-um system, The visible data obtained in these experiments ‘
only provide coordinate information.

Wavelength Resolution 1
3.2 mm 10 em \
10.6 um 5 em
Visible 4 cm ]
Figure 2 shows the targets used in the imaging experiment. The targets \
are located at the 50-ft range in these photographs, ;
K
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The actual ranges used in these experiments are displayed in
Figure 3. The resolution of the 3.2-mn imaging subsystem is giver.
The simulated range of a 700-um imaging system with a 1-m aperture is
given at the bottom of each photograph. Figure 4 contalns the image
obtained during & run., The analog signal from the sensors modulate
the Z-axis of a scope. The scope trace exposed the polaroid film., The
middle column contains polaroid photographs of image data displayea on a
conographics model C9., The middle photograph on the right is a polaroid
photograph taken on-site. The other two photogcaphs in the right~hand
column were formed on a high quality, flying spot scanner which was
matchad to the recording film., The same digital image data were used
to produce all of these displays. Figure 5 is another print from the
same original used to produce Figure 4. The comparison again emphasizes
the effect of tlie display or reproduction process and the difficulty
in providing data for subjective judgement. TFigure & cordtains two more
aspects of the M48 tank, The 10,6-um system has speckle averaging; the
3.2-mm picture does not., The two photographs on Figure 7 are 3.2-mm
images taken at 100 ft (a simulated range of 0.7 km), From left-to=-
right, the objects are a truck, a jeep, and a tank. A corner cube is
located hetween the vank and the jeep. The photograph on the right is
a 3.2-mn image taken at 200 ft (a simulated range of 2.1 km)., From left

to right, the objects are a truck, a tank, and a gasoline fuel storage
tank.

Figure 8 contains records of images taken at the various ranges,
Because of a parallax problem, no 10.6-pm images were recorded at 200
and 400 ft. The fuel storage tank is visible in the 200- and 400=-ft
images, Figure 9 contains records of image data on three differeant
truck types (canvas covered, plywood covered, and open bed) and on
two jeep types (canvas covered and open). The top image in each photo-
graph is the 10.6-um image; the bottom image 18 the 3,2-mm image.
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10.6-um and 3.2-mm images of a M4BAS tank, side view.
10

Figure 5.




Figure 6.
view,

10.6-.m and

3.2-mm images of a M48AS tark, 45° and head-on
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Figure 8. Quasi-real-time display at four ranges.
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MICOM 62402
Figure 9. Quasi-real-time display of trucks and jeeps.

14




E e e e =T = .- e o kit A S msr ST T TRTE TR T e e v ommem vmem—m—

REFERENCES

1. Baird, J. M., "M’'’limeter and Infrared Image Scans of Military
Vehicles," Hughes Research Laboratories Contract No.
F30602-73-C-0191, Auguct 1976.

{

] 2. Guenther, B. D,, Submillimeter Wave Research: An Index of 3,2-mm
! and 10,6-um Image Data, US Army Missile Research, Development and
|
i
|
|
i

Engineering Laboratory, Redstone Arsenal, Alabama, Technical Report
in process of publication, November 1976.

3. Krude, P, W., "A System Enabling the Army to Se~ Through Inclement
Weather," US Army Scientific Advisory Panel Report, June 1974,

4, Kruse, P, W, and Garber, V., "Technology for Battlefield Target
Recognition in Inclement Weather," Proc. IRIS (23).

5. Hartman, R, L. and Kruse, P, W., "Submillimeter System for Imaging
Through Inclement Weather," Second International Conference and
Winter School on Submillimeter waves and 'fheir Applications, San i
Juan, Pvarto Rico (December 6~10, 1976),

6. Army Scientific Advisory Panel Swmer Study 1976, Vol. 3 (Septembar |
’ 1976) . i

Bibliography, US Army Missile Resear.h, Development and Engineering
! Lab, Technical Report RR-77=-3, Novembher 1976,

‘ 7. Guenther, B, D., Submillimeter Wave llesearch; A Propagation

8. Gamble, W. L. and Guenther, B, D., "Submillimater Laser Wave Pro-
pagation," Second Iniernational Conference and Wintar School on
Submillimeter Waves and Thaeir Applications, San Juan, Puerto Kico,
6-10 December 1976.




Commander

Dafense Documantation Canter
Attn:  DDC-7CA

Camaron Station

Alexand=ia, Vivginia 22314

Cotmander

US Army Research Office

Attn:  Dr, R, Lonte

P 0, Box 1221t

Reseacch Triangle Park,
North Carolina 27709

US Army Research and Standardi{zatfon
Giroup (Burope)
Actin:  DRXSN-E-KX, Dr. Alfved K.
Nedoluha
Box 65
FPO, New York 09510

US Arwy Material bavelopment
A Readiness Command
Actur  Dr, Govdon Rushy
Dr, James Bender
Dr. Edward Sedlak
5001 K{ wanhover Avenus
Alexandrie, Virginla 22313

Headquarters

Ity

DA (DAMA~ARZ )
Washington, b, ¢. 20310

Director of Dafensa Nsssarch and
Enginesring

Rnginearing Technology

Actnr  Nr, L. Weisbarg

Washiugton, b, ¢, 20301

Director

Defense Advanced Rasearch
Project Agency

1400 Wilson Boulevard

Arlington, Vivginia 22209

Comagder

US Army Aviation Systems Command
12th amd Spruce Sereats

St. Louls, Missouri 63166

Director

US Arwy Alr Mobility Research and
Davelopmant Laboratory

Amss Ressarch Center

Moltatt Pield, Californla 94033

Commandex

U8 Army Klectronics Command

Atcn:  DUSKL-TL-T, Dr. Jacobs
DROEL-CT, Dr, R. Buser

Yort Monmouth, New Jersey 07703

Director

US Army Night Visfon Labor atory
Attn:  John Johnaon

Yort Selvoir, Virginia 22060

Director
Atwospheric Sclences Laboratory
US Army Klectronics Cosmand
White Sande Mise(le Range,

New Mexico 88002

&

DISTRIBUTION
No, o*
Copias
liirector
US Army ballistic Ressarch Leburatories
2 Attn:  Kan Richer
Aberdaun Proving Ground, Maryland 31005
Coumandar

US Army Combined Arms Cowb at
Duvelopment Activity
2 Fort Leavenworth, Vansas 66027

Gonmander
UB Army Frakford Acsanal
Philadelphia, Pennsylvania 19137

Comuand. ¢
US Avmy Pleatimny Acsenal
2 Dover, New Jursey 07801

Comandelr

U8 Avmy Tank Automotive
Devalspment Gommand

AtLa,  DRUTA-IWL

Warven, Michigan 48090

-

Commandar

U8 Arwy Mobility Equipment Resusich
ad Develop it Comnand

Yort dalvoir, Virginia 22060

Comuardar

US Avwy Harry biasond Laboratories
2 Attnt e, Yea Kulpa

2800 Powder MiL1l Road

Melphi, Meryland 2074,

Command ax
2 UB Army Avmsment Comean
Kook Island, Illinots 61202

Comumdar
UB Army Yoreign Science
add Technology Center
toderal Office Building
1 220 7th Btrawet, N
Charlotteaville, Virginia 22901

Comandar
UB Army Tralning and boctrine
Command

Fort Monros, Vicginia 22351

Director
Ballistic Missile Dafeise Mvanced
Techno’ogy Center
1 Attn:  ATG-D
ATC=0
ATC-R
ATC-T
P.O. dox 1500
Huntsville, Alabasa 35800

-y

Comaandey
US Naval Afr Systems Cosmand
Washington, D. ¢, 20360

Chief of Naval Rasearch bDepartmant
of the Navy
Washington, 1, ¢, 20360

Command ey

US Nauval Air Davelopment Coanter
1 Aten:  Radar Division

Warainstar, Pennsylvania 18974

16

No, of
Coples

—— g

L e oo aaomeay e

L N var




Commander
U3 Naval Electronlcs Lab Center
San Mogo, California 92142

Comsandar
UB Raval Surface Weapons Center
Lahlgren, virginia 22448

Cowpannder

US Naval Weaspous Center

Atta:  Mr, Robert Moore
China Liake, California 93535

Director

Naval Vesaarch Laboratory

Attn!  Code 5300, Madar Divislon,
br, Skolnik

Code 5370, Radar Heophysics Branch

Code 5460, Klectrommgnetic Prop
Branch
Washilugton, D, ¢, 20390

Lommander
Roma Alr Davelopsent Center
US Alr Force
Attn: R McMillan, OCSA
Jemas Waslolewski, IRR(
Griitias ALy Force Base, New Yurk
13440

Commander

US ALy Povce, AFOLIL/NP
Attn: LT COL Gavdon Weptur
Bolling Alr Fovce Hase
Washington, D, ¢, 20)j2

Coww wler
US Alv Force Avioulce Laburastory
Attar D, Mees
CPT Jamaw D, Peyew, APALME
br, B. L. Sowers, AVAL/IS]
Weight Patterson Alr Povce Raua,
Ohio 45413

Nosamuler (AFEL)
Haseow Ady Yorce Bass, Marylamd 01731

Commuler
AFATL/LMT
Kelin Alr Porce Bese, Florids 12544

Hughws Resssrch Lab
Attn:  Mr, Seith
Juhn F. Heney
Jo M. Balvd
$001 Malibu Canyon wJ
Kalibu, Calltoruia 90285

Euvironmuntal Reseavch Institutue of
Hichigan
Radar and Optics Division
Attu:  br, A, Koxma
br. €. €. Alaksoff
PO, Box 618
Ann Arbor, Michigan 4180/

De, J. G, Castle

Phyeics Daparcmunt
University of Alshass

4701 Univecuicy Drive, N.K,
Huntsville, Alsbema 35807

No,

of

Copies

——

Sciunce and Technology Division
Institute of Dafens: Analysis
Attn:  Dr, Vincent J, Corcotan
400 Army-Navy Drive

Arliugton, Virginis 22102

Director

Calspan Corporation
Attin: R, Kell

PO, Box 23%

Buffalo, New York 14221

California Instliiuce of Technology
Aty b, N, George

1204 B. california Boulevard
Pusslena, California 91109

Optical Scivnce Consultants
Attn: Do, b, L, Fried

2.0, Box 188

Yorba Linda, Californie 92686

bo, b T, Hodgaes, e,

The Awrospace Corporation

2350 East 1 Segundo Boulavard
Los Aigelas, California %00)9

Comamnder

Cantey for Naval Analysas
ALtn:  Yocament Control
1401 Wilson Roulevard

S lngton, vivginia 22209

Huglive Afrevatt Compuny
Missila System troup

ALen: D, L A, Glassamsn
Canogs Park, California 91304

Goodvenr Aurospace Govp
Arizona Division
ALLa:  Mr. Fred Wilcox

Mr. P, W, Murrcay
Litchiiald Vark Arisona 85340

Honeywall, lac,

Systems And Rewsarch Division
Attw:  Lr. Paul Kruse
Minneapolis, Minnesuta 55457

Raytheon Company

Aten: A, V., Jelalian

528 Boston Fost Rosd

Sudbury, Massschusetts 01776

Georgla nstitute of Technology
Engitiwaring Experiment Station
Attn:  Jumes Gallapur

147 Feret brive

Atalanta, Goorgla 10232

The cwdd Corporation

Alto, Dr. 8, 1, bDudxinsky, Jr,
1700 Naln Street

Santa Monica, Califorwia 90406

URSMI=Fd, My, Strickland
=LI', My, Voigt
“Ry e, Mchanial
br. Koblaer
~RHH
-Rb

17

No, of
Copies

) e g e e

. —— e t—

|
i
{
!
|




B bl L TR TR T WA
Attt i dhene . aatift poniededliuiil Sinb

No. of
Coples

DRSMI-RC

111111111112.”1311

)
2

-]

-—~J

- Ee)

90 . 9

i ECIE S

o —~ o> dm

o ‘g‘m 34 3a

-4 » = O @
-5 = [T

: - . i3

3 S 34 e g

= axx

- o= - o
Jy¥y9sysd X, 33
-n—--- £y 8y

18

H
3




