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Technology advance;,. people stay ihe same.




PORTABLE RADAR
GROUND CONTROLLED APPROACH

GCA RADAR FPN-36

HELICOPTER PORTABLEATT:GILRILLAN




PORTABLE RADAR
S BAND SURVEILLANCE
& X BAND AUTO-TRACK SYSTEM

M-33 S BAND SURVEILLANCE & X BAND AUTO-TRACK SYSTEM

§ BAND ACQUISITION

Acquisition Antennar
Type: Parabolic A
Beam Width: ~ . : o f
Hotdzerital 25 mils ACQ ANTENNA ASSY TRK ANTENNA . gl
Veriital Variable Scan ¢’ DIA
Gain: 29 db i .
Polar: Horizontal

Transmitting Group:

Frequancy 3.1 ﬁ 3.5 MHz

Peak Power 1 mw

PRF 1000 pps @ 1.3 usoc TACTICAL-CONTROA.
iF Froquency 60 mc CONSOLE
iF Bandwidth . 2.9 me

Prasentation Group:

Range .

120,000 yds.

X BAND TRACKING

Antenna:

8 pwr

TRK CONSOLE ASSY

Beam Width 1.2°
Gain 39 db
Transmitting Group:
Frequency 8.5t0 9.6 GHx
Power 250 kw - reizis
© PRF 1000 pps @ .25 utec ) e
Receiver: . . . . 'COMPUTER ASSY-4
IF Freq 60 me Tracking' Rates: I e
IF Bandwidth 10 me Range 400 yds per sec
Indicators . 5.in, 3 ea. Axtimuth 700 mils-per sec
Periscope: “Elevation 500 mils per sec
Fleld of view 100 mils COMPUTER
Magnification Generat: .

Mades Linear, tangential and quadratic NIKE HERCULES AND AJAX ALSO IN STOCK )




PORTABLE RADAR -HEIGHT FINDER

AR FPSG
HENSHT FINDER
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PORTABLE RADAR - AUTOTRACK

S0R-884 AUTOTRALK

ibs. dnd -Sill .con-
acking rodors
undreds of




HYBRID MULTI-APERTURE RADAR SYSTEM
MARS

MARS integrates bistatic and phased array radar technology to
combine multiple track-while-scan technology with single-beam,
search-and-track technology. MARS offers simultaneous detection
of 1,500 targets, including incoming, outgoing, and crossing
artillery projectiles, rockets, missiles, cruise missiles, unmanned
aerial vehicles and other aircraft. Using extensive high-speed
information processing, MARS prioritizes all targets at the radar.




MARITIME SURVEILLANCE RADAR

A heliborne surveillance radar designed for maritime patrol also
serves as part of a sensor suite that identified, optically tracks and
targets vessels.




NAVAL SPACE SURVEILLANCE SYSTEM
NAVSPASUR

NAVSPASUR is a unique multistatic radar system that detects
orbital objects passing over the contiguous United States. It can
detect objects as small as 10cm diameter at orbital heights up to
15,000 nautical miles, and measure the positions and velocity
vectors of detected objects as they pass through its detection plane.




AIRBORNE WARNING AND CONTROL SYSTEM
AWACS

TACTECAL SITURTION GROCRAPHIC
Y :

_ hi _p!on-Sv Any arircralf that: de oi corraléle s i!i\'fé.étfga!ék{ and
reporled: ja the apy; qanc Americon Aerospoce. Delense
Compand [NORAD] for furthier actian.




I-GNAT UNMANNED AIRCRAFT SYSTEM

The I-Gnat is equipped with a synthetic aperture radar, dubbed
Lynx, that has a resolution of 4 inches. Lynx produces photo-like
images day or night — through clouds, for, or rain at a distance of
up to 15 miles, from an altitude of 25,000 feet. Lynx operates in
the Ku-band.

ipks on the .
found at Kitkland

\buguerqia is.
clearly visible: ls
radar image

which way tho gun
turret is pelating.,

-Radar echaes are
inicrpreted by o
computer to craate
on tmage of objects
on the ground,




USAF SPACE TRACKING SYSTEM

The Ground-Based Electro Optical Deep Space Surveillance
System (GEODSS) is a network of telescopes around the world
that track satellites and space objects using optical telescopes, laser
beam director/trackers, low-light level television cameras, and a
variety of infrared sensors.




Aviation Week & Space Technology / september 16, 1996

The Army facantly tested tha Rapid Opticol
‘Beamsiegting System (ROBS ot 1. Bliss; t
is pawered by 110 VAC, and drows 1-2 kw,
All the elecironics ore'in'the box partially
| visible 1o the lft of the system (below).

Black & white phota fram RORS IR
wide field of view shows Stinger ais- g i
sife isee arcow, left; ond drone finside
white bex, righth, Stinger approach-
es drone in serics of color imuges
from rarcew-field-of-view sensor,




KH-4B SATELLITE

HH-4B .
The Carana serics matured into
& reliablg stercoscapic recon-
- nalssance system with two
ecovery capsules and strong
‘polyester-based Kodak film,




KH-11 SATELLITE

LAV

HH 1 1 FOLLOW-Of\
Modem phowrecannalssance
satellite features a high-resolution

_ digitat camera, on-board fuet
supplies and a data- re!ay anwnna i
to dowrniink lmagery.
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OPTICAL HOLOGRAPHIC FILTER

This is a new approach to using holographic pattern-recognition
systems to identify targets. The older systems required a perfect
match for target identification.

The new system provides the capability to detect and identify
images of target objects and despite distortions in image scale,
rotation, or angle of view.

It produces a generalized holographic template that includes all
information about a prospective target.

It will identify a target image regardless of the target’s position,
brightness, or rotation, even if the target is partially obscured by
other objects, altered in appearance by reflections or glint, or
buried in visual “noise.”

It can recognize the shape of a particular aircraft, the plumes of
rockets, or other flying objects.
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Luser Radar imager May Have Many Uses

Bngineers at aaadia Na
tional Labs, Allmgrergue,
NUML, have developed nopro-
totype, ficld-ready seanner-
loss lnser vaday system that
oan resotve diffovences in

ange aeenrately enmigh o
use bhe dat o bmage the

size, shape, and sontors of

the abjects 1t sees, thies

priviting both image and
e information,

The sgatem was devel-
apint ax part of 8 program
to enable smazt convention-
al weapong Lo actively seek
and identify their targets
while diserbminating he-
twoeh argets and devovs,

The teehnalogy bhiss many

uthor potential applications
as well, says project feadery
John sackos. including use
in robotte vebiedes, ad-
vanced  manufaciaring,
transporeation  aceident
avonidance, and perimeter
aeeurity.

“{t's a technology that
tot of people are interested
in,” Suckos says.

Move infe: John Sacke
S0R-314-TOT8,

ange image f'r‘om‘ Sondia’s

 scannerless range imager

ws “introder” John Sackos

art, while providing accu-
, co!w-roded range infar-
ion o {
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images of a Jeap Cherckee
captured by Amber’s inSb
Radiance 1 camera fabovia)
and the company’s new un

cooled bolomater {right}.
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Photonics

TechnologyWorld

New Infraved Focal Plane Array
Keeps Its Cool

GOLETA, Calif.  As a first step towarkl
A small, efficient, low-cost, high peclor
wnnee inlrured camera, Amher has sle
vedoped at uncoaled fofvarved foeat plae
YUY,

Amiwer o Raviheon eompany, bused its

QW RITAY ON microbotometer tcchlmlag\'

frig Honeywell Co, and integrated 2 pro
prictany silicon readow inegraced ciecudt,
This, the company says, has produced an
vriconled 320 3 240 pixet bolomcier focal
plane areay that generaes images com-
parable o thase taken with e company's
coplud 256 X 286-pixel InSh-based
Radianee ) camera, The Radinnee 1 pro-
duees images based on hight in the 3- 10
5-pun eegfon, while the uncooted amy im-
agles the 8-
to 12~y
wavelength
region,
Amber
President Art
Lovkwouod
said  Ray
theon lunded
the year-tong
development
of the array.
and cotnpany
enpgineers

are now working W ndegrate the noew arvay
into high: performance canteras for the
milifary and commercial thermal-inag-
g markels,

As noted o the March 1998 [ssue of
Photondes Spectra ("Thermal imagers
Move From Military to Marketplace,”
page 109), Honeywell is licensing its
botomeicr technology to a number of
companies riather than trving to manu-
factre canneras el Texas Instruments
is already marketing cameras based on
a competing uncooled ferroelectric arvay
technology, - e

Resistive bolometers depend on a
change in resistance of material due to g
temperatuie rlse when infrared radistion
is absorbed. The technology is different
from thal of pholon-sensing deteclors
such as Sh. but it can theoretically he
as senslive. Aanber's manager of industrial
products, Arthur Steut, says the company
has achicved a thermal sensitivily of ap-
proximately 100 K with the new nne
coeled arcay. compared o 20 10 25 mK
lor current cooted technologles,

Stout said the company's array doesn't
requiire that the scene be “chopped,” as
docs the current furrocleetric dechnology,
such as that available from Texas
Instruments. He added that the bolome-

ler's monolithic design may
provide some manufacturing
advantages over T1's technol-
ogy that could enable volume
cost reductions.

“When we discuss the mar-
ket ramifications or ihe drl-
ving force. ceraindy it's the ex-
pectation that there will be
dramatic growth in the usc of
thermal imaging in the fong-
term,” Stonl said. "We're tatk.
ing about pulling night vision
in cars. Cooled imagers will
never be inexpensive enough
for these high-voliime apph-
cations,” w]

Stephasie A. Weiss

NOVEMBER 1995
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Tharmal infrared inmg I} SR CONSHS O
Frdence isfand. R w u ivw-resolulion frame caphired irom a highi-rasolution
videntagad inage. Milsubishi's 1IR-M-500 registers ensrgy in tha 3- (o 5-pum spoe-
tral range on 262.000 PIS detectors in a focal plang array and convverts i to a 512
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ratthe n.tegrated svstem level, revenues

3 holomctm, ferroelectric and . mulUpk

so predicts thai oppormnilies will
a new mlmaxy pro;.{rams go: oniine,
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mojor drawhock of
nguish, helw{zgq different types of plane

fquagmiie by only detesnining how key points gn
the-plone diller lcom one view to the ather and
estimating other paints. Finolly, fhe program
omperes the various views of the alcialt with
nitiges. of kaown planes, contaived in o

dutubmse, As soon os it finds 6 mutch, if notifies
the operitor,

the system is in ey developrent and won't
be reudy for wabvord testing for severol
yeurs.~——8obert Langreth

32 « POPULAR-SCIENCE APRNI 1394




SATELLITE HYPERSPECTRAL IMAGING

All material things — soil, water, vegetables, structures, metals,
paints, & fabrics — generate unique spectral fingerprints. Special
algorithms evaluate them to differentiate various natural and man-
made materials from one another. “Signature” libraries may be
used to identify specific objects by comparing the library’s
preexisting reference catalog with freshly taken hyperspectral
images from space.




SPACE-BASED INFRARED SYSTEM

Near-Real-Time Sensors find and track anything — moving or
stationary. The telescope collects infrared energy and focuses it on
the focal plane. The focal plane then produces electrical signals
that are transmitted to Earth-based computerized command and
control stations that can determine the type of object, its point of
origin, and where it is going.




WHERE TO GO FOR INFORMATION?

The options are almost endless. More than 350,000 offices are
involved in data and intelligence gathering. Where do we start?
Some considerations are as follows:

Uncorrelated Targets are categorized as: Significant UCTSs, Non-
significant UCTs, Critical UCTs, and False UCTs.

Copies of serious UCT events are sent to the Missions Systems
Integration Board, composed of all NORAD and U.S. Space
Command Directorates and senior level representatives from Naval
Space Command, Army Space Command and Air Force Space
Command.

Refer to Space Surveillance Network (SSN) regulation USR 55-12
for policy and guidance for operations.

U.S. Space Command is the Office of Primary Responsibility, but
the Command Director and the Air Defense Operations Center of

Cheyenne Mountain evaluate Uncorrelated Targets (Unknown
Track data). NORAD keeps UTRs for five years.

USAF personnel generate reports using the International Urgency
System, PAN or by ground relay of airborne reports or post-
landing reports. These are governed by Communication
Instructions Reporting Vital Intelligence Sighting (CIRVIS).
Reports are maintained at Tyndall AFB, Elmendorf Air Force
Base, NORAD’s Canadian Headquarters in Canada and elsewhere.




TERMINOLOGY

Acceptable

. UTR - UNKNOWN TRACK REPORT: Either an
uncorrelated event or an unknown track.

. UCT - UNCORRELATED TARGETS: For earth-bound
unidentified objects.

. UER — UNCORRELATED EVENT REPORTS: For space
related events.

. UT - UNKNOWN TRACK: Terminology used for
communication exchanges between pilots and radar control
personnel.

Unacceptable

. UFO — UNIDENTIFIED FLYING OBJECT: Unidentified
flying object — non-military terminology.
. UFO - UNCONVENTIONAL FLYING OBJECT:

Unconventional flying object — non-military terminology.
. FLYING SAUCER: Slang.




DOESN’T THE SECURITY CLASSIFICATION
SYSTEM MAKE THIS APPROACH IMPOSSIBLE:

Maybe not. It all depends on our approach, the timing, and the
politics of the organizations that are involved.

Presidents Foreign Intelligence Advisory Board (PFIAB):
Appointed by the President. Comprised of trustworthy,
distinguished citizens from outside of government. Makes
recommendations concerning the quality, quantity, and adequacy
of intelligence collection and analysis, and how things should be
run.

Keith Hall, Assistant Secretary of the Air Force (Space) and
Director, National Reconaissance Office. NRO activities are
highly classified. Some USAF activities are not. There is a
relationship between “white and black” space. See
http://cryptome.org/nro030800.htm.

U.S. AIR FORCE INFORMATION WARFARE CENTER: A
unit of the Air Intelligence Agency, the Air Force Information
Warfare Center was created by merging the activities and duties of
the Air Force Electronic Warfare Center and Air Force Cryptologic
Support Center’s Securities Directorate. See
http://www.afiwc.aia.af. mil.

National Infrastructure Protection Center: The mission of this
organization is to serve as the U.S. government’s focal point for
threat assessment, warning, investigation and response to threats.
It is an interagency center working within the FBI. See
http://www.Ibi.gov/nipc/index.htm.




SOME ALTERNATIVES TO CLASSIFIED
GOVERNMENT-OWNED SYSTEMS

» Colorado fire fighters receive thermal-imaging fire helmets
that enable firefighters to “see” through total darkness or
smoke-filled rooms. Provided by Aurora-based Colorado
EMS Foundation.




Photonics Spectra-Globai Issues / May 1996

Lecal Battle Heats Up Over Police U
-

figg I xvainede Weeraen
Congribsding fedifor

reakibroughs 1o s elogy

edler raie kagat guestions, tht

=it the saeil Ll ties o the ae
cvpeed gedinest e abibive of welice 1o
rrforee 4 CauntnTs bavs Mare than
Aot it breszaty, the 178
cEnmenls e Al theraed ireer - in
it lighit 1o eeaelioate lbesad ssin e
crdlivatinn rontinues o raise dbigs

aderanle

tiens regardiong defeadants’ reseson
e experiaiions od privieey
npernntianad law expests proediol
the =ane spaestians will ol
b ratsech chsaliers fin thee winndd s
vse al laging techinad:

e ospreatds
Fagope, whivre (e cory opt af ione’s

trore hetng bas castle organated. -
seett as the most kel Inodedraand
try the US the conlroversy stretelies
Pk over Hae Bist Three decades, wilhs
federal cotrts revieaans: 4 serwes ol
vases iovolving 1he Frarily Arnesd
Aent barhe Conarateas whieks g
aerves the peopie’s rigl
Hed e ARt unt e saeile
searehes g sersares T Vhooe o s -
Heave rarend potic ¢ the corhiriy e
Ravarsds o
cebicles: fo ook fhransh oot

search open fiekds, 1

obiveed a1 curbaice; tr huave dng
sevking dogs opeeite at LIS Sirnpgn

tr plinl clectrome Yeeprs aned buges
and to abtain telephone wmbers (b
aded Trom privade phones

»of IR

State ank federal courts have bxeen
resrewang Hhe legutite of evidenece oy
suned by thermal imagers ever since
Hae 175 Drugt Kaloreement Adining
steatmn {19 Beggan using nirborne
T s i Californda 1o pinpomi
saripiand remers. Foor separate
tederal conrts e raled that the

fu e does nab ennstitule
Foarnth Aneredient seaveh,

Lot October, st ahieee judge pane
s e US Conrl ot Appeats for the
Fengdht Cirenit reviewed the tse of o
terieat imager. the AG 210 sold by
AGEMA lrared Syxteuts (ne. ol

s, Nodo ke 19930 polive in
Wentiitag ustdd the ineter 0 olstain
e ilery o far aseareh wand o enfor

A prieaty bore. Warrang
e Juasdd, prillee fovinel
farde, suphisticalud in
dowe maeijuang S
A subseqnentdy ar.
restes] Chrisiapher Ca.
sanamn il Rabert
Parce. The iwa eotered
a convdltional gailty plen
<0 they could challenge
the aager's use, I he
search weretegald, the
so-called exelustonary
rale coutd, Tmder cortam
clrenmsfanees, reguire
the judpe 1o throw ot
the stlegally abtaineed
ovidenee.

Wreiting for the canrt,
Senior US Clrmnt Judge
Mammne MeKay fornd thal
ustng the mager witlwsn
asesreh wacring siolated
the Fourth Amendment.
Noanctlwtess, he [ownd
rremgly avidence L pros
eyt the men,

It expliadining his eleer
slon, Meiay savd the

Figure 1. A graup vealking
atong a dock at mghi s
capieed by Inlcamatucs
InfraCAM
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Global

Issues

ohwer courts bad crred boecause they
characterized the mngor ns record
ing waste Bead, and dien fonnd an
reasnnable expectation of privaey
that waxte heat.

The imagers uscluiness depends
nol on heal loss. bul an deteeting
the presence of distingulshable hear
signatures inside o struciare, he
saieh, Whille there is no explicil so-
ciclid expectation ol privacy inher
eut i the heat signalures of activity
within the home Loitis abuadangdy
clear that the prople retaln o rea
sonAble expeetation of privacy in U
undetected, unmamivresd per(o)
nunee of those damestic activities
that arve not knowingly exposed lo
the publie ©

Undercover in the bedroom
Imagers, ol course, cannot “see”
through walls or closed, glass win-

dows despite what you see in the
mevies, They cin detect tens duets on
person’s fuee or discern haman jorm
through an open, curtained window.
Meay said imaging technology con-
tinues o jimpeeye, and the mibliiary
vt alrcady detect human forms
maving through undergrowih, “We
do not imagine (hat it would be con-
siderably more difficelt o Wkeaily Gt
not strictly speaklng. w waich) (wo
people making love in the privacy of
their darkened bedrosm, ... Useof'a
" thermal imager enables the govern-
ment o diseover Uil which is
shieldesh from the public by the walls
of « hone,” wheee an individual's ex
pectations of privacy are highest

The Cusanamo case has been ap-
pealedd to the il Tenth Cireait; i de-
cision is not expected anyling svon.
i ihe cuding is allivmed, the resulting
split in lederal opinion would -
crease the Hkelihood of review by the
Snpreme Courd of the US. said David
Harris, Balk Profussor of Law and
Values at 1he University of Toledo
College of Law, Toledo. Ohio. Sendor
Dstriet Jodge, John Kane, wha heard
the ease by designation. invired such
serutiny by sugdesting a “fuimda:
nwenial reconsideration of the exclu
sfonary rule,”

The legal controversy is not fikely
i quench police crdhusiasi for e
watl irnagers, The evidenen s “very
compelling,” said At Stout, manager
ol industrint products a0 Amher, a

88 LHOTOMICE SPLCIRA

Raytheon Company in
Godet, Calil, Nowill 1oy
stopy Anthe s cfforts oo
sell its Senttivel uo
cooled IR focal plane
arvay imager to the pa
Tiee. Alse, beeause e
protiee use infraved s
“just une method ot
whiat they exdl building
the wall of evidenee,” re
quiring a search wae.
rant prior foase will oot
be ek of an impeth
ent cithes, he saxt,
Mogera imagers can
el person s @ per
sexncaened Usew van dgden
tly people, whereas be
fore vou just saw hot
biobhs,” sald Andrew
Qwen, peaduact man.
aper of ground sorveil
tance  systems  {or
inlraunetries in North

Figure 2. Border palrol agants shove up m s IR
image fram Inframelncs infeaCAM,

Billevica, Mass.. which
selts e INGraCAM, a handheld -
ager, Afrhoroe or ground-bresed im-
agers are already used in all 50
slates, he said, Law enforecnent is
a growing marker,” particularly as
Hungery improves, reliabilbily -
ereases, case-ufuse gues ap and
cosls fall.

Ron Newport, dircetar of the Arad-
emy of Infrared and Thermagraphy in
Ramiploops, British Columbia, Cae
nadda, agreed. Newpaort has tratned
the DEA, the US Coast Guard, the
LS Border Patrof and the Roval Ca-
vadian Mounted Police to nse im-
agers and was present dueing & pol
bt ivolving an imager. Other uses
tichude detecting new pamt on bit
and-run vehicles, locating Dodies,
and finding latse panels inside bonis,
rail cars and rosidenees. Active thep-
iwogiaphy can detect e cuncesdied
in walis, he said. But US and. in
creasingly. Canadian officers hesi
tate o disenss the teehnology for lear
their words will be used apainsg them
b onrl,

Enter the ACLU

The privacy issue witl not g away,
saith atlorney John Crow, dircetar of
the Polive Practices Projuct in Lhe
American Civil Liberties Union's
IACLUY Nerthern Californin offive.
Tomorrow, he asserts, the issoes will

vatve phatoradar and will wrget
viden gameras, micrephones used (o
tocate arban guniire, or deteetiors lor
finding drugs hidden under dothing,

“The ACLUL ofien an s with) those
who favor any weapon in the fight
againsl erime, ikes o dim vigw of
these new technologies. “the fact
that these techmologies mayv nos look
like the British in iy red coals
bargwied in the doors ol our forela
thers does net mean iv's not o Fourth
Amendment viodaion,” Crew said,

International kiw does not address
thermal imagers, but the issue could
c1op up maore oflen as use spreads.
The right of privacy is al the heart
of most seacch-and-selzire 1ssies,
and a qualitied right to privacy ex-
ists 1y humnns-rights laws under var
jous inlernational treaties, sakd
Jordan Pawst, international-aw exe
pert at the Umversity of Hovstan Law
Cenler in Texns,

Trends in the HS wilb influener
legad freneds abrowd, said Panst, who
foresees an eventual legad challenge
overseas. perhaps in BBucope “The
kind of privacy we in the West think
relates tahe home s Gairly ung
form expectaliont” elsewhers. Bat in
lernatioral efforts (o prolibil use ol
a pariiesda techinolngy “re hypassed
rather quidckly it the teehimalogy 1y

by nselul
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IR Imaging for Autonomous, Pole-Mounted Surveillance

ecause most survelllance ap-

plivadions qeguire stand-alone

operation, stadeqolthe-wrl in-
frared camoerns haven't enjoyed the
widespread aceepiance in this appii-
ation that their vides vounicrparls
have, The sensors used in loday's
advanced infrared cauberas olfer a
decided advantage over \hose used
it visible cameras, fnchaling -
wiunity (o sualight and darkness,
Fhors the cameras:provide the same
hih sensitivity atiel wide dynamie
range day or might. withrbijage qual-
iy and contrast far exeesding:mag-
titensilicd video models. Bul ine
vared cameras have unil now Heen
considersd hard o Insiall, operate
and m@inain, making theny Tesg
than practical for most surveillarice
applicaiions.

yabtne Lhese problen
éta,-Call

new infiared
Radinniee ¥ i
infrared - eal
e operat
wpas, The
cenferisd
nal proc

S:settinganid:
are now a
he camera -adso

enhaneemn
- funciions.

sing. and- analysis
Liasks such as mo-
aviplracking and ob-

RRIEX NG A
tion- deicction:

_ject vecognition can be performed at
the camera level.

The conling svstem for the 256 x
256 staring Sh arrcay is sclfcon-
wined, and a wide range of 12- 10 35-
VDO supplies. including batteries, a
ar's vigarette tighter or the standard
110/220-VAC adapter. will power the

armeras, And, beeause the Radianee
1 is compact and weighs less than 10
th. Amber says it adapis well Lo pole-
mounted installations.

Contact Stan Laband, Amber,
5756 Thornood Drive, Goleta,
Cadif. 93117; {800) 232-6237; FAX.
(805} 964.2185. i3

IR Captures Canine

[This infraredtinage of a prize-winning Rotiwetler was recorded by an Amiber 128
Lag induim antimonide staring focal plane array, After it iwas.recorded, ihe image
tas photographed jfrom a display generated by Amber's Pro-View imaging system,
Photo courtesy of Amber. a Raytheon Co,, of Goleta, Calif. i




Army Target Identification System: Near-instantaneous target

identification is being implemented by the U.S. Army. Refer to the
LandWarrior program.




¢ A man-portable sensor capable of detecting objects up to 100
meters away was developed by U.K. based Arkonia Systems
Limited is used for surveillance activities.




Remote Viewing: The NIDS SAB has the experts on this
technology.

University Linking: Establish a semi-formal linking of
university physics and astronomy departments for near-real
time study and analysis of UFO sightings via the Internet.
This would provide challenging real-world problems for
students and staff to work on.

Veterinarian Linking: Similar to the University Linking,
this Internet project would provide a link between all
veterinarians and NIDS for instant alerting and evaluation of
animal mutilation activities.

Portal Research: Many UFO reports contain clues about
things coming through portals. Develop a portal sub-team of
experts working together via the Internet. Establish
protocols, data gathering techniques, site identification
methods, and a protocol database. This category could
encompass “higher dimension” studies as well.
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MESA: A portable multi-energy sensor array for
low-frequency electromagnetic field fluctuations

JAMES HOURAN, RENSE LANGE, and DAVID L. BLACK
University of lllinois, Springfield, Ilinots

The study of the relation between electromagnetic fields and various psvchological phenomena
would be enhanced by the measurement and correlation of time series over multiple energy bands.
The paper discusses the design and implementation of a computerized multi-energy sensor array
(MESA) that detects and records low-frequency energy fluctuations. The current implementation of
MESA focuses on the measurement of magnetic fields, infrared and visible light frequencies, and in-
dices of seismic activity. However, MESA is sufficiently flexible to accommodate the measurement of
other variables as well, and it can be configured to suit applications in laboratory and field settings.

Because electromagnetic fields (EMFs) are associated
with hazardous biological and behavioral changes, their
detection and measurement are an important issue (see,
e.g.. Kristensen, 1989; Persinger, Ludwig, & Ossenkopp,
1973: Wiedemann & Schultz, 1995). Whereas most re-
search emphasizes man-made sources of EMFs, such as
power lines (e.g., Savitz, 1993), the effects of increased
geomagnetic activity have received less widespread atten-
tion. This is unfortunate, since increases in geomagnetic
activity are correlated with medical conditions such as sud-
den infant death syndrome (R. P. O’Connor & Persinger,
1997) and immunological alterations (Persinger, 1983).

Geomagnetic activity is also associated with more be-
nign effects. such as the onset of hallucinatory episodes
and other abnormal behaviors (e.g., Gearhart & Persinger,
1986; Persinger, 1988, 1993; Persinger & Cameron, 1986;
Randall & Randall, 1991). It has been hypothesized (Per-
singer, 1988, 1993) that an increase in geomagnetic ac-
tivity alters melatonin and serotonin levels in the temporal
jobe, leading to microseizures. The accompanying hallu-
cinations and perceptions may involve vestibular alter-
ations, auditory sequences, odd smells, visual forms, acute
emotional responses, and disruption from sleep {partic-
ularly during REM periods) (Baldwin, 1970; Sterman,
Shouse. & Passouant, 1982). It has further been found that
these effects closely resemble sensations reported by in-
dividuals whose temporal lobe structures are stimulated
by focused. extremely low-frequency electric currents
(Persinger & Cameron, 1986). ,

The research cited above characteristically samples only
a limited number of electromagnetic frequencies. Savitz
(1993), however, has argued that the interactions among

J.H. is currently at the S1U School of Medicine. Springfield. iL: R.L.
is currently with the lliinois State Board of Education. Springfield, ik
and D.L.B. is currently at JAM Software. Inc.. Cupertino, CA. We
thank Ronald A. Havens, Dean 1. Radin, Michael A. Persinger, Stan
Koren, and Reuven Sandyk for comments on an earlier draft of this
paper. Correspondence should be addressed to J. Houran. 301 University
Coun West. Springfield. iL 62703 ortoR. Lange te-mail: rlange3726@
aol.com).
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the various frequencies of the electromagnetic spectrum
may be of crucial importance, considering the notably dif-
ferent effects of ionizing radiation, microwaves, ang vis-
ible light on physiological functioning. Consequently, it
seems desirable to study the physiological effects associ-
ated with the interactions of multiple frequencies over time.

This paper describes a multi-energy sensor array
(MESA), capable of sampling and recording several dif-
ferent frequencies over time so that they can be correlated
with standard signal-processing techniques (e.g., Stearns
& David, 1988). The current version of MESA was de-
signed to investigate Persinger’s hypotheses related to ge-
omagpetic activity. For this reason, the presentation em-
phasizes the measurement of magnetic fields, infrared
(IR) and visible light frequencies, and seismic activity. We
want to emphasize, however, that MESA’s design is suffi-
ciently flexible to accommodate the measurement of
other EMFs as well, and that it can be configured to suit
the needs of applications in laboratory and field settings.

MESA
System and Support Specifications

As is shown in Figure 1, the current implementation of
MESA can accommodate a maximum of eight sensor in-
puts that lead into a data acquisition board that is con-
trolled by a portable minicomputer with a moderately
sized hard disk drive. Naturally, a phone link can be used
between experiments to download the data to a larger com-
puter system with greater secondary storage capacity.

The technical specifications for MESA are listed in
Tables 1 and 2 for quick reference. Here we will describe
the sensors used in the current implementation of MESA,
together with their functional properties.

Sensors
Although MESA can accommodate up to eight sensor
channels simultaneously, only five are used currently.
Channels 1 & 2: Tri-Field meters {Alphalab, Inc.)
can detect three fields—magnetic, electric. and radio fre-

Copyright 1998 Psychonomic Society, Inc.




412 HOURAN, LANGE, AND BLACK
Sensors
s Laptop
1 Computer
Unix

\ CcPU System
Data

> Acquisition i
Board Hard .

Disk
Ss 12 Voht
Battery

Figure 1. An outline of MESA.

quencies. However, the three fields cannot be sampled
simultaneously. The meters have two ranges for magnetic
fields, 0—3 mG and 0-100 mG. These meters measure
the RMS value of sinusoidal magnetic fields. This is a
limitation of the device, which is designed to measure ac
magnetic fields from 0.2 to 100 mG at 60-Hz frequency.
The output voltage for the meter ranges from 0.89 V for
a “zero” indication, to approximately 2.55 V for a full-
scale indication. Calibration tests have shown that this
output voltage remains proportional to the external field
strength even past the meter’s ability to visually indicate
the field strength (i.e., the meter was “pegged”).

Channel 3: A CdS photoresistor (Radio Shack,
No. 276-1657) operates in the variable resistance mode
and is sensitive to visible light wavelengths. The frequency/
sensitivity curve for CdS is very close to that of the human
eye. Its time domain response characteristic is variable;
that is, its output depends on how quickly the intensity of
a light source is changing. Minor variations appear to be
tracked precisely. For instance, the 60-Hz flicker of a
fluorescent light is easily seen on the output of this detec-
tor. However, large changes can require up to 2 sec to be
accurately reflected in this sensor. The sensor is such that
a high voltage resulits from low ambient light conditions,
and a low voltage results from high ambient light condi-
tions. A pull-up resistor is selected which nets the de-
sired sensitivity.

Channel 4: The infrared photoresistor (Radio Shack,
No. 276-145) consists of a single transistor whose base
region is sensitive to IR wavelengths. Connections to the
base and emitter terminals of the transistor make it pos-
sible to use it as a variable-resistance device, similar to the
CdS photoresistor mentioned above. The IR transistor’s
characteristics with regard to light levels are very simi-
lar to those of the CdS device, with two exceptions:
(1) The IR sensor is most sensitive in the infrared (long-

wavelength light) regions, and (2) the response of the IR
sensor is much faster, in the nanosecond range. Calibra-
tion tests revealed that a 60-Hz flicker source is very eas-
ily seen on the IR’s output, and response to light changes
is virtually instantaneous.

Channel 5: The Vibration/relative seismic activity
sensor (Radio Shack, No. 273-091) is a large piezoelec-
tric transducer, which is sold as a speaker element. By
mechanically coupling the device to a suitable structure,
such as a door frame or floor, it functions as a vibration
sensor. Voltages as high as +11 V were measured from
the device with moderate levels of compression. High
levels of compression presented a problem for the A/D
equipment, because overloading of a +5-V A/D input re-
sulted in “splatter” across adjacent channels. However,

Table 1
Technical Specifications for MESA

Number of channels 8

Sampling resolution 8 bits (256 discrete values) per channel

Sampling frequency Variable: {-40, 60, and
1,440 samples/sec

0.0-5.0 V (each channel)

>20 MQ (each channel)

~12Vde

700 mA (computer), 10 mA (A/D unit)

9w

Variable voltage (chs. 1-8), Variable
resistance (chs. 1-4)

30 QBNC

Supplied from host computer: {00-Hz
interrupt-driven clock

Bidirectional Centronics—compatible
parallel port (TTL)

A0-A2 {output): channel select

Data (input): serial data from A/D
converter

Clock {output): sample start signat and
data clock

Input voltage

Input impedance

Voltage supply requirement
Current supply requirement
Power requirement

Sensor types supported

Input connector type
Time base

Computer interface

Digital ¥O (computer view)
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Table 2
MESA Data Storage Format: Variable-Length Packets

Byte Contents

[7}=1 Packet contains timestamp
[7}=0 Packet does not contain timestamp

[6:4]  Reserved
[3:01  No. of one-byte samples 1o follow
{time-stamped packet}
2-5 Four-byte time stamp:
long integer. Intel byte ordering—seconds
elapsed since 00:00:00 GMT. January 1, 1970
6-n  channel data, lowest numbered channel first

{non-time-stamped packet)
2-n channel data, jowest numbered channe] first

this. problem was solved by placing a 5-V Zener diode
across the piezo’s terminals so that any output voltages
higher than the Zener would shunt to ground.

Support Parts and Sources

All pull-up switches (RS1-RS4) used in MESA are
composed of 6PDT rotary switches from Radio Shack
(No. 275-1386) and multivalued resistors pulling up the
sensor inputs to +5 V. All resistors are a 0.25-W, 5% tol-
erance, carbon film type (JDR Microdevices, RA30). The
project box (i.e., instyumentation case)isa JDR, GPB-862.
in addition, 50-Q BNC chassis connectors (JDR BNC-
F), a 7805 +5-V regulator (JDR, 7805T), and a parallel
port connector (to computer) (JDR, DB25S) are used.
MESA currently uses coaxial cables (RD58U), approxi-
mately 25 ft in length, for connection of the sensors to the
A/D converter,

Placement of the Sensors

Figure 2 illustrates the placement of the aforemen-
tioned sensors for our research purposes. Optionally, a
2 X 2 ft Plexiglas sheet may be used to affix the sensors
(i.e., the two Tri-Fields and the two light sensors) in a
fixed position by means of Velcro or electrical tape. This
arrangement facilitates their mobility, since all secured
sensors may now be moved simultaneously. However, the

Plexiplas

Tri-Fleld

] D\ cdS

NN
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piezoelectric transducer is bonded to the floor, ground,
or other stable surface.

Data Acquisition Board

MESA’s data acquisition board comprises an eight-
channel analog mulitiplexer (JDR, 4051) and a serial
A/D converter (JDR, ADC0831) with 8-bit resolution
(£0.5 LSB) and maximum 32-usec conversion time. The
first four inputs to the analog multiplexer are wired to
6PDT rotary switches, with the first five switch positions
causing the multiplexer inputs to be connected to resis-
tive pullups to the +5-V rail: 1K, 4.75K, 10K, 100K, and
1 MQ . The sixth (rightmost) position of the rotary switch
provides no pull-up voltage. The remaining four inputs to
the analog multiplexer (channels 5-8) are wired directly
to the multiplexer’s inputs, for use with variable-voltage
sensors only.

The computer A/D unit interface is via the computer’s
parallel port, utilizing TTL voltages (0 and +5 V). Three
pins are outputs (A0-A2) and select which of the eight
of the analog mulitplexer’s inputs are to be connected to
the ADC’s input. One pin is the clock output, which sig-
nals the start of a sample to the ADC and alsc clocks data
out of the ADC. The data input supplies serial data from
the ADC to the computer, clocked out one bit at a time,
by the clock output, as mentioned above.

Although the eight channels are sampled sequentially,
this occurs so quickly that the process appears simulta-
neous. In particular, the skew between the channels can
hardly be detected for rates up to 40 samples/sec. The
exact sample rate may vary somewhat over a session, be-
cause the computer’s operating system Linux features
multiprocessing, which may occasionally cause the CPU
to be diverted from the task of sampling. It was found,
however, that the variations in the sampling rate were in-
significant when no contention for processor resources
existed.

Unconnected analog inputs were pulled up by a 1-MQ
resistor to +5 V, to minimize channel crosstalk. The ana-
log multiplexer {and wires leading to its inputs) exhibit
some capacitive effects, which causes signal levels from

Tri-Field

MESA

| Piczoelectric
Transducer

Figure 2. Sensor arrangement in current implementation of MESA,
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previous channels to be held if not actively driven by a
signal source or resistive pull-up. This prevents the ap-
pearance of “shadowing” effects or signal changes in ad-
jacent channels following signal changes in an active
channel. With sufficient strength pull-up (or the pres-
ence of another active signal source), the effects of shad-
owing can be completely nullified. Note that shadowing
occurs only in completely unconnected channels.

The Computer System :

MESA runs on a sub-notebook computer featuring an
Intel 80486 SL.C 33-MHz processor with 4 MB of RAM
and an 85-MB hard drive, using the Linux operating sys-
tem. All software is written in Gnu C compiler and
SVGALlib—a package of display primitives for the VGA
display most commonly found on IBM-PC—compatible
systems. The supplied software utilizes the 640 X 430
X 1 bit plane mode to display sampled data in “real-time”
(i.e., while the experiment is in progress) as well as in
“playback” mode (i.e., after the data have been gathered).
At an acquisition speed of 40 samples/sec, MESA’s storage
requirement is 464 bytes/sec, or approximately 1.3 MB/h.
Other features, such as variable playback speed and mag-
nification of the displays, are also implemented. Most im-
portantly, variable alarm levels can be specified for any
one of the eight possible sensor channels. For example,
MESA currently uses a reading of 27 mG on both of the
Tri-Field meters over a 3-sec interval as a threshold to
trip the computerized alarm.

Power

MESA is self-contained, including the power supply.
Therefore, the various components (i.e., acquisition board,
computer, and most of the sensors) are powered by a 10-
Ib, 12-V deep-discharge marine battery of 34-AH capac-
ity. The battery is connected to a postitive voltage regula-
tor (JDR, 7805T) which produces exactly 5 V, provided
that the battery voltage remains at or above +5 V. The
calibration tests on all of MESA’s components and sen-
sors indicated that the apparatus can be run for over 12 h
continuously on this battery before recharging is re-
quired.

Archive :

Upon the completion of an experiment, the observa-
tional data can be transferred from the laptop computer
for analysis by two methods. The first is the use of a
pocket Ethernet adapter to transfer the data using file
transfer protocol (ftp) or other protocol utilizing a
TCP/IP networking infrastructure. In the prototype, a
TCP/1P stack for Workgroups 3.11 was installed on an-
other computer, along with an Ethernet card, and sup-
plied Telnet and ftp clients on the machine running Win-
dows for Workgroups were used to transfer recorded
data. The second method is to log on to the {aptop com-
puter via its serial port and download data using a trans-
fer protocol such as Zmodem.

DISCUSSION

This paper showed that it is feasible to construct a
multi-energy sensor array that is portable and relatively
inexpensive (the current implementation costs approxi-
mately $3,000) and that can be operated by a single re-
searcher. Thus, it becomes practical to obtain simultane-
ous time series over multiple EMF bands not only in the
laboratory (see, €.g., Green, Parks, Guyer, Fahrion, &
Coyne, 1992; Radin & Rebman, 1996) but also in natural
settings. This approach may be espegially pertinent to
studying the role of EMFs in instigating hallucinations
and other psychophysiological effects, since various se-
ries of frequency interactions may elicit notably different
behavioral responses. The authors are currently using
MESA in field studies to extend the research correlating
EMFs with these hallucinations and abnormal behaviors.
However, research in this area might also provide insights
into the role EMFs have in such diverse areas as dream re-
call (Sandyk, 1995), correction of regulatory dysfunctions
(Vasilevskit, Sidorov, & Suvorov, 1993), rearing behavior
in rats (Rudolph, Krauchi, Wirz, & Feer, 1985), and physi-
cal and psychological therapies (M. E. O’Connor, 1993).

Although it would certainly be possible to construct a
superior system by using more advanced components, cal-
ibration tests indicated that MESA achieved the reliabil-
ity and precision required for our research. In addition,
the option to substitute different sensors makes MESA
sufficiently flexible for use in a variety of settings.
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