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FOREWORD

This document Ls subaitted s the Pinal Report for Contract OBD-126,
with the Office of the Secretary of Defense for the Advanced Research
Projects Agency. The report covers work accomplished in the pariod 1 April
196.2 through 30 January 196). Principal contributors includa 3. Alsxander,
A. 2. Ceipott, X. D. Holbrook, and 1. F. We:ke. Thanks are dus to T. C.
Basemore, D. R. Biclap, C. 4. Moveno, W. W. Short, and V. R. Stull for

special comeributions.
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\ ABSTRACT
v y
This Seral l’cport/'of a short study on detection for sntt-guerilla
operations in 8. E. Asis is divided into two parts. Part Gne (Gessivasr
~~VEPSIIN) s the body of the repoat containing an intentionslly
concise description of major findings and recommended programs. Part
tvo GerctONT O~vhneugh-lO¥ consists of detailed Appendices and Final
Technics) Summary Reports, respectively, on requirements, optical studles,
radar, acoust’ ' . .e&phyuu, and miscellansous tachniques. .
The emphJsis of the study hss besn on novel applications of advanced
techniques to logically constructed requirements. Operational and environ-
menta) zactors ara revieved and s logical set of requiremsncs is offered
and solutions to partislly satisfy s msjority of these are wtu‘nﬁ. Two
novel applications of advanced infra-red techniques of potentislly Jensral
applicability are offersd. Other applications of iunfts-vred for spscialised
sttuations sre also suggested. A specific use for an unconventional radar
1s discussed and preliminsty estimates cf feasibility are given. A survey
of acoustic detsction possibilities L provided and the applicabllity of
crttain geophysical prospeciing techniques is examinsd. Other {dess of
voknown feasibility are listed and briefly discussed.
In all casss either study, research, or tsst work is needod. A
program of atudy and research 1s outlined for the methods of major interest

and potentisl. Throughout Part Two comments on desirable investigations are

aotsd at appropriste points.
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SECTION 1

AND SUMMAR

This is & Einal ceport ui a study for the Advanced Rasearch Projecte
Agency, addressed to ibe problews of derscting and identifying guerilla
oparations in Southeast Asia. Three [acters wers to ba considersd: the
roqulrements for, and tlw perfurmsnce necessary, in operaticnal equipments
for use by indigenous troops, the applicabillcy of existing equipments; and
the potential wrllity of principles and mathods not in current use. The
study vas to dofine tnose laborstory and field tasts cequired for u-uunnz
of thu usefuloess aud effectivenass of suggested mathods, ircluding csrtain
technical evaluations as directed by ARPA.

Subssquant direcction definsd the following constraints: The study

should be concarned with squipment for miliiary eperations solely, snd oot

vith polics, or covert intelligence squipment. The scudy ahould coocsntrate

on datection ideas and u}thodl not alraady under iatensive investigation by |'
the various Services. Extensive systems analysis to determins requiremsats
wap not desized.

The wotivations for ruch a study are plain. Firat, the location of
gurrillas undsr conditions that permit succesafui attack by frisndly forces
ramaios ons of the great problems of arti-guerilla opsrstions. Second,
sdvanced detsction gear dssigned for such purposes is genarslly conspic.ous
by its absence from tha T. O. & B, of U.8, military units and 1s not to be
found at all in Southesst Asian milicary secvices. Third, such U.5. gear
as oxiets may not be ueable in the SR Asian thaatar, ovr by indigencus troups.
In the study, s numbat of requirements have been suggested and cartain new

mxthods offared to satiefy them. In every casa, soms test work was found

1.1
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to be required and In most instances the basic data oereded to establish
fessihil Ly weri oot avalladle.

The wotivations for the constraints were, respectively, & resiricted
wission, or anticipated ditficulties, political or otlmiwlew, in utilising
cercain tachniques; and & desirs to avuld dupliceting other studien. The
practicel results ot the coustraints have been as follows: Cartetin
obvicusly promising soiutions Lo sccepted requiremsnts hava not baasn
treaced (s.g., Lhe use of polygraph techniquas to datermine whather parcicular
villages harbor guerillas); omthods of surveillance and reconnaissance in
common military and civil use have besn examined, if at ell, only cursorily
for applicability tu this problem (s.g., sarial photo-reconnalasance and
associstad monitoring techniques have not baen trestad); end, oo brosd and
systeomatic acalyeis of the sntire conflict has been undartaken (t.;., the
requiremants have been constructed sclaly on the basis of historical expertencs,
& partisl appraciation of the conflict, and common sense rules).,

This tinal report (s forwulated as follows: Ths body 2f the repert,
Sections 1 through &, consist of & relatively coociss sccount of the
subsrarce and findings of the etudy. Datails of che work, subatsatiacting data,
and other informetion uf intersst ste given in Sections & through 10, which are
Appendicas. The Appendices are large as all the percinent matarial gathersd
in the study is included on tha basis that it may des usaful in (uture work.
Rafarsnces to the lturunri and the Appendices ars carried in the body of
the report, and figures ara collected at the ands of sections vr subsections.

Saction 3 provides a ganeral bibliogrephy.
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The scudy was orgeniszed un the beses (1) thet the currant conllicet in
South Vietnam migut not be resolved for vears; (2) that puarills operations
in the saas ganera] pattern might spresd to othar parts of BE Asis; and (3)
that techniquas of general applicability (1.a., generslly applicabie to wet
lsnds, jungles, forested upiands, mountain arass, etc.) would be ¢. grescest
interset. Thus, while near-term solutions to Vietnam probleme wars considaced
to be important, the uudf contawplated potential long-term applications as
wall. Requirements and sviutious applicadis to the various perts of all of
SR Asia wate sought. For these reasons two arcas, assumsd to be cf major Latsrest,
vers sxasined. 3outh Vietnam, vhere a favorable effect on the current comflist
might be obtainad, and Thailand, potentislly am ares of conflict. Thailand
morsover may be though: of as a laboratory reasonably reprasentative, bacause
of 1ts dr’erae features, of all SE Asta, and wmuch of South Asia. Por
conveniance, an outline political map of SR Asia 1is given in Pigire 1.1. —

In ~ conventional attack on this problem one aight maks Aetailed
surveys of the state-cof-tha-srt in surveillancs and recocnsissance, iacluding
extrapolations, and of the natural backgrounds of pertinsat phanomans io the
conflict areas, and relate thess te operstiona) neads. Instesd, the following
approsch was employne- rat, & pralimsinary survey of operativos cnd saviron-
mental factors was mede to indicate some requirsmsncts and suggest promising
techniques. [A firat-hand report was provided by B. Alexandsr, from a survey
trip undertakan in March snd April of 1962.] The relatively fav generally

promising and praviously urexploited fdess which smergs¢ from this survey

were then examinad in sows decail, and carrisd to the stage of recommending

Leb gt A g U el




- o *
et peioll

teat and resesrch programs. Thus, as 1t happened, rost of ths effort of the
study wis expended on specialized pivbleme of infrared surveillaoce, including
soms simpie experimsnts. Much of the Lime resmaining was allocated primarily
to investigating s varisty of techziguss, with priority given to thoss which,
on balance, considering tessibility, opecrational utility, availability, and
simplicity, essamed moet promising.

This sethod vf sppruach was chosen as being moat likaly, ia . shoret
study, to producs .mmadiacaly aselul results.

Dut ing the course of the study, Project Agile was crganised ineo
sevaral sub-prujsces including Projeci V + Combat Surveillance and Target
Acquisicion Systeas, vhich assumed responsibility for Coatract S0-126. Since
4 major slement of this prrject involved environmental resssrch, soms edditionsl
sifort was devoted to gaining a graater undstetanding of the {wportaunce of
environmental factors and practical constraints on operational neesds.

The tuchnical findings of this parricular study are summarized below.

Datails of the dapth of the study relevant to the findings are given in the

taxt:
1. ¥o military detection method was found which promises an over-all,
cvarvhelning advantage for government forcas.
2. 7Two previcusly unexploited applications of infrared tharmsl-sapping
techniques nay offer substantial advantages co government forces.
Thay ars: ‘
4) Waku-mapping 3f submerged lands, and
b) Detection ol firss under forsst covar.

Exploitation of both techniquas rrats on acquiring basic data nol now

l.4
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ino hand. Th rusulte ot axparimmnts to datg are not fully understood

and additionsl axperimencs end fiuld tests sre nesded. Insofar as

43181105 equipments are technically fzasible for the suggeated

applications, which Ls merginsl, Lasy are not gensrally suitable for

uss by indigcnous forces. The fullast sxplottacion of tha phenomsna,

49 now understood, would requirs the development of naw squipment.

Bev squipment for optimining tire datection, cn geomstrical grounds,

is suggestaed. .

5. With respsct co passive infrared equipment used at short ranges,

reported field tasts have baen acacly unfavorable. Addirional work is

nesded on requirements and tb‘ specification of design paramscars.

4. With respect to radsr;
8) Atrcreft radar surveillance to detsct armed parsonnel coﬁcc&lcﬂ
under forest cover, or woving under covar, des not look particularly
Promising. The present state of knowledge of typical signal-to-moise
conduio_m is, hovever, insufficient to asttls the question. Enough
unceartainty exists that basic sxperimsnts sre nesded and sre

Justifiable.

b) Shorc-rangs detection of moving parsonnel is certaialy techaically

feasible in certain situations. The operational utility of exiating
, or advanced equipment is not resolved. Additional studies ers
cesded.

€) The use of specialized radar and associated squipmant to locats

the source of small arms, heavy rifle, and mortar [irs from the
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ground , Mllcopm attcraft with sufficienc precision for
return firz, =ay be feagitle and should be frwestigeted .

S. Acoustic listening devices for monitoring trails amd sress, and torv
detecting ot rsaging on groups attacking stratsgic villages are
technically feasibla. In meny casss, suitable gear can be simply
constructed veing natlve ascertsls. Thers is, generally, poor informmtion
on typical signal-tu-noiss fcr various situations and advancages over
othar methods are not known. Opsrativasl fesaibility for many potencial
applications $a questioned (e.g., in trail sonitoring bacauss of tha
allegedly vast numbers of trails, and the supposedly enormous data-
handling problems.) Additiccsl studiss are needed.
6. GCeophysical prospecting msthods may ba of soms intsrest in specialised
spplications {a.g., sensitive magnetomsters to ald in surface inspection
of limited areas for concealed arms} Purther work is required.
7. A variety of sxotic "cooperarive®™ ideass invclving praferantisl taggieg
of guerillas by chamicale do not, on balance, seem promising.
8. 1In genersl, environmental daca, particularly those relating to
natural backgrounds of phancsuns smployid in surveillance, are sparse.
Thers is subscantisl svidencs, bassd on other cousiderations, that local
(i.e., U.5. and Lacin-Amsrican) arcas sslected fur fisld tsets are not
rapresentative vf 3K Asien condltions. An sffort to obtain axtensive
detalled data on certain classes of SK Asian Backgrounds would be very
worthwhile.

Expacisnce gainad in this stiudy has led the Contractor to csrtain nontechaical

conclusions, percinent to futurs work Ln thie area, which are, tharefors,
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9. State of the art, development, and resssrch in eurveillance ara

given below.

widely differant in the verious S«rvices and other U.8. sgeacies.
Knowledge 13 shared slowly, at present, snd spsciaiized tricks of ths
trade tittar frum their urigin to other Services and ARPA in raihar
loisuiely fashion. A vigorous across-the-board reviaw of surveillance
in counter-insurgency, on the style of ::c wcll-known taclnicsl reviews
ot missile defense problems would be helpful. BExisting programs could
be cricicized and gaps made svident, aress of agreement and disagreempnt
could be outlined, and key issuas pinpointad. It s not too much to
hope that sn agraed upon over-sll program could be formulsted.

10. although the ARFA rtole and smissicn undar Project Agile has becoms
increasingly clesr, the smphasis on ressarch for lorj-term objsctives,
4s contrasted to gadgetsering for immediste anplication, has net besn
sads clear. Thers is some confusion in induetry quartsrs concerning
the various Sarvice missions and thair relationship to tha ARPA mission
and, in particular, to the role of ressarch.

11. Under the present prograx, it seams that essential. long-tarm
research may be de-emphasized in favor of spscisl projects designed to
give short-term reliaf in Vietnam.

12. Alchough fairly narrowly defined studies such as tha ona reported
here may be productive, thare ie & strong possibilicy that (a) substantie
slly graater rate of p..grass would be obtained with an sffort large

snuugh tuv susteln a sultidisciplinary approach (i.e., at lsast cne-half

dosen spactalists); (b) expsrience and daca are cbtained slowly soough




that {t would be wost w tchwhile to malntain eny particuilcr aftore for
&t lediry & few yoatrs.

13. Finatiy, 1t 1e Jpparent that quite diveras views sxist on how bast
t0 waploy advanced technology in counter-ins.rgency operailons. This
Problem ot requiremenis cenant be stated tn ways which are gansrally
&cceptavle to all workers Lo the fleld. This diveraity of opiaion
wight be yaduced by & aeries of discussions on actual expericncas in
vecent milicary cperations in Vietnew and by detatled reports of

cparationsl encounters and results.
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SECTION 2

REQUIREMENTS

2.1. Gensral

The term - requiremen.s - *s used here to encompass ths needs and
Aesivres of the military services for detection and suivelillance capabilitise.
These arw for nperationally feaxidle ind attractive msans to uetwct guerillas,
their movemsnts, stores, basse, and operstions in the regioms in whiih they
operate, or may opesrate in the futurs. PFeasibility, in this senso, msans
the mathods sust work consistently, and be useful under com”lict conditioms
and, eveatually, be uubla by indigenous troops. To be sttractive, the
methods must significantly enhance the probabilfty of ouccessfully attacking
gusrillas, or dc!lnttoly.h-pﬂ their operations.

Two factors are of primary importsace. First, it is necessary to know
so quantitatively as possible, what difficulties sre imposed by the environ-
sent (c.g., terrain, vegstation, climate, atc.) of tha conflict and what
special opportunities are afforded. Second, since the nature of conflict
operations may strongiy affact rc;zutr-lnu, sperational factors oust be
considered with soma care. The former consideration is discusead briefly in
é.!, and later in 2.3 following. Both are treatad in greater detail in
Section 6.

Guerilla warfare in South Vietnam follows the traditi.ral potterns of
early conflict established in China, North Vietnam, the Philippines,
Haleyu, and Laos, modified Initially by the character of the country sad the

accessibility of santctuary and wore recently by U. 5. - introduced operatioms.

-2.1.
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Cusrilias now operste in all parte of §. Vietnas, in sma)l twass, platooms
(30 men), and companies (90 =z=a). Ocrasicnally fucays in batsllion strengeh,
OF engagements presumsbly involving larger forces aure reported. Some 300
terror incidents per month are ailaged to occur, involving virtually gll of
South Yistnam, tncluding sabotage, arson, kidoapping, asssssination. smbush,
and attacks on outposts aod communitiss. Soms of thc aajor incidents and
conflicts publicly reporcted in the last year by U. §. correspondents are
shown by the crossed circies in Pigure 2.1.1.

It is believed that there are on the order of 25,000 Viet Cong
organized ragulars and possibly 75,000 - 200,000 irregulsrs ana VC village
defense forces. Many areas are mors or less complusely under VC control.
Although, as tn prevsious guerills canpsigns in their early stages, the
government keeps many sore men under arms than thers are guerilla regqulars
{perhape & factor of 10, or more) 1t s vary difficult to bring this sumer-
ical superiority to basr. Grest difficulties are exparienced in reaching
the sceny of sttack in time to engsge guerillas, io tracking and cloeing
with {nsurgents after terror incidents, in dealing successfully with
asbusnes, in locating bases,in detecting infiltrarion from extrs territe
orial sanctuaries, and in disrupting supply snd comsuntcations linas to
sdherents sod passive supporters.

These d‘.fﬁ.;uluu arise from a large number of csuses; tncluding
PoOX communicsations, and transportationm problems. It {s gensrally felt
by obssrvers on the scens that the difficulties could be greatly slisviated
by boctter detoction techniquas. On the basis of sxperiance in gusrills
conflicts alresdy concluded, and current experience in Vietnam, & cossonable

set of general requirements can be given, beaarting in pind tng. general
«2.2-
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problems

sariier.

of feasibllity and atiraccivensse, and the constraincs discussed

Buch & 118t {s given in Table 2.1.1 below:

Table 2.1.1 General Requirements for Military Detection
Prlmrz Purpose « Future Attack

1. Location of guerilla pases.

2. ldentificstion of favorad routes into and ocut of bases,
internal sanctusries, and extra-territorial sanctuariaes.
Identification of lines of communication and supply to
supporters.

4. Location of stores snd hidesways swav from bases.

Primary Purpose - Ismediate Attack or Defanse
--——"1—'1....___,-———.____....___

3. Vamning of smbushes.

&. Raptd and precise location of smbushing forces and quick

reaction. l

Warning of, and precise detection of guerillas moviug to

or frowm ambush or sttack of outposts, communities, or
other fixed sites.

Pracise location of attacking forces und wespons.

Tracking, or real time detection of guerilla movemen: under

cover of darkness or natural conceslment .

Location of guerillas in temporary concealment (as in brush,

burrows, or under wvatsr).

Rapid, precise location of espons firing on aircraft.
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In general, it L1 presumed thst, other things being equal, detaction
Levimiyues wnicih work a1 iong renge («.g., from sircratt) wovid be prefsrred,
and resl time deta-handling would be favared over methods which are oaly
usefui for [uture attack. Next most desirable would be short-range real
time methods usable by combat elements and convoy sscorts. PFixed, short-
range, line or sares surveillance devices would ba of lesser interest.

In this study, methods are suggestad which may, if feasibie, partiaily
sstisfy Requiremscts 1, 2, 4, 6, 7,8,%,and 11. Estimates of the feasibility
of mesting such requiremants and criteriasre discusead ar appropriste potnts
in the body of the fext. In general, tha question of feasibility rests on
fundamentsl data not yet in hand and for which, in most cases, no programe
exist.

Tht subsections following summsrise brisfly the cmtrumuﬁl and
opsrational factors of iworunu covered in datail in Section §.

2.2. [Enviroemertsl Pactcts

The Viet Cong have major bases 4t many points tn South Vietnam sod,
of courte, infiltration asy occur slong almoet all of the nearly 1000 miles
of border with North Vietnaw, lLaocs, and Cambodis. Some metor buses reported
pPub'icly are in An Xuyen province on the Camau peainsula, in the proviaces .
slong the Cambodian border, such ss Tay Ninh, slong the Annasits coustaing
opposita Da Nang and Wué, and in Zone D, soms 40 miles northsast of Saigon,
which occupies most of Phucc Thanh province. These, and some other provinces,
ars sketched crudely in Figure 2,1.1. They are mentioned to illuscrate the

varisty of conditions under which guerillas sust be detected.
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An Xuyen {s ‘s marshy delta, replete with mangrove swamps; Tay Ninh is

s rice ares, and othar nesrby provincas contain much paddy land; opposite

Da Nang sud below, &t the term.ius of the Ho Chi Minh trail, are heavily

forested, precipitous mountains snd narrow valleys; Zone D 1s mostly hilly

with denss jungle covering; inland from Binh Dinh, and from much of the
sastern and southasstern cosstal strip helow are regions some tens of
miles deap covered with primary rain forest.

Heans must be found to detect guerillas in a variaty of forests,
including dry uplend, monscon, and tropicsl rain forests, in tropical
svanps and meishes, ar) in generslly wet lands such as rice peddies snd
river deltas. The major difficulty in sssessing the fesaibility of
various schemes is that quantitative data on the savircoments ars not
sveilable,

Should Thatland bacome an area of major conflict, various regions

poss similar environmental problems.

«2.5-
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2.3. Qepsgasjunsl Cousidiratjony

There are not many "snaineering'textu un susrtlla wavfere. Accounts of
historical experienca do not, usually, recount successs and failure points of

taccical upwracions In ways that ece usaful for deducing appropriate correce

tive action. Btatiscice (n detail on current operstions have not baen avail-

able. Soms fow accounts, which are quoted at length in Section 6, do give
valuable {neights into operstionsl necessities.

With respect to advenced dutection devices, none sexm to have been sm-
ployad iu Malsys, in Frunch Indochina, or ths Milippines, except that in
Malays the-British cried both military dogs as trackera (unenuccessfully) and
imporced native trackers (successfully).

The lessons on jungle warfare ars explicic. Patrol sconomy Tequites
that any detection devices carried be as light and as ruggsd as possibla.
Prasumsbly the advantages sttributad co them oust ba very substantial or thay
will not ba used in any cass. The most successful techaiqus reported in an
account of Malayan operations was the intelligent deduction, by a grest number
of obssrvations on the ground, of routas favored by :he CT's in their travsls
to aud Irom hidden jungle basss.

In Vietnam similar and more extensive difficulties are ancountsred sad
the environment {s more varied. There are s factor of 3 or so wore VC'~ now
active in Vietnaam than wers ever active in Malays and & smsller percentage of
territory {s under government comtrol. The temrain i3 somsvhat mors cuggad
and, sloce the fighting element constsce of Vistnamsse troops the rapid in-
clusion of new (Western) methods is not sasily ohtained. There ars still

major VC bases in the jungles of Victnam vhich cannot be (precicely) located.
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Operatloas Llu flouded lands are fairly cowmon. Iravel acrces territorial
boundariss is not controlled. Since enewy unit sizes in forays is difficulc
to eszimata, governamui forces (patrols) are sometimes overmatched and as fre-
quently, government unite o1 unnecessarily largs size are employed. Trape,
suatres, and spikes are commonly empioyed on trails and likely helicopter lznd-
tog points. Ambush is frequent and devastating. The local populace is, at
best, primerily pasaive and does noi report VC movements or preparations.

An operacional factor typical to all gusrilla conflicts at soms stage
is the sxtremsly unfavorable ratio of governmsnt troops to insurgents. It may
be obssrved that the pieponderance of such troops slweys ave eugagsd in guard
and civil contrel or are held in veserve. The widespread adoption of intrusion
detection devices and gemarsl mechanigstion of such duties may concaivably,
mske possible a reduction in control-croop strength.

Tha ratio of combatL troops to sctive ivsurgents is not nearly so large,
and probably cannot reasonably be reduced. Advanced detection devices, how-
ever, -y enable these troops to oparste more efficiently and to sustain 3
higher level of pregsure on the enemy. Major operational hazards are uncon-
trolled access to axtraterritorial sanctuaries, and the existenca cf stabls,

wapproachable. VO beses and training centars, and fresdom of movemsnt of

gusrillas. Advanced detection devices may slleviats these hazsrds.
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SECTION 3

METHODS

3.1 Incroduction

A variety of novel and famlliar detecction methods ara briefly discussed
in chis ssction, Esphcsis {8 on satisfying presumed Tegquiremencs for anti-
guerilla operations in Southsasr A‘tl-t _Raference 19 made £0 known programs
4nd ecxpariance 18 cited, The objectives and constraints previously dis-
cussed ars laplicit in the ideas treated,

fince extensive surveys wore ~ot possible under this countrsct, only 2
fow duts oun militacy service detection programs and industry proposals are
presented and thess are scatteored rhrougbowt Lhe zeport, Pertinent ARFA
fisld programs (or steted requirements) as reported from tha CDTCs in
Vistoam and Thailand (Refs, 3,1-3.4) avre listed fa Tabla 3. 1.1. 1In che
Table, and rhroughout the report, methods of detection have beon divided

into two gensral classes; oburv:::iu'ml, in which detection {s achieved by

observing tergest signals ageinst thé nacural anvirooment; and ¢ tive,
in which detection L{s achisved bescause the characteristics of the target, or

of the cetural eavironment have besn purpossfully altered.

3.1 Pertodis Report, CDTC. RVEAF {131 July 19621) Sec.
3.2 Lacrter Report, CDTU (Thailand} (1-30 Sept, 1962) Sec.
3,) Letier Report, CDTC (Thailand) (1-21 August 1961) Sec.

3.4 Lecter Report, CDTC (Thatland) (1-30 Sepc, 1962) fec,
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Table 3.1.1 Zxisting Guerills Detection Pregrems
udbservational bDstezgion

Prosrsa or Requiremart
Mapping and asrial reconnaissance

Eovirormental & oparacicosreseaxch (Ref, 3,4)

Mine detsctor for naill-board Jetsction
Doopler surveillance radar

Airborne surveillance for weapons and
azmunitisn

Border surveillance (fences, mines, radar)

Active and pasaive short range I2

Seismic device

Directionai microphone

Ratlroad sscurity (rail bresks, mines, etc)

Military doge

Cooperative Datection

Program or Requiresent
Village slama system

Chaff vockets for out posts

Targz: =arking device

VC Statln grenades

TIARA

Vegetacion kxll‘

Short Commwent

In delts operacions--type unknown

Thailano--heat sources and
surveillance problams

Nail-fleld clearing program
Teat of AN/APS-4 & newer modeils

Geaophysical techaiques
(rsquirement )

Ressarch on concrol wethods

Tascs of existing nighc viswing
gear and' requirement

WOTS-geophone-high seneicivicy

Thailand-tests of Bangkok
aicrophone

Requirwment-electronic methods

Patrolling, varning, tracking,
aggression

Short Comment
Coded pulse radio signal

Por AF radar oet observatioa--
4-4 oz chaff to 1000 fest

For marking drop pointe, etc.

Persistent stain for later WV
examination

Chesmiluminescent pecsisiont compound

Denude natural cover
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The AGILE CS&TA prugram, a8 reported in Ref. 3.3, liecs 4n sddition s
specific pregTe= on 3 t3, a babic duls wapuwsiment on the
faanibility of aserial radar surveillsnce to locaie concealed porsonmal (with
Conductron Corp.) and a program on fire detection (originally suggested by

the Contractor.) Also listed is a general progrsm of investigation in

Acoustic & seismic devices;
Paseive and active IR;
Radar and other electromsgnetic detection;

Pasaive & sctive optical viewing, image intensificatiom, etc,

and & vequirsment for envirommental resssrch oo related phenoeona.

lafrared (3.2), radar (3.3), snd acoustics and geophysics (3.4) applics-

tions are treated briefly in this section and in decail in the Appendices.
The treatment in both places is somevhat unevan since ths study effort was
concantrated ou Lhe most promising and potentially ueeful ideas that cams
early. Thess happensd to be primarily in the infraved field.

Without exception the tactical utilicy of the sechods camnot be sstab-
ilshed without some testing, In the mast iaterssting csses fundamentsl
measursmsnts or extensive [leid testing are required to evtablish opersticaal
feasibility and to fully exploit cthe technigques. Equipments suitabla for

use by indigenous troops must be developed,

3.2 Opricgl

The obssrvational optical mathods of most promise suggested in thie

3.3 Quarcerly Agile Raporc, | July - 30O Sepr. 1962. Confidential.

i)
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study bdoth invuive (he esploywent of high resgiuiivie chermal mappers. Two
vl Lhuew wmy sooulc in guisialiy syplivable vechniques; one ior use againec
guerillas in forest snd jungle, the other in flooded landa, swamps, ete.

These ace a) personnel waks detection, and b) fire dateccion.

a) Wake degectinn: 1t {s reasonable to suppose that sovements of
suderate to large guerilla forces to poincs of assembly in paddy
lands may be primarily at cight, if the region is under any kind
of surveillance, Preliminary celculacions on probable temperatures
alone, indicata chat psrsonnsl] moving through scagnant bodiss of
water msy leave "wakes' similar to ship wakes, of sufficient
persistencs to de uceful, {f detectadls, in estadlishing patterns
of movement, LKxisting tharma)] mappers may have high soough reselu-
tion and sensitivity ¢o wmap such vakes., The indications could also
aid in the tracking of guarillas in flight, in monitoring svampe,
and in other surveilleoce cperations in fiooded lands. The cape-

bility may also be applied to the control of guerills water craffic,

in locating submeryed bridgss, ete,

At the present time tha sxiitence of the phencmenon has not
beeu demonstrated (only one test, under rather unfavorsbls condi-
tions [sae 3,6) has been run, with negative results) aad, of uourss,
the incensity, excent, and durstion of such s phencmenon undsr
varying envitormental conditions are completely uwknowm. [On the
other hand ship wakes, tempearsturs gradients in water, and 4
wvariecy of other surface phenomens have been recorded by thermal
mappers observing the spparent teaperature (Cemperature/emissivity

product) of & thin surface water layer.] Basic data on the

=« g
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phanomtia are needed. to entnblish the cechaical feasidility and
teyslt? ! persunnel wake syrvelllanee and to determine whether
sxXisting mappers are adequate or wvhether new squipment would be
nesded,

The question of cpcrational utility is complex and pot easily
resoived. Logicsl sryuments for, and againsc, the method beirvg
af tactical vale have hasn eanarsurrad T rhe Conrvactor's view,
this quaacion is raissd prematurely since the products of such
surveillance cannot be describsd at this tims. An sssential sx-
perimenczal progras (ses &.1) was Tecrmmended sarly in the study

but has not been undercaken.

Fire Detectiun: Guerillas living in forests and jungles, especially
in wountain arsas sty reasonably expected to use campfires. In any
case, sincs rice 10 a staple of cthe diet there must be cooking,
Early in the project Lt was suggested that the detection of such
heat lourc“. w.der denpe canopy shouid be techaicilly fessible.
Preliminary calculations (and subsequenc sxpariance) showed rthat
existing thermal mappers would detect open £ires and hot spots if a
direct line of sight detween mapper acd source coull be sstablished.
There 10 4lsc some possibility that decectiun miy be achieved on
glint (i.e,, scattering) without 4irect lines of sight.

It may be srgued, ressonably, that arsa mapping of jungle re-
sulting 1n the detsction of smsll fires might help to pinpoint VL
base localions which were not otherwise ocbssrvable. With reliable

and precise detsction it ia even poasibls cthat huntar/killer min-

si1ons muy become feasible.

2.5
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As sgon =3 this ides wes suggested by the Contractor plans
were mads by ARPA for « plggy-dack sxperiment in Opsration Tropican
to settle the major quescion of psriormance against the type of
denss canopy that occurs in the vain forests of SE Asia.

Not muchk 18 yet known about the actusl demsity of openings in
rain forsst and in particular tha nature of covevage provided by
fnrests o SE Aste {s not quanticatively known to any degrees. One
thing is clear; i{f deteccion is achisved by solely direct looking
‘4.0., » digect line of sight betwesn scancer and heat source
through *he canopy) present thermal mappers, which are line scancers,
provide an unnecessarily low probability cf detection in reasorable
wissions, ae each element of tha target field is examined only once.
Ao order-of-magnitude (roughly) higher probability of detection can
be provided by an easily :m:m-nd scanner of eimple design vhich
looks seversl times, from difierent angles, at sach elmment of the
tnr;o; tieia.

I!t may be argued thet, for tactical use, constdering the une
known incidence of false slarms, etc., it would oe desirable to
escablish fire petterns, That {s, in & miseion, to Ses some frac-
tion of sall the fices present 10 & aapped ares, Un this basis a
tactical scanoer should provide s high probability of sesing at
least some (selected) fraction ot’an targets in any given mission.
Stnce this probability is a funccion of the mumber of targets, the
canopy density, sod the number of tries, performsncs predicttons

wust be founded on statisci:ally planned tests, vhich have not as

yat baen carried out. TFurther, as in the vake case, sufficiene deta

J.b
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on background effects ard flucLustions, and oo the statistice
of operational coviromaants are not avallable. =

The question of opcnuo’ml utilicy s, ggain, complex. -
Surely, {f one major basc were so located and successfully attacked,
a ressonable effort would be Justified. Az a cc;ntlnutd surveillance
tocl, utility Jdepends sn sacurity {(l.e., counteimeasures are rels-
tively simple), high reliability and & high probabiiity ot detection
Per missiom.

An extensive field test program, planned to obtain stxztistically
valid data is aeeded, and the development of an optimally desigped

scanner should be considered. (Ses 4.3). "

The feasibility of another applicacion of potential valus depends on un-~
known envirormental cooditicons as followsa: If canopy-hidden rosds, streams,

and trails, or corridors (bands) of lower ground foliage demsity, provide

canopy surface tharma) gradients which ira Jetectatle above backgrownd,
thermal oaps nay provide an indicaiion of fuvored rcutes of travel, Tha 1

basic argument s that, as in the case of streaws, a substanclal differancs

in strutture under the canopy, vith no seccnd or third cancpy from smalles

trees, and lictle 1f say ground cover, would exist, producing a different

heat cycle and at least an out-of-pheee equilibrium-teaporature cyvcle,
Thermal maps and temperature data on a varisty of forested areas containing
such artifacts are needed to resolve this question.

One cooperative mathod using ther=al reconnaissance suggests ftseltf,
for example, if smuntain tribes could be Jnduzed to give wvarning of infiltre-
tica by lighting fires in an unusual pattern, or oumber, or location, the

thermal magper sould be employed for border or arss surveillance., Such

Ka: ¢ 3.7
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. wvarnings mighc be continued at low risk to the tribal psoples and could be

ussful for a long period. 1f crihal psoples are not helpful or correecly

iocated, scrategically placed Vistnamese observers could be amployed.

L L TIRE

The more familiar, short-range spplications of optical devices in
batclefiald end approach surveillance, smbushing, and guard, and as weapon
sights have been examined, Enisting squipment is generally unsatisfectory
for SE Astananti-guerilla operations. What is needed, stiace the scate-of-
the-art 18 well known and ressonably predictable for the near future, are
:nu.tully constructad requirements, fortified by suitable background

Saalvuresants,
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wising nev guerille detectivn msthods, The feasibiiity of a method proposed by
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i‘ 3.3. Jadar

1

1 Reflaction on currant military rader programs produced few idess {or pro-

il

.

gonduceron {tovolving en serisl surveillance radar to decect armed perscansl (n
dense forcu], daspended on a variety of wrhavwn prmu'tton factors. A set of
basic axperiments to resclve thesa were suggseced.

Ooe interesting possibility which has oot been very carsfully exasmined,

18 tha: of constructing & pulse-modulaced doppler radat with bigh clutter re-

Jection, for use as en aanti-smbush davice. The argument is as followe: Ons

el '

commonly accepted requirement ic ambush situstions is that of returning ambush

fire as quickly and accurstely as possidle. This 1s scmetimes very difficult

as the attack 18 concrolled, suddan, and tho sttacking weapons ars hiddea in

S

nrtursl cover. It is conceivable that & short-rangs radar could ba built which

would rapidly snd precissly locata sources of fire from trojectory dats oo

emall arms and automatic weapon fire. Possible characteristics of such 4 radar
are given in Section 8. Although dats-procassing problems have pot beso exam-

ipad it seems posaible to couple this (ndication to & suitable fire datactor.

ey A RN T B e,

The advantages {in reaction tims, etc.) have not boen examined . Tha same

radar might bs provided, also, with a morter shell trajectory dotermining mode.

A Tadar with thess features might also be sdapted to helicopters sad,

with some wodificatican, to low-flying sirecrafe.

¥hile no vary positive stacsments can be wads about the feasidility and

et PR 0 OIS

wvalus of this type of device, it appears that the idsa daserves further exaai-

adtion.
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Radar mapping to decarmine faversd routas, trails, etc., would be imter-
esting, 1f feasaible. Ay in Lhe similar IR application of 3.2, and the PASS
suggastion, this possibility rests on unknown propagatios, background, and e
virosmsntal factors.

Such anti-persconel and battlefia d surveillance radars as cuwuld be atu-
died do not seem particularly useful in the operational conrext of 5.%. Asia.
3.4, Aceudticel 6 Ceophvsfcyl

Acoustic -and seismic devices have been suggaated for use as line and area
wonicors, intrusion detectors and in jungle tracking., Comsidering the firat
twe uses, ths primary probles is that of gaoerating valid requiremants, speci-
fylng types of cperation desired, and cbtaining sufficient data om target oig-
osl/background relationships to justify design specificatioms. Other thas oper-
stional and envirocmentsl unknowns thers are not substantial ru'uuch questions.
An ioterssting decision problem is whathsr tc try to utilige native materials
1o the lconstruction of liw frequency acouatic ¢ollectors or :co tely on the
scoustics/electronics art as developsd in tha U.5. A m-ntl of idess have been
azanined and diecarded for using acoustic instrumencs in himgle tracking ov by
patrols io gunecal.

Magnetic detection of stored arms, burrows, or armed personnel is, at
best, just margically fessible. Presumiog s valid rsquirement for this type of
on-site inspecrion, it wili Le necessary to meke soms simple tests to esiabliph
performance and value of & few portadle i{nstrrasncs.

3.5. Other
A lew son-claseifiable suggastions have been made. Gensrslly, these hawe

oot been enalyred but are offersd below in the cause of completenass. PFor

e 2}
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example, 1eiatwd tv burder surveillance problems, sxamination cf the topography
of the region at the terminus to the Ho Chi Minh trail and aorciward, reveals
an sxtremaly tuyged terrain. It seemw unlikely that there can be a great many
sasy routes of access. Possibly, control of only a relativaly small fraction of
the border in this ares, at critical points, would greacly increass the diffi-
culty of guerills infiltration.

Applicacion of acouscic or esiemic devices tuv trull-mwnituring 18 not
!wor:ﬁn because of thc great iengths of trail and associsted logistics, cost,
and dacs-handling problems., 1t has baen euggested that necessary wire layireg
be done by aircraft, onto the *res tope. 1f, as discussad in Section 6, most
mountain ares jungle traile lie along ri'.dg. tops; plans wive-laying and scoustic
surveillance of some trails might becoms sconomically feasible.

Constdering the use of satsmic devices thres possibilities are suggested.
These ate; &) & seismic villige alarm by detonation of buried explosives; b)
dacection of burrows by explosive sounding techniques, and c) canal monitoring
by geophone.

The use of contrasc photography fo monitor the success of crop-killling
camnaigns seems Tessonable; and the possibilitise of davelopmsat of special
daca-processiog equipment for thermal mappers (e.g., to producs temperature~
contour maps from thermsl scanning) is an interesting ares for exploratiom.
3.6. Rasarisnce

During che study [isld expurience with IR equipmzat wss .llﬂll’d in some
datail snd 1s reported in Section 7. Awvailable reports of tests of military

surveillance gesr were scanned and cve discussed under appropriste headings.
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In addition, Usfense Ressarch Corporation participated in & "quick-fix"
syparinent or nersomnel-wnke detect on, and had an observer in Operation
Tropican. Furthecmore, sisple fustrumentation for a limited-range snviron-
wental ssasurement (temperature cycles, bottom conditions, vegetation, etc.)
by CDTC (Thailand} on pnﬁdy snd klone characteristics, was sssembied and
shipped together with brief plaus for typical msasurements. Prior to the
delivery, as 8 quick check-out of the temperature seasurement in<trumscta-
tior, the diurna! variation of the vercical temperstura..disrribution o
about 10" deep fresh wvarer was measured. In contrast to the predictions of
the early calculacion (7.4.1.2) these check-out measuremects showed & maxiaus
tamperature excursion, throughout the depth below about 1/8" from thc.lur-
fact, of about 1°F around the noon hours and, hardly messurable (~ 0.1°7)
wscursions duriog the rest of the day. )

As was pointed out io the brief plans, and in plans for basicedaca
experiments (Section 7.4.2), the thermal radistion characteristics of wacer
are detacminad by the radiative propercies of & thin surface-film; (i.e.,
its temperature and episetvity). The apparent sbsance of a rclatively large
tanperatnre-excursion in depch should not be regarded as conclusive evidence

of the absence of datectabla pcuonml-nhn'.

[

As this rveport is being printed, information frum CDIC (Thailand} on
perliminary klong temperature massursments have been received, that seem to
confirm the check.out msasursmsencs.




Sective J. above. vuntains a wvsumw vf detec tion methods and techniques

supgesicd (or pussible applicdtion to anti-jguerilla vperacivns 1o 8. B, Asta,
Thia sectaon pruvides 4 concise listing of studies, rescarch and test activities
to provide the Jatad acccesary for cstimating feasibility and vperational value
of the suggested applivations,
4.1, sctiv

The Contractor has wvery serious doubts that existing line-scanning ther-

mal msappers used (or observativnal detection of fires wiit Le tactically useful

dgainst very dense canopics. Current expecimental results, if verhsl reports |
are correct, are nut fully wwerstood. It 1s suggested that cthe following cype
of progrem {s needed;
o egt o
2 A collection progran for photographic and illumination dats om the

variety of 5. E. Asisn forests, to arrive at cover density and dis-

tribution ranges. '

] A starierical snalysis &c!inin; tcqulrecants for statistically ceane

ioglul fire-dececticn field tests cunsidering widely varying canopy

densities, single+ and multiple-look scaaning.
a AD sxaminetive vf che tactical advantages of a thermal mmpper which

looks several cimes at each element of tho tacvyet field from diiferent

B e B A e R

lock angles, and censideration of the short-term procurement of & suit=

able test Liea.

For indircot detgution u

o A program to collect dota on rLemperature radiance, snd vefleceivity

(end thelr [luczuations) of the "top surfacs” of a well known dense-
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tosvary danas cancpy undsr verylog natursl comdftioms. A eliffetop-

to- jumgie stacic experiment wouid be preferred. Duts ou multiple
scattering would be obralned by sff-sngle messursusnts of illumina-
tica dus to & wmovable collimated source beneath the canopies. The
experimant should include sa sttewpt (o msature surface gradisnts
dus to {1) en undsrlying heat source, and (2) underlying discomti-
suities suwh 22 streams, ruads, and cratls,

Pex cecperalive datecrion.

A studty of the feasibility and operational valus of surveillsoce for

tooperative fires (beacoms) in border coutrol and similar sctivicies.

4.2. JHass Bataction

The Cootractor beslieves that detection of parsounal movements i flooded

lands, by ssrial IR mapping mey be feasible and of operatiomal valus. The fol-

lowing type of program is recomwsadsd:

L

A basic mssasurcments experisent ¢o sstablish the excemt, intensity, :
and duration of predicted phencmens. The sxperiment suggseted is
sisple and direct. Time-peried, poiot-by-point radiomscer meppings
of tha surfece cf & controlled pool would be made. The effscts of
coutrolled vaproducible dinturbances, similar to those wade by wed-
ing personnel, on the apparen: tempersturs of the surface would be
dotermingd. The effects of a variety of bottom materials asd matursl
growth, similar to thees encoustered ia §.5. Asian flcoded lands,

would be msasursd. Vater conditioms, climetic, snd msteerologisal

varisbles weuld be recorded snd their effects ssssnsed.




i TN

Conuurrently with this experiment, {f obtainable at negligible cost,
=22 of rocently Jisiwibed nacursi pools would be obtained, using
the best ship-wake sapping techniques. Thase tents, while mot con-

clusive, would buiid up & valuable catalog of Field experiscce fu

such observattions.

4.3. Reder Surveillsnce

Vi.h respect to radar surveillsnce potentizlities the following type of
program is suggestad:

° Propagation and Cross-section experimsuis Racsssary for deterwining
the fsaaibility of Pass.
A study of the feasibility of pulse-modulated doppler "anti-asbush”
radar sod fire-comcrol, including msortar-location modificacion,
adaption to helicopters, and probability of applicetion to pertinent
viagad aircraft. A companion study of cperationsl facters to decar-

Nine anti-smbush snd defenss Tequiremsuts for systems of this type.

A study of the feasibiliry and payoffe of loug-wevelength radar V
piag of fovested aress, and planning of critical experiments.
A field uu{ly to detarmine valigd Tequiremants, {f aay, for amti-

pereonnal radar im 5.E. Astas. Flanning of experimonts to collect
ossential darc.

4. Listeioz and Mamecic Deteccicy

Studies under this comtract imdicste that (1) the stste-of-che-are in

sensicive scouwstic and seiomic devices and associated electromics 19 such ghat

A0y rsasomable isstrumest apecifications can be quickly met and performance
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predicted atcurately; (2) certain types of sound coilactors would be butlt wirvh

nitive materials, buc $.B. As‘an capabilicy for associsted electrenics falls far

betow U.8. standards; (3) performance of selactad inscrumentation is highly de-

peadent om background; (4) oversll suiveillance capability in » particular ap+

plicacion depends scrongiy on the mode of surveillance selacted; (3) widely

dif{ferent modes of surveillance mey be needed in different applicatioms, tarpet

sigual bebavior is poorly known, and backgrounds have not been mossured. On tha

Sasis of thess findings ihe program preferred would run as given below:

A tield study to dofine cequirements, if any, for listening (acoustic
4nd seismic) surveillance devices in terms of type of surveillancs,
datails of mode of operatiom, operaticnal factors such as eiting,
persconsl, maintenance capability, etc., and snvicoomental conditions.
A following field study to, if nacessary, collect required dats on
local neise savirooments, tergst characterisiics and other necessary
environmsntsl dace.

4 companion study to dafine specifications for equipmant to mget ru-
quirements, aod vecommewd U.8, or local scurces for squipment.
Escessary tast and eveluation programs.

¥ith rsawsst o mesnatic dezacticn:

A brief survay to establish the validity of suggasted requiremsncs
and simpie field tests of gaophysical proapecting equipment to sstab-
l1ish the correspondencs betwesmn Tequiresants and obtsinadle detece
tion ranges.

1f ascessary, thereafter, field msasursamants of magnetic ancmsliss

and temporal fluctustions in ths Far Rast.

4.4

©y e
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4.3. J.mmary and Cengrel Cowments

Oo the basis 2f study of requiswmwnin, applicabllicy of exiscing squipe
Sent and experisnca, sod potential applications of nev methods, a sec of spetis
Cic study sod ressarch programs have been suggested. Thess are in the fivlds
of infrered, redar, acoustics, and gaophysice. Soms of the other requiremsnt/
solvtlva combinazions which suggest thamselves camnot be evaluatsd well snough
from svailable dai. ‘o justify firm recomsendstions.

It 1s the Comtractor'e feeling thac a broad but quice detailed systems
apalysis of the conflice, oriented tovards defioing specific detection, surveile

lasce, and reconnsissance Tequiremsnts, and carried out largaiy in the field,

is seeded to achieve signiticantly mors progress in thig area. Exparisnce with

oparational factors, and detsailed daca om operational staciocics and envirom-
asncsl comditions are essential inputs to such & study.

Ab eaxample of this oeed 1s tllustrated by the lack of devailed tequire-
®aats for survelllance and ingrusion detection gear for prouctin. cutposts
Sad strategic hamlets. It is 20t known whethur visual observation is suffi-
clest or vhether detection davices would have a definics payoff. Ths relative
4dvastager of acoustic, infrered, or radar for thess purposss are unknown, and
the influsnce of operatioral, envirocowental, and civil factors has not been

axplored.
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T i oseczison procides 4 osefll Bisliography or gueritla warfsre
FRLLVHPLY, sltdtegy 140l1.s 4nd cperations. Cther tiems of general

PRteresl are iroluded. Most of the scurces antud ware conzulued by the

*RoThe Bodv Jf the Teat 472 tle dppenzdices. This accounts for the paucity

‘A greater numder Ot sOLTCes wWere consulted tn the

(Tt owerye purposely vaitled [ivm the sizliography

ir

e grosnds trar they vere of o value vhatever.

3.0, Philescphy, S:tacegs and Ceneral Tactics

Gidp, Ko Guvet:, the Grea® Experrence of O.r Pavt 1. k. ;eacderilitp af
Ared Strogfie ang rhe suiiding of Revulucionar. Foroes {Hanot)

Geralffizn, 5.8, Ml Tee Tong ur Seerilla Warfare V.1 Pracger 1961

Secvara. Cre. S.erilila Warfare MR Press, L., 1740

o] Ba-eismrwnza b Tlzich, lyéd

rwreice, 7. ., Severn P:llars of Wisdom Doubleday 1938

Mac Tee-Tong, Seiezred Wores " 1 v M.V, Tmzarnytiongel Publis: cs
Fetacscen, ¥.C.. Cre Guivara on G.er:.lla Warfsre N.r, Praeger 1961

$him  Viscount, Defeat 1:tc Victor:  N.¥Y  Dav:iz McKay 194¢

Parr:sar Operations Plelc Service Reg.lations, Red
Ar=ys L3%. Crapter (V1)

Mol cn ARtl-Cuetiiis Warfare Vier Minh Manual,
duiietin Militaire Des, 1957 iL Boole 4'Apptlication
we o inlenterie ce 5810 Maixent)




Nestray

Voo
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c.$1.00

N.Y.
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M. odern Guerilla werfa:e

Free Press of

Miksite, Se:ret

22ie8

Loncon. Faber and Faber. 1950 (Technique

nsergtoune iorces derived from hiscory, “brill ent)

Tanraz,

Praeger, 1961, $5%.00

Sticies :f Specific Aress

LI

Sal:ent Operat:onal Aspects

of Paramilitary Warfare in

Teree Asia Areas ORU-1-228

Aug.

1954  ADY®)7?7

ihé Phui.pplnes Manila

LeLh

Tne Donr Merved Maigva

t T:ntral Lluzon Guerilla
A

[+ B North From Malavae

a Seith,
S5 E, Asia

b B l".; L
ORQ Scaff Paper

Cuer:ila Comruniam 1n Meiava

Goerilla warfare in Lugon
Pole-Agaat 1947

J
‘.

A
9
veatr the Forest

i ¥,

L.

Military Review

FH

Lemdo~, Harie-Davis, 1958

.Y, Doubleday, 19%)

Princeton 1956

Armored Cavsalry Journal 36

ot Notre Dame Press 1562

"=1 arcé Operations Rewurd Milizary History
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: L3l
saph.csc Mot giepn Q7

Hd, Army Porces Far East




USARPAC (C) - Special Repurt #41) Guerilla Warfare in Southeast

Ayis
5.2. Operations
; 5.2.1. Lz2oeral

Clark. C.E. er al Eifects of Min. Radios in Sowl! Inf, Unicts ORO T-338
AD10%859 My 1950

Crocmett, Anthony, Green 3crat, Red Star Londor, Eyre and Spottiswoode,
193« (Huating of zaerilias by a zactiial uinat)

Geldonr. 2. E. The Jungle, Neugral Adversary Aray Info Digest May 1961 (

Mershall. S.L.A., 1Ini. Ops. and Wpns, Usage in Korea ORO-R-13 Jan. 1933
Winter 195Q-31 (AD )u2)

T

Newco=er, DLR., (T} Personnci Anti-Redir Detector Evai U.S. Army Electronic
Proving Sround  USAEPG-SIG930-i67 Feb. 1961 Sec.

e e Y ey,

The Role of Air Powar in Parct.sap Werfare Human Resources
lastituce Research Study No. & Vol.}, Dec. L1954 (AD74032)

Bossiter, W., Cuerilla Wa,fa:e Requirewments An. Univ. Spec. Ops. Res.
Oifice. Wa Rossiter Timw 195/ Secret

IN Parcisan MWerfsre in Korea, 1951-i354 (U)
Conf. ORD Techniecal Mewn MRO-T 54 (AFFE)

5.1.1. Army and Marine Field Manuals

(May 1961}

™ 31-20 Operations Against Guerilla Forcas iflassified)

M 31-21 and 21-21 (A) - Guegirila Warfare and Soscinl Porces
Operazions (5) :

e il erations inst Guerilla Forces (Marines) :
™ 31-72 Mountain Operacions
M -3 Jucgle Operstions i

5.3 :
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5.4.

5.4,

.

aT. Capabilitics aind $al Caumts

Havy Presentation to the DDRLE & PSAC Panels on Lisited War
30 October 1961 (Conf)

{Anti Tank Wesponel

USMC Fresentation to DDRGE & PSAC Panels on Limited War
Sptech by Col. Anlerson on Marine Corp. Helicopter Capability

USKC Presentation for DDRAE & PSAC Panels on Limited War
USMC oo Tactical § logistizsl Ground Vehicles

USIK Preseatation for DORAE & PSAC Pane!s oo Limited War

Marine Corps Combat Amphibizn Vehicles

Paxson, I.W (U) The Sierra Project’ A Study of Limited Wor
Rand Corp. R-317 May 1, 1958 Sec (Formerly BI)

Paxsor. E.N. &t 2l (C) Limited War in Thailand, Thai 1,2, & ).
Rand LCorp RWs 2027-203% May - Sept 1956 Bec.
(Formeriy RD)

Area Topics of Geperal Interest

®aoks

Benedict, futh. Thai Culiure and Behavior (Cormell, Southeast
Asian Frogram, data paper ¥, 1952.)

F
Dam Bo, les Populations Montagnardes Du Sud Indo Chinois
{Saigon, Prance-Aste, 195%0)

ds Young, John, Viiliage iife in Modern Thailsnd (University of
Califoruia, 1955, $5.50)

Derillers, Puillippe, Bisztcizn Du Viecnam De 1940 A 1952
{Paris, Editicos du Seutl, 1952

Rolland, dilliam L., ed., Astan Maticoaliss and tha West
(Bew York, MacMillan, 195))

Huard and Durand, Comnaissscce Du Vietnam (Paris, Imprimrie
Naticnale, 19%)

Johnson, A. EKconomics Assist in Thailand MNepartmenc of State
May 1980

Lindholm, Vietnam, The Pirst Five Years [Michigan State, 1939)
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: Maval  Tamas "Thei Admintrerative Behavior,™ in Yilliaa J.
¥ $iffin. ed., Toward the Comparative Study of Public Administration
L% Caiverstity of Indtana, 1959, $3.235)

3 ) Park. Irwne, and Hugh Tinker. Lasdership and Political Inetitutio=s

In India (Princeton, 1939)

Palmer. Bormun D., The Indian Political System (Boston. Houghtem
Moftlin., 1961)

Purcell, Victor. The Chinese in Southesst Asia {(Oxford, }951)-

Vella, Walter. Tne Impact of the West n Governmeat in Thailand
(California. 1955}

5.4.2. Pericdicals of Frequent Interest

Alreen

Asta

Arwy (Asso. of U. 5. Army, 1529 12¢th St., N.W., Wash. 6, $5.00)
Army R & D (GPO)

Arwy Information Digest

Australian Army Journal

Par Eattern Survey (Vancouvar, B.C.)

~ournsi of Asisn Scudies (R.5. Anderson, Box 2067, Ann Arbor, Mich.)
Marine Corps Gasetts (Marine Corps Asecc., dox 1844, Quantico)
Militery Ryview (Fort lasvenworth $3.50)

Pacific Affairs (Univ. of B. C., Vsncouvar, 3. C.)

Philippine Armed Forces Journal (P10 Troop Info and REduc. Div.
G, AFP. CAMP Murphy, Queszoa City)

Royal Uniced Services lnstitution Journal (Whitehall, London

SWI 408}
i 5.5. Bibiiograoties
'" Barber, Edda Photopraphic and Telavision Equipment & Techniques
b Adaptaole to Space Flight
B i I..lunu}iu Search ¥o. 160 JPL Dec 1959 AD 222 484
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Comitt. D. M A Svatem for Mandling Dats on Unconventional
Nartare ORU T 339 May 1956 AD 105 8oy

Hanrahan. G. 2. Annotated Bibliography of Asian Guerilias
& Sultzmen. A. K. HMovements ORO T 264 July 1953 AD 22149

Miiler, 4. & A Selscted Bibifography vu Unconvantiovnal
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- 3.6.1.

5.6.2

lulested panlavgtaphy

Books

Springer-Verlay. Eodin.end Glitiugen. Envyclupedia of Phyaicy,
Voi.. XLVIll. Geophssics 11, Hetdelberg, 1937

Ssith Jondé and Chasmar, The Detecrion gnd Mepsurement el Infza-

fed Radiation, Oxford at the Clarandon Press, 1958

Procaedings of the IRE: Vol. 47, No. 5. Specia] lsgue on In-
frared Phivsics and Techrology. Septesber 1959

H. L. Harktorth, lnfrared Radiation, MeGraw-Hill, New York 1960

Kruse, Mclauchlin, McQuistan, Eiemencts of Intrared Technology,

Johin Wilev and Sons, New York 1962

Bolter, Hudelman. Suits. Wolfe, Zissis, Fundamentgls of Infra-
red Tecnnology, MecMillan Co., New York 1962

Adwoncaqg ip d Flectro Vol. X1 and X1I,
Acadamic Press, Nev York, 1959, 1960

d. H. Bube, Sho:oconduczsvxty of Solids, John Wiley & Sons,
Kew Ya2rk, 196

Progress in Optics, Vol. 1, North Molland Publishing Co., Aam- :

scerdac, 1961
Reporcs
IRIS (Procsecizus of Infrarsd Information Siwwmogts) Office of

havai Rcsearcn (Confidential sud/or Secret)

The University of Michigan: Optical-Mechanical Scanning De-

vices, May 1958 AD No. 300319 (Secret)

n2ix Syatazs Division: lafrared Ingerpretacion Menusi Tgeti-

cal Targets, December 1960 AF30(602)-1937 AD No. 126 627
fConfidential)

IRIA - (U} Anpotgced Biblijography of Infrared Litergturs

Vol. 1 No. 1 through Vol VI No, 4, Infrared Laborgtory of the
Ingtitute of Scienca gnd Technology, University of Michigan,

Ann Arbor, Michigan
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consisted largely of -o=ments on a series of maps, Figu, ».1.1-6,1.34

. 0.30=0.03), has been omittead trem this copy, owing to d.fffculties
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Ceraticne: Condideratione

his portion of Section 8 consises of 2 review of experience,

Judomean. and nsigh: gained in past and cuttent gueriils conflict,
The purpase is to point up rhose particniar operational factors which
may indicate special requitements for detection.
6.2.1. Bistorical

Modern experience in the difliculties of anti-guerilla opeTations
{of counterinsurgency) dates to World War IY und the important guerilla
caspaigns in Euiope. Russia. Yugoslavia, China. and the Philippines.
After the war zajor guerills conflicts occurred in China, Greece. Indo-
china, the Philippines. and Malaya. to name a few. Of the vast number
of books amd reports written about these conflices, a large sample
sxamicel by the Coctractor deal with scractegy and tactics in-the large.
No comment wiil be aade here on the genersl principles derived, which
are by zow wvell known. PFewv accounts of operations deal with success
sod failure points ia vays thar sve useful in suggesting ideas for
‘detaiied corrective actiza, There are not zamy "enginearing” bocks wilh
quantitactive data. Por exarmple, in a chapter cormenting on the Viet-
Miah Manual ome text on partisan warfare (ref. 6.11) comments that the
lessons oo aine-laying and encirclemant are omitted because "they don't
&4C much to a knowledge of guerilla tactics”. The few accounts which
45 treat the preblem on this lavel and have been available form the basis
for this discussiun.

Experience gained in WWll against the Japeneee in the Pacific. and

in the recenr classic campalgns in Indochina and Malays seems most applicable

6.1! Hetlbruzm, 0. Partisar Warfare Prasgei. hew rors 1962
6.17
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tv the 3 E Astian vroblem.  In most reports guerilla wartare is referced
to under the geners] (and «.metimes misleading) heading of "jungle warfare’.
A gowd engineering biblisgraphy of jungle warfare was piepared by the U. §.
Army Artillery and Missile Schocl Lidrery. (ref. 6.12)

One of the most informative of the bocks found on the success of
various “detectisn™ techuigues in anti-guerilia operations under jungle
conditions is by a Bricish Army brigadier who commanded o« Welsh battalion
in the Malayan Emergency. Tha observatioms which immediatuly follow are
abstracted directly from his text (ref. 6.12).

The first observation wedls by Misrs {2 that "it 15 the steady
inexoradle sgueeze By a large number é\f troops simlransonnly aver the
wvhole country vhich does the 'trick'". (It 15 preciaely this factor which
18 so discouraging to the West. In successfui, anti-guerilla campsigns a
vary large ratic of troops under arme fo active wuerillas have been needed
for lony periods. In Malays, for example, it is estimated ‘:hat approximately

335,000% men were ploced under srme. ageinst 2 maximuo of some B0D0 guerillas.

i
By 1955 the cost nad reached 700 miiliom steriing. The Heiaysu Zwsigsucy '
iasted nearly 10 years and {3 estimated to have <ost in all about 6 billior _ '
dollars.) - l

In the first pnase of the Emargency there were pcrhaps 8000 CTs. On :
the average »f sme British planter and meny natives were being killed par
week. The rubber industry had been brought to a standstill. In 1852-34,
with Tezpler as High Commissioner, CI's warse reduced to less than 3000. In
1955 the third phase began with CT's largely bruken up in small, Lsolsted

gangs, fighting to presarve the movement. i 1

6.12 An Annotsted Bibliography on Jungle Warfare No 28 (AD 203569) V. 8.
Arwy Arcillery and Missile School Library, Port Siil, Oklshozs, !
September 1961 ‘

6.13 Miers, &. Shoot to Kill Faber snd Paber, Ltd. lLondon. Ingland 1939 I
fwritten in 1955) !

*(40009 British and Cowonwealth Troope, 453000 police; wid 250,000 psrt- I

time Home Guards) ;
6,18
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There were st1ll mator 2ifficulties  Tn Johore, ror exatple, 90%

ot Lhinese vil.agers were piding the terrorists. The [.:!'.wing obsetvations

are oI particular 1Nterest:

In Jungie Operations

Mot of the operalions were in th* jungles and swamps which cover

friv-fifths of Malaya. In S-can junglc patrols men walked in line, five

vards apart. the lvad man locking ahead. the next two men watching left and

right respectively. the fourth man watching overhead. and the fifth man
vatch.ng the rear.
“Fires are dangercus because the smoke, trapped under the canopy,

is detectable at considerable distances.

At all times (perhaps for several weeks) men spoke in whispwrs, for

voices carry far in .he jungle.

Ser Jungle camps were occasionally surrounded by carpets of dry
palm fromae to give warning of spproach.

%27's could not tr om civilian clothes and enjoy & change of
scezery for a while, Special Branch coverage was too geod snd the pallor
of their skins from long jungle livirg would give them avay. Even two
“weks in the sunless jungle will be distiguishing. A multltude of little
scars from ioevitsble jungle sores are another giveawav.

®Por azbushes gTeat pracautims sre taken----even hair cresam must

be washed off as the natives have a kaen sense of smell.

%Tas CT's aeveiopsd an anidai-ilke InSCINCE for danger and made

greac spaed in flight through the jungle.
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Mhe cverational rorsin of aucioss with fracking dese was e
smail Sespiie Borculean effoctes Guwever, the Sarawak (Y.:tneo) trackers,
in favorable .ircuastances. coa:ld foliow a €T or dave on end.

°1n helicopter patroi it was discovered that a very large numher
of small clearings existed, at least large enough to permit a man roping
dowm.

“ile patrolling a rentice (boundary line cut through the jungle)
autamatic weapon fire and single rifle shots were heard----estimated to be
3000 yards away.

e jungle rivers are often hidden by forest canopy closed over-
head. 1In the surrounding svamps underwater bridzes are concealed by the
T 1z svamps troops alvays meke considerable noise,

ot aany good (dass --- the Corridor theory was the most rewarding--
that the CT vould favor the eastest routas whern moving through the jungls.
1a one operatios all the bes: rcutes seemed to lie within two half-mile
wide belts leading nor:h into the jungle. The ratis of contacts to patrel
hours ven: up mariedly.

On Yoxd Ccintzoil

°!vcry:-nc of the 55,000 i{nhabitants in the arca would be physically
tearched every tise they ieft their villages,

°Tc the CT rice is & must --- used in some form at svery maal ---
or physical stsmina dec!ines rapidly.

Rice was poured by sympathizers. & hendful at & time, into buried
Bisks scid juss.

Ad4itional opinion about jungle warfare is gleaned from several

othar sources:

6. 20




IV hankle oo atghu fightiug «re somovhat similar, unite

N . . . - Pl SO b o - - - - -
COITIAT AN Lotusl dunglon heutd ashoevo o high stundard of ndgac

o?:'i.‘.-nr_\’ Jungle visibility 1s iimitea to 20 - 30 varde. On hills
foliage 15 thin, but in valleys very dense It is never impussabis to
infartry. Seconlary junglie. which (s growth over previous clearings, Ls
primariiy very dense fern and breshi:z. {mqpenetrable without cutting
instrumencs  In cosstal jungles. mangrove sve=;2 s 4 - 8 ft. kunai
grass must be valked around. generally through water. Paddy fislds are
difficult {n ralay season but not impassable to troops. Rubber plan-
tations when zature. give up to 290 yards ground visibility.

Rormal jungle sounds and smells shoyld be learned.

®Since jungle. becsuse of poo~ vieibility. favors the sttacker,
& purely passive defense is doomed to failure

Ret, 6.18

°ta night defense of outposcs und communicies che trip flarve is a
very ussful aid to shooting.

Ref. £.16

%The =oet serizus diffrzulzy was inability to cstablish contact
betuwees the air elezen: and the surfsce element operating under (ne CZes
canopy (Paname).

Ref. 6.17

°If tnsect repellent i3 applind to large mumbers nf men {ra

charecteéristic smeil 16 unmislaxsdie. Ususlly. nowever, the danger of
£.14

B N R aes OB e IS - Ty

& Marigry Milicary Raview 24, 99-101 August 1944

5.

‘f_ 6.15  Traintcg cve Junxle Shot, Australisn Arny Jeurnal (00, 26-28 Sept, 1937
’: 6.16 Maport cf Environmaental Uperation, lruplcal Wer 160, Uu,.8.hrmy

¥ iransposiacion suara Fr, Eustas, Va, (AD 2603221)

kA h.71
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tevealing wthedl awdush By oundur meverwnt te avold bites s the grester,
and 1T 14 . .Lily Detter to 4pply the reps !lent.

“all weapons should be ooked. as the pound. even [rum half wock
position, will warn the eneny.

Ref. = 1§

JUhlsportn; v Rare on the volue aid lesds to misunderstandings
ane shoauld be avordea in tavor of low talhang.

Ahnrch:ng 4cToes open paddy lail Tats2d clouds of uust, visible
2ot ailes.

eJan;le was thin on the ridgee imporzibly thick in chaungs

{streans)
Ref 6..2
L)

Traii lunctions --- generally provide the only avenue of
commntcations. supply and evacuation in a fungle.

‘Dlltln‘uilh:n; Setween small and large ensmy units 19 very
wZporiant 1n tectical planning. ‘

°J;n.;o RO1568 Ar® QUICKIY iSArnea anc tncerpreted. f

a)‘.i;-.-::.-..-.: to final objective was aimost entirely by trl;l een
flanzeTs sammst zaintein thi pace.

1a Tany piaces men had to cove for many yards from vinv to vine,
withs .t zaihing grosnd.

Raf. 6.2C

°Hal: fungle terrain is very rugged --- with alternating swamps,

veap valleys an3 .cex; rizges --- afirr several men welk & trail, it gets

WMoS2Y and silppery.

6.17 Austin. M. Sme Thoughts in Ambysties 1a Tropicul Werfare
Australian Army Journsel

€.18 Fergussan 3evina the Chindwin Colltey UGS
§.19 Combat Lessons fron_the Jungle Infantey 32(2) 12413 Mar-Apr 1962
ho22



e vest avenies ! travel are along ridger and ucross saddles ---

TAtive 1Tail: are almcel davariadblv along pidges.

"Rapid changes in Jungle features Quickly obscléic mape.
. “h'\:' wires --- to rattlers, minca, or flares (for defensive
posftycad.
° o
M Aerial reconnaissancs wiii seldom snow crails --- but will define
_ ridges. 2t
) °Duc to low wind relocities beneath canopies. varsrs, smoke, ete.,
N diffuse slowly.

J L B

o,

o
6.20 Jungls Operaticns  USA Field Manuul PM 3130
¥ ' 6.23
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« KoEnite WK iﬂ::::. curves. and high exdankownts are favorire tar-
gcts i;r ambush.
T™he Viet Minhe-operdted against RR's with only an asesult group
40 4 QedwiiTlOn Group anﬁ witnhout the normai reserve group.
In Malave aerial reconnaissance ranked second in importance o
transport-~-the British favored visual (ey.ball) reconnaisssnce
as most reliable.
Pilots in Indochina had to search for underwater piank paths.
In Indochina the French -ised lisison planes with convoys to spot
a=tush. The unarmed plares were not helpful.

-] The Viet Minh gave highest priovrirv ro raids on sirfieids.

The foregoing excerpts from & variety of sources serve to give a ||ncé;1
paciern of injunctions which are srplicable to the kind of wvarfare now being
socountered ino SE Asia. No specific mention vas fouad of any advanced electro-
il icei Gelectlivo geat. BAven listening devices spparentiy ware not empioyed.
Ooly occasional reference to IR pight-sights is found and these are never fav-
orable.

Vartous kinds of trip flares and other devices were «mployed in ambush
and &3 protective devices for defensive encampmencs.

1he closest apprrach to special efforts of the type considered in this
report were milictary dogs, as trackers, vith vhich caperience was poor: im~

portad native trackers, with which experience was excellent; and cooperative

techniques involving visible aarkers, with which only occasional success was

attalped.
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The Jlctsdiass ATy Add QU N 2mn under arms.  Io dddition there are
fave Cavil Guald compacies in vach province, 4000 strdtegic hamiets vere com-
pleted 10 i962. adding some 300.000 tphabitants to government concrol.

Vietnddeye populativn, including some 300,000 refugees frow Northn
Vietnam 15 estimared at 12.500.00¢, moscly in the Annim coastal strap and the
Mebong Delta. OF this populstion Satgon/Cholon has 1.8 millicn, Hue 100,000
and Tourane 85.000.

Comprihensive reports on Sperational experience in the current com-
fiict in Vietram hiave not been obtsined. The following opiniens or observa-
tions were gpieaned about ejually from scattercd Teporrts, nNews correspondent
accounts, Or from recent travelers to the region. Thélr accuracy and gener-
ality canoor be wvauched for:

o 9C guerillas attack remote villages Jith liztle warning, for
short periods, and treak off quickly if VN forces appear. Pur-
$uit Naa loecu largely unsuciessiui DLD 1mMPTOvVes with helicopter
suppert. After breaking off, in relaitively open country, VC's
nide 18 root cellers. along canals. in prepared burrows vith
mAsr2tiT eulrances. and for short pericds under water In jun-
gle the VC's con ¢isperse and mseed to move mOre rapial, and
siteadiiy than pursasers. Coordinstion of tracking «lements in
jungle is extremely difficult. No satisfactory decection device
for jumgie pursult han been found.

¢ Eastt iication nf jungle camps and major baswes from the air has

been gencrslly impossible. In the <£ind Division area (Ref. 6.21)

6.25
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4 large VC camp. with training ground. tield bospital, and arms
d.2p was captured 8 bodies #ere: counted. The area had been
reconnoiteled by helicopters for weeks but no trace of the camp,
sheltered Py 2n overlving cacopv. wds seen. Low sledend, af;.
<rdft and helicoprers are subjected to dangerous and ofLen faral
ground fire.

“C § live 1n meny villages without betrayal «nd are "indistin-
guishabie” [iom far=ers. Thev hide cloth-wrapped rifles in rice
paddies during the dav and have extentive diggings where arms and
IJ4NILICNS are stored {t has been estimared that of every five
persoms. 1 is actively pro-viet Cong and 1 actively againsc,
Miner ard oajor VC astushes have been prepared and executed with
grest success. even though preparations must have been visible
1o lacals for “avs. Pursuit after ambush has frequently been

¢ 822 {5 jeaeielly wusuriessiui. Excelient cover and
good escape from ambushes is available nearly everywhere.

Mortar {ire ageinst cutposy areas is a frequent tactic.

A UN arcy regiment in the high plateaus has couplete operational
control over {ts ares including provincial Buards z2nd self-de-
feone corps (Ref. $.22)

Paddies. traile, acd °* ly helicopter landing areas are pooby-

tripped with nailboards 4nd bamboo spikes. Trails are spiked for

.21

Macsivaii, 5.5. An fxposcd Fiank in Vigtndm, Reporter, June 7, 1962.
6.22 laoloosky, H. 1l Counterinpurgency is Your Busiogps; Army Information

Digest, 17 [7) , July 1962,

[,
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Foifidpe iU sauds @und wee tilen impassacie 48 the surrounding

E tush §s too thick te penetrate. (Ret. .21,

]
“"' o Infiitration from entraterrestriasl sanctuartes has been virtus
e 3
g ally uncontrollable.

Y B In Indochina--the tebeis put cats in traps to lure dogs and ame

Susrfied the Fouvach.
o The rovrchern hill tribes--the Sudang, Bahnai, Jarai, Rhode--tradi-

tionaily avoided the Vietnameses-guerilia bascs appeared ’n the

highiand jungies.

This articie shous:
o Swvanp patrols up t¢ the u’iu in water.
! [+ Vast flooded areas with no clear pathways or dikes.

[ VC attacking & viilage almost surrounded by wet paddyland.

. o A lope VO fleeing through a flooded paddy.

;: Since transport problems for eperations in many arcas have not been
2 satisractoriiy rescived there 1s & premium on all gear belng of low weight

¥ and easily transportable by manpack. The rule 15 that the gear must be clearly
‘ more valuable than the materiel it must displace.

In & recent study by tha U.S. Army Signal Board (Bef. 6.25) it was
cencludad thet--grourd-bssed vompat surveillance and target acqulsicion aﬁutp-
= 6.23 whate, P.T & Garrett, W.E., South Vistnam Pights the Ked Jide; Nationel
Geographic. October 1961.

6.26 Chapelle. D. Heligcoprer Way in gcuth Vietnam: Natione' Geomraphlc,

- ‘ Novemper 1952,

6.27




ANL was NEAVY, PuiRy, ditlicult o site and sublect o such Jdevers Ooerational
iinitarions 1o dense Sungle that they are considersd to be of little pracrical
value. It vas revcoewnded thate+since airdorne €S & TA wquipsent is moatly in
varivus sfdges Of Tescdrcn and development--additivnal capnasis and reliance

be placed on (ortaining) aircorne sensorv devices even though their effective-

ness vill 4lsc be reduced in jungle dives.

T™he Jhier hopes in genwral. are that coordinated ground-air vperations
40 1oprove the chances of closing with guerillas, that the element of sur-
prise can be turned sjainse them, and that they can be flushed from hiding
places.
6.2.3. [Juturs

The anii-gustilia campaigns whicn have been concludeda successfully,
a8 it Greece. the Philippines (Hukbaluk), and Malijya swem to have Lad several
common features. FPirst. the main guerilla dases could oe located and isolatad
I7o% Suldide Liwip aud esvape. Second, the iocal popuiace coulid be rigidly
controlled, or gisitfecred. Third, control of tne entire affected Area was
sacured stez-by-step ani with the use of overwhelming forces. Fourth, unremit-
ticg pressure wvas maintainec on the guerillas by vigorous, continued, and un-
predictable offensive action. These may reasonably be taken as objectives
for :vwunter-{nsurgiocy operations in SE Asia. The hops is that overvhelming
forces can be obtained without overwhelaoing numbezs.

In South Viernas (and perhays later in Thailand) one great ditficulry

not prese=t in the three successful cases nentioned, are the «normous burders

6.25 Cowmmicationg-Bleyctronicy in Limited War (Jungle Opetgiionst, U.5. Army

Signal Board Case 589, May 1962.
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against Sfrterdlv terpatory. It ie Jditficult (0 see i the first element
~f the sucder~tvl campaigne can be finelly resvlved unless some kind of effec~
tive border contiel. etther politival or technical. can de reslized. It ia
possible that ad.senced technology, applicd tv border survetllance, may be of
soww help here. In spite of the obvious difftfiulttes this scems a prime
field for effort, The second factor §s not clearly a milyc. rv matter and
ReBir i6 DOt Jidcussed hele.

A progran for strategic hamicts, alriady undereay. midy secure some of
the neces.ary areds. piece by piece. Detecrior gear will be useful in defense
ef these #1221, 0y increasing waraing and FerhlP‘:i reducing the sizc of garrison
cecessary.

The pricary utili.y vi savanced ditection tecnnology will be tested
in improviog the effici{ency of combat forces crying to ltl"lll‘l the fourth objec-
tive. "1 thege cperiticas advanced detection Of sttacks and ambush, pursuit,
axd lzgitism of camps dte price coublderelivus. The equipmeats empioyed must
be highly reliable, as in general they will pe repiacing ather equipmert, rug-
gvd and simpic. as Dsantenance will be & probiem. Ihey must be usable by native
trocps. and should resvlt in a marked improvement ir overall combat efficiuncy.

:Althou;h the search for efficiency ir cozbat and other improvements
cited are very iopcer:ant it 1is worthwhile pointing out tnat If massive mea-
Sufes such a6 those undertaken by the Bricish In Malays are eamployed in Vietnam,
(hé 40T requireldnt &7 TMnpowsr is not combat forces ool thosé employed tt;

dany ipsurgents civii support. .
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This Section 18 devoted to 2 discussion primarily of novel uses of

infrared in auti-guerilla applications. The state-of-the-art on high-

resolution thermal mappuis 15 discussed tn 7.1. In 7.2 the utility of
werial surverll:-ce for f're-detection. early estimates, & sutvey of

$. E. Astan heat sources are covered. Also, physical factors affecting
detecticn and axperiance are dtscusscd. In 7.3, tre gecmetrical factorn
sffecting fire detection experiments and detsctien reliabilicy are ;
examined in detail and the current ststus of work is criticized. 4

Tesearch program is suggested and an cutline is givem of an instrumant

designed ;for tactical use. In 7.4, the questica of wake detection is

reviewsd and experi{mmntsl programs ars recommended. Experience with

3.
':: potentially useful applications are briefly discussed. 1In 7.6 and 7.7,
;% some of che factors underlying instrument performance and design are

E current military IR equipment ir discussed in 7.5, and some other ‘ 1
T

exgmined wiin specisl reterence to detactor problems. {
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7.1 STATI-OF-THE-ARY OF HIGH MESOLUTION THERNAL MAPPERS
conons

7.1.1 Inatroduction

7.1.2 Principles

7.1.3 State-of-the-Art Equipment

7.1.4 Present Limitations and Kxpected Futurs lmprovements
7.1.5 Conclusion

7.1.1 letroduyction

Devices for mapping of IR-observables are of considerable current
inzarest. It is expected that devices of similar principle of operation
will be uwseful in counter-insurgency work in Southeast Asia or similar
territory in the event that guarrilla opsratioas produce telltals evidencs,
This paper comsists of a gessral description of the prlutpu- of tharmal
wappers and a quantitative formulation of their chnctnrtuii.u (7.1.2), &
brief ciscription of s repreventative bigh-quality squipment (7.1.J) and,
comments on the limitations and future improvemsnis of contemporary
mappers (7.1.4). It should be emphasized that thess devices show con- A
siderable promise iz applications to the survetllance of low-tempersture

targets (o the open, such as for instance thermel wakes.

7.1.2 Principles
A therma] mapper cbserver an ares ard records the emitted infrared

in s particular wevelength region. At present all such devices use mechanical

scanners simce no suitable IR image tubes are available. Various sschanical

.2
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! scanning patterns can bs smploysd, operating in either che cbject plane or

1 : the limie plavs. Siugle-elémiul oF duiti-élamsctl {linéel aidey wi moddis)

iy

detectors may be used, Iu the case of sirborne squipment using a single-

¢lement detector and object-plane scanning, the targer field is usually

dissscted in one direction by the scanning elssent (in the simpleat fore

& Totating mirror); the detector sees successivaly the alements of & liusar

strip ("1ine”) of the target field. The element size ("spatial resolution”) )

is determined by the instantanaocus field.of-view of the squipment unlass

"shaped aperture” (and data processing required by it), {s used. The :

"1lines" constituting the target field are then scanned by victue of the

wotion of the aircraft. By sdjurting the scan rats (linas scanued/sec) to

the ratio of vehicle ground spead to vehicle altitude, the entire tacast

By sxposing fila to »

field can de scanned without overlap or "underlap.”

light spot mcdulated by the detector output and moved relative to tbe fils

in conformity vith the scanning motion, & one-to-ons correlacion betwsen

the densicy distributiou of the developed film and the irrsdiance in the

*
f.f.0.v, may be obtained,

Xey charactertstics of the resulting thermal map ave its “spatisl

resoluticn,” snd "tempersture resoluticn” (i.e,, the ainiun cemperature

difference ot two "gray body™ slementavy target areas of identicsl emtis-

sivities vbich cause a discernible diffarence in density). 3ince the ir-

radiance from an extended source is directly proportional to the fisld-of-

view, the two characteristics tend to oppose sach othsr. That s, for in-

creased spatial resolution, temperature resolucion must be sacrificed and

vice=vearss.

*lastanteneous field-of-view, 7.3

o
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7.1l.2 Quantitstive racteciatics of Alrborn

Ihermal Mappers
Let us epecify that

1 = {nstantaseous tfield-ot-view (steradians)

s = total scan angle (radians)

V = vehjcle ground speed (lm/sec)

B = vehicle altitude (i)

M * nusber of elemsents scanned per secoad (uc'l)

A, = effective aperturs (mz)

f = focal length optics (cm)
Ay = ares semconductor delector (euz) - sz

* 112

D = effective dutector detectivity (cm sec’ vates™!

}

Ia the case of & linsar (lina) scanner the number of elements

scanned per iscond and required bandwidch are

n-%%aru

System senzitivity can be specified in terms of the notee squivalent power

of the detector

172 1/2 172
A, {4£) A 1/2
NEP = = - ;. G’%) (Tms wvatts) (1)

«nd tbe noise equivalent power density is

1/2
R ) (5
NZPD WAL )

+7. 4-
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1f the radiance of the target field (in the speceral bard 4f for which the

value D* applies’ is R, (vatze u.-."ueud.'i) and the affective transmis-

)

sion of the path 1is iy s then, at a signai-to-noise ratio of unity

NEFD » ‘m“‘m

From the above identity, AA u“_’

Ay " nw T

C’“) )

.u"n

Coaversely, the {nstanteneous field-of-viwew, (i, is:

e — {(steradians) %)
‘n“m G )

Then, the. subtended area, that is the spacial resolution at vartical look,

A 1
-]
A, = 85 () ()

“)Ar. s spectral radiance of the target field of H(}) (v.cn.'zu:cnd.'l
micron” ), the valuas of €. R,. and D*, are datermined from the following
relation: X .

2
L H)D* (A1) = ¢, . R, D¥
Jhl ax-Baxn

There, X, snd ;'l are the upper and lover wavelength limite, respectively,
of the spectral region &4,

'z)lt scanning efficiency, s, 1s less zhan unity, the requirsd sparturs '
A
. A
A” i9 larger than che ideal aperture AA and A” - :m .
=7.9-
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Ot courss, i cannot be amalier than the tesolution of the optical system,
This criterion §s relatively essily satisfied for object plans scanning vhers
only 2 saall weil-defined image fivld is required. For image plans scenning,
the optical system may be difficult to design 4f the spectral regicon of
detection sxtends beyond a few microns and a wide angular coverage is re-
quired, Moveover, the resolution artainable in practice may bs limited also
by the mounting stability of the optical sysccm bscause of vehicle vibratica
and flight roughness. Also che time constant of the detector must be shorter

1

than the duell time M °, by & factut of about ) or &, or the signal from a

uulu:_lou area vill not Build up to full level, leading to a falee indica-
tion of the irradiance from the resolution ares with respect tu the ir«
radiance from an extended sres of the same radiative characteristics. Thare-
fore, long detector-time-comstant can only t_u tolarated when a numbsr of
independent detectors--arranged in sn array parallel to the direction of
Llight-=are being used to sufficiently increase the dwell time per detactnr,
Since the target area subtended by cthe field-of-view is dependent om

the scan angle, the spatial resolution varies along a scan line with scan

angle., This variacion may be expressed by che ratio of

A 1
R-E ....__-3_-. (5:
o cos o

where Ao i3 the resolution araa of the terrain at vertical iodk and A” is

the resolution ares at the scan angle of a‘.(” Ao 18 the winimun attainebin

‘”rh. approximate variation with the inverse of casJa i¢ Jdue to the
fact that the projsctad ares variss with che Lnverss of cuzo' ani that the

sub od arsa {s proportional to the projacted area and--approxtmstely--
to the inverss ef “osc,, 1In effect, in this approximation, we neglezt terms

contaioing un’(uz (1/2) and we tuke cos 1/2 at/2 as unicy.
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resolution for a given system. By changing the scan pattern to & circular
$tau vus LUuiv emae Lle sise Ui Lhe fesgiuilion area constant but the resoiu-
tion would be worse than the best achievabla, as indicated by Eq. (3).

For a target field of gray body radiator, R, [

&
A Barsel

where

BM = spectral efficiency

¢ = effective missivity of targer field
T = effective temperature of target fisld in °% and
p o 1.8 x 10 uares cn. Zaterad. "} (%074,
dl.;{
The changs of X, vith temperature, —d%- is
dR ds
& 4 fé& A% 1 de 1
R U o i A RS 3
T T o .
'
and
13
éuT u»\ 4T T
..f " ( BM + ¢ ) (6)

Thus . from Eg. (3) and {6), the tc=porature differéme ac which the chinge

io signal equals the detector noise, LI 1

172

%)

Ae

a&x ar Ofr
- "’

trel
ot ()" 2

Ak M

3ince the swissivity {s a weak funciion of teaperature and at ¢mall values

7,7~
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of 4T (t.e., 8T < IO 3‘l‘) the term of —é’ﬂ 13 insignificant fnar spectral
ah

Teglisnt prafiisal to Cuwbldes Leuuse oi Jetector sensitivity, the second and

third terns in 2q. (7) may be neglected., Then, the “temperature sensitivity,”

¢AT L3
1/2
f 1 Vo
Y., JE e S N (_ 1))
AAD"A] :.ﬁ\-‘ﬁp'l‘s H)

It 1s of interest to note that the temperature sensitivity defined
for complately £{)led field-of-viev is practically indepesndent of scan angle.
This is so because the radiant povce in the tield-ofeview (uxzept st the
extrames of the scan angle approsching + 90°) is independent of scan angle
and the decrease of path tranmievion with increasing path-lengcth 18 {u-

significant under average metsorological conditions.

7.1.3 Stace-of-the-Art Bqujpscent

The wost recent thermsl wappliog device, to wur knovledgu, 1s ths
AN/OAS-5(EX-1), developed by Texss Instruments under Arwy f‘-ontneg DA~
J60395C78224. It appears to be & represencative of the best equipments
within the capadility of the present state of the art, |

Specifications are that

0.05 22> 1.0 (radtanseec)

Scan angle: 180°
Scan rate: | 250 scana/sec (lines/asc)
Instantansous field-nf-view: 2 mrad
Detectors: InSE(779K) (3u=5u) Ge + Hg({I09K)(Bu-1%)
ABEU (1D St ® 00 Kips): 1.85 x 10" %/ca? 3,06 » 10"y /ca?
Noise Equivalent Temperacure

Semsitivicy: e 0, 3% 0.05%
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Power requirement: 300 VA 115 V+

S0W 28 VDC
L !o:i!ng for

Ge 4 lizg detector: 1 licear liquid Ne for 100
hours of cooling

ur: } iiter liquid He gor >
hours of covling.

The film is expoied in the aicplane snd is developed on the ground*

The detectcors are said to be easily interchangesble. 1t has been re-
ported tha® modification to provide a l0-mred inscentanscus tield-of-view is
casily accomplished.

In the latter case, the noise-equivalent temperature sensitivity is
said to be 0.006°K with Ce + Kg detector. Under the same condition the
tumperaturs sensitivity using IuSh would be 0.026°x.

- The provision of flexibility of selection of apectral region snd
spatisl tewmperature resolution may ta i{imporcan: in use of ths equipment for
inicial studies since the sizes of target aress =£ interest and their ted-
peratures telative to the undiscturbed (natural) terrain are unknown, We
have heard that the squipment provides for expansion of any eslected region
of the file's densicy range. This festure is very valuable for enhancing
slight radistive differeaces in a target field.

Of two ~riginal upits of this ejuipment one unit war tested by tgc
Sipual Covps under tropical conditions in Panyma, and returnsad co USA RADL;
the other unit was dzlivercd o Fairchild ac the Yuma Test Statien for
drone tests. We under:tand 10 uaits are being procured by ths AF for recce
use 'n the RF110.

Texas Instruments has built a similar equipment for the fReripps- Insti-
tution of Oceanography vith sn instantansous field-of-view of 20 mred and en
sxpected .emperatura sensirivity of ahnue 0.003% 1n the specrral reglen be-

tween 8 end 1) microns.

%or magnetic ape, or & "last-m.}e" electronic display may be used.

w-r?' '7.9' 1




7.1.4 Fresent Limitations and Expected Future lmsprovements

la principle, the periormance of thermal sappers is limited by *he
sensitivity of the detectors and as better and better datectors become
availacle, tharmal ampper performance should improve proportionally. 1In
practice, however, two other important factors must also be considered.
Therse ars the atable platform and the vecording (display) art which a.e
perhaps limiting the pressntly achisevable spatial resolution, In sdditiom,
the recording medium limits the dyuwmic range of {aforwaiica.

A serious limitation ou performance is dus to scanning noise,
sspecially in imsge-plane scinning. Object-plane scanning has the dis-
adwactage of requiring bulky equipment. . Moreover, constant resglution and
scale factor in the entirs oap may or say not be obtained depending on the
scan pattern.

IR image tuber, vhen perfected, should remove scanning difficulties
4nd give some improvement in sensitivity by virtue of the reduction of the
effective bandwidth from the inverse of the "dwell-tine" (the time an
slement is balng scanned) to the inverse of the "frame-time" (the tize the
entire field is belng scanned) as is the case in conventional television.
At {dentical surface semsitivities for the single element detector and for
an image tube, an improvement in sensitivity proportional to the squares
root of the ratic of the respsctive bandwidths could be expected. However,
st laast for a certain length of time, a full realizztionu of such gain will
probably be prevented by ncise produzad in slectronic scanning., Unfor-

tumtely ve are not abls to predict wken suitable ifmage tubes will become

aveilable.
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As the pertormence of thermal 2appers improves, the amount of infor-
Mtion in future maps will incremcpe s)so. Tl Loucww, an increass of ip.
{ormstion per se, 1s of litcle use without propar evaiuation. Since cope
temporary maps may slready saturace the capacity of human (visual) evaluya-
tion (the accuracy and rate of visual evaluation 1s definitely less than

desirable), the ioporcance of sutomatic data-processiag is evident, How-

€VeT, an assciszent of the utility of automatic data-processing applied

to therzal mappers and & prediction of future advancaes cennot be oade
heze, in any spprectlable decall. But should be noted, that a significant

Progress could be assured if, for instance, the existence of a peculiar one

dimeusional but low thermal gradient in a two-dimensiors! field could be

in (elmoar) real tine, automstically established, Such a capabdility would
considerably incresse the merit of wake-detection, when, of course, this

proves feasible,

7.1.5 Comx lusion

Thermal mapping is a haghly devaloped arc, Nevertheless, future
improvement can be expected primarily from superior detec:ou, including

image tubes, a8 fur as sensitivity {s concerned, Concerning resolutiug,

improvement in auxiliary equipment (such as stable plazform) is perhaps the
mote urgent., Isprovement in optica by judicious use of aperture-shaping,

is also promising, However, the need is perhaps the greatest for automatic

daca-processing, Although these needs have been recognized and the lack of

thel'r Fylfiliment s badly falt, the cepabiriity ot contemporary mapping

tschoiques in appropriace application should be very useful in guerrilla-

warlare.

-7.11.
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7.2.1. Gensral
7.2 1.1, Tmrroduction

Very earlv in the study it was suggested #thac aerial
detection Of fires in jungle might be a verv good indication of the
presence of guerilla encampments. given other necessary data. As pointed
out in the preceding ge:tion. ro other aerial surveillance technique had
been useful in locating such bascs.

It was argued that a) rice was an absolute essential in
gueril!la diet and that b) rice must be covked. ‘This argued for the
exiscence of campfires and the possibilitv that careful thermal sapping
of an sres might detect such fires. 1f the canocpy had even small holes
and the mapping was right., a direct look at fires could be obtained. As
seen 2arlier in Section 6 it i indeed very likely that many small hoias
wil?! exist, If rhere were no holes, but enough large fires, indireet
detection of heated candpy, or warm air columns might be possible.

- In area D, about 10,000 VC were supposed to be rormally
encamped. Cosking rice for thes< zen each night would require some 3000
KW hours of campfires. Initial caleulaticne (see 7.2.1.7) argusd for
detectability.

Arguments against the utility of such surveillance were
that a) individuale cocked their rice in smal! mnte, zver charcoal stoves,
or on very small fires, b) that comnunity pots would obscure large fires;
¢) that campfires probably weren't common, d) that there were always many
patural fires in the woodlands; and e; that in many seasons of the year,

due to high humidity, clouds, or rainfall, IR reconnaissance would be

*B. Alexander after Fur Eaat Survey frip (DRC FPirst Monthly Letter Reporr)
Y a7.13-
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impracticable. To resolve some of these questions ou heat swurces,
CDTIC (Thailand) made inguirics in the Far Bast (swe 7.2.1.)).

A purvey of U. 5. activicy disclosed that the U, §.
Forestry Service was slready vunning experiments on fire detection
(see 7.2.3). The Contractor studied this problem in detail and
recommended an additional immsediate progras tnvolv‘ln;'n planning
axercise to define cvavironmental messurements and controlled field
tests. During the study ARPA funded a piggy-back expesriment in
Operation Tropican {see 7.2.4).

Factors affecting controlled experiments on fire
detection are defined in 7.2.2.1.

The problens of surveillance for fires with existing
aquipment, the design of suitable field experiments, and a suggested
op:ﬁued equipment are covered (n the next major sub-sectiocn (7.3).

There seems te be, curreatly, high enthusiasm for
this technique and the use of present thermal mappers in operationsl
reconnaissance. The Contractor Seliuveu (1} chat the requisite basic
and field tast programs still oust be planned end carried out; (2) that
existing thercal mappers are not in general! suitable for use for fire
detection in S. L. Asis, and {3) that & very suitable equipment couid
be rapidly devaioped.

7.2.0.2. Campfire Calculations

An early calculation to eatimate campfire output is

included here for completeness.

o9 <1, 14
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The Canonical Campfire

Say that 1 liter of warer muat he held at boiling temperature
for twenty winutes to¢ cook one 2h-hour risc vation. 1f the
3x 105 joules needed were supplied in an equal tine pariod
the average heat input would be 230 watts  Evaporation,
radistion. and convection losses, with care, might be
comparable. Hence, for a campfire very well-coupled to the
pot substantially 500 watts would appesr as low temperature

heat.

The inefficlency of such & campfire will show in two ways:
radiation directly from the hot coale (or flames) and
radiation, conduction and convection from the walls, etc.

of the fireplace.

The coals (at about 2000°C) radlate roughly 1 ua:tlcmz in
the visible, 70 ua:tslcmz in the near IR (.75 - 1.5 ) and
125 Hlttllcnz in the intermadiute IR (.75 - 10 u). Thus,
even one squarc inch of expascd hot coal would cause the
radistion of more than 1 KW. Exposed flames radiate less

per unit area totslly, but almost as much in the visible-
pear IR regiocns. A reasonsbie guess foc m nmall fire is that
st laast 500 watts would be radiated from the coals or flames

(cofttspondin; to one-half square inch of axposed ignited coals.)

Sinee wsll lotscs, cts. are vary wuch like thoss from the pot,

it is not profitabie to pake very fine distinctions. It 1a
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b)

teasonable to assume g3 much heat ende up in exponcd walls,
grates. supports. etc. as ends up in the pot, {. ¢. abuut

SO0 wazts. The ' KW assigned to the pot and wall losses must
be divided between heat which warms the air and radiant heat.
1f we sssume the radiant heat emttted from 100°C surfaces,

.6 '2 of radiator would suffice.

Finally. an additional quantity of hest (fortuitously sbout

SO0 watte alsc) can be expected to heat the air in the .
vicinity of the fire. The hiydiodynamics of this flow ie

quiée complicated and we have not, as yet, been able tec

estimate its characteristics.

In sumsary. then. it seems to us ressonable tc postulate a
canonical smali cooking fltc' with the following character-
istics:

3.3 cnz of coals at 2000°C radisting 500 watts;

4500 cmz of walls, etc. sz 106°C radiating 500 watts;

A tising air coluzn {size and temperaturs not yet

determined) which carries away 500 watts.
The rising column also has gases and particles sntrained vhich
may be of interest.

tical Transmiaston Paths Thru the Jungle

We have virtually no information from which the abeorption and
scattering cf optical and IR signals by jungle [vilége can be
deduced. A librury search will be tnitiated shortly and may

produce some gsta.

*Fires for other putposes can #asily be 10-100 times larger than the sma’] fire
fon and in fact larger fires may be normal {f group cooking is practiced.

-7.1¢-
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from rires 1 the juligie dichy paths (. ellburue sensors nay l
i

0e deduCed from cthe ailvyed Lact that one can resd s map in
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oose jungle conditions Jultay broad daviight, but cannot at
davn and/or dush.

The noon (clear dav) titumiaation (in the visible) at the
Jungls :cp La abour 0% ulnm: and the dusk tllumination {sun's
sltitude = zero degives) {s 107 vares/cm?. The illvmingrion
required for reading & map is somewnat greater than full moon

tilunetion (108 Hlttl/cn?). Assuming that sttenustion down !

-

to ten rimes full moon illuminacion is rvequited to deny map l
|
resding, the ctransmission., constant T in the visible cen be I

estimated by

5 x 10737 > 1077 ‘
and ;
3 10°% < 1077 th-
& 1% - > 107®

The geometry of the path through the jungle will be worse
for an airborne scanner than for moonlight. The toral fleld
of viev of the airborue device will be of the order of 1
stersdian, hence rhe maximum zenith sngle is /2 radian, and,
in consequence. the ;ltanl:lon is substantially cthat of
vartical incidence transmission. . :
The estimates made above for attenustion in the visible can ba

excended ¢o #t least th2 nvar IR(.75 - 1.5q) by the foliowing

argurent:
AYE

oo -
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The transmission of optical radiation through the jungle i»
parcly by mears of statistically occuring openings in the cover
and partiy by scattering from large scotterers such as lasves,
branches. etc. In the case of paths through openings in the
cover. geometric optics certainly apply for the nasr and
probably the far IR. In any case, trananission would {ncrease
with wavelength due t> diffraction. In the case of scattering,
the wavelength sensicivity of the surface reflection coefficient
will be controlling. Data available for the near IR indicates
that the reflection coefficient is, 1if anything, higher than im

the visible. The reflection ﬁo-fftetent of the jungle folilage

at far 1R may be as much as 10 times lower.

The fact that in both mechanisms producing transaission, leng-
wave IR propagates at isast as well as the visible wakes 1t
safe to usc the bounds applicable to visible tranamiseion to
the ncar IR. Since the dominating mechanism is not known, the
beunds do not apply to the far IR.
7.2.1.3. Haat Sources
No data on the incidence of natural fires has been
obtained, but a survey of l1ik#ly heat sources war made by COTC (Thuiland)
(zef. 7.1.). Por convenience these data are repeated below:
"Discuseions with appropriate personnel in Vietnam have
resuited in the following couclusions:
8. Hest Source: A hest source that can be associated

with most guerrilla groups is the cooking stove. This atove is a portable

7.1 Ler. 18 Sept 62 T.W. Brundage to K. C. Phelps, Asst. Dir. Remote Area
Conflict, ARPA

-7.18
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ceramic or beked clay device common to the East and frequeatly called by
the Japanese namd "Uibachi”. Clwacusi s Lbe aniversai fuei. ‘the clay
stove s & hollow vertical cyiindetr id to 14 tnches (n dianeter and 14 te
I8 inches high and open at the top. A grate onm which the charcoal {s
placed ts located above an air-port (n the side of the cylinder. The
food {8 cooked in a round-bottom iron kettle or f£lat-bottoa pan which

is placed directly over the cpen tup of the stove. This type stove ls
large enough to cook the food for a squadron (8-12) of men. This heat
source will be employed in all te;lonl from the delta country to the
mountaing. A second heat source is the small campfire. This fire is
found only in the mountains regions and is emploved Auring the early
wening hours for warmth. The frel is wood, as opposed to charcoal and
the fire is laid on the ground. The fire is carefully tended so as to
produce the sinimum of smoke and remain small (fire - bed of 12 to I8
inches diameter) i{n order to permit rapid -zrtnction. The use of other
tuels is extremely unlikely beceu.: of logistic prablems.

b. Shelter: Under the majority of conditicons the
charvon! stove will be used sutside of huts or lesn-to's. Under stabls,
srcure nilitavy conditions the cooking may be done in a hut or l2an-to,
particularly in the mountainous regien. Camp fires will be built cutside
of a hut {f & hut sxistcs.

€. Surrounding Environaent: Guerrilla activity is not

limited to tropical rain forests. Consequently the cooking stoves will be

used in foliage ranging from 4 to 5 foot high scrub trees and brush to dense

forests. Any foliage capable of furnishing protection from visual observation

=7.19-
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cen constitute surrounding environment.

4 Time of day of

=3 s

preatest fire aptivite: In the

opinion of personnel queried, the time of zreatest cooking activity {is
8 2 to 3 hour perivd centersd around sunrise. However, it was stated
that some guerrilla groups cook in Lhe evening and that the activity
covere s 2-3 hour period centered around sunset. Camp fires generally
exist for sbout &4 hours starting 4t sunset.

e. additional heat scurcew: No adéditionsl significant
heat socurces are belisved tu exist. Charcosl is stolen or confiscated by
gusrriila troops in the délta regions. Troops in "safs" areas may process
¢charcoal, but this is believed to be unlikely. No srwament foundriss are
believed to exist other than individual use of a charcoal stove as a forge."
{ret. 2.1}

7.2.2. Dstection

Radiation fram a cempfire may be seen by an airborne sensor either
along & direct path through an opening ia a canopy or indirectly. Indirect
detection may be possible of light reflected into the fieid-of-éilu of the
sensor by foliage with favorable orientatiuns. Also, if 2 portion of the
canopy over the campfire is heated sufficiently, the presence of the camp-
fire may be inferrad by dataction of the "hot-spot” as ap unusudl iten in
the background. 1In principle, it 1is even possible that s difference (n
transmission characterietice of the air due co accumulated cowbustion
ptoducts, could be detected. Of these possibilities the most interssting,

cleariy, is direct detecttion.

-2.20-
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It 13 ebsolutely certatn that functioning current
thermal mappers cin cetect fires and other similarly hot targets in
direct viewing, _Espcriencc shows tnar a useful! ratio of targecs
decected to targets present can be decected in fuirly open cover.

The density of cover,type of equipment, and method
of observatinn which allow relative certainty in detecting a useful
percentage of targets are not known and can be deduced only in part.

Whether or not the presence of fires under cover
can be detected without a direct look at the heat source is not
known and can be inferred only in part on the basis of present know-
ledge.

A carefully planned program of experioents is
nesded to resolve these factors, The i{mmediately foliowing discussion
points out the factors which must be considered and !mplies chs typa

of experimentation naccssary.

7.2.2,1. Direct

The factors that determine the auccess of direct
detection are partly geometrical snd partly physical {n naturs.

It is convenient to refer to the sffect of cbscuratiom
by the foliage of the line of sight, as a geometrical constraint on
detsction. Tuest conditions are treaced in Section 7.13.

In the category of physical factors belong tha
radistive characteristics of experimental targets used in obtaining data
on the geometrical factors, the radiative charactaristics of tactical
cargets, the transmission characteristics of the paths of various trans-

misstons, and the capability of derection equipments.
-7.21-
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For a complete evaluarieon, the targets should be known
ih Jetali. ine Jetaiis are the spectral radiont intensity as & function
of angle, time and slze. An addit,onal pacvameter for tacctical targets is
the configurstion, that {s, the fire {oven) and cooking utensil. The
target characteri{stive---together with the path-transmission and equipment-
characteristics---should facili%ate a conversion of measured detection---
ptobabtlity of simulated targets to that of tactical cargets.

The transmission-characteristics may be sufficiently
established when the amount of water-vapor in the path and the length and
slant-angle of the path i3 known. 1If the vertical profile in the target
area, of the mixing ratio of water-vapor and temperature ia known and is
reasonably constant, the relative-humidity and tesperature near the ground
may be the only input necessary (i~ addition to the geomerry of the path)
for calculation of tha path-transmission.

To evaluate experimental dats obtained on fully viewsd
targets, data on the instantaneous firld-of-view and aperture-ares of the
scanners should suffice because of the large targeat-signal to background-
signal rntxo*. On the other hand, the sensitivity of the various scannarse

ard their spectral response must be accurately known to evaluste data from

*Assuming that the scanner has & (4 nlrad)z instantaneous field-of -viaw
with a uniform response betwesn 3 and 5 microns, ard the range to the L100°%
target of 14" dismcter is 1 km, the ratio of the target signal to the total
(dc) signal from a 370K background ' ts about 25. at identicsl emissivities of
the target and background. This ractio decresses to sbout 7, in the spectrsl
region between 8 and 12 microns, but rapidly increases in regions below 2
aicrons. Howaver, the effective background signal, i.s., the variance of the
background-radiation in the field of view. wil! be by ovders of magnitude
smaller than the total radiation. Consequentiy, we deal, at fully viewed
targets, with very large signsl to limiting-noise ratfo.
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partislly viewed tsrgete (i.e., when the angular size from the target

of the affective opening is coneiderably smaller than that of the
aperture). This need can be beat fulfilled when the scanners are
calibrated to the seme sznuice both before and sfter each misnion.
The celibration syurce could be a container filled with water of
known temperature. . The surface of water should be about four times
as large as rthe sares subtended by the scanner to assure chat the
surfuce completely fills the field-of view. As a substitute lolution;
a suitable ares of a runway would be perhaps also sufficient to deducs
the sensitivity of‘the scanners.
7.2.3.2, Indicect
In order to facilitate determination of detectability
through an {ndirect path, the following input data should bas availabla:
°Sp-e:r|1 reflectivity of follage of tropical trees. Thess
dats arc necessary for a judicious cholce of the spectfnl
region of detection of (nultiple) reflected radi.:ion.'
Bacause the sensitivity required of an airborne scanner can
be attaines only in a relatively wide spectral region che

necessary spectral resolution-<-except in the visible region~-«

%’
2
R
z
e 3
ok

of the measurements would be low and roughly detsrmined by the
atmespheric windows below about 3.5 microns. This limit appears

probable because of the relatively strong self -emission compared

*

to the refiecred rediation that seems likely to exist at longer

vavelengths. Final judgment of this aspect {s possible only

i

n
ord

with reasonably detsiled data of the discussed typs on hand.
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°Frnhabtllty thet 8 given fraction of radistinn smerges through
(multiple) reflection from che jungle-top. These dats may be
regardad as conplementary to the charactaristics of opening
geonetry when disregarding epeccral reflectivity and target
intensity. TIa this case. the smerging radiation i{s s function
of follage-size and relative orlentation. This gsometrical
characteristic could be perhaps obtsined by measuremants in
one spec:iral region chosen whan the spectral reflectivity is
known, The difficulty in performing such measuraomnts, is
that---in contrast to the messurement of the opsning geometry
of @ cancpy---a point source has to be used, the jungle-top
has to be mapped and al:io, discrimination must be aade
hatween reaflected and direct redistion through openings.

The most practical technique 1z perhaps a two-color sapping
of the jungle-top but no simple method is envisfoned that
would readily “5“" attaireenc of the objective. This is so
because of the t;.!d to distinguish batween reflected and dirsct
signais. While this may Lo eawsiiy schieved at large direct
signals coming through large aperings. discriminarion betwaen
low-lavel signals could be extremely difficult unlews the
reflected signal always comes from a large ares vhereas the
direct signal is the smaller, the smaller the opening fis.

®vertical temperature-distribution and horizontal extent of

u isotherms sbove a continuous firy of known (ntansity. These
. o¥s

-

i ;
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< . &‘[‘-n;ﬂg:ivei_\' ¢dsily abtainatle data are necessary tg determine '
!

the possible sxistence of 2 measurable temperature rise of the
top foliage. due to heatine bv the ftre*. ;

°Temperature map of tov folimge. Once the possibility of a ; i
temperature rise nas been deduced from measurenents mentioned l

before, an sttempt to detect this rese could be best made by

1 : mcans of an a‘rhorne therzr! mapper having & field-of-view
matched to the spatial extent of the temparature rise. :

nAaount and concentration of combustion products emerging from

the lungle.

: oNatural varistion of the spectral radiance of jungie-top--

Data needed to establish the wag.:itude of the "background

noise" both in direct and indirect detection.

t
7.2.3. Forestry Service Program

In July 1962, it was found that the Northern Foremr Fire Labor-
E Atory, Missoula, Montsna (U. S. Dept. of Agricultire) had begun & small i

exnerimental program (ref. 7.2) funded by OCDM, o evaluate the utility

of IR techniques in detection of forest fires. The program is under the

direction of Mr. Stanlev Hlfsch. Northern Torest Pire Laboratory,

{
t
. 3 . Missouls, Montena, Telephone: Ares Code 406, 563-5167. !
3 ’ The expariments are carried syt in the Missoula forest area using i

&n AN/AAS-5 thermal mapper ua loan froam the Signal Corps, mounted in a

1]
V.3 Twin Beschcraft serviced by Johnson Alrcraft. .
{gi' Fires are simlated by burning charcoal tn 1- ur 4-square ft.

*Ihis type of measuremen: has been made in Operation Tropican
but the resuits are unknown to us.

. 7.2 U. S. Departoent ot Agriculture, Forest Sesvice, Intermountain

. FPorest and Range Experiment Station, Ogden, Utah, Research Noze No. 91,
: May 1962

= , i

' L ] !

drum containers (10" and 24" buckets of glowing charcoai) at a surface ! {
;




Table 7.2.1

CHARACTERISTICS OF SELECTED SITES

-gz‘l-

SITE 1 SITE II
Species Punderosa pinv Spuecivs Pund. vuv: pa-. -»
Site claas Sma bl pale Sier clase Sapling-smalt peie (otauiat,, ’
D.h.h 4-10 taches D B.It. & ek ’
Me b ght 20-50 [ewt He vahit Wers b
Live ctown rdtio*k 40- 502 Live ¢ own rat .o HYRWL
Aipecl South-east Aspoct Sl vy
SLTE 1) SI1TE v
Sptie - Porderosa pine -Bouglas tar Sprties [N A
Siee «lan- Pole Stiaend Stre Llas- Smull .oaw gm
D. 8. H. § 128 incoes D. 8. H. 2-18 1wt
He 1 ght 20 60 foet H-rvh t1-70 [
Live ¢cowm rativ 50-10% Live ¢rown vatio Hi- b0
Basal Arce 70 3q fefacre Baval Ares 50 -y f1/aur.
Aspuct North-east Aspe -t ta.

NOIE: Thirs 13 the only Douglas far
stand and this may account for some
of the low per cent of cpenings.

*Dismeter at Breast Hefght.
**Ratio » height of live crown to totul tree heighet.
*hSq ft wood at tree base/s~re--- comson forestry measurement.
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1 Lutt sdugrion
Opuratten ferpi-wa - the Avri1al Senaing of Troplical Sur-
faces--was conducted D, the Photogrephit atotprotation Rescarch Division of
the u.d. Armv Cold Repions Kescattn and E~can. . riag Laboratory (CRREL) of the
U:S. Army Materiel Command wit) worivact Lo taiiersity of Michigan., Its prl-
MATY Purpoic was 'he developament ol muititdnd sensing techniques for obtaining
data on il) remote CICPitdl surtacs losztr.os ‘soils. rucks, vegetation, etc.)
and prediction of behavioral chatacteristies and £2) evidenves of military
activity against vacious backgtounds (vehivles. equipment. personnel, etc.).
The operation wis conducted in Nuvember 962 30 Puerto Rico. The tasks included
(o) a literature 4nd a'‘rphoto study «o) the licast:on and utilization of one or
more pilot atudy areas represénting & variet,; uf tropical backgrounds () rhe
tnstallation of special targets and 'd) tne conduction of coordinated alr/ground
aerial sensing missions (night, day, diureal monito*, scale, detector type, etc.)
and {e) the preparativn of 4 ¢ogpichic.si.. fepurt with cecommendatioms.

On August . 1962 a meeting wa: held at ARPA's request to dis-
cuss the possibilicy of a plugy-vack no major interference, experiment, during
the Tropicdn exctclse. A DRC 0ODsicr cf atlcnded and discussed Televant exper-
tence. It wes «yfzvd «l Che Mmeetiny that tirs-deCectinn experiments would be
carried out under the direction ¢f M:. Ron--t t:29st {CRREL. Box 282, Hanover.
New Hampshire, Telephone; ﬁh::e-kiv;c Jutctivn ctmont. B02-295-3415) and that
a DRC representative would take part as & tech ical obscrver.

Plani for 1% 1=strumertatiin werz described as follows: Two

IR svanners were lu be simultaneuus iy opeidied with insten:dnevar ficvlds-of-view

-1.26.
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of | mrad and & mrad, aod an o ingern tcoar, ricwe Ay desired. An InSh (2u-éu
detector weuld ha vawd {0y relars ool M4LN cipesaliure radiation and s Ge
(Bu-13u) detecior for tadiation at amhi.nl t-mperature. The apectral range
could be further l.mited bv filters to the reglons between ) and 4 microns and
Letween 4.5 and 5.5 microna: furthermore, anoctner tilter vas to be available
that somewhat narrows the 8u+lip region to exclude the edges of thizs window
that {s sensicive to variations of absorber concentration in the optical peceh.

By keeping the vatious detector packages pre- volod dJuring a
mission & wcanner could be changed in tlight in about one or twe minutes te
obtain & desired field-of -view Spectral-response cumbination. Thus, 1t would
be possibie to map the pame target field with various spattel resolutions and
In varicus épectral regiuns, under practically {nvartient conditions. At an
instantaneous field-of-view of 1 mrad, 4 temperature sensitivity of better than
0.1% is expected in the rlgionlbe:ween ; and & microns and, better rhan 0,08
is expected between 8 and 13 microns tor ambient LemPeraturs targetcs.

The information was tn be recorded on 70 m photographic [lim
and on cagnetic tape.  (The fape is verv impc-tint as it facilitaces the investi-
gation of various data Precessing trchaiques for optimem cvalustion of the ob-
tained information.)

A single chaunei tadlometer with either Ge-Cu or InSb detec-
tor, In connection with a chart recordes, would ubtain quantitative data on the
temperature of the terrain directly underncath the airplane. The i{nstrawnta-
tion alsc was to include a X-17 aerial camera and an f-m commmication iink to

ground.
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D.iing tta mentary Colorel 4 Y Londicllow (APCIN-1C4) re-
porced oo exputiciee of Al Forrs, lats1lipenrs rornnnaigcencs in Sauthesss Aeig.
A Reconufax V1 bhas been used {anc operated satisfactorily) in conjunceion with
photogrephy and radur (L-band). 1Tue IR and nigh resolnrion radar did not pro-
dure much information but did Impruve overall iceing somewhat. [On one occasion
a boat in the shade of & bridge was seen with IR while invisible on photograph. ]
Neither sensor gawe much data vo ground under canopy.

The DRC obscrver Suggested use 0f & shorter wavelength spec
tral region st dusk and In night-time missfons {n order to increass the fire
signal-to-background ratio. Mr, 3. Llyle Hansom {CRREL) suggested passive micro-
wave radiomecer measurements. Nelther suggestion was adopted.

7.2.4.2. Plaaning

In October the following general information on pilnl was
obtained from CRREL by telephone:

The target-area selected was In the Luquiilo Nationai Forest
(alsc calledLuquillo Recrcational Area) abcut une-hour drive from San Juan,
Puerto R1co. This eiwe is wountainous and contains rain forest beliieved io he
similar to those found in S5.E, Asia. Unfortunately. the rain-forast is on
mountain slope making the geomwtrical situdtion for mepping unfavorable. Por
reasons of safety, the mirimum alticude above the targets might be as much as
3000 feet. However, the selected area facilitates the placement of cargets
under various canopies ranging from the.cuﬂplvlely open tu the extremely dense.

Plans {ncluded establishing the characceristics of canopy

and measurements were to be made of the daytime {lluzination at selected places.
«1.31-
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It was 4i20 plan .cd to me surc the vervical temperature dis-
tribution above the 1ires up to 200 feet If possible. by means of hatloon-
mcunted temperalury probe~ (Lhetmocouples or thermystors),

The targets would be smoldeting charcoal, whuut 10 or 12 lbs
in baskels wi 14" - 15" diameter. ihe surface-temperaturz of the charscal is
entimuted sbout 11007K, "Theve targets very clusely resemble those used by the
Forest Fire Laboratory, Missouls, Montana.) The power disteisution from the
targets was eapected to be Flanckian, dud "quite a numder' of then were to be
used pimultaneously.

In addition to the University of Michigan's plane, three Air
Force planes from Rome Alr Development Center would participate in rhe mapping,
as arrenged by Major Yarbrough. The sirplanes would fly, per mission, & number
of passes at various altitudes i{n order to include as many different "looks” as
pesaible fn the practice, No other dats were ob.alned prior to the exercise.

7.2.4.3. PExpgriment

A DRC observer viewed the expsriments from 10 - 18 November,
during which roughly naif the planned missions were flowr.. Hia report of mid-
Hovcnbcr.il given below:

a) = {ronmen
The target region {3 in the tropical rain fores: of the La Mina
Recreationai Area that is & part of the Luquillo Divislon of che Caribbean
National Forest, some twenty miles Bast of San Juan, Puerto Rico. The icrrlln
is mountainous with peabs At hiyh as J500 feet, The ralr forest receives an
annual rain fall uf more then 200 {nches that falls in about & per cent of the

total time. During the wrttest monthy of the vear (March and Novewmber), rain




can be expectied 10 four out ot fiee days. Tre average daytime tsnperature in

(o]
ite fuledt $3 aboul H0F; ke

Cotimeuritury ar aight l: oahnug % e
average Telallve humidity 13 more than 90 per cent.  Under these conditioma,
tropical trves grow with amezing tapidity: ft i3 sald that more then 300
species heve been identilied. Perhaps the most frequently encuuntere”’ apecies
are the‘Slltld Falz (Eutwrpe Globosa), the Weatheresne tree (Cecropia Peltata),
the giant fern treeo that reach a height of 3040 feet. and the taliest (ree,
the Tabonuco (Dacyodes Bavelad). The dverspye diameter of trunks is pethaps
one foot; the aversge svpuration of trees in on the order of 15 feer. The

height of the foresc is about 100 fret.

The atand of the rain forest selected or the primary target arsa

18 along the ™ia Mins" trail, at an elevation of about 1500 feet, i{n the valley
of the La Mina River. The trail lceuds parallel to and about 20 or-30 feet
above the river bed.

The porticn of the trail--perhaps one juarter of a mile long--
along which the cargets werc placed. Liap not been used for perhaps & few years.
In order to maka 1t pasiabli. +especiaily i wipiincciesi peisvinel lad L0 clsd.
i# nf overgrewth.  Mrreover. the equipment and supply had o be handcarried,
an cccompllistuncat thac can only be appreciated by ln.eycwltnest. {For inerance,
a heavy rain once carrjed awav a large nart ol the supply of charcnal.)

b)  RBians for the Experiment

[Perhape because of .he extrene effort required by these sctivitiss,

the DRC phserver was given only a cursory briefing conceraing the plans for the
experiments and was able tn find out about the status of the experiments omly

occasionally.] According L0 the cursory bricting commercial water ouckets
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tilled with burniry (hatcda) wete to ser v as la:yeiy. These targets constitute
A ncarlveblackoned, Cource @0 aLous 1IOCUR. tur & periog ot time of 6 to B hours.
During the expePiment~, the source intensity was to be perivdically monitored

by portadble radiometvr. The cardpy dbuwe vach target was to be photographed %o
facilitate determination later on §n the lavoratery, of the canopy chacacter-
istics.

In addition plans called tor measurement of the tollowing quantis
tiea: soil temperdture; alr Lemperature. reletive humidity; wing velocity;
vertical temperature distribution avove selected tacgets; typical vertical tem-
perature distributions in the siand without target; sky brightavas; and level
of {llumtnation in the stand. A sclentitic description of the stand and ter-
T&in was to be reported by a botanist and a grologist. rtspett!vely:

It was planncd to vbtain images from the atr of the primary target
area (and of two other Arvas without targees; - one of the wettest and snother
of the densest stand of tnr forest) in the 3 to 5 micron region (InSb detector)

and. fn the 8 to i3 microna regton (Cu and HR doped (e detectors) by means of
& medifled AR/AD-1 aud AN/AR-F i1ne scarner owunted .o w. kib aircratt, These
#.4nNeTS can be Operated simultaneously civept wher ore 3f thed lé Lelng fe-
placed by & K-1? camecu. The Inetantaneous ticld ot view of the scanners de-
pends on the size of the detector in use. Either 4 Aominal {2 urld\z or

(& urld)z fleld of view can he achirved. The scan field of the scanners is
120° and 60° Tedpectively. The signal from the scanners was to be recorded on
ragnetic tipe and on photographic film. The photographic 1ecocds were to be

developed after vich emission; the tape recordings are desrined for detatiled

¢valuation 1n the nome lanoratorv. A thopper radiometer has been installed in
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the slrctaft. wirh a0 tiotantanecus f1eld of vire «nd spectrai response which
Ca~ be selvcted (0 match the 4canncrs The radiometer was (0 nmeanurs the gthan-
lute trradiance trom a strip of t™e tafyet 81ea dircctly underncath the aie-
plane. Thus. bv correlatior. 17739faiie values from the €ntire scan fléld Tl y
possibly be determined in the nome laborators
c) Pryliminary R.gulgs

It has beco Observed that the limited rate of climp and descent
of the sirplane prevented low-altitude flighte {liss than anout 1500 feet above
the target area), while low-1ying clouds masked the mountain peaks during a
large fracticn of the ti=¢. A2 2 censiguence of these conditions, the airplane
was in flight less than & total of '2 agcborne hours--out of the planned total
of 26 hours--from Wednesdsy noon until Sunday evening (18th of November). Even
80, the airburne time often failed to resulr in imagery because of unsuccessful
attempts in breaking through the cloud cover. Altogerher, a doten passes re-
sulted in IR images. A cutrsory inspection of these records revealed only two
"hot spots". One hot spot seemed ro appear invariably in the records; this
was (mpossibl: to quickly fdemtify. hut the Invaris=c snmasrancg pointed to a
source locate! in an open arca rot identifled {n test plans ac chis time. The
other hot 3pot could have bewn o target, located prchaps oa a foot bridge
across the river, that fs also (n & rather open area. If this quick assess-
ment 13 correct, not one of the 12 targets unde:r hesvy canopy hes been detected
with & sufficiently high aignal fur a rcadv fdeatiflcation.

7.2.4.6, Critigue
It appeared at this time that the experimental results com-

firmed DRC cxpectations of not scwing manv of the targets under very denss

=7 35-
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CANOPY. [Slncv this time, verbal repurts indicate that wubsequent missions saw

& large fractiry of targety, & citcumstanie which {8 difffiult Lo reconctle
with tne earlier misstons and probability calculations if the cover was indasd
dense.  Since the Iropican report Is not vet avallable the solution to this
mystery {s unknown. ]

Dvtatled plans for instrumenting and laying out the experi-
ment were not made avallable to DRC and hiwnce could not be cri-fcized. As
nearly as can be detcrmined no statistical analysis of the experizent was made
in the planning stage.

Subsequent informacion is that, based on the vcrbally re-
ported very gbod results, there is high enthusfasm for the technique as &
possible ready rool for use in Vieunam, for pinpoint reconnaissance.

It 18 the Contractor's opinion that considerably more an&
careful local experimentation should precede uav comaitmenc to an operational
experiment. It is clear that fires cd4n be der.:ecred under certain condicions.
It {8 cercain thaét not enough experience is in:hand to define the reliability
of detection. Purther. the Contractor oelieves that detection can be izproved
markedly by & relatively easily-developed equipment opcimized for this purpose.
It is possible with such equipment, huntet~uiile: miseions wigit become feasi-

ble. These matters are dealt with in greater detail in 7.3,
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7.3 FPROBAB!LITY CONSLDERALIUNS AND NEW EQUIPMSn( POR FIRE DETECTION

A probabilistic consideration of finding unobscured lines-of-sight .
to the targets, and, an cutline of tne pertinent teatures of an equipment

taliored to the conditions described huercin.

CONTENTS

7.3.1 Introduction

7.3.2 The Geometrical Conditions of Detection
7.3.2,1 Defirition of conditions end terminology
7.3,2.2 Elements of probability used in the investigation
7.3.2,3 The probability of seeing targets under canopy
7.3.2.4 Some specific numerical examples

7.3.2.5 Conclusions

7.3, Outline of the Features of an Airborne Equipment Taflored
to the Geometrical Conditions of Seeing

7.3.3.1 Scanner

7.3.3.2 Recorder

7.3.3.3 Some aspects of feasibility
7.3.3.4 Conclusions

7.3.4 Su=ary

7.3.1 Intvoduction

A CANOPY wiy be defined as the entity of opaque objects uf soms shape,
in randan distribution above a target field, Depending on the configuration
of the projected aress of the objects, s cancdoy may cover the targetfisld in
variocus degrces becween complete coverage and no coverage at all,

Thus, detection of A target wiws & wunopy Le dependent oo "geomstrical
condicions' jmposed by the canopy, as well as on "physical conditions" such

as the radiant intensity of the target, range, sensitivity of an equipment,
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etc. We refer to the fulfillment of the peomertrical vonditions as "seeing
the target,” in contrast tn the simultanevus fulfsllment of the geometrical
and physical conditions which leads o the “cerection ot Che target’,

The first part of this paper l» devoted to the derivation of enalytical
expressions ot the chance that one has -- limited because of the geumetrical
conditions -~- of seeing & pcint target from the air, The second pert presents
the pertinent featurcs of an airborne eguipment tallored to the geemetrical
cenditions.

Alchough occasioned by the fire detection problem the treatment given
here 1s general and elementary details are included to promote easy reading.
However, the entire problem must be coasidered in reference to percinent

information in 7.1,

7.3.2 The Geometrical Conditions of Dutection

The objective of this portion of the paper i3 the determination of
the probability, under various conditions, of seeing a rarget, It i»
convenient to define rne conditionf and the tarminulogy to be used as

tollows:

7.3.2.1 Definition of Conditions and Terminology

We consider two generally distinct conditinns’
Condition 1
a) There are a number of identical targets cundumly placed undez a
canopy. [he location from which the actempt is oade to see thess
targets, 15 called the “point of luoking,"
b) Consider solid angles, centered on the radii between the target:

and the point of looking, with aplces at the point of looking.
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c)

.)

f)

These s0lid aujice of idencical absolute value will be cailled
(one at a time) instantanecus field of view (= {,f,v.), The
1.f.v. is limited at the lower extreme by the criterion that
the ares subtended of a targer must be wuch less than the
1.f.v. subtended area (i.e., the target is a “point” target).
It 1s limited at the upper extrems by the requirement that the
i.f.v. never 1include more than one target,

Targets will be considered “seen” if they are vieved at v
aspact of "half-m;on" or "more-than-half-moon'; they will be
considered not seen if they are viswed at less thar half-moon.
An addirional sicultanecus conditinn is that an area around

the point of looking subtended from the target by & sulid ungle
of the order of magnitude of the target's from the pot;: of
looking, is asen at least as a “hali-mcon'’.

The point of looking is taken random within the total lqlid
angle with apex at the carget, in which a canopy exists. We
call this wolid angle the “augiv of hiding'.

The "field of search" for a target is restricced to the angle
of hiding inverted so that its apex coincides with the point of
looking.

An clemertary area seen by the i,f,v. in the tield of search {s
investigated for target only once, at a "look angle' that 1s
taken randomly in & vertical plane through the point of looking.
However, tne randomness of the look angle is taken to be
identivcal to che randomness in spice of the point of locking,
80 that fixing one decermines the other,

7,43~
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8) The point of looking 1s taken to move with constant velocity at
conatant dltitlude, wud viie jUOK angie 18 taken to run torough
The interucetian of the cone derermined by the ficid of scarch,
and the plane perpendicular to the velocity vector of the point
of looking. The angular velocity uf the look-nnglc'l'running
leg is ctaken high relative to the velocity of the point of
looking, so that the point of lonking appears stationary during
the time (valled line-time} che look-angle runs throdgh its

range.

Condition 2

8) The measure of a canopy is its average density (c) which is de-
fined as the ratio of the integrated solid angles from taryei
wubtenct: by the opague objects in che angle of hiding, to the
angle of hiding.

%) The canopy within the angle of hiding {s taken to bs howogensocus.

¢} The degree of homogeneity 13 taken to be such that [n sny strip
of angular width = component ot 1,f,v,, parallel to the velocity~
vector, the canopy density 1s the vame as it i3 in the entire

angle of hiding.

Undet these condf{tions there are three cases of parcicular i{agerest;
the point of looking at any given instant oAy or may not be in a vertical
plans that goes through the target and is perpendicular to the velocity-
vector; the point of looking aay or may not be in an unobscured line of
aight; and ~he look angle's running leg may or may not sufficisntcly cptuctdo
with the radius vector, to fulfill the condition of half or more moon. The
thres cases represent, however, only one random condition of seeing, because:

&Y .
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o The point of looking ras been. or wiil be at some other time «-

tor the duratica of one line tiwe -- i{n & vartical piane, ace

cutding to condition l(g).

o The colncidence of the look angle's running leg with the radius

vector to the paint of looking, and the latter being in an un-

obscured line of sigh: are identical criteria, for cthe point of
looking is taken stationary for the duration of & line time,
That is, once the point of locking is in an unobscured line of
sight the running leg of the look angle will definitely coincide

with the radius secior at <owe "iostant’ during the line time,

Conssquent ly, the probability of seeing a tazger f7om the point of
looking esquals the probabllity that the ‘-k_v (to tha extent defined in 1(c))
will be seen from cthe target in any randomly chosen direction within che
srgle of hidiug. The derivation of thie probabifity is found {n subsequant
paragraphs, First, however, the mathematical tools used in the derivation

will be summarized,

7.3.2,2 Elements of Probabilicy

The treatment of the present problem has besn based on the
foilowing elements of probability.

The probability V that an event F cccurs {s defined as the
ratio of the number, k, of favorable possibilities to the number, {, of all

the polllbtll:tcn':

'Por sxazple, I might de an act of drawing-blirdfolded--one of k red
marbles out of an urn (het contuins -k addizional blue and/or green marbles.

=7.45-
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Thus, the probabiiity 1> & real fraction, the limits

3¢ which are;

Ve | = Lertalary and,

V= U= Imposuibility,

Moreover, since it is certainty tnat an svent either ogccurs
or does not occur, the prolability that .he above event will not occur (s
1.V,

From the above definition, the following relationa of

intereast to us for the present problen follow:

a) The Probabpilicy that All of n Independent Events Occur
Considering just two evants for the moment, the probability V'
that both the indepandant events ll' and !2', of respective probabilities
vl' and vz' occur, is V' = vl' x va' . For, when the evencts are completely
indepandent, sll the cases that are possible for El' can coabine with all
the cases possible for lz’ , resulting in 51' x 12‘ possible cases.
Sintlarly, all the cases kl' that ace tavorable for !]' can comting with

the k,' favorabile case. that prevail for !2' , resulting in kl' x kz'

favorable cases, Thus,

kl' Iz'
Vise g eV, v, .
]

In gencral, for n events (omitting the upper index):

n
ve T v (9 4]
xe] *
1. 46
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b) The Probability that Eiiner Cue of n bMutually

Exclusive Eveary Ougut:

, Lec k " denote the number of tavorable cases of event !1" ,» Ry
denote the favoruble cases of Ez" and " denoce a«ll Lhe poasible cases, then

the probability V" that either cne of the faviiadls <venus owvuis. i

, PRI
V" & mme———— g oy g g "

" 1

In general, fo1r 0 eveuls vewitiiog the upper suden):

c) Ths Probability that At Least One nf n Independent Events Occurs
The possible combinations of the indepsndent avents !l"' and tz"'
of respective probsbilttiﬁa vl"' and vz"' are:

- “'l - wey " - niy, (13} LA}
Favorable: v, (1 vy ): v, (1 v ): v{’ v, and,

Unfavorable: (1 - vl“’) (- vz“‘;

Since the sum of all the combinstions equals vnity, the dif-
| ference betveen unity and the sum of the unfavoreble combinations (which 1is

the sum of the favorable comblnations) is the sought probabilicy, V"*
.v“| Y vl" " v "y - " "y vzlli

An example of mut'uslly exciusive events Ls the drowlog of o red ot

white matble from an urn thet vontarar @atbles of blue and/or grown as “well
as red and white,

1,4l
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In general, for the ca-e of n evenrs (omitting the upper

tndex):
n nel n-2
L LI - -

Z v; vn vx * vn vn 1 Z vl sesw

x= L 1 1
n n

=\ I v + W v (11

; X x " o=

vhere the odd numbered retrms are posttive and the even numbared terms are
negative.

In «ddicion to the relations above, it may be recalled that
the calculu. of probability is reaily useful only whan there are-s very large
nasbar of cases at one's disposal for evaluation., For inscance, in flipping
& coin 6 times, the expactation is that "2-15 4111 cume uo 3 rimes; neverthe=
lass, not always will three heads come up vhen repeating cthis process of
6 flips in & row., As a matter of fact. Lh; deviation from the predicted
cunber of heads may occaslonally be extreme: 1t i$ quite probsble that ne
head will come up at all {n six consecutive flips, However, making the
process fn groups of not & but 100 flips. heads will come up 5C, pechaps
also 48, 53, 52, 49, 47, 51, (ime:, in 2ty case the number of times when
heads will come up will not differ very much from L/d of the tocal number of
sttenpts, In other words, the law of large numbers says that

o only in sufficiently large nusber of atcempts will the aumber
of actuslly occurring events, begin to approach the product

of (aumber of atrcaopts) x (avecage probabllity), and

«?, 4B~




v & predicted ror gl tar be athieves with cergainty only at

the limit o! &40 ntioite Nuober Of all empt s,

ty thi: fac: . &p appat-nr paradnx becomes clear: Let us
aspuve that in the proce.s of fllpping a (otn, 10 times 1n a4 row talls come
up. Through a hasty considet4t fon one night expect that hLead Ls more probable
for the 11th attewpt. But, what mv-ter:ous force snouid acr  because of the
outcome of the previous event:, “u (durs hrads to come up next? Such a
force does not exist except for & '-ddin's jianil or a dubious gamsbler, and
the eventual assudption that "for (oupeasasion now 4 head oust come,” t»

completely falae: for. oalv an earremely large number of at-empte can result

in a "compensation,” {,e.. can lesad to 4 value Znat equals the probability
times the number of attempr-.

The law of large number: can he used 'o posteriort’ to
sscertain from observations (suih 4= percentagc d2ach 4t vaclous ages)
certain probabilicies (such a» pust life expectancyd by means of which one
can derfive--through combinations with other probabilizies ‘3wch as advances
in medicine, (mproved living conditicon:' -new probabilitier (such as future

life-expectancy). It will be seen thait 1t 1> e:senttal to have a statistically

valid base {1.e., reasonably large number:) in enpertimentsl varifications, or
predictivns will be very ihaky,

We shatll close vur recollection un tne general interpretation
of startstical dace, with & referente to the typical applicatlon of proba-
bility to corpuscular phenomens in phyzic:. Here the Integral effect of
corpuscula are accutately dercribed by means of statiscacal laws, for -- at

the very large nunber: of a20om~ usually tnvolved in related phenomena «- the

=1.49-




law of large number< slpost always applied e well that -tactiscical relacions
ansume cite obi kil wheracicr of & natursl law. When ewperime:tial observa-
tions can he rectritted rn oo rolatively few atoms (or. theoretical calcula-
tions are being made for a relatively tew atome}. only then are deviations
from the prediction of average probability (i.e., fluctuations) first notice-
able, indicating that the reala of random phenomena has been entered, Deep
{n this realm one hardly sees waytuing else but fluctusrions {notse).

Because of limitations in the practice (in an experiment,
fur instance), the range of actemprs realistic to consider in the present
case, leads us inco the very random region of the etfecc of geometrical
conditions. This situation calls for a careful interprecation of the con-
clusions to be drawn, especiliily when a compatison to a very small sawple
of sctual data is belng attempted, Nevercheless, with proper cnr;, in~
formation of great value can be decuced even 1n this case as will be seen

from the discussion to foliow.

7.3.2.3 The Probability of Seeing Targers Under Canopy

The average ptobabnlity, ?, that a target under canopy of

the average Jdenaity E, will be seen 1n any one atcempt, 19
Petc (1) .
Then, the iverage probability of the specific event that at least
one of N cargets will be reen in any one oC.ewdt, 5(;) is

-1 N _n
B(y) = 1 - (1-P = 1-¢ ) (2)

bacause -- under the conditlona defined i1n the firsc paragraph -- the event

By -7.50-



of seeiny one itdrgel L8 complerely independenr of the event of seeing in

the same attemor another target,

Equartion (2) 15 shown cvaeiuated in Flgures 7.3, la, and 7,3, ',

~
lo Figute /. 4.la, che probability Fiy) ve N is shown at

various values of ¢ a5 purameter, Figure 7,3.1b shows N va ¢ with Fl;) as

parameter,

As ft i5 implicitly seen in the figurea, the following con-

clusion of particular fnterest frux o pravtical standpoint mey be drawn from

Equation (2):

Wy N

The rate — = ¢ .ln ¢ (¢ < 1) at which che probabilicy

o

3(&) increases with the increase of the nunber of targets,
is decreasing with increzsing number of cargets,
The rate is higher at higher ¢ than £t e 4t lower c.

The rate is high first (linear region) chen it becomss
increazingiy lower and lower with increasing aumber of

t<rgols (e»ymptotic region).

The relative jain in probability thar can be obrained when
instead of one target a4 large number of targetr i. used, is

much higher at high canopy-densicy tham 1t 1s at low densicy.
=1
2 -
'P(N) N-t

The rate -—;:— » - N.¢ at which the probability decreaves
c

with incfeasing canopy-denaity, (s the smaller the larger

is N.

Consequencly, the number of targets necessaty to maintain a

preset probability (a probabilicy ot 1/2, for instance) (s hsavily depsndent

on the canopy~deuslly. GCvea if Lt 15 impractical 1n case of high canopy-

density, to assure a desired prubablilli. the number of torgets should be

o -7.51-
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made ap high as possible, increusing it tn 4 potnt, tor (nstance, whers the
deviation trom the maximum (initiaei} lal¢ (40 low N} 18 not more than a
practical value, such as might be - 10, Wich other worde, the number of
targets tu be used in an experizent srould be determined by the average
canopy-density: the number should be high when the canopy-density 1s high
end could be but decressed in case ot canoples of lesper censity; but --
unless there wvas some other over-riding aspect = should not be done {n
the reverse, These consideratiors appear especially ajgnificant in view
of the fact that & really mweningful evaluaction of detectability, based
on experimental data, carnot be done without, because of the very nature
of the involved phenomend, a latye number of samples.

In a slight detour, let's constder next tne N targets
distributed under various canopires within the density range between ;. and

E;. Then, with

i
¢ = .umber of targecs under cancpy of the densfity-range betwaen

cand c = 42,
q1 = number of targets seen through carapy t,

q = average number of targets seen

1
[

]
)
1

q * Q(P) P dF = g (1")

1

&
In words, q targets out of the totel of
1-7

15
ve [ b 1 "y
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: tazgets wlll be seen tin 4ny one stiempc) where P ois a3 glven by Equation /1)
>ince 1t s of great i1mpoitance to determ.ne the effeut of
VAriations in c4aropy Jdunsity, whilch cettainly cicur tn the teal world, we

tan defire from the roalition of g & ()¢ N an equiveient canopv-density
)

Z' )
1 ! cb
2(P) F dF
_ 1-2.
o] e———— {3)
[ 4 .
1T,
. Q(P) dF
L e
L Y

For inatance, the tatgets may be distributed in various

- - *
aanners as shown for €, - 1 and ¢ < ! in Figure 7.3.2 below:

' L I}
L]
| - (distribution” {gisliibution)’ (distribucion)™’
:z 1 H
- %
1 o
. [ ]
- -
v
o £
- 3
L
. GO~
-
L)
T
| A3E
-— - ) -ltt -
l-c.-O l-cb 1~cb l-cb l-cc
, < Canopy-density, c.

Figure 7,13.2. lllultrarfve distributions of targets under canopies of
\ various densities.

Then, using the notations of l':b‘b’ wbeQ, and l-c=x and, for (distribucion)’

"Note that Q 1s as defined brfore and {s shown versus 1-c, instead of
versus T,

-7.53.
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in the figure, when Zii-;bl . lvz(

(em'b'-m'x) x dx

(m'p'-m'x) dx

In case vhen 3(l-c ) = l=¢
b [

Fig V1
m'xdx + (h?b

b

a'xdx +

b"
)

c =1« ‘?:
o

-l -
And, in case when 3tl-c, ) = 201}

bl'l

(h"'b“l - hnﬂ,‘) x dx

(hﬂ‘bll! - h"l:) d‘

blH

At the values of t' @ 0,15, 5" = 0,10 an3d »"' = 0.20

T+ 0.859,
&
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These exumples numericaiiy siuvow the obvious f:ct that the

equivalent canopy-density 18 tiwe larger the more the disgribution in a
given deusity range favors densez canoples, When the distribution is sym-
metrical, the lqu;valcat density ts the arithmetic mean of thé extremes of
the density-range.

Furtheruore, Lt seems likely that, a relation derived for
& given canopy-density may be used for the same number of targers under 2
range ol canopies when the distribution 13 auch that the equivalent density
in Equation (3) equals the given density.

Thus, the effect of placing in a given distribution a number
of targets under various cancpies can be evaluated in a simple manner. We
will omit {n the future the cubscript & bur will always mean equivalent
canopy-density,

The main interest concerning the effecc of the geometrical
conditions, {8 a _gencral expression of the probability of seeing, in any
one or more attempts, it ieast a cerra16'£:actlon of auy aumber of targets
under a canuvpy of various densicies., This expression may be derived as
follows:

In case of N tatrgets, cuch of the sverage probability of
sesing as given in Eq. (1), an atrempt may consisc of the particular
assenbly of seen tarzets (all nf chese dennred with = because the targets

are not discinguishable) and targets uot aseen (dencted with £) ss follows:

2 o3 8
[ { £

———————

*
leading to an integer number of targets.
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For a number of seeings, oo uxailly k, the average proba-

bilizy that «his event, in an assembiv as above occurs, is

ko Nk
Polp) -

However, & seeings could also otrur 1n another as.embly of succenses

(seeings) and failures such as-

L
f

Alvogecner, therc will be N! assemblies. Bur, i! sassemblies will be Ln-
distinguishdble because the targeis are indistinguishable and, (H-k)'
assemblies will be indistinguishablc because the failures are indistinguish-
able, Consequently, there will ve N!/k!(N-k)! different assemblien and,

the average probabilfcy of seeing exactly k targets 1n an atcempt, F(:) is

By making now. insceag ot only one F atie=pts. each under identical
corditions (thu same targets in the same arrangement under the same canopies},
ve chet of cealing witn Nr targets in one arcempt. Llhen,

that exactly a fracrion =, of the Nr rargets. will be seen,

SNe NreoNr
c

(Nea!
Pl "= et b




Equation (v maves the probabllity ot ane event that sitlstive our ¢riterion.

However, this czitrtaon of at least INr seelngs will aiso be tulfilled by
other events that result in goce than Nt seelngs. Since the maximus number of
possible secings 13 Nr, there will be sltogether Nr-7"Nr such events.

“hus, the average probabilicy of experiencing in r atiempts

a total of at least ONr 1c¢1n¢u, of N targets und‘r canopy Z, F(>::') i

his
= >Nt . (Nr)! =1 :Nr"" 6
g J O ey - P (6
i=Nr

First, it should be noced that =

© becauss (t takes into account all che possible

everncs, S : F(:) squals to unity,
k=0 : .

o becaute it includes &ll but che eingie event
N

of not sreing target at all, F(:) is the
1

Ln
probability of seeing at least one target,

o the probability of the svent of not seeing

N
target ac all, P(;) =c,

N N
80 that S P e (% ¢ E P e 1, and
N x N ,
= =1 :

*
We denate "at least k," with >k,

- -



N _N
P(;) =1 -¢ . That is, Bquation (2} {s the reduced form of Equatian (§)

kel

for the cuse of UNr = 1.

Second, the evaluation of Ekquation (6) for various values of

“Nr is rather time-corsuming.

For "his reason--sithough numerical evaluations of Equation (6)

at varfous 7, for a tans: ot Nr 4nd 'E, afe imporcant and should be computed,
the folloving examples are for only one pair of values of N and ¢.

7.3,2.4 Some Specific !lumerical Examples
Zquations (5) and (&) have baen evaluated for N = 12, and

€+ 0.85 and are plotted in Figures 7.J.3a und 7.3,3b, respeccively. Figure
7.3.3b shows that the average probability of seeing at lesst one-third of 12
targecs (n an attempt 1is 0.09, or, roughly, 10X, While this sesms reasonably
bigh, in estimating the tactjcal value of detsctiou of fires by regular
reconnaissance, it is perhaps smore important ¢o determine the likelihood of
sgincaining chis lavel (or any other selscted level) of performsucs.
Tn Table 7.3.1 uze given tha probabiliiies of seeing, in sach
and evary one of ran attenpcs, at least ons-twelith, ona-sixth,

one=‘ourth and one-third, of the cwelve targecs.

ble J,1 Probability of Maintafni Performance

st Number of Targets to oe 1 ] k] [
ean Out of 12 Under Canopy of
[ .351
verage Probebilicty 0.&, 0.55 0.26 0.090
robability tv See Lesst Mumber 0.23 | 2 sxi0°? ex1078 [ s.exio” ¥
f Targacs in All of 10 Atcempts | -3xl10 b.4x 3

sse probabilities are not those for saeing preselected ayarages of 11 targecs.
These vould be given by Eq. (6) which 1s not computed. A very rough estimatc of Bq. (6)
indicaces _the Mu of seeing on the gverage L/t and 1/5 of 120 targets would by
about 10°7 and 10°° 107 respectively. -
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Ine vulculated low piobamility oFf “tapraducib;." parformancs in

seeing latge troitiens of this telatively small number of targets st relecively

PLgN (4n0pY-0envity Talcr & Yrty S€fluur yuustlon as (v Lhiv tuctical value of

this Patfivulat method ot scanning tor Jdeteciion, 4nd has fmplitations concern-

ing the type ot vxputimentsl veritication necawsery. For this reason, & new

and dittecent type of equipmeal §» sugge-:ed in (7.3, 1),

lhe ywometrical condition of detection, measured by che proba.
dility of seeing, is & strong function of tunopy-density: the probability
Tapidly decreuses with increaning dunsity.

Ints relation betweun probability and cenopy-density strongly
suggests definitu rulus ro follow in the design of experiments for tne sstab
lishment of the degree {n which various factors affect che detection of poinc
trrgecs under heavy canopies. The relation alse suggeste specific scanning
aschods for use (n a tactical eguipment,

In case of an experiment 1 appears unquestionable that mote
garaare e.uld he vaad  tha Raavier i« the canopy selected far {nvestigation.
Furtherzore- -as suggested early in the study--eavironmental zesaarch, including
collection and svaluation of statistical data on a varicty of canoplos seams
necesNary prior t; extensive experimentatiun, With statistical canopy-dits iu
baud, & lugically svund and resscnably controlled detectiun-esporiment could
be designed for 4 second phasw aimed ar the verification of predictaed ;-lultl.
Then in the experimentsi Jutiition phase the importance cf other factors (pete
haps unforesesn) would stend out nute cleacly, Sound plannting of an sxperiment i

should at ileast include analyses "o determine the minimus number of Cargets

1.%a
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and tlights recesrary tu vatract the desired dute with given confidence. An
sttembl should 4ise be made, with similar danuiyses, to plan the expsriment
#0 a# Lo muximlze the dat obtajnadle ar s given cosc level,

It appesrs that the average information obtainable in a
nusber of sttemplas (FunsS; wilh « 3C&00LIY tedimigus thal takes only ons look
at each element of the target ti~ld 15> tnacceprtably low tor tactical use
AIALONE Reavi LaePlva. Aceepiabile and deliable lufuimacion regerding che
exidteace of c(drgers under heavv «anopy way only be obtalned whan the canopy
is searched for opeuings over & significant range of look angles, A maric
figure for equipment, from thi standpoint of compatibility with geometrical

conditions, could be based on quancitatively eapressed probabilities of

"reproducible” performance.

It appears that under geomstrivelly open conditicons
(¢ € 2.5) the line-scanning thurmal mapper may be acceptable for tactical
applicstion, For T up to 0.8 (0.5 < ° € 0.8) there are very serious doubts
c3 to uwtility, ind for ¢ > C.8 it {5 clear tiac Ges instruzentation is

needed,
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T3l Pogtane s deatuz.i o2

s ity $1o0 Eguipuciy Taflured to the
Ceomytrical Cenjizivng o Seerng

Ih: probantlities cytablian-d 1n the first parc ot chis paper indi-

A ekmas 4
wden TNl ywa.

e avelane Uiy @ Vel few Ul 4 Nueibes vt targets under

cenvpies of densities - ~ 0 &, cogld be tealistically expucted to be seen.

Since the vonditions defined tor the dertvation ol the pronatities are

essentially rhe specificattons. in general terms. of & large me joritv of

stiog ageborng licc-scdrnegy it twilows that chese €qUiPBurts~~NC matter

how much an advancement {r the staty of thoit are they mav FApradent--gre

2ot soliatle for revtyical 4pplicationg dgeinst very dense canopies when

Prooably but a sing.e mission mav be flown.

The sucject of this part of the present paper is s brief enuDera~

tion of the pertinent features ot an Squipment that could be sasily designed

and readily builc, both in & short time, for successful application to the

presently considered tactical sttuation. 1In addition to the bare snumera-

tion of these features., some Corments regarding rthe feasibilicy and rom-

Piewizy =0 zlch equipment will sipo be made. These topics will be discussed

under the assumprion tnat Appendix 7.1 has been read. That is, this appen-

dix 7.3 18 coucmrned, primarily, witn oniy the gsomecrical, roc che physt-

cil. conditions of detection.

These rtopics are Presented {n three paragraphs: the first para-

8reph outliues & scanner. the second Paragraph outlines & recorder, and tiie

thizd parsgraph couches un the a4spect of feasintlicy.

3.0 4 Conceptual Alrbopng Scenger for the Detecrion of Pojnt-
[argers Undgr Hedvy Ganopies

As it haw been pointed out in Appendix 1.2, the deficisncy
in the present applicetion of conventional line~scanners is that they actempt

~7.5%9-
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only OLCe =1L &1 eallle Disdluon-=ty s¢e d tadlgel. (L.e., the scauners view
4n clemwntary tardet-drea onlv at a4 singic andie ~¢ iocking (= scan-angle)
within the toral scan-!lcld.* In contrast, & scanner designed with the
geomctrical conditions of eseing specitically in mind, would lnvestigate
« cadpy (= target-field) to; openings at 4 aignificant fraction of all
lovk-angles within tne angle of hiding. Such 4 scanner could be built for
instance. with:
0 A lincar array oi Jelectﬁ!l** aligned in the image field
perpendicular to the direction nf flight and.
© A scanning mode that weuld cause a4 part uf the target-field,
“utlined by che lateral ctocal field of view and the scan-angle
(ses Fig,7.3.4) to be swept during the "line-time" by the
projecticn of the detector array. ‘
Conaequently, the canopy abov. a target would be com-
pletely searched in a ltrip of width » projected width of a detector-element,

! i
and longth = distance subtended bv scan angie. This mode of operation

- A& higheqiaiity iine-scanner operated at a low V/H ratio has many over-
lzpping scan-lines resulting -- by virtue of a reduced bandwidth due to ia-

tegration on the recording film--in an {n~resesd effective sensiLivity. How-
ever, no increase in the probability of ;aeing can resulr, conversely, from

A t:peated acan of the same strip ("“line”) of the canopy if the scanning is
made at identical scan-angles. And, excapr for nersstonal casss  tha ra-
scannings should be expected to happen, essentraily, at idencical Icok-angles.

*® Or, perhaps nov, certainiy in the very near future an image tube of
auitable spectral response.

**%  Por this case, the "line-time" should be c¢xpressed as the time required
for the airplane to travel the distance which is suotended on the ground by
the 1.f.v. s component parallel to thz w:locity vector.

%t Note that each point {n the center-lines of these strips is seen from
4 target at different elevation and azimuch angles.

-7.60-
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vould lwad ro oreresiney of seving, wador candit

Sus 2(bY aud Te) in the

P

firse part of this paper. Even 1f this condition is not always fulfilled,
the total probubility ot sceing in 4 single misaion could be expected to be
near unity.
The required number uf detector-elements cuould be Lold a:
4 previical level by some sacrifice in fas is evident from the analysis of
the physical condictons of detection in Appendix 7.1).
© Information-gathering-capacity of .h¢ scanner (i.e.. macritice
in lateral field of view which would lead to lesser ares searched
Per unit time), and/or
© Some sacrifice in sensitivisy (i.e¢., sacrifice in lateral rano-
lurion by making the lateral 1.f.v. larger than the state-of-
the-art is capable of; then, such s sacrifice uould‘probably
lead 1o a smalier racio of target-signal to background-signal,
the latter being the limited noisw.)
But sacrifice {n sensitivity ia readgily aIlo;ed for tar-
§ers vhose radiative characteristics are equivalent to thuse of ~ 1000°K
black body 6 jnches in diameter. Corsequently, no matter how much an ace
tusl canopy deviated from che definition in thias papar,
A scanner as outline above would amsure
8 probability of sweing higher by ar lesar
40 vrder of magnitude than & line-scanner s
capatility. It i3 reasonshle to ewpest rhar
this very high probability could be attained at
an effective sensitivity practically identical to
that of the best contemporary line-scanners.

-7.61-




ey

DI A LN pluat Al woron Kecoiger comparitly with Scanners
vi_the Outline 1.1

i 7,3,

bucuuse of the spectfic stanonung-mude, the information
from the scannet $otms & Lour-dimcasiondl matzix, 43 follows:
o ctouad distance tlown, D

Piradignce In 1 ... 1 { » tunigion of scan-angle).

il

o lateral tield ot view. A .
v Scan-e.gle. I

However, since the informdtivn swught is the Jdelermina
tion of @ target # existuace and its ground <ocordinates D,V\. the {nforma-
tion from the scanner might be handled by & bSasically conventionsl strip-
map recorder when the number of targets 1s not too high. This s so if
the detector signal {s restricted befcre recording to levels higher than
a rthreshold set as & suitable multiple of the smignal level from the back-
ground (cancpy andfor ground).

In this case, the lateral position of & target would be
€rrreciily trveded.  However,--irrespective of rhe scan-angle at which the
detecticn has been ac:émplllhed--the ground-discance coordinate D, of the
target would always be recorded at the position of the prevailing polnt of
detection (= point of locking or, at a constant offset from aame}. Thuse,
the only added capability required of a conventional device, would be that
1t aisv rccordi the scan-angles.

Existiug recordeis are us.ally provided with duta channels

»,
like that mention:d above. An increase ln data-channel capacity, probably

* In digiral form, petheps.

At the edges of & strip-map.

* -1.62-
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needed when the nember of tardots 19 high ~heould be & rourine macter; and,
v owiew Cf EMh ARE.Ldil D el 4 teideiveiy suw tesvintion wouid sulllice
11« the numper % =lemm.ts 1y the maD wweuld de telativelv low, teking up
but & teractivn o the $1.0 s width) the 1n(fease vught to be readily accomp-
liahidd.
Une Ladn visudilde vases when LW OF ¢vel MOre tATgets aAre
recotded 4t the same »pot. Nevertholess. ne ambiguity could arise vhen a
distincrion between the targers’ locaciuvns is of no interest at which targets
exist. .
Ce~telatisn petween the location of the targets and the
envitvament could be accomplished In at least two ways: either
© the threshold level could be lowered for a duration = dwell-time,
preferably at 4 time when the scan-angle 1s zevo, of, in a brute-
force-method,
o an additicma! conventional stiip-mapper could be used {n syn-
chroniss with the tafget-equipment
In tne first solution. & single record would contain poth
the rargeti and the terrain; the second solut:on would result tn twe separate
nens that could be superimposed for evaluation, i{f born were made at the
same scala-iac::r.'
Prom the previous outline, it directly {vllows that the
sbove-threshnld stgnais could be summed hefore feeding them to the record-
ar's input. HKowever, the scan-angle (nformatiun should be derived prior

te tummation.

* por final evalustior, the K maps should be correlated with topographic
maps 10 8 conventional mthod.

«7.43.




#Hauld te

cantly extenid the consideterinig thero) s7ill 4 separate pavegraph haa been

. o . L -
LT LI S e L UL S LA SR TG LN TLIE Y

4. Va2 Tdaa 10 alaige AT U Jlaciaty

the preved.vs roraataphs have alrcady roucned

va~d tnus raraqcrapr doed ot intend to signifi-

assigned Lo tily 4Yed foT the tere emvhaesis oF the expectation that no

factor would prevent feasidiliiv o7 would svern require anv effort worthy to

seativn of Jevelopment Def.fe an eguipment of rrhs nresent concept could be

built.

Thus. tne facil.tate appltcazion of & relattivelv simple

LoTiect=pagne’ siann'ng TeuhidnisT,

A

[+]

The priozary optacs prabably ought to have & tield of -view as
wide as the total scan-field. However. Lu view of the ex-
rected jow resclucton renyirement. no difficuliics 1m éesian:

;
and/r [82P1CAILSN vi wne OPLLCai sviten snould exist. This:
ve et=¢lially sz Bica.sc thr spectral response would probably
e in g regils isee later on) vhere refraziiv~ &ioments oould
Se readiis .sed.
It #2pedrs figr.’ Frod#fie rhiat Che OpPLiDLMm spectrai region

¥ detazzion wiuld be 1u tne uncovled PES region. Consequently,

the reqiived itmear arrav of detectcor--even on & curved sub-

streatom-- snc.ld %e of & so-called rontine matter of manufacturs *

of detectl

fags rTespilac-

cied Pz§ regicn turned ot 12 Te indeed the Optinu. region
n. the feTalning reguiTemunt Sf fthe deteclor ts & sotfirpertly
ti=e. Tre .oper liz:it of tre alluwed response time 1s the

Baci eeime » XL f vy
mgiietiee » A b 2 ¥ )

v x k

Lis o1 baasitiiity of g Cosiceptusl Detection-




Eveuw o1 .t were desitudie (o chocse the fusb tegion for Jetes-

Livn, a0 Indd> Jetevtor arrav and 1ts wwoling should slso bDe
well within rre capahility or snl.'cd and carel.; fsbrication
FPraciices in the reistled tields

¢ The zanutacture of tne Jetectot-artav should be & relatively
288y task. beca.sc--deing the vartance of radiatior from the
LANSPY trr sruiting DOLsSe-- he tequitement of unlform sensi-
trvity usuall. dirficult te obtsin in a nulti-element -decector,
would be com: rably relaned.

Q The large liziting wvise would slag permit the use of (mechan-
1cal) izage-plane-suanaing without consequent degradacion. for
this Dethod's scanning-noise ("optical”-neise) 1 hardly possible
to keep below levels of less thar two- cr chree-times the
detector-ncise.

¢ Assuning that & lateral resolution ct b mrad would suffice.
soze :50 elexents could assure 8 torsl of zbour 50° scan-fileld,
Thus. an equal nunrer (190} -reamplifiers would te required,

In view of the highly deveioped state of the electronic art.
$5ih A préateiifier-puckage shuuid be ver. relignle and orac-
tical in size ona weigri. (Transistor acplifiers and visua-

lized.)

where V = velocity. H » aitizude oi aircraft 6 = total scan-angle. Thus,
by calcalating the dweil-iize fcr practicai values at =he saraTeters, 1t
can be seen tnat an incooled PbS array would permit a resscnably high V/#

ratio; tnat i3, a idTde area cocu'd e searched in untt time even with the
relatively snow PoS,




et yee

; *
Y Te®R liir aadEll SUEpIeRIce dun 4s Lo preaaplitier package
SWaid TR oansuded mwlsreg 40 e ronn. Thy pasaibility of

I8l Rl L1230 i Juile Ropilal 1N Lhe Casc¢ of Che PbS recion,
15 4 dotector sensrtiiit., relatively conside,ably less than
i Tual ¢ oeanitiy possitic. would suflice. A suitable
MLttt MawereT. 1 erpecied to requite more leadetime

for delt.erv trad= 413 adeded 10 the caye of 4n arrav-detyctor,

Mecranicuiion of #he switchirg of the individual detector-

L7

21g7als 41 the vutput-level of tne preamplifiers and ac the
Tequifed dle. snould oaly ili for "shelf-crmponents™ in

Sdde I mechdnicdl switohiag. sud, for well developed cir-

f-i1ry in case 3 slecizvnic switching  Finally,

7]

The required data-procasiing snsuld be an almost triviael

i

Ster for this arr OF gresr capabrliitv.
L3305 Conclasion !
Fro= tne point of view ot use in taciicel application,

the Jver-all Zuri: of an squipment of sk PIusEnTt iNTeTest--might be

ter=ed the prohable success--could be gudntitatli.ely Evpressed as the

Predust of the three parcial luigures of 4. . of
(1 Prozasilite of seeln;
(2) Sensitivit.matio of target dignal to limicing noise,
and,

*  Bulkiness that ari:es becd.de Of the use of finally a brute torce
2ethod. Far. & detector arrav {8 esssntiallv an asseamblv of indi{viduslly
picduced elements req.ring separate ampiifiars.

T On orhe il of @ birst estimite i 4ppPtarsd that tne present scusl-
tivity of imége-tubes 1a jubl bLelOw Lhe minipum sensitivity that secms
necessary fOor the comtelpidced application. Nonetheless. & re-examina-
tion of this “erv Preilminar, Asré382ent 15 warrénted.

prw e




$15%ed foT tectical

ex.iling device

T ami o cala *em
mwgadnacd Sl.,

Z#..lenanie woLld

Raiw

lniernGdlleT CHtelIng - capdu iy * o siva searched

0 o.ne

Treére is verv iittle aoudt tnet & special equipment de-

fire detection would rar enceed

ance of any

Specia. s.anner !or tne airborne detection of point

<aivires ¢oaid be designed and built trom exiating

elezents of conventisna, IR $IT1IpP-Tappers.
eXLenfive eXpeTience 1N tils specisitzed tield. the perging of the ele-
wuld D¢ dicczplisned 17 an alaost ToLLLlne manner,

Slluazion
the scanner.

Biliding and laboratery testing of such an equipment should
requiTe nI =cre than 6 to § zonths.
saoe 3ize and weight as the
be reazily i-stalied an? operatsd in any airplane suitable for IK nappers.

3% iis» .. o provien cthan that for ex19C1ng mappers that

Sperate in the 8-1J) zTicron atmospheric window.

St needed as for stendard IR Jeiecrronic devices of

cozparasle complaxizy,

search the targes-

Laka

Considerzng the relatively

3hcw.d exisl

. <4KINg standard strip-recorders

The equipment should have about the

se of siztlar extsting IR devices and shculd

About the same effort (n

Goview ot tne fact that t3e recomrended scanper would

plene, {t appears §.ite resiisctic ro expeit Ihat ihe equipment :zould

foactlizate-+under zareats canditions. at least--

4 als: 12 regions some 25°-30° in front of che sir~

& "hunt and kill" oper-
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The speciticaziony ¢f (he whole equipment cunid be de-
pived ©vo2n bl Ofie mddcwech of ettort. 1L this cffort is enpended
with the resules ot spplicable past experiments on hand, the specifica-
tion should reflect standard manufacturing procedures and & great proba-
bility of successful vperdtion, '

7.6, jumméry

An analysis his beva made of the geometrical conditions of detec-
tion. owasutred by tne probability of leclAg-a point target under canopy.
The results of the analvsis have been evaluated for the

@ Planning of relevant experimencs as well as for the

2 Establisnment of the concept of a special equipmert very

promising for tactical use. Purthermore,

¢ The feasibility of the conceptual equipment scrongly racom-~

mended for consideration without delay, has been investigated
and,

© Related questions such as production-time, logistics, etc.,

have been couched upon.

a) The resuits of the &nalysis indicete that an experiment
tc determine the effect 2f 2 cdacp, and the prsaihility of detection,
should be designed vn the hasts of canopy density: the higher the den-
sity, the larger & number of targcts #hould be used in order tO sasure
aessurements of statiitical value which 1s demanced by the very nature
of the problem. It has Cern sren that it is possiple to,apriori,optimize

the quarticy of informacion collected P cust of an cxperiment.

-7.68
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Liv #Ndlvels disy liwiledles UHAC LDy intormation regard-
Iot e LI e weiluplba, Olleiebie Sy probing
TOF an Orenlag 1D the cances A0 @ 3ingle angie, i3 s uncerrain that very
listle t83%10di vaiue can De dss.gned to 1. Information of such ques-
tivnatie value Jan Se Axpected o0 the long run from the use of extsting
ilae=Caniera.

Motivated oY he dbove finding. tne essential features
cf a specific eqguipmert. whicn promises of gRreat tactical value, have
Leen cutiined. Most charscteristically. the rezsmmended equipment wouid
search for Spenings over & srgnificant range of angles, in c_irast to
the randrz single angle a4t which existing devices hope to find an opening.
The recosrended =cde ¢f sesrch would chen sssure tactically useful high
procatiitey ¢ seeing. M>rst significancly, the recormended equipment would
“ave an 8% lenst by an order of cagnitude higher "probable anccess” than
can rea.latically z¢ expesied froz exiscing devices; furthermore, an
avaluazicn of the feasitility of & HUNT AND KILL QPEDRATION 2TRED AV TR
RECOMMENTIED EQUIPWENT APPEARS JARRANTED.

It appears highly prevable chat an equipment as outlined

fir s, aiezents of tols equipsSent nave long buen used by IR line-scanning

devizes. Morecver, ancillary problecs of inzzzilastion, operation, logiscics,

3es.t Tw 20 2cre than aormal  and the eqblpment might be made simptle

encugh Tegi. o uBe D7 Ind1gendss furces.
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- NUTES g
. . (D Avea on Cromd Viewdd by Detector Aceay (D) Line ol Sight Jruw Senmer to Tarzet,
ST Durlug & Pell-Thee, at the Tustant ikt the Tarpet leat -
' conld be htected,
(.D ScansAngle: The Acrt Viewed by Detectore Sweeps ) . _
through this Anglo Ducfug n Scan-Timo, () Line of Gight at the Jant L sttt Target
cotld be Seen,
vl . o ) —— - @‘Auulc of Mding:  The :
i ' . - Partton of Canupy Sut- &
tepded by this A le,
fa Sersched tor Openings,
' Thin Yaple Equila the
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Figure 7.4, A letlud o0 Scannlag, for Openings, A Significant Portion of Tamupy,
to Find luobstructed Lines of Sight to Point Target,
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T.a WARE DETECTION

VUONTENTS

-

L. General
Imtraduction
Fice Paday Calculations

Experience and Applicable Equipment

Basi. Nata Experimencs
J.a,2.1 Parazmeters of Incerest

Te, .1 Experimental Set-lUps

]

Toa.2, Program Plan

“Quick-Fix" Experiments

T.4.Lt Introduction

7.%,3.0 Equipment for Experiment
T.4.3,) Experiment

T.6,3.6 Crivigue

Suoxm ry

7.6,1 Gegeral
TJ.bol,l Inersduction

Or:e tdea for detection of guerilla operations is based on
the cotioc that aerial IR-surveillance of flooded lands might provide, if
the craces of aen or grcaps of men could be observed, patterns of activity
frem which scuionable cdeduczions could be drawn., 1f the observable sffscts
vere immedisce and long lasting,ctrails might be pinpointed. 1f of short
duration only, indications of direstion of flight, and posstbly of the
céesazizm of flight,might be obtained. It was f£21: that 1R surveillance

§ear iz exlatence 2ight cooe close co providing observationsl capabllity,

although protadly not sultable for VN field operation. It hav been suggested,

-7.75-
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and prel;nxna;y calvulations indicate, that disturbanve (¢.g., by passage of
personnel) o stagnsst Oor slow-moving bodies ol waiel may resuelt in observable
changes in the surfave lavers, The changes may be in the surface temperature,
“ue to 2ixing Or 10 e@issivity, or both. Llofced, microscopic organic material,
plact o1ls, or fine a0:ils may be introduced into surface layers ond be a
tactor. ine fituetion bdears some resemblance to the wakes generated by ships
under appropridte conditions. The extent, persistence, and observability of
Such SuT{ale Changes ate genecfally unknown although many long-persistent ship
vakes have been mapped. There are a few bisi. zeasurements in existence,
Ewing and MAliister t1Ref, 7.5) have measured the long wave IR radfation
from the top V.1 == of evaporating ocean and demonstrated the existence of &
cool surface layer with departures as much as 0.6°C from surface temperature
found by conventional methods, Csanady, et al (Kef, 7.4) measured the
temperature of scable diffusion-slicks (rypically 1-2gecers wide), Thers
were temperature diffarences of 2.596-2,0°C from one side of & slick to the
other. On one occasion, vith strong $0l-r iieatium . ihc 222227 teTperature

of the slick wii 1.2°C Ligher than that on the warmer side. The slicks were
=03t pronouncec ard stable at wind speeds around 5 !TH, 1In general (Ref, 7 7)
ed basic cesasuremencs under controlled conditions have been made, With the
basic dats =i133ing the potencial feasabtilicy of observations in field opera-
tizng cannot be established, Many situations can be postulated which might
Arise “here the capaoiitty to decect such changes would be advantageous in
counter-insurgency operations, The Contractor therefore proposed that two
ty;es of experizernts de made on detwctability of such disturbances, These

wvers dascribed as "guick-fix" and "basi: data" experlaants in earlier reports.

7.5 Ewing, G. and McAlliater E.D,,"™ the Thernal Boundary Lasyer of the
Ocean, Science, 131, 1374 )
7.6 Cssnady, G.T. etal, "Slicks on Lake Hurr~n Nature 196, 1303

Privagg ¢umnunicazion, R werner, Insditute of Naval Studies
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fhe basais ot the "quic ke f1x™ uxperiment was that certatn atrs

ITTE SLIVELILAGe YaLaP el was avatiable wnich could be used, at very low
o8, to ORLAIn pactures of a sazply Jisgurbed stagnint bady of water, It
wace Telr that, although such an experiment could not be conclusive there was
o= small Ihante thil Gatly piceuics wouid be inforudtive and might con-

ceivadly poirt tne way to useful application of existing devices, One such

"quick-fix" experizent -4s Jone under ulsatistactory coxditions. The “basic
2ata” experizent i$ an essential supplement to determine the quantitative
characteristiis of the phensmena and che design parameters 4nd operating
tecknique reguired in surveillance itostruments to detect them,

Vnfortunazely, some people have concluded, we believe pre-
maturely, that such derection will not be operationally useful, Por exanple,
the opinion has bean advanced that the normal mode of transit of rice paddy
lacd i3 by walking on the dikes, and slso that since farwers disturd the
paddy waters fo their normal work, the technique vouid be usseless,

ihe (ontractor feels that this conclusion is incorract on
at least thTee counts: (1) a variety of normal o: contrived situations can
te iﬂl‘i:lﬂ vhen detection of such disturbances would be useful; (2) the
dezectabilizy and persiztence of changes arising from disturbances is simply
oot known; aod (3) such pictures of actions as are available (an existance
preof) (Ref, 5.24 and Ref, 7.5) happen to show sueriiles flecing acrose
flooded 1a=d}.. Or. the firsc caunt.onu can visuaiize the fo-stbiltty that

o rnight-time dike-walking is contrived toc be unsafe--

farcing guerillas to walk through paddies;
o there are extenstve svamplands wvhich must be traversad by

guerillas;

g

* lile, Jaudary 18, ivss -7.77-
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o guertllas travel (e canal waters and tlw-moving streams,
Peiduat travel Iv cliler, of 1N order to avold scent
tracking. or 0T ather reasons;

« in the Khorat, vhere chere are muny skallow pools,
guerilias 2myv take the shortest route, Jr sevh Lu avoid

cust <louds (Ref, b.18);

u

wuerillis are forved to flee actoss tiooded lands towsrd

theisr preasetoned resdezvous points, ete,

On the seconc count--it f2 »imply not known how long disturbances persist,

or what 18 reguired Lo ocheorve then,

9 lt oay be that farmers netting crabs and working in the
paddies during che day produce surface disturbances which
peveise Chrowgloul the wighi-Lime nours and would cend
$5 svervhilm any subsequent disturbances. On the other
hars, the observahle sffecre may last only a short tize
110 minuces £o 2 hours) and hence the '"mcmory" of the
water is short.

o Existicg infrared survefllance gear may produce all the
cats desired, or it =ay not, The likelinood is high
that such better data-processing, at least, could be

eaploved.

These, and many orher questions cannot really be resolved without quantitative,
experiaertal dars,

In surveillance work one of the great difficulcies encountered
is lack of parcternma, This technique, if successful, aoight be particularly

usef:l in nifcm this d1fftculy,
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I s.awodfs. the Lontractor believes thet the putentislities

Of Tl SOBERNAL UNUIWEL ~ufvelilan.e aetnod $.0uLld. D¢ esLapiisned by (1rst

folloving the nomal svaentifie provedures of analvsis and experiment, and
only then coupling reswlie into operstional tesearch.

7,4,1,2 Rice FPaddy [emperature Calculitions

While. edmatiidly . lempiTeleri amy Aot B the demingnt factor
10 controlling the observadility of sullace vVaridtions on disturbed stagnant
pools. 1i.e¢,, organic particle susperniions and ofls, and flt.\l tnorganic
satter may be 4as important), an srtempl wvas made early in.the scudy to
estiaste temperature variations 4% 2 rrude measure of equipment requirements,

These calculacions. although the conditions assused there (or, the omiseion

of possibiy importanc eiiects) might make (he case virtual, are given below:

a, ™e Sready Stats Rive Faudy

Calculations can readily 52 made for the “still.vacer” case -

{.e. with the assiaption of negligible wave action or convection,

The one-dim=ensional time Jependent diffusion equations are

™ ..:—2—G - %g = 0
:Jz 14
(1)
]
F-K X 0
vhere Q is temperature

F is heat flow
K is medivm's thermal
conductivity, snd

o= denaity
¢ = spacific haat
oe Kigk

7.9
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Selutions ta (1Y Bave tne form

3
F\L.X\-S-\l e‘“: + 1x \
{2}
A
ard e X)) = ;-I'i At b
!

'I\u
where \l - -_n—i

il the ivsten 1s driver by - time-varying heat flow essentially

independent of temperatuse, (2) cen be Fourier transforied to

X ."jaih
Fea ,X) = A{s) &

*
X. jxijn 3
O(L:x) - &le_——-
e =

1f the diurral heat flow is assumed sinusofdal (i.e,, w= 7,3 x

-5
iv 7)) of zaxisum amplitude Fo at X = u

thez ) I exp (X /1 7.3 %107 m) (4)

= (1 + 3y M7l

white 8= is the maximums temperature excursion during oi.e diurnzl varlation.

Por water (cgs units) - = 1, c = 1and K™ 1073, Ihus

(L+ 1) (.19)X
o = Fo [} (6a)
= 1+ $)1.9 x 1079

"The coordinate system used has the water surface at X = O and negative
values of X below the warer surfy.e -~ Hence Equation (3) and following, hold
oaly far X < 0.

-7.80. -
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ihe spevtral functaons of Equation (1) apply, in which case F{w,0)
<ok be cooarlered T Tepresent & unil step of azplitude Fo, occurring at che
time the wmders stirred up the varer. then

Fia, o' = E = AyL) (&)

and the temperiture spectral {wwrion Secoqes

c X .j.:.?
9, X) = _—OT £ (7
K (1)

Ste corresponding timw function at X = O ig

2F
[} tuz

@c,0) =
B ¢

(8)
Or, usiag the constaacs used with Equetion (3),

.0 = .3 tl';z degrees cencigrade

Thus afier onc Rour A tecperature recovery of 20°C can be expscted
Tadbimicg nu durfaie aiaafig ).

The Fourier transform of (7) for X ¢ 0 yields

1/2
e, X) = i f[-: i .xp (——) (x erf: 2) 9)
Sk

For interesting values of ¥ and t the probablilicy integral terw is

Feanped by the exponential, and, approximmcely,

e 172 2
wiaay wie L 7, %
R 43 .
«1.Bi-
az S
. . - .-a.'_...— _ Ce - _
LN . e ' . 4
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ine vaiue vi Fo &5 ot the order ot 0l cal’cn” during the day, snd

4T20T INE FART OB 4 €A NIRRT 1t ¢ 1 taken to be b, This vields

o 3c0 v 19N
% 3 (5)
Hence the sutface temperature. a+ o« function =f the mixing dapth, 5, is
N -, 198
oo« (50)

Surface temperature masizus Jiurnal excursions for some reasonable

wixing dep.td arc:

Mixing Jepth icm) 0 5 10 50 100

o
o

Maxizum Temperature Excursicn (°C) 37 16 9 2

Thus one would expect a diurnal variacion of 2° in a | metar deep paddy aven
if complete mixing occurred,

The prase of the thermal peuks at :he surface is seen to lag the
peagi oi fiux DY the reasonatle value of /4 doy, Thus maximum and minimum
vater tempelature 4t the surface ovcury at 8 P.M, and A M, respectively.

The effects of local mixing near the surface are probably so strong as to
miixe lag calculations as 4 function of depth by means of Equation (4a)

meanirgless,

t., zhe Transient Rice Paddy

From the foregoing it can be seen that the surface wvater layer
(10 cm or 90 thizk) of & rice paddy can normmlly be expected to differ in
temparature by perhaps 15%C from the lower layers. 1f this conaition is
ctasged as a vesult of aen wading chrough the paddy, what 1® the time history

ami Lemperature change cnereafter’
. -7.8¢
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The argument ot the exponenttal tor a depth o f | & reaches unity

at & Lize of 13) seconds, and tor & oo at abeut one hour, This would indicate
that 1f surface 2IXtag down to somelhing below 4 om occurred, the vac hour
sutiice temperature recovery of JOU alculated tn (9) on the pasumnrinn of
no 3aing ) dight be expected t.o be less by perhaps /e,

In summary, based on elementary 2iffusivity theorv modiffed to
provide ior surface miwang. 1t can e expecred that rice paddy surfacc
Tezperatures on 2 flear magnt would average sooe 10°C cooler than the bottom,
Further, if zixing occurs, it can be expected that the aisturbed region in-
itially assames the bottax cemperature, cocle about 39C the first houwr sud

thereafzer abost 4 2,

laters) mixing shoull not Yo signifliant teyord a [ev cm, in the
absetice of currents, hence spatial excent of the disturbed thermal region
stould be comparavle to the region of physical ¢isturbances caused by wading
oen,
T.4,1.3 EZxperiance zad Applicasle Equipment
In the first months of the #tudy a survey was made of existing
compercial and zulitarv 1adinmeters, scanning Tadiometers, and thermal oap-
pers, to locate equipsest which might be aseful for "quicv-fiw ' basic, or
terrain sapping esperiments. Since much of this matcrial s still pertinent
az2 tioely, it i3 repeatec here,
A. INFRARED MAPPERS AND PROGRAMS
1, tavy
The Xavy has & program to sXeminge ship Jaxes by thermal zapper. Support-
irg work is being done by :RL in Chesapeaks Bay (Contsct: John Sanderson,

Supecrintendent, Uptics Livision. DRL;, at the Naval atr Developmant Center,

— S -
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Iahapville. Pa. (lontacts: Mrre, Paul Moser and Lee. scientists in charge,
OF LAPTALIN heany, Lommmundant ); and 4% the Scripps Institutton (Comtmct:
Tr, MacAilister. unief, Appiien \hesnogtaphy Group. San Diego). A visft
v4¢ made to the litrer on 27 June (. leafiaces o to the Universitv of
California. Marine PRyedcr Laboratory. San Diego 32, Californiad,
8" Scripps

DF. MauAllister shoaed o nuns}; of thermsl aap pictures, taken over
the 2iexn. There showed surface rhips. ship wakes, and « number of oceanic
features such as temperature fronts 2t estuarics and the effects of tur-
bulence over mounts. In addition. some maps of {aland Key West were avail.
able, showing & small {nland body of wvater., The ocean plrtures wers aade
with a renced Haller. Raymond & Brown Instrument (AN/UAS-4)} mounted in a
D-i8 (this instrument Seing 4 predecessor tc the AN/IAS.S by Texas Instru-
ments which miade the Kev Wes: piciuras;,

The r1p wikes photographed were visibdle for distances as §reat as
About v ship: lergths., There were & considerable number of elsctronic
attilacr> la the pictures but 2ost were easily identiflable, For axamyle,
a4 sh1p stack would be very white foldowed by a long dark oversheot 1long
the .can, end & short white overshoct foliowsd the cool ship outline. Since
the sweep was 180°, distortior at tne edge of the asp was very bad, No
OCEAN LOMPETALITES werd 4Véilable to check these maps but from other ex-
pevience Dr, MacAllister judged the: the vake was seen primarily because of
& change Lo emissivity caused by mixing of lower level (decd) orgenic matter
with surfaze wa.. s,

Ir one of th: tedts the alrcraft hao been sent over 2 known moun:

fasrly near the surface, Inis mount was fduntifiable as & map variation,

-7, 84.
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ine Nev West pletuter mete displaved 14 Tesar Istrument 2eport
ARef. .87 af 4 test pro‘ect by Ays Developmen: Squadrorn 1. U.S. Naval Alr
Statior  Kev weat, Fla, woacfitions nvre
12-6 61 at 2100 hours ‘weathet o lear
2500 £ dltitule
speed - 150 knots
B0V tield ot vie
' Hg-doped we Cetl
lemperstute resolution 0,05°C (1
Angular resolution I atlliradlans
Tre plitirer wele waiivadly Uetailed and Lupressive and while thera
wete 5o 18ent1f{isnle evenzs s121lar o those of tnterest to us, une felt

SnCOLTAgEd 48 To possiblilities,

S, MacAllister nad rented an eircraft and mapper from HRB (see 111

ealoy f27 SOUTLE Cata) Dul NAC OTaRTed An AN/JAS.> trom lexas Instruments

s preference t. MPE equiprent.,  Hie Primary resson =it thal HRE did not
proviie & lasz-=ile 2edOry cevice 57 fearly feal-’ioe viswer such as 13
svailable =$2= tne 7.1. device. He felt that dany opurational Navy gear
wouid have & requirement for real time viesing ond could not afford the
18429 second cdelay whiLh 38 abaut the besr rhat CaG L dchisved with &n
Ansc: Papild Progcessor wnich =y oe ssed with HRR d-v.se'.

Dr. MacAlltrrer was interested in AGILE probiems. He volunteered

thot he uigrt de villing to ecler 1nto « Tesdonabdle vxpariment with i¢ tf

e ———
L 4
It 18 snleresting L9 futr Chet Lne Fout Monmouth projsct pecple have
i sosertially etancunec the real tize viesers &% a source of continual trouble
tn uea 3¢ the LAS-3,
o 7.t Xeator, P., Prelizinars Data for IR Detection Test, December 18,196
Texas Instruments (ALND Lemmsms Avenuc, Nallaw, Texas)

| wy i -
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this sermed desiruble.

During & subseguent vistl ra Seripps (o1 uther purposes, the oppor-
TuURItyY 4Tose Tu vive suBe LatDel S(riking Qaps Race ol still eea-surfaces
vith the LAS-5 recently delivered to Si. MavAlllster, These show a widee
opresd and distinit well-like structure to the water surfacs bearing & crude

Flbrmbiauwe 1o PLLCUTEY O Benard pdtterns,

B, Navel Aip Developaent (enter, Johnzville, Pa,, ASW Laboratory,
Special Mechods Division, Applied Physics Section (ASWL Code 4il),

Mr, ), ). Pelly, July 12, 1982,

NCD started 1t extensive work on the Liertmal ouppiug of ocean
furtaces with an air®srne Juiwes (8910WmECEr. 1016 instrumen: resulted in
date on the temperature of a single "line” below the atrcrafy. Later on,

the following scanning equipments were used:

AN/AAS<&L  (X-A=2)
AN/AAR-9  (X-A=2)
Reconofax Camers
! 1A ASW Bomb Director Iight Unit
| AN/AAR-13 (X-H-1)
AN /AAD - 2
AN/MAD=1 Modified by NaDC
With the AN’/AAD-2, NADC used « copper-doped Germanium detector and

obtalned very good nictures with an sstimated tenperature sensitivity of

1/4¥K. The pictures have been made with dc restoratisn and sy the "temper-
ature' of far-aper? sreas hat Scen mapped in carrect relacson, Ihat is, the
averags level of these areas, as well as the temperature-varfation {n the
arsas hae been properiy recorded, In mapr made of the occan proper, the
surface cemperature of deep vater appears cooler than the surface of shallow
water, Since MADC's ata s an extremcly high teoperscure seneitivity, they

modified the AN/AAD-2 to & 1° square instantaneous firld of view and achieved

~-7.86-
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& Temperatuly rensilAVIOY a3 high o D 01-0.001YK. 1t 1» inte-esting tO note

tha: the bouslaTy betaeen o cv0l and warm <ullace Ve

remarkably sharp on a
PLSTLte aade fTM2 (he lakscarses Labc terervorl showlig the teservoir's dis-
charge 1nte the wvearn, IR oy de with Lhas modililed cquipment show
extromely tine cemperatuve detdils vl the veean 2ullale; without any trace
Of eqQuIpDent nolée. 10 DOt Cazer, Sidmifiiaaily. there {s no noticeable
VeFi4Cion 10 dwieulwd LeOpelalulr wlth suple scan,

NADC selected 4 namber of tyvpical maps for publication under the
title, "Atlas vf Infraiel Joa Background Patterns," by P, M, Moser and J, J.
Pello, :ihls Conti1dentiel repors wés to be published in about two or three
=onths. LnEortunately, no spaZe priyored drsfr is on hand for earlinr

reference.

Since MADL 35 comcerncd nith uvean surfaces, end maps of inland

waters, small-area variations of ihere surfaces have not been NADC's concern.
Mr., Pello suggested tnat pernaps the Army Electronic Proving Grounds ac Fort
Huacnuca wowld nave specific {nformation tegarding such cargers. As far aw
azttve NADC parzicipation in o $p&cisl invVestigation of these cazgets L8
concerned. any fequesl snowld oe Sirected to the Commanding Officer, MALC,
AlimAlbun Adme aabi =i} bes Beleaw of Naval Weapons (Code RUDC-43, It 1»
Whigeeszionable that NAD( '» broed experience in observing radiation from
water surfaces ang in the audorde aecection of wakes represents an in-
valuable reservoir of --pes 1f1¢ knoalenge,
1}. Ar=y
a. Fort Monzout:, On 9 June viait was made to Fort Monmouth, U.5. Army
Sigral Aéseerch and Development laboratory. Reconnaissance Branch,
Surveillince epartoent, Atrnorne Equigment Seution, to talk with the
prolec: engineer 'Yo.men Pardes) on the AN/UAS-5 and vith the Branch

Chief, Lanpel ¥ully,

_ -7.87-
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The VAR-R anmploaaloan i SJasiia (osts eas hack J4t the laboratory
wndor Topaiv. The riztures 1ahoen were nat oavaiiubie, being processed by a
Mro Woernor Jaoconga at fvaas Sigmal lLaserarory., 11 was seid (el the tests

were not conclusive tnor informative) and that. as predicted, the UAS-S was

! v ,‘-.\.! Tarrerhyeae AT, P, -

[ . O Mmoo
....... R L L el mmT RS

i ubour twe vears ald and has
Ioggel awout XD hrs 10 is sulleot Lo an increasingly frequent series of
Cisoil TecnanIVa. 520 clectronie failures which are difficult tu repair be-
cause the VAS-5 was buil: Yor use 1n the SD-5 drone and is integrally wired
(ioe., 1R0Te aTc 00 Tlus-1n LoaTds OF ¢tii? a.us to rapid maintenance),

one of the Jifficultics cncountered in Panama was that paint flaked
off in the nigh-humidity condiiions and got {n the film drum. (The UAS-S
probably dresn’t need paint as it 18 aluminue.)

The A=y has two UAS-5s. the one at Monzouth nuw, and one which wea
delivered to Fairchild at Vira dnd is not uscd for observations. Apparently
the Yuma instrument could not be used in Panama because of s contractual
commitment to Fafrchild. USASERDL appsrently could not get money for amy
new UAS-3s. It wvas s:5::d thet new models of the device would be built for
easier zaintanability., (Estizmated $100,000 for device.)

50me pictures were availadie (R2f. 7.9) which covered s large variety

of corditions. The detail was extrsordinarily gocd iu all ceses. Maps of

airfields showed Zigrinctive difforences bSetween cold and hot aircraft and
Flaeis Slivs elicsefr Lud been purhes Lot whers the curline was still pre-

served as a texperature difference. Maps sver forests showed large di fferences
in the spporent temperature of foliage.

There were two particularly interesting pictures, One was of =

boeing 707 waraing up and showed the jet exhaust back to about five plane

—

7.4 PFinal Enzineering Report on Hz.Doped Germanium ieteccor Evaluation,

C1-61147-1, 20 December 1961, Texas Instruments Contract No. (USASC)
DA-26-039-3C-B8977 (Secret)

-7.88-
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Tergihs et st Lhe even rackateand ot the tutnaround pad. [he other showed

3 oTeservoll it asfooisted pompilug siatien wWilh wATM waleT T The atation

Flosding the main povl. iRy pamped natet was o low Jegrees higher. Many

fire graditions of temporatute could be seen 11 temperature fronts of water

flocding the ool

0. L.3. Armv, Evane 3pgnal iapopstory, Fromt donmoutk, J.d., Sgt.
Willias xiopper. tuly 20, 1%,

The purpase of this V121t wdi to fuspect the thermal maps made {n the
Pasi=i zeszs of the AN 'LAZ-S Berveen 3 May and 287May 1952.

The purpose o the tests vat to evaluate the equipment for use in
tropical regions.,  The tests aave been made uver & designaced area, This
ired 13 spprontmitely 4 temi long and 2-mi wide »trip about 1-1/2 mi to the
west «nd Toughly parallel to the Faname Caral. The 2-m{ wide Scuthern

boundars of thé atéa l» roughly &t the tatisd. of the Southern shoreline

of the ¢ity of Parami, The terrain is mountinous (elevations up to 800 ft)

and L8 covered witn jurgle,

The ejuipment had numercus preakdowns. Failures occurred primarily
in the recording unit (poinct-particles, recording-lamp) and in the detector-
package. Hovever, the photographic cameras (¥A-20, ¥A-220, KA=39) also used
in the flights, jammed cven more frequently. Consequently, but underscand-
ably, the result of the tests it aot voluninous.

The maps obtained were made a1 a [light altitude between about 1000

and 5000 fr.

tnfortnately, the original negatives show. invariably, very low

’

certrast and often have been underdeveloped. Morsover, in & lsrge percentage

’
of the maps, ont ¢3¢ 0! the Dsp was not exprned a¢ all as though the re-

cording leap d1d not igrite, It was tmposkible to estimate whether the low

.83
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Vi nlhmel b s 0 el 0T e GERDT 3o Edass SERlelion? ot i hwe cguipaent, or
due e oan v mreatdy low wonitért of Lhe Tardel aude, OF 1O & generally poor

ATDOLPT T, [Tadsralon Devaced 1 vatiemeiv high humdioy, ot to fogging

-8 . & - R aw e e om o LR L]
e B meser Ty s o maledw L ST LAl The oWV NWS BN

vty ot these conditions,
iHAd 4 omap Seen made ot R Seglnting ot oend of the flgghr ot Lho ity
some cluy would Dow De avatlable 1o wi beas: partially resolve this question),
THes s1tLazion 1 erPealaliy LATOIL LAt Deuause Cwo VETY Lnteresting experi-
sent# hid bSeen plannea.

in one ewperizent, 4 vonvey of $ and 2-1'2 ton trucks tn about 75-fc
31stanee sud o to I in Gudber. proceeded 1nm a very matrow (truck-uide)
road ander a cavopy of trees, The thermil map showe very clearly a few of
these trucks. However. TK( opinton is that these trucks appeared (n openings
of the caropy, !uft .3 photogtaphs, made during the same tiight, slthough not
binultarnedesly, shoo trucks not under canopy.

The other experiment invalved a number of !.rgﬁ campfires lit in
about E2 nigh fungle, 1Ihe fires, about &4 in Glameter, were allegedly
v

azpte 4
n.::; -

: 2 4% wsi 1.if thot fhe pilos hat alfo seen the fires from
the fiigne altarade of apour 1300 ft -o thact, probubly, & direct line of
$1ght Sx19tec between a fize and cne airplane. (This record was not in the
Evars Si2-al la“crytoties az the time of the visit.)

f4%. Klepper mentioned some inteze:ting meteorologicsl phencmena of
the ‘ungle, Earlv in the moraing. heavy mist or fog secs on the jungle until
the sar borns up the fog. Moreover, tight sfter rain, the jungle “steams"
Feavily for absuc a¢ hour. However. :ath $reeming” hat not been observed

on the top of the Zuuntat s, (Note that che flight tefts have been delayed

until tne £53 Clzsipeted, Some maps show parches of ¢loudr; lne maps do have

-7.90.
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detatls 3 the te1rain tRIVuRh toe edper o1 the ¢loud o through very thin
strate of vicud, ) s, alepper called to oul datient ton 4 Quartermaster
Ten NG BUicalalofgient avpuiils ol Line yungie; nowever, the

TeDNTL wad Dol avallabie.

€. Imaver:iiy of Micnagan foetitute of Solence_uand Technology,
antred Labataroars, Drs, G He Sutes oL ), Ziwots, Mewrs, M,
Holteo. J, Morzwn, W, Wolfe, 24 July 1982,

ite Intriret Liksratsry ap very well cquipped with infrared scauners.
Installed (n Rel aircraft. the laboratory operates o modified AN/AAR-9 and a
modified AN-AAD-2 witr 4 l-mrad Lnstantanecus field of view, The laboratory
recently obtained five complere sere of AN/AAS-5 systems; these esquipments

are currently being modified to a 2-mrad field of view and will be installed

in L-20 ajrcraft. Morsover. the "Project Michigan Wide Angle Scanner” {s

installed in an L-23 atrcrafe,

A nupber =f detectors are available for use in thosc équipncntl,
covering the spectral region from about 1 miccon te 13 microns. The long
vavelengtlh Aatectors are eitnher copper or meicucy doped germantium, The
coolirg of these detectors 1¢ accomplished hv Y1uis N‘ and He poured in a
dooble dewar, dccording to Mr. hoiter, no difflculey 1s belpg encountered in
Sperating the squipaent in this fashion.

The AN/AAS-5 13 a two-channel equipment with the following
characteristicns:

AN/AAS-5 (X¥ 1)“‘“- 7.10)

Designed for mounting in L-20 afrcrafe

Weignt--300 lbs; Power--33 amp 28 VDC

Optics: Two back-to-back idenrical. Radiation folded by one
ol two perpendicularly-moynted plane suriace rotating

annicr iollected by 6" /0.8 parabola, folded again
7.10 Optical-ve:taitcal Sianning Devices, Cniversicty of Michigan IRIA
State-of«the-Art kepert May 1998,

WLy =191
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by tlat mirror, and focusscd on cell, CLC 1» 0,25 mm;

H 1.1, angulat tesolution-« miad,, focsl length-5 in,

eff
Teleniol . A photoconductive detestor 0.5 x 0.5 o is placed ir
focal plane; PbS on one side; cooled PbSe or PbTe on the

“ther.,

Only 85% venter of cach scan s diaplayed, Forward
sianning is due ty aircratt mrtion. Edch detector
travei 120 lines per second 8o that successive scan lises
dust touch at 175 mph, altitude 500 fo.

Jesign

Obsective: PbS--min, detectable signal of 1.8 x lozt‘uatt-

PbSe--min, detectable signal of 3,4 x 10 lwlttl at 2.5u

This leads ¢ & sempeinture semsirivity of abour 19-2°, Kelly, ac
USASRDL fole that Hg-doped-Ge cells could bde used, that the cell changs
touiu be made by a company like II in about 5 months and get sensitivities

of fractions of 4 degree,

T™e labor.tow his hegyn a 1-1/2 yeer program to collect detatled

data on the temperature of terrain, 5 & funcition of the time of the year.
Data will be taken tvice monthly, mapping the same terrain each time around
the clock co resclve the effect of the time of the acay. In addition to
this activity, the labcratory has an extensiv: program in mapping snow-
coveread crevasses in ice-caps,

The laboratory has cude thermil maps showing very fine detail. Maps
of runvays with sicpis tesolution charts indicate Lhat perhaps better than
l-urad resolution has beer atzained, Various vehicles in this map made from
an altitwde cf 500 fr can be distinguished according to the type of thy

vehicles, It iv interssting that s parvon without & shirt in one of these

m -1.92-
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AP 1> ;c~.rTVr¥: fateated abut o aot tdeatitied) hereas nother person with
4 shift or if DisSInR Mfiew (1€ Sup., Mape 0t highwave madc with the sase
equimment [rom S0U-ft altaituds vere cleariy snow a distorcion of vahicins
due to their mation (the scan-line was perpendicular to the road).

Such very high resoiullon mips with very good (emperatute-sensitivity
can onlv be obtdraed by considerable attentivon to the equipment. The resolu-
Lion 15 simultanecudls limated by 4 number of factors. Thess factors may be
the instantaneous field of view, the definition of the optical system, the
size of the recording spot, thz synchronls? betwaen scanner and recorder and
the stability of the arrcraft. Consequently, a further increase in resclu-
tion requires sisultanecus improvement on all these factors.

In the seantime, correct opardtion of an equipment is the all im-
pertant factor in obtaining «n optium map,

Mssts. Holter and Morgan offered to wmake a map of a nearby pond with
and without disturbance, during the course of a regular mission under one ot

the lahoratory's contrac s. MNecausa of contrac. requirements che map will

begr & Confidenzial classificition,
,

Considerable work on IR, oriented to combat surveillsuce probleas,

has been participated in by the laboratory. (Ref. 7.11, 7.12, 7.13}.

1. Atr Force

a4, USAF Aeroniutical Systems Division, Wright-Patterson Air Force Base,
Chio, Recoonaissance laboratory (ASKNR), Infrared Section (ASRNRS-3),
Mssrs. C. L. Woodard and K. H. Grimberg, July 16, 1962,

In the opinion of Mssrs, Woodard and Grimberg, there is no "shelf”
equipment with & capabiliry comparabls to HREB's Reconofax VI (ses MRB-Singer

belowi and to the AN/UAS-5. As far as airborne IR studies are concerned, HRB

7.11 Morgen, Joseph, and Dana C. Perker, An Analysis of IR Combat Surveillence
and Target-Acquisition Equipment for Use {n Erpeditionsry Operations of
the Marine-L-nding Force {U), IR Laboratory, Icstitute of Scier: and
Technology, U. of Michigan, Jur> 1962 (Secret}
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has Lne BOSL extenvive experience. Interpretettion of IR reconnatssance data
1f mandged tor the ALy Fotue by Kome ALT Development Center (J, Poherenc,
RAWILC . Ext, 213122,

At this zime. the IR wection was not flying theracl aappers. However,
the Reconrarssance Laboratory had on order a vA3S 5 modified for 2-channel
operation., One channel to operate in the region berween about 3 and S micrens
with & liguad Nz volled InSp detevtor; tane uther in the visille region of :h;
SPECITUD ubing 4 pnotomuitipiter decector, The tocal scan angie of the equip-
zent to be 146" wit. an instantaneans flald nf view of 1,4 mrad, The tempec-
aTure Semsativity of the InSh thennel to be dbout 0.1%K. Ihe wyuipmeni will
be operated at altitudes up to 53,000 €r. (he IR information will be recorded
on 5" film, Ihis eyuipment will serve ar expetimenral scudy that is aimed st
in-flignt correlation of visual, infrared and radar data c; be obtained in an
integrated svstem,

The Infrared Section of the Reconngissance Laborntorf had juse inftiated
a study of the etection by passive radiation of small bands of troops and camp _
sites, using multiceler Cevinligues,

Mssrs, Woodird and Grimberg, were not aware of past or prasent theo-
retical or experimental Lloavescigation that would be applicable to the probles
of wake devection ¢n smsl) bodies of water, Investigation of the detection
of caapfires, vould be undertakern during Lhe course of the sbove-menticuc<
study.

b. RE-110, Texas Instruments has s subcontract from McDonnell Alrcrafr

to provide 10 AN/UAS-5 equipmencs for use in the RF-110,

7.12 Svmposium on (SESS) (Unclamnified Title). ONR Svmposium Report ACR-54&,
Office of Naval Research, Devartoent of the Nawy,

7.13 Proceecings ¢ tne First Sy—pcalun o0 Remcte Sansing of Enviroament,
13.15 February 19%2, IR Laboratory. inst. of Science and lech., U, of
Michigan, March 1962, NOnr 1224(&4) {(Lnclessified)
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IV, Yalier. Mavmond & Brown-Singer, Inc.. State College, Pa,, Dr. C. L.

J. . Sapcl and J. DL Walker, July 19, 1962,

in a companv-spunsored program, cogent design changes in the AN/AAD-2
tReconofax VY, resulted 1n o highespeed IR detecting sct capable of operating
at speeds 1P o Mich 1. at an gleacude of 1000 fr.  this new system, designated
as Reconofas V1 is abdout the same s12e (approvimstely 1' x 1' x 1-1/2') and
weight (47 poundst a» its ptedecessor. The equipment nas & d-mrad field-of-
view and. ot & maximum V/H ratio, tempeérature sensitivity of about 0.1°¢ using
a liquud Nz-cooled InSh detector. The detector paskage i= designed as plug-in
units so that all current and future detector types can be used in the system.
The Ja:tectors ate readily interchangeable during flight. Besides recording
in flight, by means of an FY ctransmacter, the Reconofax VI can telemeter the
raw vides Jata to & ground-based recorder, -

Under development is Reconofax VI-B with an instantaneous field-of-
viev of l-mrad and a second signal channel in the visible region of the
spectrim,

Another system, Reconofax VII will be an ASW-type adcanner. It will
have & 10" aperture dianmeter in contrast to the 3-1/4" colleczor ot the
previous systems and an instuncaneous field of view of 1°.

With an InSb detwvior, a temperature sensitivity of about 0.001°K s
erpected; wita a Ge T kg detector but otherwise, under identical conditions,

a fivefold increase in temperature sensitivity is expacicd,

Ihese latter systems will have & continuous calibration recorded 2n
borh edges of the ship-map. Consequently, the absolute “temperature” of ihe
areas w1}l also be possible to evaluate ;n addizion to the "tecperatuze dif-

ference” thaz prevails between various areas of the taiget field.

-7.95-
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HRB-S1nger 16 «lao working on the development of 4 2-f1lutd cascaded

refrigeration svstem ol Aercnauticdl Svetems Uivision. Wrighr-Fatterson AFn,

I e "‘““.'5‘(*”"‘ &Ww% :

Ohia, The progris is aimed at « «losed loop covler that can factilitate
detector aperation eicner 4t 30K or 809K; it 1s about 1/2 to | yesr froms
coapietion, It is interesting to note that in Dr. Woodbridge's and Mr,
Sobel’s wplaton, {icld operation of 4 30K detector, without & ¢losed loop
corler, 1s» 1Zptuactical, because of the rescriction o verrly vertical orienta-
tion of the detevtor~packige.

?' It was noted that z:suming thet « wike hus 4 temperature dif{ferential
of U, iR, detwelaun 1s wery possible, once the contrant detween pond and
terriin--which may be 48 high as tens of degrees--hase been eliminated by re-
woving the low-frequency response of the equipment. The pond would probably
APPLAT a8 OTE OF iees uiwivim background so thit no dynamic Tange prodlem
would exiat. According to Mr. Walker, expstience shows that a line shape in
4 two-dinensional picture can be decected when the differsnce bstwesn signal
ang baikground is perhaps ss little as 20 per cent of che squipment nnise,

As reported sarlier HRB-Singer has an equipment available for rental.

. The cost of the airplane 1» $100/flighz-hour, the cost of the squipment is

$1°0/day and the cost of ficld engineering services ie $100/day when away

from State College, Mr, Walker suggeeied that the starcing point of the die-
turbance and *he point where the person causing the disturbance would leave
the pond, should oe aathed by beacons so that the spproximace locazion of the
d16turbeurs could De positively Ldentified on rhe map, For daytime measure-
ments, a spactral region above 3 or & microns has been suggested (Ge + Hg
deracr. ri; for aight-time seasurements, tiw region between 3 and $ microns

woul2 be advantageous because the availability of varloulkllau LnSb detsctors
-7.96.
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could tacilitate 4 codrne determination of the wize of the disturbance,

3
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B, EQUIPHENT FIR FIXED.S1TE EXPERIMENTS

1. BujideAtmor., Inc., iambridge, Mess, (IN&4-2420) Evaporograph,
! (Ref. 7.14)

1n the Evapotograph thie thicknessd ot an otl t4um Letng condensed on
the back of 2 membrane exposed tv incident rudistion is a function ot the
poLat=Lo-point imidv Lemperature. The best temperuture senairiviry ox.

' perivoved under ceretuily conccoiled luborstory conditions is about 0,5°C

which ié u considerably less chan the theoretical sensitivity, This i
probably warginal for our use, Fugther, st room temperature, the instrumentc

. | is fairly slow, requiring ahout 15 seconds st room temperature for ditterecces |
- of & fow tans of degress and consideratly longer for smaller differances,
Another aumu;:y with this instrument 1is that it produces only pictures,
wvhich are difficult to use quancitativaly.

II. Rac

111,, Thermoparn.

This compeny has two basic types of scenning radicmeters, a line
scanner, the TP-2, snd an ares-or-line scanner, thc TPA-S, Thase are made up,
: on order, and take «buut [ive monlhs ta build, They are not scandardized so
that there is no firm set of characteriscics, A good oxanple of their best
instruasents is & special high-speed system buile for Redstons Arssnal, with
the follovang charactaristics.

Diameter Collecting Mirrors: 6"

focal Length: 20"
: Angular Resclution: 1 arad,
; Field of View: 50 x 30
; Frane Rate: 20/9econd
X Spectral Mandwidth: 29 u ;
Systan Sensitivicy: b x 10"'°-..fcu’ (%)

7.14 McDantiel, G.W., and D.Z, Rotineon, Thermal Imaging by Mesns of
Evaporograph, Applied Opeics L M1.324; May 1962

- S '
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Netwesvtol: Cu~Doped Ge

Locling: Tiquid N‘ Trangfer Systca
Range o1 Foous: 500" o =

Displuv: Direct Video on CRl
Auxtliary Output: Tipe Recorder

Uper. lemperature Range: 3129110 F,

The line rate 1o 20007sec, Any of four filters oy be remotely posi-
tioned Ln front of the detector, The tempsrature senvitivity {s on the ordar
ot 0,05%-0.1%C but 14 a strong function of the swanning time, Either the
basic fnscrumwent, or one of the speacial Jobs such as tha above could he lppltiﬂ

in & static test program but would have to be borrowed unless the appreximately

five months' waiting time were tolerabls,

117. Barnes Engipesring Company, Stamford, Conn., Masts, . Solli, .
{apioabato, and F, Wilks, July 17, lyel.

The purpose of this visit was to survey the availability of instru.
scﬁtlltor the {nvesrigacion of the radiative characterietics of disturbed
POnis

1t was reported in an earlier DRC papu. Jhat che only aveilabls twe
dizereional infiared sianner was the Burnes Model 12-600 Infrared Canera,
Thi- inscrument hes very hign (l-amrad) resolution. 1t 1g capable of producing
either & 20° x 10% or 10° x 5° picture pie the frame-time is rather long:

1) minutes tor the 20 x 11° frame. Slince the resolution required for cone
troiled experiments 18 on the order of 10 mrad, an? this (s actainable vith
the instrument, the capers could be advancageously used in the sxperiments
it 1t were possible to increass the scanning rate by at least & factor of 10,
As 1t turned out, the scanning mechanisa hae been designed for compactnass

And an {nitreaee of the scanning rate even by a factor of two Lt gucaticuable,

-7.98-
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Neverthelwas, barues Engineering promised (o svaluste thia poseibility and

to determine whether there 18 anv Pﬂi(titl;on futhh a2 the orlentatiouw of the
SEmETa, When it 14 used at Lwice its normal scanning rate, Zven Lf this
higher s:anni~g Tate i3 teasible without restciction, (t appears probable that
the 1nfrared cauera were 4 desired instrument only it the disturbance would

have ar unexpectedly slacp temperature-gradient in A very short distance and

4 very detalled investigstion was jusiified., (Characteristics of the

Model 11-600 are given on the next page.)

The instriment can be putchesed for $25,000 or rented for & minimuws

Liae of one month for 10% of che saies price. For rentals of up to & months
75% of the rental price is appiicable to the purchase price,
The squipment 1s normally used with & Polaroid camera but a papsr

chart recording displaying receivad radiation vs. cime per scan line 1»

available,

Barnes EIngiuesring Company has designed ani is producing, "Portable
Radiacion Thermometers” (Model 14-310). TIhis insctrument is & radiometer
whose design 1s based on the principle of a continumis comparison of target
radiance (more preciselv, ivrsdiance from the target) with the known radiance
of a butle-in black-body refarsnce, The output of the radiometer L# Jis-
played on & panel -meter calibtated in degrees fahrenheic; however, tha in-
sctrument {8 readily aduptable for use wich pen racorders.

The Radiation Theruometers come with a number of sodification whosa
exict characteristics depand on the desired temperaturas anywhers in the
range from -40% to 1500°F, The sodel whose temperaturc-range is from +139
to +212°F has an abaslute accuricy of 1-1/2%F a2 a respouse tine of 20 milli-
seconds., Sinuw this instrament would facilitate "point-by-point' messurement

-7.99.

‘wp--"-'\-'d

-
L]
L]
s



s e Sk i

.
uiél
~,

of the surface-temperature of the pond, & few seconds response-time would be

a gooi match 1o the spred with which manual oriencation of the tripod-mounted

instrument <ould be accomplished. Thus, a tempersature sensitivity of about

0.1°% could e altained 1o the reduced signal-band. The instrument can be

obcained with s fleld of view ol 1° % 1°; it

between 8 and 13 microns so that Lt could be

operates in the spectral region

equalily well used i(n daytime or

atght., 1t vonfiate of an "optical head” weighing abuut 3 pounds and of

"oain elecironics' weighing about 12 pounds,

These urits are stered in two

carrving cases each 6-1/2 x $5-1/2 x 10=1/2 inches. The power-requirement is

105-12% volts ac, 60 cycles, 15 watt?, The price of the instnment i»

$1775-, the daltviry-time i¢ 30 days. It s
vestigation ot the radiative characteristics

be made with these instrupents.

felt that & wvery thorough in-

of small bodies of water could

BARNES MODEL 12-600 INFRARED CAMERA SPECIFICATIONS H

PERFORMANCE

Scarmang Cata;

WidthBwermoee covicicocinane. vt sommmammovrn

Hefght-ccvcomccmennrcannn sesssmranarmemme.

rugb-.. . - scimmrmeermmrssinra
Picture kesolution®

For 20° vidthe--csassaacccas sameemennmnan caw

For 10% height------- temmctmrcrcancsncacann
Targe: Temperature Range----~c--co-vee- veecea
Picture Temperature Range “Black to White):

Minimum Ln.ged------"- ------- tramruresmana

Maxizun Range--------=v--- remmenas LR

Sams1lest Detevtable Temparature
Difference in Picture:
In &9C Rangefe-cemercrv ncinccnrssansimnn
In 150°C Renge------- secsresesncane ceemm-

Absolute ACCUTALY=-crrrerescnrrt nranennisnnn

-7.100-
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20°
5° and 10°, selectabls
12 ainutes

350 elements/line
176 lines

-170% te +300°C

49
150°¢

0. 59
100¢

25%C
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"‘_ ' BARNES MODEL 12-600 INFRARED CAMERA SPECIFICALLONS (Cunt'd)

JPTICAL

Iype of System - vvi-iociioniiienrieaa.-.. Cassegrain’Reflecting —
[ T R L R N 8" (Primary Mirrow) .
Focal Length--c--comicccracrrrrrracnaes FEERP 12" .
Effective Aperiure Ruatio----e-e-cecanaan memea £/1.9

Range of Focus®~ +oriiimcnrnmrceecneucarceaas 1 foot to infinity

Detector Nata®:
Field of Vieweeoeosencecocneaanancraeecameaan 1 x 1 @il
. ' ELECTRICAL ’

Ling Voliage---vemmecemaamamccmmccnaiennacanan 115 volts, €0 cps, singla phase
Pover---c-mceuacann R R vemecean 400 watte

! Lon special viver, the instrument can be furmnished with a 10° scan,

hThts scan time 1s for a 22° x 10° picture area. Scan timae for che 20° x 5°
fleld {s 6.5 minutes, irn the 109idth model, scan times for tae 10° x 100

|

|

} and 107 x 3® fields are 6.5 and 3.25 minutes, respectively.
i ®For ail x 1 mil detector field of view,

. dIhc use of a germanium-i1mmersed thermistor detector provides s minimum
. picrure tcuperaiure range of 19C, in which the dececiable temperature
diffsrence 18 0,1°C,

*Inis specification indicates the ¢i{stance between the target and ths front .
of the camera. Considering the additional path length of the folded opti-
cal system, the actual distance to the focal plane for a target 1 foot from
the camera is 2-1/2 feet.
| fIhis data ss for the scandard unimmersed thermistor detsctor furniehed in
tue instrument, Ihe getmanium-imsersed thermiscor has a 0.1 x 0.1 o= flake
i and 8 1,3 2 1,3 oil £ield of view, Immmersed and unimmerscd detctors with
other fields of view can be furnished,

7.4,2 Basic Dats Experiments

; Tt appears that practically no quantitative, reproducible data exists

on surface (Lhin-layer) temperature-cyciss, or on the radiative charscter of

! -T.iﬁi-
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the suriace. cf stagnant or distutbed budies of wster. A careful library search

Of iikeiy places Nas qurned up onlv a tew reiereuces and U.S. Hydrographic and

similar survevs have not been hkclpful.

This sizongly suggest the necessity for controlled msasurements. A
wimsie dapproach to uncover the essential data is described in the following;
different experiments to accomplish the same ends are, of course, reasvnable,

7.4.2.1. Parametery o organce
5. People wading through normally scagnant bodies of water may
cause & relatively streng mixing of the water that exhibits & characteristic
vertical temperature distribution. The mixing then results in a disturbance
of the temperature of the wvater surface.

The detectability by infrared means of such a disturbance is
directly dependentr on the temperature difference between the disturbed and un-
disturbed water surfaces and on the spatial extent of the former. When the
emissivity of the surface ilso changes with the disturbance, the change in the
product of (temperature x &missivity) 18 che determining quanticy. Such a
change is conceivable, for inatance, with algeoud water.

Since the duration of such a difference will be finite, de-
tecrahildes i1Y Lo 2%ar limiscd G timi.  Consequently, the quancity of {nter-
est is the magnitude of tcmperature difference as & function of space and time,
This quantfrty will be a function o{ many variables, such as:

a. Time of the day

b. Meteorological conditions {clear or overcast sky, temnereturs,

humidity, wind, etc.)

/'? : «7.102-
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c. Optical qualicy of water (spcceral absorptivity, reflectivity,

and cslselivity .

d. Spectral absorptivicty of ths batrom,
.. Plant and 2ninsl 1i1fe and restduce.

£. Depth

5 Maenitnde of (mechanical) disturbance.

In order tn expnrtnenuily determine the effact of these pars-
naters, that would slso facilitate a comparison with theorstical calculations,
it is essential to conducr & basic measurement progran. Tha following types of
instrumentation and set-ups may be employed to determine those paramaters under
4 variety of conditfons and to the degrse necessary for initial estimates)

7.4.2.2. Experigental Sec-upe _

The siowiated rice paddy 1s a cm:rolhblo-q»th simple pool
vith provieions for producing s disturbance stimilar to chat caused by a person
or pavaons wading through. It should be cutdoors, ss sun-driving and evaporas
tion stfects are imporiant and it should be possible to altor the bottom=covering
sssily. The pool should be large enough that che transient effscts of passags
aAte no more important than they would be in the ficld.

Suitable expericenis may be cunducted in a pool of sbouc
l4 ft x 26 ft x 3 ft which may be of gunnits construction and include provisions
to drain off and replenish the water conveniencly, Thus, the depth of the vater
and the coaposition of the bottom (mud) '¢ould be varied.

Thermocoupls sensors would serve for ths measursment of the
vertical temperaturs distribution in the water. The use of chermoccuples would

facilicate accurate differential measurements as well as the msasuremenc of

-7.102-
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absclute tewpersture, . Four theroccuples st suftable spacings would provide for

the sscablishment of the temporacure proftle at onc location. The upperwost
meagured poine of the profile would be about 1™ - 1/4" below the surface, depend-
log om the vind conditions. The tempersturs would be measured to an aceurscy

of & 0.1%¢ and recorded by self-balancing sovusding putentivmscer.

Alr temperature, folazive humidity and wind would be measured
by ¢ wentiumal $nstruments.

The paddy i obsorved by & cadivmeter from & tower (or posaie
bly a cliff). with s scannine or nonscanning radiometer as seens DOSC appro-
priare. 1In sddition water temperatures should be cbsarved directly az & number
of poincs.

There follows a brief discusaion of two alteroative modes of
observalion which were examined. .

The discussion 1a simed at the ducripuon of uo-tugnl
tondicrions under which the disturbed state of the surface cempersture of‘l
body of walrr can be awasured in contrulled experiments to simulste certain
phenomsna that are expected to prevail in real situstions. The body of water
thac has to be atmulaced 1s & flooded rice pasddy; the disturbance that has to
be simlaced {o thai which might be caused by péople having waded through the
paddy. The present interest in details of the disturbance is limited to the
extent that could be det cted by airborne thermal mapping.

In addicien teo the geometry of the experimental mensursmencs,
the feature of an equipment best suited for the measursments and, alcernstive

messurements possible with other equipment will be mointed out.

=7.104-
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In vrder tv mwasure the tempuraturecdiatribucion with 2 spa-
tial resvliution of L test scrvss the disturbance, the followviny approximste
relation between r. and thy slant range fo the radiosmter “a feer), look-angle
to the resolution elemwnt (ao degrees) and the inetantaneous field of view of

the redicmeter (W -numu.n-)’ oust be salistied (see dlagram):

¥ 3
- f % 107 (feat)

T
[

(Note chat we negluctwd & basides 9, #nd took R © as the subcended resolution
element. )

In view of the spatial resoiutiom thst is achievable under
operacional conditions (for instance, 2-mrad anguiar resclution and 1500-feet
flight altitude: 3 feet at verrical look), a spa:is) resolution of 0.3 Caet
for the expoiiements could be considarsd. For Lessvos ofapractical satup,

we could conalder 8-mrad field of view and #0° look angle. Then, the required

slant range, R, 1s about 30 feer snd the required height of the radiomater (W)

is about 23 feet above the targes are-,

-71.105-
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Prom chis height, a scanning radiometer (infrated camera) of
20" 2 10" scan field, could scan (with 20° swing from sbout ¢ = 28 3% o

58.5c) A length of the target field, &, that 13

“, = Hig 68.5" « ¢ 28.%°) % 13,5 feet, and,

with a ¢ v swing from o, & width of the target fleid, . the is

a, » 2B x iy 2.5° % 5.2 feet.

Tie spavial resolutior alung s, would deteriorate to abouc
0.35 foot at 48.5° angle; it would improve to about 0.26 foor, at 28.5° looke
angle.

The variation of resolucion along a would be even lass. Con-
sequcntly, the varistion with lock-sngle cf spatial resolulive would wut be
significant, especially 1{f the scan-line L is oriented paralles to the dis-
turbance. In this arrangemenc, the center of the disturbance would be cbssrved
along about 17 resolution elements. The variation acroas the disturbauce would
be obscrved. on the average, with about 20 resolution elements on both sides of
the disturbance.

The resolution discussed above is geometrical resolution;
that i{s, perfect focussing was assumcd. Since the slant range in the look-
angie region between 28.5° and aa.s“ vould vary by a factor of about 1.3, the
degrees of focuseing and, with this, the acctual resolution and temperature~sensi-
tivity would also vary. Consequentiy, a programmed-focus equipment would be
ideal. Nevertheless, a fixed-focus equtpneng focusaed to the slant range no
would probably redult in very practical cccuracy since the vartiacion in range

to the disturbed «ress can be expecied within the depth of focus. Moreover,

-7.106-
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the effect of defocussing would be casy tv detcrmloe experimentally by comparing
BCASUrCANLS Smdw witli furussing to three different ranges, for insrance.

To our knowledge, the onlv fafrared camersa that is vcadily
available, 13 tlw Barnes Model 12-600. While this caowrs does have « total
field of 20° x 10° (or, 20o x 5°) and 13 tempersture-sensitivicy of 0.l°c ap-
pears well s-ited for the preswal puipwse, the scanring time is L) minutes.

This time may be excessively loug fur us. The 13-minute scanning time s,
partly, csused by the rclactvely high resolution: 1 arad. Although the poten-
tial exists ro decreass the scanning-tizc to 1.3 minutes by decreaning che 10°
width (about 170 elements) 1o 1% (17 ¢loments), this could be achieved from a
slanct range of 150 feet, at a look angle of 60°, But, in this case, the required
height of the radiomerer wouid be 75 feec. ‘IMis height would lead to a costly
platform uniess & suitable natural terzain (cliff) could be found 15 locate the
caners.

The 10° « 5° model of the Barnes cuamera would picture an about
13-feer by 5-feet arca (from 46-foot height at €0-fzct slant range, 8, ® 50°%)1a
3.25 minutes. This picture would have, at g, a spatial resolution of about
0.08 foor. Thus, we would again pay with time fuc out-needed resolution. The
canera at a height of 40 feec and at o, = 67.50, the spacial resclution LA
wauld be about 0.27 foot und the scanning-time would be sbout 2 winuces. This
time could be reduced to less than 1 ninute, if, at 1.3 mrad field of view
(germaniun izmersed dacector), provision exists to increase the scanning cime
by & factor of abour 2.

An infrared camera would have the ldﬁanrnge that it can pro-

duce a visual prasentation of the thermal chnracteriscics of the entire targec
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field, and, situltaneously, 1t can furnish & vadisnt-intenaity vs. time (scan

aagle) rocerd ot tue rarget fisld.  Unfortunatcly, the only readily available
camers has an unnecessarily high resolutiwe for the proscza: application, lead-
ing to excessive times to0 peif{orm the measurvments and/or to a measurement
geometry that seems iupractical

an altarnecive measurementeprnevam would use fixed-field
radiowmeter. In this case, selected areas of uhe target fleld would have to
be measured "point-by-point" or, the temperature variation of a highly impor-
taat area such as & poriion of the discurbanca, could be measurcd during a
period of time of interest. The field of view of the radiometer and the geo-
wetry of the measurements would be as desczibed earliier. With two identical
radiometers, a differential measurement could be made: one insirument would
be poinred at the disturbance and the other instrument would be pointed at an
undiscurbed portion of the target areea. Of courze, such informstion could also
be derived on a time shiring basis. The Lime required for the measurement of
one daca-point would be determined by the time needed for manual siming of the
radiometer, since si1gnai banawidths on the order 0. ten cps or more can be had,

The Barnes camera can also be used as a fixed-field {not
scanning) radiometer. In this application, field of views up to 8 mrad x 8 mrad
can bDe ohtained by the use of appropriste-~size derector.* The detaccors are
thermistor detectors of essentially neutral spectrsl response. Since, in field
applicacion, the spectral region cf detection will be limited by ccmospheric

absorption to either the band between ) and 5 microna ur to the band between

% The use of a large tield of view in scanning mose leads to overlapping
scan lines but not to an advantage.
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Sspumal ot @ theimlator delecl g dues nut have
a particular sdvdantdye. The advantage of the thermiscor detector is limited
to the practical aspect that it does not need cooling.

If we add chat the slow responsc of thermistor detectors 13
responsible for the long scanning ticws pre {ously dlecuseed, Ll appears thaz
8 camers vith thermistor detector would not be the beat choice of scanning
radiom:ter, nor perhaps, of a fixed-field radiomeccr.

The ¢xpetiwent, preferred afrer consideration of all factors
and on the basis of simplicity, low initilal costs, and a svmwher mors modest
dats-handling probiem is given below:

The rudiance ("temperature™) of the water suvrface would be
measured with Barnes "Portuble Radiation Thermometer,”" Model 14-310. This in-
strument {5 essentially a radicmeter with & built-in black-body reference,
operating in the spectisl region between 8 and !? microms. The instrument may
be had with a tield-of-view of 1° x 1° and a temperature sansitivity of 0.1%%
at & response time or 1 or 2 scconds. Two radiomoters would bo usod simuel~
tanecusly, on an about 20-fr high wonden plattorm located at some 8 £t from the
edge Of the pool. (Figure 7.4.1) Thus, the siant range to the center of the
pool would be about 25 fiL and the subtonded areas would be abour 0.4 ft x 0.46 tt.'
Conscquently, a 0.46-ft wide annulus could be scanned by rotating & radiomster,
at & constant depression sugle, around @ vertical axis. In about one miaute of

time, oa¢ half of the annulus could be mewsurcd.

* Borh the accurarcy of the temperature measurements and the spacial resolution
have been chosen to uwich the capabillty of airborne IR scanners. This ia,
typically, 0.19K at l-mrad square fleold-of-view or 1 square foor ac 1000 feet.
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In measuring che tempcrature of a disturbance, one rzAlometer
would be pcanted at the center of the disturbance while the other radiometer
would wien the sunulus. The vutput ¢f the first radiomecer, the difference of
the radiometer outputs «nd the angular poaition of the scanning radiomster
would be recorded on & strip~chart recorder. Thus, the temperature ot the
scatter of the disturbance vs. time would be continuously messured; the spa-
tial extent of the disturbance vs. time would be medsured in time-charing.

The radiomecers would «lso scrve, from tice to time, for the
measurement of sky temperature.

A calibrated thermopile would facilitste the measurement of
insolation and & conwvertional tllumination meter would be used fnr the mespure-
ment of the transmissivicy ¢f the water with various concencraticns of Iud.a

In order to assure reproducibility, a simple mechanical de-~
vice would cerve to introduce the disturbances. This device would be perhaps
a cylinder with radial fans, that would roll on the bottom of the pool vhen
fulled by means of a rope. ihe cylinder would bs about 1 tv 1-1/2 it look
and large enough in diameter as not to completely submerge in the water; guide
ropes could assure an approximately straight path of travel. The final form
of the device would be governed by the criterion of produving disturbances

that are similar to those caused by pecple.

*% Alternatively, an undisturbed ares of the annulus zould be measured in
continum and the disturbance could be scanned. Moreover, the angular sisxe
of the annulus and its reapective portions on both sides of the distur-
bauce, are possible variations in the technique of orasurements. Optioum
technique would be determined experimentcally,

@ Ideally, the spectral distribucion of these quantities should be measured.
Nevertheless, the measurements can be reduced with good sccuracy to furnish
the aecessary information.
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The site of the povl would '» properly [enced and suicable
storape Iacility provided for the tnetruments.
T.6.2 3. Projram Plan
The experiowais could be carried out In twe phases in gix-
months' time, as follows:
- . e P 0
This phase would require two calendar U‘l‘;lhl, conatituted of the fol-
lowing activities:
a. Review of requirements and detailed spacification of instrumsnta-
tion end set-up. Detailed program plan. First and second weeks.
b. Selection of test ares. {Negotiation of letss,] Firsc through
third weeks. .
<. ConsLiuciion of pooli with mechanical duturberf radicmeter plat-
form, storage shack, fence. Frurth chrough eighth veeks.
d. Assembly and calibration of instrumentstion. Second through
vighth wecdks.
Ehase 11, [Experimenty
The experiments would require four celendar months. During this tinme,
the messuremencs would be taken, dats reduced and evalusted to establish the
requirements for detection by sirtorne surveillance guar.
The measurecwnts would be performed in three categnries ae follows:
1. Instailation and checkout of the instrumentation. One weak.
z. —huonmmm of the daily cycle of the vertical tempersture ex-

cursion, including surface temperaturs, of undisturbed water.
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These measuremcnls would be carried cut around the clock, i
order to determine the time of minimum excursion Lhat is poten-
tially the time ot lemst detectability,

3.  Charactceristics of disrurbances. Thest mwasurements would be
carvied out &t critices times of the day to facilitsce escablisgh-
ment of the deily variation of detcctabilicy.

The second and third categorice would included measureoents sade with
several different Lypus of botton and, if possible, with some growth in the
pool. Tenth cthrough twenty-fourth waeks.

Thu status of the program snd partial results should be assessed on 2
monthly basis. A final ruport should be in hand by the end of the sixth calen-
dar monch. ‘

i This program would require 4-1/2 nan mont'ss of senior and 5 man montha

i of junjor effort and costs for the experimcntal set-up should run about as

follows: '
$3=K)
1.1. Lease of property for six monthe, $150/1 month (if necessary)- 0.90
1.2 Construction of:
POOlecrvracemroruscconccansasssncnacrcsssrncacrassencncrovans 1,70
Machianical Disturbere--eccccrscvccccaccreacrcaivonccscccnranss 040
Plarformesessermcomereacceraces ioruamcasnsnsscancnsncsrsesnas (1,35
Storage shacke==-<c-cesceassccvacnnroriannacne- semarevecem-es 0,20
Fence with gate, $1.75/ftecrrmecers cvcnocccccensracccccenese 0,30
1.3 Water connectinn, powerline, pump. Bude--esecsvsvasccccereces 0,75
1.4 Reatoration of property to oviginal condition,

labor to changs wud, insuzence, CORCLNgENCY-s--~--e-e-e-csenc 1,40

Ay
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iI. Inat;um:ntattun
Radivmeter, 2 cach at 1.BKereenmrsnoceraermeencnconcas mevmeme- 3.60
Recording potentiometer=-==-=====- wssrescssecrcrrensesancrmsrce 2,20
Strip-chart recorders-s==scececceccsn “m-tme-sscacacacasanccans (.90
Catitreied thormepily - -esetercueenmanmmar e e e e e e aees 038

Miscellancouws (slluminultonougtér, readout potentivrwter
for scanning--radiometer, scan-drive, tripods, etc.)=-s+=ss==e= .75

Meteorological gedr and miscellancuus items---=c-s-e-escaccan- 2.00

7.6.3. TQuick-Fix" Pxperiment
7.4.3.1. Introduction
Informal arrangemencs were made with University of Michigan
(Mr. J. Morgan) for a "quick-fix" experiment involving thermal mapping of a
nearly shullew pool. This was it lieu of & preferred rental of commercial
eqQuipment., An account of ihe experiment is given below., Unfortunately, scha-
dule difficulties arose which prevented running the exercise usder fully com-
trolled conditicons end there wers frustrating ciulpment failurtes. Thise aud
lack of experience with this type of observation made intsrpretation difficult.
It has not been pnasible to repeat the experiment. Mucn thanks, nontheless,
is due to Universiry of Michigan parsonnel for their efforts.
7.4.3.2, ZRguipment for
&) Temperature Probe Set* :
(8} 5 (five) temperature sensing elements (probes)

{b}) 1 (one) resdout instrument

* Two 0f these sets were purchaned and one is now in use in Thailsnd. (Ses 3.46).
Satisfactory results were obtained in tests in Santa Barbare.
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(d) 1 (one) probe mount
(e) 1 tone} thermometer (25 to 125°P) and
l (one) hygrometer with instructions
(f) 1 (one) carrying case
(a) Zach temperature sen:ing element {3 & thermistor smbedded
in a glass-bead, and mounted, water~proof, in 4 steel probe with leads 20 £t
ir length. The thermisiur has a negatlve temperature-coefficient. Its re-
sistance decreases with incicasing iemperature. by an amount of the order of
1 per cent per 1/2°F. The resistance of the thermistor is of the order of
6000 ohms at 50°F and about 1000 ohms at 140°F. Cunsequently, the resistance
of the leads is negligible compatred to the resistance of the thermistor. The
leads from che individual probes wie cwanected to an ll-prong plug that com-
nects into the readout instrument,
(b) The resdout instrument is & dc wheatsione bridge with a
(-50)-0-(+ 50) micrcampere meter as indicator. The bridge has three different
alignmeats fur toto biidye-curceui that corresponds €0 the resistance of the

thermiscors at 66°F, 96°F and abour 125°F temperature, respectively. At aay

cther resistance of the thoermistors, & Soidge-vurzent prevails. Conversion

»
from bridge-current to temperature is [eviliteted by a calibration table.
The table has three colums for the three slignments that result in three
temperature ranges. These are:

50“F - 80°F

80% - 110°

110% - 140°F

* Time limirazion prevented furnishing tre mecer with scalea directly cali-
brated in temperatur-.

-«

«7.114-




-
e

L d
e

. 1 R
: T WS

=

-

da

L
ki

Z P T RRER AR R S R g

2
L

BTy ey

RV EL A
N

U
B

At the "Off™ position of the Temperature-range the bridge is open {unener-

giscd).

Tne bridge is energized by two Eveready E-12 Mevcury cells,
providing ror more than 1000 hr of operation. The condition of these cells
can be checked at the "30-Test" position of the Temperature-range switch
that connects u tixed calibracion resistor w the bridge. The bridge-current
that must flow in this case is -30 microampere. A meter-deflection to the
lefL of che mark indicates discharged cells. The cells are accassible for
replacement through the base-plate of the instrument case. Note that cor-
vect "calibration-current” is an indicatiun nf proper operation of the read-
aut insrrument, only. Por & checkout of the entire instrumenc, the probes
have to be inserted in a constant temperature bath, together with a msrcury
thermometer and the reading from each of the probes owat be compared with
the thermometer reading. Readings within luA indlcau correct op-lutio-n. |

The bridge operates in an ambient temperature-range froms ’
-40°F to + 140°F. Nevercheless, the readour instrument should be shieided
trom direct suniight and not placec on moist ground.

Due t2 the thermal inertia of the tharmistov-probe and the
delay in meter responge, the response-time of the equipment is of the order
of a few seconds. Consequently, th: measurcment of the temperature of five
probes will require about onu-half to three-quarters of the minutes of time.

Any one of the five probes may be measured at & time, de
pending on the position of the "Stations" switch, and, when the “'re-p-n.tun-

range" switch is on one of the ranges.
-7.115-
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The absolute temperaturc sensicivicty of the instrumenca-
tion s about & 1/2°F. How:ver, a relative accuracy of about * 176°F can be
vbtained by estimating the meter-deflection to within quarter of a division.

(c) The probe-mount is provided to keep the thetazistor-probes
at & constanc relative position in (a vertical) !ine. The mount fs a 3-ft
long hardwood bar with holes, t0 receive the prohes, at one-lnch Intervals.
Zach probe is secured in & hole with a rubber grommet placed on the narrow
erd o1 the probe and jamned against the bar.

A wooden flange with collar attaches to the lower end of
the bar to prevent the bar from sinking into mud. The bar is secured in the
flange by a 2"-lomg A/32 machine screw (supplied). To preven: the mount
from floating, the flange has to be weighted. A 10- or 15-ft long bamboo
pola may be attached to the upper end of the bar to facilitate iosertion
(lowering) of the mount {nco the uate% from the edge of the pond. Once the
probe-mount is inserted in the water,’ the bamboo-pole may be set and sacured
on the bank of the pool to assurc a steady positicn cf the protes. The sta-
bility of the probe mount may be increasad by an additional pole fastened to
form a "V" with the firsi pole.

b) Surveillance EZquipment:

The University of Michigan aircraft, squipped with an AAD-2 scamner
and g mediur gpertur: radiometer, similar to the equipment to be uaed in the
routine terrain mapping expericents, was to be caployed, The scanucr wis
to employ total LnSh (1/2 om x 1/2 s and 1/4 x 1/4 wm) and Ge-Cu (1'% wm
x 1/4 om) detectors. Tha resolution of this scanner with 1/2 ma x 1/2 ma detec-

tors is aboyt 3 (nilliradians)z.
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7.4.3.3. [Experinent
On the 19th and 20th of September 1962, thermml maps were

made of a shallow, natural pond, in its normel state and disturbed by walk-
iug petwonuel. The purinicy objective was rhat of gaining first-hand axperi-
ence with the problems of using thermal mappers sgainst small water targets
and small spparent temperature differences.

One daytime and one nighttime miseion was ssheduled (or
each day. The target of tha mission was a natural pond south of Ypsilanti,
Michigan. Adjecent to Willis Road, this pond is about l-1/2 to 2 miles
west of U.$. Highway 23. ''he shape of the pond is roughly elliptical with
an esticated 80 to 90 yard-long major axis and 43 to 55 yard-long minor axis.
The depth nf the pond {s, on cthe average, about two feet, occasionally dip-
ping to three feexr. There is algas on the water periphery io widths as great
a3 10 feet and & growth of reed around the edge of the pond, except for the
bank slong the road.

Numerous thermal wappiogs of this poud, both in its natusal
and disturbed state, were scheduled for sach mission, primarily from am alei~
tuds of 500 feet. Plane were to axplors the effect of spatial resolution as
vell as the sffect of spectral region. During the missions, the vertical
temparature distribution at & selected location in che pond wvas ssasured
from & soall aluminum bost by thermistor probes. In tha daytine, froa about
Y o'cloek on, & total of about 3/8 of the sky was coversd by luil pacchas
of clouds of rapidly changing configuration. Surface winde with velocities
up to 20 knots ware encountersd, msking for ;uu-ral}y poor céndlttm. In

contrast, the nights were cluar and calm. Alr and vater temperaturas vere

as follows: i
-1.117- ‘
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Sgptembey 1t SrpLymber 20
Lovai Tum. . vouinevnns i33F i3 1100 2115 2145
Alr Temperature, . 60 45 52 43 4!
Water Temperature, it T 68 &4 57 59 59

Dus to intermittent insolation, the heating cycle wan
irregular, In n&dttton, high wind in the forenoon of the second day made
surface-layer tempurature measurements difficult. On that night, however,
reprated observetions indicated that a temperacurs difference of about -10?
(at 2136) and abour -1-1/2° (ac 2146) existed between layers at sbout 1/4"
and 10" below the surface. The tempersture ;ccdina on the probe closeat
to the surface was made with the boat slowly rocking so :hat vhe prohe
approached the surface without emerging. During the opposite ewing of the
probe, the temperature difference decreased to about liiot and aven to gero.
(Note that the probes were on a floacing mount ac & distance of sbout & or §
feet from the boat, while the lsads from the probes to the readout instru-
1ent in the Loat, wers submerged in water.)

Lt.ll thersfore reasonable that people wading in the pool
cosbed & temperature difforencial of ac least the same magnitude between un~
disturbed and discturbed areas. After the first mappings & number of peopls
tramped energetically around the boat in & roughly circular pattern but tha
hoped-for "wake" was nut seen in the photographs.

As 18 often the case this tirst attempt ac & complex -i-
surement in the fleld suffered certain aisforcunes. First, fsilure of a

drive-belt on the scanner caused cancellation of the first afternoon flight.
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% On the night missicn of the seme day, & leak in theDowar of one dstector
and nolsy leads on the other caused very poor signals. A substitute detece ;
= ‘ tor vas tried without obtaining any improvement. Consequently, no usable
mapper data were obtained on the firsc day. Further, alchough the substi-

tute detectors used on the second day may have developed usable infoiraciom,

the In-flight film recording was made at 3 setring that accomodated the
veriation in signal level from the encire scanned field, Thet is, the day-
time film records show the pond in en unexpanded gray scale; conslderably

: less than the availsble density range of the filn has been utilized, for the

pond. The nighttime records, in sddition, have che pond placed on che upper

!
( knce of the gamma curve where the elope uf the curve might be legs by a face
tor of 2 or 3 than in the middle. This means that differences in signal
ievel larger by the same factor can only be distinguished st this portion of !
‘ the gaoess curve as & step io density. For example; 3t a density range that :
consista ulf 3C eteps, and st & temperature range of 15°l, a temperaturs dif-
ference of-I onc-half degrea would cause a stap in the middle of the gray :
scaln; whercas, only as auch as 1°K or 1.5”K would be discernible {n the
! high-denstty rugion of the tilm. These characteristics of the io-flight ' .

! fila recording and probably infericr sensitivity of the substitute detsc-
. . tor* may explain the fact that nv wake (or personnal) can be identified in
the maps although the boat is identifisble.

Raw data is available on phorographic nagative and ms metic

tape at University of Michigan.

* Although no firm data are available, it sppears probabla that the temper~
ature sensitivity was worse than 0.50K,
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1.4.3.4. Critique
T1is experiment, like many field exsrcises, suttared from
& nusher of deficiencies from which lessons can be learned. These were:

a) 8cliedule problems<-original plans called for a more
leisurely mapping sxercise which was compressad because of upcoming prioriry
experiments {i.e., Operacion Tropican, etc.);

b) Poor coordination--due to & mutusl aisunder+canding, no
fi01d Teference staidards of temperature were provided and ther: was no
time to obtain thess;

c) Equipment ««failure-=(es noted earli_.);

d) Poor conditfons--on the particular daye cpen for test
the seteorological condiiiuns wers poor.

These fairly typic_al. problems fortify an opinion chat sven

& simple field experiment nesds time to mature.

|
Exsminacions of original photographic negatives showed

no traces (waies) that could positively be correlated wirh the knmm paths
of personnel., This failure was tuntatively sesigned to the fact that thae
mapped pond, in the nighttime picturss, wvas oversxposed, causing aa apparsnt
i~crease of the detectable remparature-diffsrence. Such photographs as
were obtsined already have besn forwarded to ARPA in DRC monchly reports.

On the llth of Novembar, 3 x snlarguaents oi reprasenta-
tive in-flight imagery scquired during the experiments were recaived from
the University of Michigan.

The water, In the night, was warmer than the terrsino, the

pond (and che road) appears, in these positive piccures, much lighter than
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the tettain.
The point is that wmore detall of the puud suriace scruce

tule would be seen If che negatives had been made with legser exposurs.
Even so, the boat in the widdle of tha pond 1s clearly seen in both plcturss;
moreover, one has the inpression of seeing structures of the pond when in.
specting the pictures st a slant sngle from arm-length. It is believed that
other enlargemencts made at a higher exposure--s0 chat the terrain weuld ap-
pear slmost completely black-«could reveal whether this impression 12 cor-
rect or not. Of course, thia purpose could Le best served by new negacives,
made, at optimum eettinge, from the rcape recordings. Howaver, the responsi-
bilities of Projeci Tropican have prevented cthe saking of such enlargemacts
cf new negatives from the magnetic tape-racordings. It io hoped that the
University will f£ind time later for further evaluation. 7Io date no addi-
tional inforwation has been received.
7.4.6. Symsary

On reasonable, if not provabie, grounds it is concluded trat (1)
Personnel ctransiting through stagnauc water say cause 4 difference in the
radiative character of the water surface. in a .anner sanalogous to the for-
mation of ship wakes; (2) Detection of such chaages, and especislly their
patterns may be useful in anti-guerilla operaticas; (3) Since the quantita-

tive characteristics of che postulated phencoenon (i.e., intensity, extent,

persistence, and observ:Lility) are not knowmn, they should be detarmined

by a basic measurement program.
During this study an unsuccesaful quick-fix sxperiment with a tharmal

wapper wvas tried., Existing thermal maps of water surfaces sade with
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{.5. Comments on Other Applications

. b
Other applications of IR ssy be of some interest in anti-guerilla

work. Night-tima viewvers wespon sights, scanners, stc., for silitary
spplicstions have all been the subject of developmental work. B8ince,
in this etudy, the few novel spplicactions of IR received most of the
effort, the trestment hera is cursory and brief. Ideas for oiher
applicaticns or study are discuseed in 7,5.1, Some informatiom on
c:tu.ln; devices was obtained by visits to responsible lsboratories
but for the wost part, a survey of current state-of-the-art was
sttempted through acquisition of reports. Such data as wers ocbtainsd
are given in 7.5.2. and ?.S.J.l
canroms

7.5.1. General

7.5.2, Develcped Equipment |

7.5.3. BEvsluations and Tests
7.5.1. Genersl

Hight-time viewers and scanners, including battlefield surveil-

lance devicas, intrusion detectors, etc., aay be of utility im certain
anti-guerilla operatic 3 depending on thair performance, weight, and othar
tactors. This is a general question of requiremencs versus feasibility
which seems to reguire a coeparison of opsrational needs with the perform-
ance of existing equipment, and the feasibility of superior squipmsent, a
comparison which has not yst been mads. 1In Table 7.5.1, i{n the next sub-
aecticn, a list is given of developed equipmenut and (ta axpectad charscter-

istics. This may be of scme use in the Agile program as eithar (1) the

-7.12-
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squipment has besn alrssdy evaluated and recults may cover the cases
of intacest [or Agile, or (2) the equipment, even if dorment, may etill
be in existence and bailable for necessary tests.

Tvo thoughts on less ctypical and somewhat far-wut applications
occur to us and are givern hevre without analysis. First, in looking for
trails ot corridors under the rainforest, it say be that IR mapping and
multicolor photography may be useful. Trails or strsams msy recult in
slightly dtfltunnt svaraye equilibrium temperaturs distributicn on the
foreat top. At an inatantanecus Zield.of-view of 2 mrad the sensitivity
of state-of-the-art thermal mappers {s such that about a 0.1% changs {n
the product (emissivity X tempersturs) may be msssvred. If sverage
temperature gradients occur scross tralls or streams, are of this order,
or greasier and are not lost in [luctuations, thay msay bs seen in the
output of properly processed mappers. A dats p!'ocleluu system designad
to emphasise isotherm representaticn might be halpful here, Aloo, as»
seen in referencs 7.13, rather subtla differences in foliage cau be sesn
wvhen pictures are taksn with panchromatic color, {nfra-red, and camouflage
film. Different spaciss can ba idantified and, in the sams epeciss, sick
a~d heslthy trees (which may have reflectivities differing by & factor of
i0) can be differentisted. Buch photugraphic comtrasts may be used for two

-
purposes --- to deduce the general nature of the forest, and with other

dui, infer ite characteristics more accurately. (It may then be possible

to Infer ths nature of the ground ievel conditions precisely enough to

1.13 Manual of Photographic Interpretation George Bants, Inc.,
Manasha, Wisc. 196C

* For exaxple, whether a given region contains many randomly located species

and, hence, {s primary rainforesc, of contains species in stands and, hence,

is not. 7.128-
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locate "corridors™); and to estimate thu stand deusity divectly from
crown clusure (or crown cover) and height meassurements (am then deducs
the probable gruund level comditions). it $s clear that not snough dats
are on hand concerning 3. k. Adstan !crun" to sveluate the utilicy of
thase idess.

IL ia suggested that terrsin mapping and photographv exercises
be carried 2uc on selected aress uf . E. Astan "jungle" of differsnt
types, containing soms well-known trails and stresme to see if detection
can be accrmplished. The data should also be analysed to determins the
degree of accursacy attainable in predictions of the characteristics of
the ground lewel.

{The other nation 1s thar, {f 1t {s reslly rrue, that jungle
living fur a short period produces visually detectsbla changes in skin
tolor, vhether & mors sensitive inspection device might be made which |
would indicate, in a variety of nstural skin shades, lack of exposurs
to sunlight. ©n bolance this seems ualilely, but is not kanown. )

7.5... Developed Byulpwent

A very large vartety of 1R equipment for all sorts of military
purposss has baen developsd In the past few years., With fev exceptions
not much of the comdbat surveillance equipment has gons fnto production.
On the basis that it may be destrable in Agile, to test soms of these
devices, for strategic hamlet, outpost or othar cbvious uses, a list
is given in Table 7.5.1 of equipment which might be spplicable, with
snough data to enable an intereastad party to locats the equipwent.

w U, 8. Forestry Service was queried for data but nons wers available.
«7.126-
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Table 7.5.1 Pertinent Military Infrared Bquipment (Rcf. 7.16)

Jdentification or Yame Concractor & Service Type Probabie Stetus
Viewers
ANJAAR-2 G. K. Pansive Binocular - 2-1P25D ICTe*
-6d . American Optical Besd mounted binoculares -2-6929 Adopted by
Buffalo, ICTs - vequires IR search!ighc Arwy
. ERDL
'
i T-co Americay Optical Like T-84 but for close work Fleld test
buffalo, Iiks mmp reading
B ERDL
n-18 Vo llensak Handheld binoculars - require Pield teat
DALL-00% ENC 265] IR 1llumicnation - ICT
. ERDL
™
o AR/TrE-6 : Baytheon, Santa Barbsra Tripod mounted vadar/active IR Dormsnt
~ ScEL for moving targets. Personnel
range 400 yJ.
T3 Semson, Garrill, Brian Metascope imager ICT6929 Production
Glen Cove, N.Y.
) ERDL
AR/SAR-3 (XR-1) Q-0-3 Corp., X.v. Surveillance binocular - hot or Dormsnc
BuShips illuninated objects 2-ICTs w032-A v
IR Weapon Bight Raytheon, $Ssnta Barbara Pasic wespons 6914 CT-300 yde. Production gr
£aDL ) renge comtract Lot NES
‘ for a quaszt.ty
T-1 Veapon Sight Raytheon, Ssnca Barbara Basic Weapons 6919 CT-300 yde, of one of thess
_map range )

® lmage Comversion Tube

7.16 MNilitary Nandbook Infrared Bgquipment Vol 1 & 11 Buships MIL-HEDEE-230 Sec.




Table 7.3.1 Pertinent Military Infrared Efquipment - Contimued

' '! untiflca: ion or Nema Countractor & Service Type Probable Status
'; ) . R-379(XR-1)/PAR Raythson, Santa Barbara Passive fntrusion detector < ° Dormant ’
P N BuOrd field-of-view 7 ¢loasnt themistor
> s bolomater - parsoanel 400 yd. :
H _-?'-
R-579(XE-2)PAR Castman Kodak Stmiler to sbove Dormant
rn .
g n BuOrd
i R-579{IR-))}PAR Castman Kodsk Similur to above -4-35 wrad Dormant
e . (AN/PAR-4) (XX-3) SCEL 30 be.
-l
= B-579(XE-4)a(xE-5) Rastman Kodek Similir to ab.ve Tested
- SCBL 30 -+ .bes.
Scanners
: AN/PAS -1 NEL Tripoi passive, for detecting = -----
petsornel & vehiclesz for IR
Scanrod T-Z Sarve Corp. Tripod passive for personnal & Evaluation
Yow Hyde Park, W.Y. vehicles, personnel 300 - 1000 yde. -
JSARDL thermistor bolometer - 70 lbs.
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7.5.). BEvalustions and Tests

Ouly a few reports of svaluations snd tests of military equipment
wers received during the contract. Usually the reports on chermsl map
LuL;;prcLacLua (e.g5., Rof. 7.17 and 7.18) are in such condition, (due to
reproducing processes) that they ace of lfttle uss, gs the rine dotails
of the map are lost. Some paraphased comments from the evalustions st
hand are given below:

a) The AN/AAS-3) (XE-1) |nicufed Detecting Sat (Ref. 7.19)

«a===The gaseous N, cooling system is uareliable, relay and

2
tube faf{lures are fruquent, imeges are smearesd by CXT blooming,
and the film image 1s unsatisfactory. In addictioca, parts and

comnsctions work looee and the equipmeat is too large and

For sach deficiancy corrsctive action is suggested but
it is not known vhethar ths equipsent was reworked h‘y the
service. As noted earlisr 3 of these equipments were baiied
by V. of Michigan and have, with axtensive rewnrking, been
made to yield very good results.

) The AN/GAD-1 Cround-based Passive Infrared Detector (Raf. 7.20)
---«-This equipment, by HRs-Binger, was originally regquescted

(Jan 1959} as a portsble battlefield surveillancs device with

visual display., Difficulties in design were encountered and

7.17 Currie ot al The Interpretation of Infrared Aszrisl Reconnaissance Dat
R-369 (Benxiiz Systems Divisice)BADC-TR- Dec 1980
7.183 Currie st sl Infrared Interpretation Mamial - Tactical Targets
HR-368 (Bendix Systems Division)RADC-TR-60-241 Dec 1960
1.19 (U) Operationsl REvalustion of AN/AAS-5 U. 5. Arwmy
Bleccronic Proving Ground UBARPG-5IGC930-91 Juns 1939(Coaf,)

1.20 Rultom, R. (V)?inal Report--Technical Bvalustion ol lnfrared Detegti
PP "“'M"Ewm_ PC-31G930-196 Mar 1941 iCnf.s

-7.129-




|

”‘\ " m

veight requirsmsnts were waived. The deliversd weight

(Jaouary 1960) wae 541 1lbs.
! In performance, even with Ge cells, operators rarsly
detected personnel at rangss (n excess of 100 yds. in good
backgrounds. Design relisbility was very poor.
¢ . The test report recowwsndad that no further effort be
experviad on this equipment but that improved deeigns should

be explored.

¢} Iafrared Binoculars (T6A of Tabla 7.5.1) (Raf. 7.21)

»--=-"4ith experience, drivers can operste vehicles at nighc,
using the test equipment, practicaliy as well as by using
vehiculsr headlights.”

The Board recommanded modifications, to include better
filters, but othervise meinly msechanfcai in nature. 1Ir is
balisved that a modifisd version of the T-6A is now standard
Army equipment.

i d} Use_of Infra-Red in Kores (Met. /.22)

=e==c"Best results were obtained with the IR filitered !8” tank

searchlight (83 amps ar 24 volts) placed about 125 yards to the
i Tear of the M-} Sniperscope position. The light, with 2-IR
filters was just discernible tu che unaided sy of an individual
- who knew its approximate locstion. Appronimate clear weather

performance was as shown in Table 7.5.2.

7. 21 CORARC Rsport of U. 8. Army drwor Board | June 1959
7.22 Ocd, J. A. BReport_on the Use of Infra-Red in Xorea NQ. U.5. Arwy Par
_ Bast (0 WRY (Conf.y
<7.1%0-




Table 7 3.2 M.) Sniperscope/18" Seacchlight Performance
Distance from Porward Position (Y¥ds.) lasntification Possivie

75 --3/4" letterine on naneplate of soldier

109 -150 --recognise individual

200-2%0 --sufficient decail for lll(l!‘l.' to aim

259-400 -~-motion detectabls




7.6 MACKGKOUND PROBLEMS

SONTINTS

7.6.1 General

7.6.2 Limitation of the Detectab's Signal
by dackgrouad

7.6.3 Qualitscive Tompenry
1.6,4 Conclusion

7.6.1 Cenepsl

The limit to the measurement of , phyei:=~1 quantity 1s set by slwys-
present satural tiuctustions (noiie). This noise sight

0 be o componant of che quastity to be arasured;

¢ be produced by the measuring Lostrument ;

@ originste in the eovirommant of the source and

instrumsnt; or -
0 originete anyvhers in betveen the ssurce and

b

instrument,

In measuremancs of redistion an abscluce limit is sat by the photoo-
noise of the source-rauistion. Mors often, however, the noise from the
target's saviromment (background) is the lisiting factor,

Mackground nnise must alvays be cuosiinied vhenever =he #1014 af winw
{f.0.v.) of a radiometesr (detection-equipmenc) is larger than the aogles sub-
tended by the target. When the target (e as large or lsrger thaas the f.0.v.,
a0 i» the case (n thermal sapping the background becames {dentical te the
target.

1o cwo promising applications of optical techaiques ts guerrilla-

warfare (i.e,, fire-datection and wmke-dutection) however, background-ssise
doss compets with the target-signal.

-7.132-
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7.6,2 Limitation of the Detectable Signal by I
The magaitude of the competitive muy be derived as foilows:
Lat,
o t.o.v. of & Tadiameter (sterad),

A = effective aperture ares of optics (nz),

f = focal length of optics (¢m),

W_ = radiance, sffective to detecteor, of ('illclz. sterad. ),
A, = svotanded ares of target (e-z),
W_ = average radiance of backgrousd (Hluz. stared, ),

57 = paxisus devistion {rom average radiance of backgrewsd
(HI:-:. scerad, ),
R = range to target and background (cm),

T » offective travemission of path,

then, vhen the field of view is determined by the detector, the poak sffective
powver from the targe: on tha detsctor (l.s., the differecce {n powar with and

without the target in the f.o.v.), '1' 1s

,r-1'n .T('I.")

)

This power has to compete io producicg ¢ useful signal, with the offect of
the fluctuating component of the background-adiatica. The total power em

the detector, from thie ca-unnr.,u. is

“l . ‘o f'ml

«7.133-
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Kowwver, deqmnding mm,
o the wveform of "l =« which may bs ths resultant of tvo
compouents: (1) eventual temporal wariations of the bachground-
sadfation and (2) time-varying radiscion on the detector whileh
arises frowm scanning across spatial gradisnts of the backgrowd --
o the signal bandwidth, and,
¢ the desired accuracy of the massurement (expressed, for instancs,
in false-slarwerate),
but a fraction = of .‘\r' will ba affactive and this sust not ba largsr thanm P,

T
Consequently, the target can be detected, {f P.r z» ﬂP' or,

Ay(ugiy) 3 o ()

Bquation (L) shows that, for & quantitacive determiratiom 3f the background
effacts, pertineat characteristics of backgroumd-rediation (because of All’)
i0d the spectification of the detecticn-equipment (because of m) must be
known., Without Lhess only qualitative trsatment, as follows, can be eiven.
7.6.3, Qualicscive Cogmanta

The lowsr limit of terget-radistion, given in Equation (1), and/or
allowsble upper limit of lﬂ' will have differemt levels in the firs-detection
and waks-detection, vespectively.

Ia case of fire-detection, one has to find a "point™ as large as &
rvesnlution slemsnt, in a tvo-dimensional assesbly of & very large awmber of
picture-elsments. Or, ooe nas to have an sven higher signal whem an instan-

tansous sutomatic indicatiom of the avent of having & target detected, 1is &



requiremsnt. Consequently, the signal to limiting+nofse ratio will have to
bs relacively high {n bot's cases. All the signs available at prasemt indicates
that suffirfontly high signal to notse ratic can be cbtsined. {8ss 7.2 and
1.3.

1n case of wake-datection, one has to find & "line” in & picture. 1In
contrast to a poinc in he previous case, & live has s wmique shaps that
greatly facilitatss discrimivacion from backgroumd (“pacttern recognicioa™),
There might be casee vhan a line is 80 uniqua relative to the background-
structure that recognition {s possible at en \vousuaily low n‘.@l-emltﬂtug
nolise ratio. Of courne, recognition at s very low signal-to-noiso ratio re-
quires lomg time (oarrow bemdvideth) for svaluation. in "instantansows”
automacic recognition would probably required & much strongsr signsl than &
poet-rasl-tims aucomatic racogniticn or that demsnded visusl evelustios of &
map. This zay supecially be the case at the pressnt whem the art ;t sutomatic
pattern-recognitior. 15 relatively mda_rd.lvol.opod. (See Sacticm 2.1).
1.6.6, Sonclusion

Quantitszive detarmination of the effect of background noise ou datscte
abil1ty requires definite values of equipment parametars and oparacional re-
Quirements which camnot be given st pressmt. From qualitetive considerstions
At 15 estimated that oo detrimental background-effect should be expected in
fire-datection through direct path with squipment of ssnsitivity well within
the capability of ths art. (Ths effect of weather would be about the sams oo
targat-signal as well as on signal from the backgroumd.) 1In firs-detection
through indirect path and in weke-dateccion, the sams expectation is wmuch less
foundad for lack of vital data. For this reasom, sepacially, dats on bBack-
ground nscessary for evaluating the possibility of indirect datection sad for
trial dacection as ouggested in 7.5, sh~14 ha obtained.

«7.133-
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7.7 Choice of Detecturs

A portion of this Contract invelved judgment as te vhether avisting
equipsent could be applied to the anti-guerills decection problem. This sub-
section provides an smxample of scme of the work done. Detector seleccion is
discussed because the choice of the beat detsctor for an IR equipment .“ an
art vhich depends, mors olten than not, on poorly defined factors, wheress
other elements of the systam are more routinely defined. & brief commenc ia
given-here on a) etate-or-the-art in single-element detectors, and b) con-
fidenca in predicted performance of imeging detectors. [An Appendiz to this
section illustrates detector selection and fessibility estimstes for equip-
mant using exiscing cooponents, for line scanners, photography, and image
orthicons, The murbars employed for targets and background ars somewhat old-

fashioned and not particularly relsvant to presset thinking. )

SONTENTS ’

!

7.7.1 Contemporary Single-Eiement Datettors
7.7.2 Interpretation of Predictions

1.7.3 Summary

1.7.4 Jopendix: Illustracive Example (Feasibility of Zquipment Design)

7.7.1 Contsmporary Single-Element Detcctors

It i sufficient here to characterize detectors by sensitivity ouly.
Figure 7.7.1a showe the mest sensitive detectors available in limited regions
of tha spectrum bstwesn 0.3 and 15 microns. PFigure 7.7.1b shows the unur.tvtty.
of & largs mumber of detectors responsive in the regiocn 1.5 to 70 micrems. (It
is not intended to discuse here all the dats in the figures but merely to :-h

it available and note that most of the detactors can be obtained, altbough oot

‘ \
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alvays immediately. ] HNotw chat figures cover quantus as wvall as thermal
detectors; the quantim datsctors furcher include photowmissive, photovoltale,
and pho:oconductlvo detectors. Therms), photoconductive and photovelcaic

detectors can be producsd to form an array or a mosalc,

.12 arpre on of Predictions Conce
n

This paragraph iatends to tuphnize Che QLLliCUILy OFf ssLinaling tuturs
improvement and, of interpreting the prouictions, without detailed dats. Tule

difficulty can be typified by two quotations &8 tollowr:

1) "vidicon for the spectral region from | micran to 3 microns can

| be expected to be availavle by 1964, with an gverage noise

12

| squivalent power (NEP) of 3 x L0 "* watts in unit bandwidth, per

tesolution slement,” of more than 3 10° elemants. {Becret Dais)

(Ref, 7.7.1),

1) "a wost sensictive eapsrimsntal infrared photocomductivo plck-up
tubo. operating on the vidicon priaciple with PbTe target (serai-
tive area) has an NEP of about 7 x 10°'! caccs 10 30 ¢ps bandwidth,
per resolution elemant of 10‘ slements,"” (Confidential Dats)
(Ret, 2,7.2).

Converting this latter NEP valus tc a one cps bandwideh, one obtajns (7 x 10"y,

(:!ﬂ)“2 ~l2x10¥ vatte/resolucion slement. Thus, & direct comparison of

(7.7.1) Passive Radiation Countermessurss Feasibility Studios, AT OM{696)-30.
Task I1 Summary Repore, Part I, Hughes Atrcraft Company, 12-31.61,(8).

(1.7.2) I8, Vol. 3, Mo, 1 (Sscret) p. 409, Confidential.

'lml- prior to 1960,
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3.2 2 1070 o 5 x 107Y wovid didivaie w wsiy suuservagive prediciion of

iaprovement. Howsver, by further converting--on the basis of NEP O (azrea
of resolution ol---nt)”z and, on the baeis of fdentical target srsss=--the
MEP of the future tubs to a (5 x m’mm") = 50 cimes larger resolution
elemmt, ocoe could compare the sarly ¢ .perimental tubs with the future tude

on & more equal basis:

-12 “f a
m“'. 1,2 2 10 "“watts/if a | cps, res, siement

MRP = 3.5 x 10" vaces it < 1 cpe, tes. olemant

future

Assuaing now that the exparimeacsl tube 11 the one the prediction bas
been bascd upon (or, similar prediction cap valicly be based upeoa), one might
arrive st the cooclusion that high resolution is expected to be very bazd to
obtain. However, whether this will be correct or false s ant known, Com-
parative predictions concerning the pc:tornnco ot tuturs tubes TQuUite

ewaluation of all Lhe partinent factors involved,

1.7.3 Sumpgy
A large variety of highly developed singls-elsmant datectors ars

obtainable. Special arrey® of mosaics can be constructed,

The availavility of IR image tubes, however has not been surveyed to
the level needed for high confidence in ,redicticns regarding their future
performance. Predicticns given in the current literature sre of doubtful

validity.

T.7.4 ondyx: tracjive Example Detector Selec
suricg the early phases of the study, using the virtusl calculacion of

the “canonicsl” campfire, radiant powsr of the campfire vas sssnumed to emergs

boe
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from the jungle vith 4 1833 tucte: ilavause ol varivus attenuating wechaniems )
of datween 10 and 1072, Escimates besed on these limits wire made at that
time and ire repeatid here as Lllustrative of the detector selection process
even though present chinking makes them somewhat irrelevant. The caleculations
are for requirements for alrburne deteciion of a polnt Lesget whose radfant

3

pover P, o '10” watte/steradian, vith a 26400°K blackbody spaccral distribu-

tion. Line scanners, photoinph\, and image orthicons ware axamined.

7.7.4.1 Line-Scanner

Lat
R = glant range from top of cthe Juugle to dJetector (cm),
QM = fraction (i i'o in the spectral region of
detection L3,
ta” effecctive transmictance of atmospheric path
io the spectral region &,

t, * "transmissian” of the. jungls. I

]

then ihe powsr-density from the target, at the aperturs, (P.D. )’, is

t,.,t,8,,P
(P.2.)g ._A*_.%"_e (u.c.") {1)

vhen a lLambertian spatial distribution of (¢ ePo) is assumed,

]

In addition co the sigaul, radiation due to natursl 1llumioa~

‘W
tion on the top of the junglec, will also fall on the apertura . When this

.lonuu of the spectral region coneidaced hers, the thermal radiation
of the jungle-top is negligibla,

7.4
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11lumination s l..,(u.ca'z) and the diffuse reflaccivicy of foliage fa L7

then--in a fleld of view of .} steradians--the average povar-density from

background-radtatios, (P.D. )B i

::.o“.lu'{.‘ 2

(P.D.), = ——lé- (v.em ) (1)

As the average "elfcctive reflectiag area” varies with fleld
of view, (r.u.‘)s will have a4 modulatcd component Lecauss the background 1is
being scanned. Venotiog with @ the rario of the rms modulated camponsnt over
the aversge power-density, then the mas background-nolse, I'In is

t..ﬂu.lﬂ.l.ﬂ -2

= T v, xe ") (3)

N' -a, (?.D.JB -

Frem Equation (1) and (3), the signal-to-background noiss
Tatioa, f— is '

t.8,..P
% - TIA._E_ (4)
B R Oppelgy bl

" The maxizun valut m can take s 0,7 when "fully refleccing
areas" subtended by the field of view sad aress "not tefleccing at all,"” are
considered alternatingly scanned so that & sinusoidal time-variation of the
pover-deusity results, (A minimus value of m we could consider hare, is
perhaps not much lees than 0,05 which would prevail if che sverage ruflecting
area subtended by the field of view vaglad by the paak smount of + 70%.)

The spectrally dependent quantities in Equation (4) are B,p

and 1 and, the choice of Jpecetral-region of detection should obviouily be

r.142
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(7.7.2)

governed v the guantit; of 3 Grvausc uf detevior ilsitations oaly
[ DAY

three spectral regions are reasonsble. Thase are ahowm Lelow, togsther with

the spectrally depcndent quantities:

L3 0,60 - 0.7, 0. - 1, lu 0% - 2.5%
8 0.02 0.14 0.54

1

?i"—-——- .x 1,00 0.58 0.76
0.4 -« 0,7

P 0.20 .35 0.10
ﬁ . 5,10 0,69 8.4

Y,

- 1.00 6.9 8.4
0.4 - 0.7

In calculsting the values of I,,, & 6000°% black-body

spectral distritution vas sssumed. Furthermore, the values of P are “typicsl®
values based on the diffuse reflectance of tulip leaves at "the vavalengths

of maicun anergy”, (Ret, 7.7.2) (#ic) follows: 0.22 at 0,6u, 0.38 at 0.95
and, 0.036 at 4,4u, Consequently, tiw effwctive vaiue of 0 = 0,35 in the
region between 0.7 and 1.1 microns 1e perhaps the xost cealisric; in contrast,
the values for the two otheT regions sight bs io error by * 50% or more. Of
course, differences betwest the raflectance of tulip leaves and average jungle-
foliage are not imown, To be conservative, since Lhe validicy of these asevep-

tions 16 questionabls, che entire area subtended by the field of view, (s taken

Handbook nf Chemistry end Physics.
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to be reflecting, although only 3 fraction of che area is expected to be ra-

flacsing.

-7 -2 w

At u tiant ungrof!-llmandwtthlo‘_°7-'ui w.CB

(half moca 40° above hortsen), t. » 10°% and m = 0.35, we get, from Equation

() the following values of .: J
£ .25 a0
Y )
%64 - 0.1 " 1.8 x 1078 0.9 = 10
%7 01" 2.32 x 107 . 1.16 x 10~
g . 25" 2.8 x 167 Lax 10

With thess (o hand the characteristics of the deteecione

squipment can be defined:

With an #ffective aperiure urea of AA - 0721 c:-z {D = dismerar),
apd with & semiconductar decector of aiwa by, uz, the foiloving idencity mus:
b fulfilled vhen & signal to detector noiss ratio of 5"; 1s required:

2

B2 g e cry . -f;; . Prom here, with Bquacion (1), and with
12, 112 15 .
L S N 50,172
D= [T
we get: 2,112
FIRL '..(%)m & o
‘u‘,’n o0 %

fo -
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¥V e groand speed of «arrcraft in kmisec
H = flight-aleicude in km, and

e total scan-anglt in radtans.

The square of the required focal length, { is

FLEP L Ap
From Equationns (5) and (b)
g, & el et s
t tAtjﬂ P DN %

sod with values of

V e 120 km/hr @ 3.36 x 10°% kn/sec
He 058 ka

c w 2 radians

ali? (%) .

-4y 10'3 rad., :— = 0.5 and, with 51 detecter (P* = 2 x 1013; .!\”2
b

5.0 % 10" cm tn an 7/1.25 syscem (D = 0.8f).

One then obtaine

1/2 °«0.9x 10 cm (0.9 wm) mteosxi0l
0.7 - 1.1

and or
f=18,6cm, Do 1,4 cm (5.7 inches) fwi0cm, D= ll.8 '

Using PbS Aecector for the spectrsl region between 0.9 and

P



2.5 micivas (D% s 3 x lO'G, 3 e 0.be) Attt g%’ ~iex 5.8 2 1078 cm = 0.8l en .
Thus, even if a deterz a¢ small as O.) nm x G, 1 wm {5 -

assumed, the reyuired |%) 13 (%l = 0,14 x 5.8 x 10'2

-;2 ® 9, vhich constituces o aun-feasible system! Coaversely,

however, an P/} systen would require 0.31 (p square datector and £ » 162 ¢m

s §1. O,

wvhich {s an inpractizable size, When the PSS detector 18 cuoled to the

temparatuil of dry-ice, Dr = 2 4 w“ and,

)
G e a2xssa 10 me 1272107 cu
p 2 N
Thus, a 0.5 =m x 0.5 wm detector required (?) =2.2x5.80x05x1C x10" =
2 ]

63.0 2 10°° or T°08: f-10coandDedcmor, I.7m = ),7 mm Jdetactor
€ould be used {nan f » 10 cm, F/0.86 syscex.
Consequantly, a successful detaction can be sxpected of practicsl

tise equipment using $4 9x cooled PbS detectors,

1.7.4,2 For photographic decection, we should require that the density

of the film caused by the radiation from the fire, be n-times the fog-level
of the most dense portion of the background. 3o, at a fog level densicy of

n', the following iLdentity must be fulfilled;
Ib
nn, s log 7
| ]
Hate r. ® transmission of film occupiad by target,

'l’. ® transmisston of file occupied by the brightest element of the

background,

‘sﬂ.‘\g’




Sut, lug rl' LIV l} am!, lug ?1- -y g ‘B' whetr E » wxpusuls wi tiw
.

T [ | D
4D .
film and, r = m |.nl'll"|-qm-|u v, log :—:- = 3 loam i-: and, log -l-: -pn —,! . 1)

Io urder to eveluste Eguation (1), we must know the power-
denstity of the target's image and a¢ the brightest background-element's fmage,
We can determine this as follows:

1f the targes .-ubund-, at the aperture, thc- solid angle G and
the background-wiemeut subtends 4y, inen the image size of the target i»

!:u.: and the Lmmge size ot the background slement is tznq‘ vhen £ {0 the focal
lengch of the optics.

When the target radiaces P. watts/sterad, then the power-demsity

from the target st the sperturs, (P.D.)’, is

?
(P.D.), * ;% (v.c-.-z) and, ;

rrr soawer-donsity Lo the lwdje of he Lafgel, B, is

1 b «F
‘e ! s -
Il ‘r) 2

2 —— wiew’) @
LU LT

Thete, F = -é (focal 1atio of optics) with D « effective aperturs diameter in om.

Similarly, the puwsr-density in the image of the background-

slement, li is

L e 1. -+ (vicad) Ty
S i

where 1, i3 the radisnce of the backgtound-eisment in w.ca? scarad} .

iy S 7,047




Consequently,

!’ ?’ r
i- ¢ 3 x 1 - : (‘)

F3
3 T B In'ﬁ‘l

e

Assuming thet o = 207 scerad. u-z subtended area at a

tange of | km) and, with the previously used values of £y - IO"‘, ne-.07"

4
1077 u.cl'z Ce 0,22 and g = 2 » l\."z‘ #e gt '!4 . 4,5,
B

Thus, troo Equation (1), n = 5, wnen the film is developed to s y = 0.7 and

Dr * 0.13. Using 2 fii= <ith 3 spoea of ASA = 400, the requized exposurs 2o
fasch the linear portion of the darsity ve. log exposure cutve at 7y » 0.7, 1s

from Equation (2) the required expusurs-time, T is

! meter-candle-second o 1.47 x 107® vace sec w7t Consequent ly,

2.2
Y 2

Tel.67x 10" % r? seconds = 5.9 x P2 x 10°% seconds.
s

Iu videt tu fuliy defiue che oprical syscam faret che 1mmge-
size has to be specifiad. When this 14 set to equal 100 resnlution-¢lements
and the resulaciun ia 25 liie pess pee wma, the image-size of the carget,

2 .
g 210t Inen vith 4z = 10°% , £ = 10 ca.

Ar an effecrive angrture diameter of S cm, F = 2 and the

exposure tims T =& 0,24 sec.

At & fleld of view of 43° squars, and, at an sirerafc-
velowivy of iU km/nr, 100 hz can be suiveyed in one hour, The required

imsge-motion-compensation is about 5 mm/sec,




With intrared film, the expusrute-tine TIR ie

where S_. = ASA speed of IP film & 0.05 x 50... -1 Thus, Tn > ro,‘ - 0.7

IR

¢ould be sxpected. (We do not give here a numerical value for T » bacauss

1

B“ has not been decermined),

7.7.4,3 ¥ith an ¢ Urcthicon, an image-illuainstion of 6 x 10°?
u.'an'z val b tesd out with & sigoale-to-notee ratio of about 26 when the pre-
amplifier's nofse {3 2 x 10”2 smpere (o a 5 MC bandwidth (see "Survey snd
Evaluitton of Phenomena and Techniques in the Ultraviolet, Visible and Sub-
aillimecar Region for Application to Detection and Ascrosurveillance" Geo-
physics Corporation of America, Bedford, Mass. AF 19(604)-7412. TFinal Report
Pare I, p. 276. Unclassifiod, 1 July 1961),

As was previocuc!y found, this level of illumination would
prevali iu au F/1 system. Consequently, a signal to noise ratio of 10 can
be had in an F/3.5 system, a high enough value to permit che resdout of &
single resgolution-elsment. However, the 45° square field of viev specified
for pbotographic datection, sust be decreased by a factor of 106 x (2 x 1.0"‘).l
5 aseuming that the image orthicon has 2 x -105 resolution slements. (For
photographic detection, N:iS resolution elsments snd & targest-image of 100
resolution elemencs ware specified.) Thus, imsge orthicon permits, in 1/60
sec (real time) . he surveillance of one fifth of the area that it is possidble

to record by the photographic pethod with 1/4 of a second exposure=tiae.

g S
7.149




Realization of highet usthicon surveillance razes, however,
vould tequira the simultaneous use of, for instance, two cameras to covar }N°
lateral field snd, an increase of the flight-spead by a factor of about &.4,
A distirct advantage of the image orthicon is that it allows a readout in

resl cims. Moreover, there may be some advantage in that psrsonnsl around

the campfire would, perhaps, be less concerned over passage of high speed

aircrafe,

On the besis of such init{al estimates it was concluded that
& good poseibility seemed to exist of detecting the radiant pover from '
2600°% caxpfires at wiavelangths less than about 2 microns at night when the
oatural illumination wvas not more than that from a half moon at high elecva-

tion. Any of four equipments;

Television camera with Image orthicon;
Photographic camera with panchromatic film;
Line-scanner with 51 detector; or

Line-scanner with cooled PbS detector;

might be employced.
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PADAR

Only & modest a=ount of effort has been devoted tu rela. applicatious
im this study. This bappened for two resscms: first, ARPA planned & full
demonstration of the capabilities of sarvice equipment, to be followsd by
& SYPSziSE, Wil swbsequent Frogram plaoning; second, many proposais from
iodustry vere expected acd Lt was planned to critique these in the study.
The ﬂo.ld demonstration was set up sevaral times but never actually cams
off. Only one proposal (PASS) was forvarded for coument, ‘“hsther othears
were received (s not known.

In t%!s Section scme comments &T¢ given ot anti-perscunel radars. A
critique of the PASS proposal and & suggested sxperimsncal program is
ocuttinad (8.1). A suggesrad approach tc the use of radar agoinst ssbushes,

and comcents on mapping with radsr, are given in (5.2).

canuers
8.1 Fersownel Detection

8.1.1 Service Iquipment

8.1.2 PASS Proposal

8.1.3 Critique and Suggested Progras
8.2 Other Applications

8.2.1 Aanti-dsbush Badar

8.2.1.1 General

j . 8.2.1.2 Cooventional MII Probiems

8.2.1.3 Pulse-Modulated Doppler Techaiques

-8.1-
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COMTENTS (Continued)
8.1.1.4 Radar Parumcters
8.2.1.5 Summary
€.2.2 Radar Mapping
8.3 Susmary
8.1. Personnel Detection
2.1.1. Secvice Fquipment
Current military combat surveillance vradar through 1939 are
discuseed {n & special DDRAE memorandum (ref. 8.1) of chief intearest
is the AR/PPS.4 (Silcot Sentry) anti-personnel radar whose character-

istics are given in Table 8.1.1 below:

TABLE 8.1.1 Chsracteristics of AR/PPS -4

Lightusight, portable pulse doppler (Silent Sentry)

Range Parsonnel-1500m. vehicivs-5300m.
Acc 2% x 3°
] 8900-9400 ni,
] 1 watt
? ' I U]
m 3000
MIi non-cohersnt
Scan Rate man. {n rangs hzi & elav,
Elev. 900 to 600 miles
AB1. 360°
B Width 6.5° x 6.5°
Ant. 11 §v
Larpncaes
Wyt t15¢
Transport Manpack 2 msn
Primary Power 125 wates

8.1 Welnstein, A. ot al (1) RDTSE Eleccromic Programs Concerned with

Combat Surveillance 17 March 1960
DDRSE Mamorandum (Rlactronics) Sec.
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Signsl Ladoraiuiy (contacts: Harold Tate; Victor L. Predericks),

{ref. 3.1) was urnatisfactory, resulting in no personnsl detection. The

results of subsequent testing are not known to the Contractor,

petivis, and in setting ambushes 1t is suggested that Lf, as Lf fairly
likely, current T. O. & E. equipments ars not sstisfactory for one reamon
or another, consideravle effort be expended to design and procura satis.

faciory ecaijmen.,

transported. ground surveillance radar designed for high-resolution visual
display of ground targets st short ranges. Thers is sn operation van,
antemns trailer and powar unit trafler but this is because no attempt wvas

mads to reduce size and weight given in Table 5.1.2 below:

ity A e e WM AT 1
. " N » .

A "Aandhe.d" anti-perennnel radar is being developad at Evana 2

The AN/PPS-4 i3 being tested In the Far East. The first test i ! ’

Since s light-portable radar would be useful for protection of

The AR/MPS-29 radar (ref. 8.2 (s an sxperimental, vehicular

Table 8.1.2 Clunctcrl.u’:lcs AN/MPS -29

Electrical Characteristics

Frequency 70 Kac

Pulse Length 0.0S microsecond
Peak power 15 Kw

Pulse np’ctl.:tan fraquency 9,990 cps

Wave length 4.3 mm

208 valts, three-phases 12 Kv-s

100 cycles/sec
28 volts, DC Max load 0.3 Ev

(V) Evalustion of Concepts and Technigques of ANNDS-29
U.S. Aruy Infantry Board, Ft. Benaing June 1961 (Conf.)
(AD 324 4321)

e N
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Resclution Characteristica
Asiemith beam widrh
Elevation bhepm width

Scan rate

Scan sector

Sensitivity Characteristics

Antenna gain (including
losses)

Antenns losses

Nave guide losses

TR-AIR (BL-24)

Iransmitter (BL-221)

Raceivar noise figure
(Maiico 18 db L5506
crystals a« 4 db IF
K.7., QK-369 Klystrom)

Oxner Chavacteristic

Elevaction angls

ERRRER - ek DAL SN

ot

Tevia 8.1.0 Characteriatices AN

=19 {(Continued)

0.2° (3.5 mils)
0.3° (5.3 atle)

20/scane/sscond normsl
AO/scans fssc capability

30° (150 beam width) or
53 mile

5.7 db

2.9 db max
0.4 db
4.6 db max (2-vsy)
0.3 kv

4+ aile from horizsentsl

iu Lis .esis sLaLAONAIY CAPgeCSs could orly be detected in the

ssarchlighc mads.

ot the folloving ranges:

Targec

Truek, 1/6 ton
Squad, moving
Ons man, running

One man, valking
man, ¢ravling

8.4
== <8

Boviong targets were located and identified reliably

Bamge Qtaters)
Max 1wy [T T |
$200 50
2000 50
1200 50
1000 50
Undetected
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The iire trow tlat trajectory and high angle fire weapons, oxcluding
small arms, wae gensed pasiefactorily o2 4200 meters,

Whiile this performance locks good. there wore a number of
Jifficulties with cisplay interpretation and in ares coverage tests
oersonnel were @t detected satiafactorily.

8.1.2. PASS Proposal

On ié Decenber 1961, Conductron and Autometric Corporations male
a }Joint propossl to ARPA for a Partisan Airborne Surveillance 8!“-..

{rcf. §.2) The systems operation was to be "bassd on a spacialized fine
resolution cohersnt radar with sirborne signal corrslaticn to produce
extractable signals from groups of men carrying moderste pieces of squipment
in denss juagls."

On the basis of s simplified model of rainforsst as s complex
scattarst and sbsorber, sod on the approximate cross-sectiom of s man
casiyin: 2 rifle, the appropriste wavelength of tha radar was determined to
be about 1 meter, and power, aparture, and sensitivity requiressnts were
defined, leading to & preliminary design of tha system.

A proposed accelerzted developasnt schedule envisaged system
fotegration Fropagation experiments, equipment design, assembly component
tests, sircraft modifications, installacion, and flight cests carried om

coacurrestly in the first twelve months Ln an sssentially "butld-it-and-try-

. it* progtam. Oparaticm2! tests, on this schedule, would have bagun in the

fourteenth month and have besn concluded in the efghteenth month.

"Wich proposers’ permission ihis propossl vas forwarded to DRC for svaluatiom.

8.2 PASS Technical Propossl A-133/CAA-63A Automatic and Conductson
Corporations 14 December 1961

iy

-8,5-




e i

$.1.3. Critique and Suggested Progranm

At AKPA's request the proposal was critique-ed by DRC. A meeting
was hald at ARPA on Mav 7. with Conductrcn to discuss the prozusal and &
suggesced alternative program.

It was evident tnat the success of the proposed project depended
oo resoluticn of many factors whizh vere not well known. Whersas the
proposal, in the incereat of & 305t expeditious approach plannad to build
an equipoenc and flight test it as rapidly as possible, the suggested
program was first to resolve the major uncertainties by fairly simple

experiments snd then to proceed with developing nev equipment 1f experi-

swntal results juscified this step. This program was agreed to by ARPA and

Condyctron. &4 of this date the program has aot yet been funded and {t is
a0t ‘mown vhethsr s report on target and envircuasntal conditioes - (o the
Yar P«st has been prepared as sm input (o the program.

Some of the major uncertainties in the PASS Proposal are !isted
below:

. Aiiersacion of i mscer wavelengibh radiaction dus to jungie
growth 1is assumed to be comperabis to that due Lo wvoods
f{ound i{n the northeasterz U. 8. Since jungle growth iz
genersily more dense and comtains more moisture this ie
queitionable.

2. Only tree trunis sre sssumsd to be large background targscs.
Lagves and branches are assumed to be Rayleigh scatteresr and,
hence, oot important. Many branches of trees should be
sapected to be commarabis to the | mster wavelength in size,

anc tharefors, significant.

"- "
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3. Trees are sssumed to be confined o singie resolution
wlernts (3 X 5 metrra). Because the trecs, as seen by
the r.cds‘:. ars sxtercied in rangs, and because thars i3
multicle szatter {rarticularly with the ground) the effecte
of a large tree can be observed in a large numbar of cvesolution
e lemwnty.

». Accuracy with which aitcraft selocity must be kawn te J
said to be ) waters/sec. During the establishment of the ,
spevture. the ground san "move’ iU owiers walli tespect to its o,
assumed location. _The affact of this sould not be sxplained
by the Conductron pecple st the May 7 msecing. |

5. The problea of detecting moving targets vu. not satisfact-
orily covered. Walking mén can bs expscted to move through
3 few vesolution cell: during sbservation.

6. The prodlez of clutter morinn betwesn looks (wind, e<c.} and

the effect of multiple scattering on the resuits when flight

paths are not repested r.uciul'} is not covered adogquately.
ii~ny other points in the PASS proposal could be argued, but these

depand so much on factors basfcslly unknown that the srguments would be
scademic. Por axszple, while one sight take excaption to false alarm and
detection probabilities assumed to be useful for gsining information, the

great uncertainty as to the echievability of any useful combinaticn ol
false alare and detection probabilities would render any argumant sterile.

Aoy datailed concarn sbout wmep match’ng, ets., suemd prematurs.

-8.7-
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The suggesced Initisl program involved:

An experiment vhelein stiwwvalion of rtranesission from sn
clcvated platfora (tower or cliff) to s receiver on the
grouns in the jungle is measured. A fambwuably large
elevation angle (~15°) would be destrable to avoid having

to pemetrate too much jungle.

Compsrabie messurements with other types of vegatation.
Measuremer.ts of jungle crmponents (trees, branches, atc.)

on wxiscing ranges, if feasible.

Using results of a. b, and ¢, to sstimate the magnitude of
the multiple scattering problea.

Study of spacial and temporal clutter varistions.

Data collection on the nature of the target, what he carcies,
how he moves, etc.

Construction of representative models of the target ani back-
ground and messurement of .vradar cbservations of terget and

background sepsrately and tomether.

It ves alsc suggested that, since guerillas wers to be found in

|any soviromments other than densae jungle,

b.

Ex{sting side-looking equipment should be enployed, concurrently

with above progrem against suitable targets in less troublesoms
and well-known enviromssnts, with progressive increases in
difficuity of the destection problem uncil existing eguipments

failed to perform.




Pinally, depending on the outcoms of the activities described,

1t vas sugpested that,

t. A study shuuld be made to determine (I theve L8 a detoction
and processing technique which {8 optional for Jealing with
the tarast and clutter models developed.

J. 1f the smower to i.) was aflirmstive, then, dersnding on the
situstion at ¢the time and the cest of system developmont, &4
development pragram should be started,

8.2. Qcher Applications

Considering some of the eituations described im 2.)., it secms reason-
able to inquire whethor radar can be useful in ambush situations, (n outposat
proteciisn, against ground-fire at helicopters and airplanes, and in detsccing
trails and corridors (bands of lower ground-cover density) under denss cannpy.
The fivet three poseibilities sre discusesd under the genersl heeding of anti.
ambush rader (8.2.1) and che latter under the heading of radar mapping (8.2.2).
6.2.1. Aapi-embush Rader

8.2.1.1, Qemargl
The basic notion 10 to make svailable coubined radar s

i

fire-dirscting squipmant which would fulfill e tsctical requirement (to
fire bach quickly snd accurstely vhen ambushed) dipcuseed 1o Bection 2.
This Lo parcicularly suggested for roed couvoys and halicopters, and posstbly

for low-flying airplanes and even for trains. It L# probably only applicable

€0 such conditions whew thers is scms open space batwesn the ambushed group

amd the source of fire. The problem has been treated in terms of rifle firse,

LCh inciudes thae less d1fficult case of sutomatic Weapons fire and some

| B o
|




discussion of mortar :ucktn;' has also deen given. Wo atteation has been

v tha ddafgin of the fliecdisacting eyuipment nut io detuiled problems

Bivei
of destign of equipernt for sirbotne use.

Ihe major advantage of using radar in & situstion of
smbush 13 the speed and sccuracy with wvhich the source of fire can be
ircated, Vilume can be scanned many times faster than by eye, for sxample,
and the Tadar Jetects the bullet which i 4lways present rather than the
faoke or flash or the actual gun. each of which can deliberately bs made
¢iffizult to detect. Tha radar s aleo capable of ringing accuracies much
greater than the unsided tye and comparable with that of range findaere.

CThe redar edditionally could detect the counterfire and thus serve as &
tubstitute for a spotter in some situations. for thoss wespons not controlled
by the radar.’ ‘

8.2.1.2. Problems of Conventionsl MI1

If the builet a8 an {solated target were all that the
tadar had ta vorry sbout. the problem would be relatively easy, as may be
seen from soms simple calculations. As an exsmple, consider an X-baud radar
(= 3.2 cm) with & ) ft. diameter dish antanna for detecting a .)0 cal.
tillet at a range of one half nsuttcal sile. If the bullet {s spproximated
by a 0.30" diameter sphers, then the Tatio of radius to wavelength {(a/)) 1is
ab:ut 0.] and for a/i> 0.1 a redar cross-ssction approximstsly squal to the
projected ares, »r sbout 0.0)049 sq. ft. may be sssumed. The sntenna has
on ares of 7.1 sq. ft., and at 60% sperturs efficiency the effective ares
18 €.23 oq. ft., with & gain at A ® 3.2 cm of 1370. The attsnuation between
sTasasittar and target is tharefurs;

#Mortar locators have teen {n existenca s long tims end current models
sy be estisfactory. (Sperry MPQ-10-[1932])

«$.1C-
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A conventional search redar. using 1.0 micrusecund pulsea, requirer s
received signal of about 123 db below 1 watt to detect a terget; thus,
the assumed rajar needs only | kilowatt peak pulses tn detsct the bullet
#2 1/ aile range. Increasing the range would, uf course, incceass the
peak power requiremenis in sccordance with l"‘, but increasing the pulse
length or .ncressing the target cross-iection (e.g., considering 20 sm
cannca prajs~rijigs) will reduce the requirewents. Obvicusly, {f redez
Tece1ver nolse vers the only problem, radar requirsments for detecting a
bullet are not axcessive.

Polsitunately, £ the ambush situation, the source of the bullet
is concealed. (f at all possible, using all aveilable terrain features.
Rether than competing sgainst receiver noire, the radar return from the
bullet 13 completely masiud by echees from the surrouading terrain, which
2ay be £2.1% 25" 13ove the echo strangth of the bullet. Comvantional MFT
rechriques. whicn =ay provvide up to 40 3b subeclutter vislbility, just don't
provide enough perforzance to do the job.

3.2.1.3. lrulse-modulated Doppler Techniques

During the early 190's quite an effort wae expended
analyeing and tovestigating C-W redar techaniques. In spits of the obvious
adventages of ease of discrimination betwesn moving and fixed cargets and
the capability of direct velocity measurement, rhe C-W radar suffared from

aa inability to determine range of to hsndle multiple target simultsnecusly

*See, {cr sxample, Ridenour, "Redat System Raginsering”, Vol. I, MIT
Radistion Lab Series, McGraw-Bill, p.15%.
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vitha:t Hffriculty, Severz! zodulation teshniques wirte tnvestigated to
comat chere cifffculties. and one of the mo't successful was the use of
oo=off koyin..n The technique was described as pulse-soduletion of a
Jduppler system. rather than s system uf processing doppler information
faes 3 pulse sysiem. Fundameatally, the method trales the «ane of target
rernlution of 8 puls: MIT systam for the opportunity to design filters
which supress undesired ground clutter in a near optimum fashion.

The one model of a pulse-modulated doppler system
b rought (o & praiuct stage demonstrated a reduction of ground clutter
in excess or ¥3 ck  Operating with a single target it was ablie to deter-
mine range to sbout % of ouximua, but it jinerated a confused display
vhen thers was more than one target in the beam stmultaneocusly. It
suffered. too, from the 1940 state-of-the-art with respect to crystal
controlled microwave sources. Since there were very faw situations in
1945 where the NTT eysteme <.’ =nt prove satisfsctory (am aireraft in
| extreme mountainous terrain was the outstanding exception) and eince
range resoiution became incressingly important ilu wirerart detecticn and
tracking, the pulse doppler systams were not pursued.

The bullet from ambush, however, presents a situation
Q-lte analegous to that for which the pulse doppler showed outstanding
capability. Usuaily, there 4111 be ons to, st most, s few targets present
¢lmultansously in the antenna beam, but the ratic of clutter to target
signal strength will be extremely highs The stampof-the-art regerding
tachniquas for generating crystal-controlled microwsve power Has come of

age vith the sdvent of transistors, varactor suitipliers and traveling

™ op. cit., pp 15D et seq.
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wvave ampiifiers. Thas. it appears that serious consideration should ba
given to possible arplication of these techniques.
t/8¢: will ganarate a
doppler frequencs of 40 kilocycles when the carrier frequency is 9400 mec
(v = ).2 cm). At this carrier frequency.the repetitiocn rate shouid
preferably be placed adbove the doppler frequency to eliminate velocity
dead sczes. at perhaps 50-60 ke to produce an unsmbiguous range of ¢ 1.6 -
1.) ailes. Any higher carrier would result io either too short an uasm-
bigusus range 5T would have s velocity dead sone that sight de trouble-
some. On the other hand., if a lower ca-rier frequency ware chosen the
a/\ for g rifle bullet would lie below D.1 and in the region of Rayleigh
scattering where the radat cross-section becomes much smallar than the
projected area. The decreased carrier would, therefore, incrcasc tha
power requiremsnts as weil 33 increasing the antenna area uqu!.r_d for
a given antsooa utni Thus, the icitial estimate of X-band utility
appears justified. iIII: may be noted in passing that a very high antaona
5Can Tate may be eaployed with the sslected high repetition rots without
WESuly ISITEASing the Szacniag Soise.  Prelimizary saleulatisns indizate
that scan rates as high as several hundred degress per second can ba
exployed vithout unduly complicating the problem of rejecting ground
clucter while still passing the movirg carget.

The requiremsnt for crystal controlled microwave power
st E-band ¢am be mat with a comblastica of solld state amplifiers and
=yltipliers, with s traveling wave tube or klystron for a final smplifier.

For example, a 5.8 ac crystal controlled trausistor oscillator can be

"t lJ'



followed by three triplers and & power amplliier o provide 10 watts it

i36.6 mc. This power drives & chain of varactor mltipliers consisting

of a tripler. two doublers, and & quintupler which generate succeseively

2 vates at 470 mc., | wattat 90 mc.. 0.) watts at 1880 me., sed 30 mm

at 9%0) wc. The power output from the mltipiier chuin is sufficient to

drive a creveling wave of Llystrun tube which will produce .he 3 kw final

power output.

A long persiszsence TPI, posatbly 1ncoi-pou:1n| & storsge

tuoe for longer persistence is suggested for visuel diwplay snd poweible

manual override of the fire director. In operation, either the entire

azimuth or the suspecied azimuth sector couid be exaained by the radar,

Although on sny particu'sr scan only a portion of the trajectory of 3
bullet might be cbserved. the observation of severs] successive trajsct-
ories could establish ths meximum range at which a bullet was observed
and the asimuth st which this range occured, thus {ndicating the location
of the nrigin of fire.

Another feature that would probably be of great utilicy
in this radsr is "Monupulse Resolution Improvenent”, wherin a monopulse
(stmultsnecus lobe comparivon) antenns feed and circuitry are arranged
so that, on the display, an echo s displaced in asimsth by an smount
¢qusl to the measured agimuth ¢Iror at the time the echo is received.
Although of limited usefuloess in a situation whaye aany targets ar;
present, the MRI feature here shoulld provide a crisper, sharper display

which allows the target atimuth to be c=asured more quickly and accurately.




is as (nllows;

cal rifle fire. It is obviocuz that che .l- radar will detect fire from
latger arms (o.g., 20 s cannon to 6320 ft., or 7% mm cecoillaas rifle to
12,300 fr. 1f the repetition rate {s changed,) but that it would probably
not work too weli against morter fire becsuse of the low radial velocity

st lounch and the icfred trajectories flown. However, the rangs performance

o d

B.2. ).

Raddr T'azameters

To summatite, then, & tentaiive sot of radar paramsters

Frequency

Pesk Power Output
Repetition rate
Pulag fcn;:h

Duty oyele
Avearage power
Aqatenna diameter
Antenna ;lin
Antenna beamwidth

At imuth scan rate

Maxioun displayed range
Range accuracy

Animth sccuracy

Range performance (30 cal}

Sub-clutter visibilicy

The above radar was designed specifically sgalaet .30

-8.15-

94C0 mc

3 kv

50 ke

d w s8C
0.1

0 watte
) feut
370

2.4 deg.

360 deg/aec
{cr 1 revives)

8300 feat
20 faet
$.3 Jdeg
4000 fesc
90 db
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of the radar (s certainly ample far dotecting the mortar shell {n flight,
and the possibility of un additional operacionsl mode should be seriously
considured.

The same radar could be conetructed to de-cct mortar
fice by providing complete tracking capebility for the antenna. If
secessary, the doppler feature could be switchad off, or st least modified
to allow lower velocity targets to be driected. The watenna beam could
be slevatcd to reduce the gtound clucter, and then ser to search rapidly
in s2imuch until a mortar shell s Jetected. The beam would then be
Pointed at the cotrect aztmuth, and arranged to track sutomatically the
osxt shell that passed through the beaa. Froa the ttajectory as deterwmined
by the track, the point of rrigi. of the shell could then be located.

8.2.1.5. Summary
] The preceding preiininary analysis has served to
indicste an ares of radar arc that could prove highly useful in certain
specialised combat s.tuacions. Howsver, additional analysis is required
to demonstrats the valus of the suggested approach. The praliminary
$ystes charzcteristics outlined above, for exaspla;, provide a blird
spued of about 31UU ft/eec and a blind range of 9600 fr.

Either of these may be raised and the other lowsred by
changing the repetition rate, but to raise both will requirc lowering the
carrier frequancy and sacrificing radar performance on bullets .30 cal and
snaller. Yet when it s considered that 150 8T. .30 cal bullets are some-
times fired vith mussle velocitini 49 high as 3500 ft/sec, and that the

37 mmoand 75 m rencilless rifles ary 2ffiiiive el Souges up L0 & Giles,

‘.
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At 1é obvious znhat ar least swoe changes in the preliminary specifications

sliould be considered. Lt 18 10psrtant, therrfore, that the entire spectrums

5oemiertrd gquuws e oxamined thatoughly Lo order that the compromises in
! performance are thoroughly underetood. Ha;cvct. 1t 18 expected that
raasonabie compromises can be obtained upon detsiled enxaminstion of the
TECD .

Dat.niryue dars = be obiadingd fugaiding e wuynicude

of clutter expected under the anticlpated operating condilions, and the

' sagnitude and frequency of the scanning noise expected under the conditions
of high repetition cate and high spesd scanning. Although the calculations
indicate that this should be =2 pradlem, cxperisantal conlirmation Lo :

’ required.

; 1t is possible that similar techniquer v those dis-

cussed above coulld be spplinq to the problem of locating the sources of

fire from an alrcraft or helicopter. Here again, the usc of pulse doppler

with its loag duty cvcle. and the great difference >f doppler frequency

tetween the buller to be detected and the background clutter may allew
the design of circuitry to provids the necessary sub-clutter visibility.
The use of the moving platform for mounting the radar suggests. however,

that non-coherent rather than cohsrent detection techniques be considered.

However. from a helicopter even thess night not ba necesssry. Bafoie a
tina: decision can be made, experimenta] data should be obtainsd. Perhaps
the best approach to detersica the ultimsce spplicability of radar to

tne combar situations under discussion is the constructien of a bread.

woerd set along the ines indtrated hers vhersi: the characteristice of

-8.17-
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the clutter rejwciion filters can be vatied, the system can de operited
£iilea I3k 205 o wwueciwientiy, amd the squipment constructed small
tnough and light enough to be carr:ed aboard ar slrplane or hielicaptst
during & paction of the test program. A flight test program csu be
Jesigned both 1o obisin fundamental dats which cas be usad ic final
equipment Jdesigr and to demonstrate feasibility of the basic concapts.
fo siemarize. the high velseity of a builet or ihcll

provides aa excellent opportunity to use the doppler fiequancy in
distinguishing becween the smell echo of the desired target ard the
much larger echo of the undesired background. 3y employing s large
duty cycle (0.1 or greater) and sacrificing the ability of resolvisg
closeiy spaces targets and of processing apd displaying many simultan-
eous targets, it 1is poevible to ovarcome the sub-clutter vtubilt.ty
timiratians of conveutionsl MTI clrcuitry. The use of the pules doppler
techniques alacst ceztainly offer o praciical poseibility for smployment
48 & groucd-Lased radar system In the coabst situations under discussion,
ezt have a yossibie airborne appiication as well, which bear further
investigatioc.
8.7 2. Rader Maopinz

A indicated in Section 2 and Jiscusred (n Section 7, & ressonabls
requiremant for detsctioo of anti-guerilla operations would be for aerial
iocaiion of truls' under canopy, or density measuremants from which could
be deducad thoss regions (bands or corridors) charscterised by the lowest

density of .tjecartion (and hence, presumatly, the easiest routes for travel).

*"Tre{la" covers such large trails s» the Ho Ch{ Minh.

t 5% -8.18-
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l Cunsiderable sctention has been devoted to terraln return in the
! Tast few vears, (ref. 8.5 - 8.0 cpoviding useful refetwnes in sidition
‘1 to the classic work rveported in ¥oi. 13 cf the Radiation Laboratory Series
! (ref. B.10Y.  Uufour-unately. none of thesa souries are particularly helpful
‘ in Jecading wiether tvails, for example, can be detected under dense cover.
‘ in ret. 5.8, pages 12 - 13, Burdich sugges”s that multifrequency scanning
ehould pesmit :valustion of the depen ofF lavere onf the gatics of electro-
magnetic constraints of the various layers.

Experiments of the type necessary for evaluating the PASS program

which penetrete to various depthis in the forest smd perhaps to tha floor.

|

I

| would be useiu! Lere. Certainiy 1t will be necessary to have frequenciss
| :

| 1t is suggested that some attention br given to this probles and,
1

1f possible, the PASS experiments be excended with this poasible application

I in view.
8.5 Gramt, C. R. Backscattering from Water and Land at Centimeter and

Millimetar Wavelengtis Proc. IRE July 1957
8.6 Cosgriff k. L. et al Electromaemetic Reflection Properties of Ratural
Surfacas with Apolications to the Design of Radars
and Other Sensors Ohio State U. Res. Foundation
1 Fab 1959 (AD 216 418)
8.7 Spetner. L. & Kate,l. Two Stactistical Models for Redar Tarrsin Return
IRE Transactions on Anteanss and Propagation

| May 1960

| 8.8 U, __of Kew Mexico Radar Return Sysposium

| 11-12 May 1359 NOTIS TP 2338 (AD 24 937)

: 8.9 Edison, A. et al Zsdar Terrain Return Msssured at Near-Vertical

! Incidence IRE Transac:ilons on Antennas and

; Pronegation May 1960

: 8.10 Kerr Propagation of Short Radio Waves Rad. Labd.
Series V. 13 May 1%60
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6. 3. Sumnary

1he problem of aerisl surveillance of Jungle (ani other) sreas to
Jetect mer carrving rifies. as zujgested in PASS. has oeen examined and
a fundamental drograx of investigatica of crucial Points suggested.

Applicat:on of pulse-modulated doppler methods to various types of
anii-ambush radar has been examined 4na tentative specitications outlined
for required pericroance. The ATproach seems feqsgible and {t (s
fuggested that the shiec: be investigated further.

It s algo suggested that the PASS svperimeats be sot up co obtain,
ln addition. the dats RECESSATY L0 sanAWeT questions of the fezaibility of

radar mapping for trails end corridors.
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ACOUSTICS AND CFOPHYSICS

SECTION ©

This section desls with acoustics and genetal geophysical methods uf
pussidle interest for anti-guerilla application. A parcial survey {s

presented of relevant data and factors buaring on the use of Acoustic

detection devicas in heuvy'vogrc-eiﬂ- anel g nuptdandar devicse sra
saalvzed. A short discustion of applications is givenm.

Pertinent geophynical prospecting methods and equipment are reviewved
in cursory fashion end some siuple calculations re. -ing to che potonttnl

utility of megnetomeccrs are given.

CONTRNTS

9.1. Acoustics éu—-ry

9.1.1. 1lacroduction and Susmary

9.1.2. Hhearing -
9.1.2.1. Loudness

9.1.2.2. Differencisl Semsitivity

ar

9.1.2.3. Masking
9.1.7.4. Spesch
9.1.). Sound
9.1.3.1. Attenuation
9.1.).2. Divargence
9.1.3.3., Absorpcion
9.1.4. Listening Distances in Jungle

9.1.5. Devices

s W 9.1~



9 1 51 Parabolic Reflectors
9.1.5.2. Obatacle Array lenses

¥.i.5.). Path Langth Acoustic Lenses

9.1.6. Dibliography

%11, oduc
» The human eye and sar are truly phenomsnal instruments for
datection of light and sound. It fs not possible in veality *o improve the
sensitivity of these instruments in that the eye is limited by photon
energ; and tha ear i{s at the threshold of thermal noise. The vaslows
optical observing techniques are designed to exploit the human cye. It 1i»
the purpose of this discussion to determine vhethsr or not the sar can be
exploitad using sound-gathering squipment ro detecc personnel movemsnt in
the jungles of Southesst Asia. 1n order to determine the possihls sdvgntages
of using sound gatherers, it {s first necessary to undarstand the perfor-
mance of the human ear. . The firar nare nf rhis vanavsr disrusess ths parfnree
ancs of the ear from & tons, speech and noise viewpoint. MNext, the subject
matter uf jungle acoustics is discussed in which tha humidity and terrsin loss
coafficienta of absorption are dominsting factors. At this stage of ths inves-
tigarion it does not appear necessary to discuas the temperaturs and wind
diffraction of sound nor the physics associated with the absorption phenomsna.
Making use of che performance of the sar and terrain and divergence losses for
- sourd pressure, sstimates ars mads on how far cartain noives can be heard io
s jungle.

Ve next proceed to the discussion of sound concentrators. The methods

of soumd coucentration comsidered dre:

1)

nirrvrs,




1) obstecle and paih=lwugth senses, and

3} 1ubular wicruphones.

1t 18 shown in the discuseiou vn jungle scoustics that the heat
listening range 1s around 200 cps, vhich has & characteristic vavelength
of six fewi. The 1eason for the 200 cps wavelength being the best wave-
Jength listening irequency is that the trees and foliage vcattar the
sounds whose wavelengths are smaller than the sizes of the leaves and
limds of the trees. The 200 cps waves flov over obatacles whose
charscierfstic lengths are smaller than six fest, Prum an acuustical
psrabolic mirror viewpoint, it {e necessary that the dismeter of such
mirrors be seversl wavelengthe in dismeter in order to achievo direction-
slity and gain. Such devices do not appssr to be fsasible for transporta.
tion throuth dense jungles but might find spplicacion on the p;rlnctcr of
tha jungle. Obstacle and path length aecus?icll lenses enclosed by horms
likevise reguize lorga 2iazcters for low {raquancy listening. Tubular or
line wmizrophones achieve cirsctionalitry by sound {nrerferenca of waves
srriving off axis. 3Such aicrophonas ars high!y direciional but likewiss
to achieve directionslity end gain ta the 200 cps region will requirse
tubs lengths in excess of the cheracteristic wavelungth. Hencs, thess
microphones likevise do not appear to be attrecrive for listening in dense
Jungles. They do appear to be attractive for application on the periphsry
of the jungle or for listening at night for noiess outside of s stockads.
Because of the oper range sssocisted with stockades, the lengths or
dimmsters of the acoustic mirrocs, lemses, or tubular microphones would

wot have to be lerge. The vork will have to be extended and representative

=9.3-
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sound-pathering equiprent be construccwd and tesced under fisld conditions
to detsrmine the ultimare worcth of acoustic listeniug devices,
9 1.2. hesring
Tte ear 13 a very tomarkabls instrument. It can respond to
pressures as lov as 10°° dynes cn? which produces & deflecrion of the
9 1
-

eardrum of ghout 107 cm', The sar cen also wizhstand sound pressuros of

103

to 10:' dynes cn". It {a juat not & prevsure sensor but & complex
sechanism which in conjunction with the brain becowes « system of filters
vith the sbility to judge loudness, pitch and what can be called wusical
qualiey. The ear {s at the limit of the pressurs fluctuation existing in
gaser and hence any more eensitivity woulu result in thermai noise
detection. As e starting point for the discussion on jungle aﬁwulu
and guerilla warfare, ve discuss &« fev of the parformsnce characteristics
of the ear. The informstion on hearing will be combined with physics
calculations oo sound propagetion to snslyce the aural detestion problem
ia the jungle.
¥.1.2.1. udn (Rafs. 9.1. - 9.3.)

The concept of soft, loud, vary loud, etc., iz placed
on s quantitative basis by comparing the sound with & standard sound.
The scanderd aound ie chosen sa & 1000-¢pe tone. The loudness of any
other sound is defined as the sound prassure leval of & 1000-cps tone

that sounds as loud as the sound in question. The unit of loudness 1is

9.1, Acvuptivs, L. Berousk, McGraw-HIl), 1934
9.2. Acouptical Engingering, M. 7. Oleon, Ven Nostrand, 19%7

9.3. Hgndbook of Noise Control, C. M. Werris, McGraw-Hill, 1997
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toudneea of 50 phons

the "phon." For example, a sound is said to have a
{f the sound pressure level of a 1000-cps tone of 30-db evunds as loud.
Figute 9.1.1 showg rthe contour lines of equal loadness for normal ears.

The phon unit iaglies that @ Hjury"” of esrs t# used to sersura the

gound. A dtstinction is made batvesn "loudness” snd “loudness level."

The unic uf loudnass level is the vphon" which has besn d~fined, The

ynit of loudness §a the “sone.™ By definition, s loudness of one sone

has &-n arbitrarily selected to correspond to & loudness level of &0

phons. Once agaiu a "jury” of ears ars used tO answer qucstiona such =3
“how much louder is a sound of 50 db than a sound of 40 ALY Tha results

of such determinstioms cao be reprasented within certain limits by
lo;wn = 0.0} Ly - 1.2

where
§F = loudnsss, soncs

!.1' s locudness level, phons

Pigure 9.1.2 13 8 uomOgras for phoos ve. sones, Trom & loudnase
viewpuint lat us coneider & simpla sound coasiscing of two widely

saparsred tones, sey X7 sad 2000 cps. If sach ot the tww components

had s scund prassure level equal to 8 1000-cps tone at &0 db, then sach

t would have & loudnsss level of &0 phons whea sounded separately.
ngouad jury" would give a loud-

componen
Vhen these tones are judged togecher a
pess rating closs to 50 phons and not 80 phons., Hance on & well-

ssparsted tones the sone scele is additive but not on the phoo scale.

From & noiss viewpoint s reduction of 2 sonas to 1 sone is squivalent te

3.5




stating thit the londness has been reduced to one-half its forwer value.
1n the case of one- and two-sar listening, the sone vaius is halved when
only one esr is used. and hence sdditionsl loudness level is required tc

waks the loudness agual Lo two-ear listaning.

9.1.2.2. Differentisl Sensitivity to Sound Pressuze end
Prequency (Ref. 9.1)

A person can detect & change In sound prersure levsl
of about i1-db tor any tone belwecn 50 to 10,000 cps if th; level of the
tone Ls greacer than 50-db above the threshold for that tone. Yor
sound pressutes less than 40-db, level changes in the tenge 1 to 3 db
are required.

Tor frequencies above 1000 cps and prassure lcvels in
excess of 40 db, the ainisum perceptible chacge iv frequency which the
ear can detect is sbout 0.) per cent. At fraquenciss balow 1000 cpln and
preassurse ltve{u in excess of &0 db, the sar can detect 8 change 1:5
frequency of as little as 3 cps. At low pressurs levels and particularly
st low frequancies, the minimum perceptible changs {n fruquency asy ba
sany times thess values.

9.1.2.3, Hasking (Raf, 9.3)

When tha noise is so Youd that & person cannot hesr
snother shourd, thet sound fs said to be masked by the ncise. The same
can be seild for one noise with respect to auother.

Figurs 9.1.) shows the smount by which ths tcne sust ezceed the
sound pressure spectrum lavel before 1L bacomss sudidle. A 200-cps

pure note must be ~14 db over the nuiss befors it becumes awdible. 4

-9. 6.
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quiet vhisper at 5 feet is 1O db as La the rustle of leavas tn a gencle
bresse. From the loudness viewpoint & change of 15 phons produzes st
lesst & dodbltu. of the loudness.

9.1.2 4. Speech (Raf. 9.1)

Studies on the humen cosmunication show a cpesch
erilekle Vorer nboue 108 pecond and the avarsge intarval between
syllables is about 0.1 second. The vowel sounds are sot critical to
speach jutelligibility as are the consonants. However, the consonant
scunds are veak and hence can eseily be mesked by notee. Tha reeulta
ot conitoring & long~-time average spasch at s distance of one meter in
froot of the calker are snown in Pigurs 9.1.6. The peaks on the root-
aesn-square acund pressure shov a peak pressura of chout 50 db around
SN sps. The figure alsc shows the relscionship batwesn the threshold
of availability aod speech spectrum.
9.1.3. Sound . . |

$.1.3.1. Attenuation |

Th: f22tore vhich are important io Jetesmining the
sound level at a specificd pssitioc from a point source of sound in
oper air are as fcllows:

1. Divergurce decresses due to epreading

rut nf enerev

Z. Attenustion of sound,

3. Bffecz cf fog,

&. Reflection by and difirsctiou around

solid obsiacles,




Refraction snd shadow forsation by wind and
teaparature gradients.
Scattering of sound by small scele temperature
snd wind variations,

7. Reflection and absorption at the ground.

9.1.3.2. Divergence (Retfs. 9.1 - 9.3)

The scund pressure level is by definitiin 20 times the
logarichm of the retio of the deteruined sound pressurs to the refsrsnce

sound pressure, i.e.,

SPL = 20 log,g 3= db
T Tret

In the UniLed States P"! is usually taken as 0.0002
microbar (2 x 10's Nevwtons -'7) which is the hearing limit for tha 1000
cycles per seccud region. Since pressurs falls off inversely as

distance, we have

SPL = 20:1“10'& b
X

The doubling of the disctancs resulcs in a 6-db change.
dsues, i{ the suvund pressure level is l.‘ et a distance x from a

gource, then the sound pressure levcl Lp 4t a distance r s
s L - 20 log < @
LP x 10 "

9.1.3.). Absorption
8} Air Absorpgjon

The passage of very high frequency sound

wvaves through drv sir are dempwd by viscosity,




thermal conductivity and rotational states of the moclecules.

Since we are iLntereatsd in the audio range we will not conca™n

curselves with these interesting theocecicsl aspects .of the

Acoustical relaxsiion iu Lhe sudiv rangs

absorption problem,

himidity. The himidity dependence of tha

io influenied by che

sbsorption cosfficiunt for air at 20°C (s shown in Pigure 9.1.3

{Ref. 9.2).

The cucrves shov quite clearly that the high frequency

Comparing Figures 9.1.1 gnd

sounds are dsmped quite readily.

% 1.3 11 appears thet some trequency discrimination would occur

st long distsnces for the 1%00-10,000 cycles per second

I

|

I frequency renge. Low frequency sounds are oot attenuated but
! the sound pressure threshald fa gquivileat to ~ 50 decibles

f greater than the ~ lOUG cyclas per second threshold., an

J sbeorption coefficlent of 0.000: per centimster _Induen the

: intenstty of s plane wave by & factor of 02(-' 7..6) io 100 sstaca.
l The laboratory messcrements of Knudeen were checked for tropical
! conditions ovar & hard base by Kyriag. A cumpacrisun of

! observations made st 53 per cent relative humidity snd 0% 1o

i giveu {n Table 9.1.1.

Table 9.1.1

FREQUENCY DEPEHDEMCE OF SOUMD ATTENUATION
AT $5% PELATIVE HIMIDILY AT 80°F

75 [ 150 3007 600] 1200] 2400
Frequency cps 150 16@ 1200| 2400| asop| 7000| 10,000

PLeLderrring) {5 { o fo.01] o lo.013[0.011(0.020] 0.0as

Lasborstory 1] 1] 0 10.00110.00210.006)0.019] 0.03) .
(Knudsen)db/fc
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It 18 spparent cthat high frequancies are damped out in short
distances by absorption slone. Higl frogusncy dasping cffacts ars
«asy to obsetve. Por example: the decreass 15 Intenatiry Af high
fraquency relative to lowar frequency noise of a jet plane as it
leaves the embarkation point is the result of high frequency
absorption; the general decrease in ovarsll level fs ths result of
divergance. Further. the boow of distance guns or lightsning can be
ezplatned by high frequeacy sbsorptivo.

Yorsst Absorption

The leaves, branches, snd trunks nf foliage will scarter pound
waves whose chsracteristic lengths are less thaa the charactaristic
lengths of the vegecation. Hence, one would expect that high
frequancy sounds would be attenusted vather rapidiy La a jungle.

The lower frequency connds would alse be setenuatsd by genersli sound
absorbing properties of the foliage but would attenuate such leas
then the high frequency components. Thers appsars to bs iittle dats

on fungle terrsin sound iblorpttca. The only studies known to ths

.lu:bor wers carried ocut {n Panams during World War J1. (Refs. 9.4

and $.5) The terrain loss cosfficient in decibels per foot as &
function of frequency are shown in Figure 9.1.6.

The heeriong sensitivity curve shown in Pigure 9.1.1 vhen
superimpossd on the tearrsin loss curve shown in Figure 9.1.6

9.4 "Jungle Acoustics," C. Byring, J. Acousticyl Soc. of Americy,
18, 257-270 (1946)

9.5 "Ultrasonic Ambisnt Noise in Tropicsl Jungles," J. Baby and
H. Thorpe, Ibid 18, 271.27) (1946)
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indicates that there 19 en vptioum fraquency for listening. The

optimus frequency for hearing distant sounds is arourd 200 cyclaes
per second, The terrain loes coefficients at 200 cps for the
jungles, described in terms vl seeing distance snd cane of

psnetration are given in Table 9.1.2.

Table 9.1.2

TERRALN LO3S COKFFICIENTS POR JUNGLE AT 200 cpe (Ref. 9.4)

Type of Jungle db/fe
Leafy, seeing distance 20 ft, penetration 0.04
by cutting
Leafy, seeing distance 50 ft, penetration
difficulet wicthout cutting 0.03
Leafy, seeing distance 100 ft, fras valkinog
with care 0.02
Liitle leafy growth with large bracketed trunks,
seeing distance X0 ft, penetration easy 0.01%

*} Seund Masking level in Nungle

Ine masking level curves for a very dsnse jungle are
shown in Figure 9.1.7. It 1 to be noted that the .ast listan-
ing frequency range is slightly noisisr ic the daycime than st
night. A crude estimate would be that one could hear a low
frequency noise twice as far at oight as by day. This
estimate 18 besed on fundemental relationship that s 6-db loss

is equivalent to doubling the distance from sourcs to cbserver,

«9.11-
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9.3.4. Listenins Distsnces in the Jungle

Lwt us now escimate now rar ons can distinguish sounds in the
Jungle. Based on Figure 9.1.3 we will asaume that 1% dacibals sbove noves
can be qurally detected. Further, based on Fig.%.1.7ve vill sssuma that a
yery quiet jungle has a masking lavel of 15 db. On the basis of rhese to
assusptions, the minimum detectable signal ts sbout 30 db, Table 9.1.)

gives representative noise levels and BOULCes.

Tabie 9.1.3

NOISE LEVILS AMD SOURCES (Refs. 9.1, 9.3, 9.6)

Source of Noigse Description Decibels
Tuseslold of pain 1%
Hmamer blows on stesl plate 2ft 114
Kiveter ' 3B fe 97
Lion roaring 18 f¢ 87
kotor truck chaagicg gears : 15-20 f¢ 74
Busy strest traffic o8
Ordinery converpation I 4 4 63
Saring wood 30 ft 61
Restauraat 80
House in country &0
Averags vhisper b fc 20
Quiet whisper L ¥ 1 10
Rustle of lesves in geatle bresse 10

Lat us dow uu-_-u how far an ordinary comversstion aight bs haard
in a ju=zie. To make the sstimate, lat us assuma thet s flat mesking level

of 20 db exints snd thac tha spsach detsctiom signal 1s 15 db ebove the

$.6 "Results of Notse Survey, L. Gelt, Ibid 2 410-418 (1uw)

~%.12-




noiea. We are tiffarenciating betwveen intelligibllity and detection of
speech. The swwi-addn-square spaach level 1s 6% db at 3 feez. The aspumed
permissible decibels of atranuation is 30. To aitenuate 30 db by

geomatty alone would require 56 fesc, 1f an ovecsil terrair coeflicient
of @ = 0.05 {s sasumed, 4 perscn talking in the jungle would be hoard at
about 73 faet. If the maskiog level vers 26 db inatuad of 20 éb, ths
listening distance would be rcdu;cd by approximacely one half,

In the casr of & louder sound, let us estimsce hov fax a roaring
lton could be heard. According to Table %.1.3, a roering T'on would be
squivalent to 102 db at 3 fest. Assuming en overall msasking level signal-
detection of 30 db, v calculate that the lion could be haszd in the
open at a distance of 12,000 feet (~2.3 milas). (e have neglected
diffraction of sound in meking this estimate.} The distance the lion
could be heard {n tne reprassntative jungle is 800 fest. The rosr would
be pesked st abouc 200 cpo.

Teats were carried out in Pansms in 1944 on the discance s 2-1/2
ton Army Lruch vwuld be heard in the jungle. Figure 9.1.8 shows the
=masking level, threshold hearing curve for aversge soldier, a wind-noise
‘requancy curve snd a truck nocise frsquency.

Tha overs)l sound lavel for ths truck was 73 db at 100 fest, which
wruld be equivalent to 103 db st 3 feet. Based oD 8 26-db masking level
end 16 db additional eignsl for detection of o peak tons around the
200-cps rangs, Table 9.1.4 indicates that the liastening distance is &00
feet. An obasrver vhe was kaown to have batter listening ability than the

sversgs in the frequency rangc belcw 300 cpe vas able to datect the truchk

-9.13-
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s distance ot 1000 feet by Jistening for peak sounda. (Ref. 9.4) Once
again the calculstions are ouly eastimates for one doas sot know the nolsa
level taken at the listener location nor many othet factors which could
maks 8 differance of several db. Lowsring the noise level by & db revises

the listaning discence calculation to less thau 700 feet. According teo

-

Table 9.1.4, 1000 [eet corresponds to an sttenuation of 94.4 db. The
calculations are not a;nlthu with the experiment. If just nolse level

vas &« criterion, then some of the discreapancy can be 3ccounted for. TYor

- et e

sound pressures less Chan 40 db, pressure level changes of 1-3 db can be

detected. {(Ref. 9.1) 1ln terms of sones, s J db (or pbons) change st &

40-db lavel would increass the loudneas about X per cent. If the
detection of the truck was mads on noise loudness end not distinguishing
8 truck sound, then the 14 db above masiiing levael could be naglected.
The detection distance for nolse lavel change would be abour 800 feet
which is in scceptable sgreezwnt with the cobsarvation of 1000 feet.

It is apparetit that more informstlun on suund atienusiion usder
jungle conditions \ml:‘d be requited to improve theastimatas. Howevar,
it is spparent thac the jungle cen bLe llkened to & room with sound-
absorbing walls chat Bas a rathar high noise level. The walls being the

folisge and the jungle being the source of noise.

9.1.5. Davicas

- 9.1.5.1. Parabolic Reflectors
Sound like light can be concentrated with reflectors
vhoss geometries are such that the reflected rays are focused. The vavae

S

» : length for 4000°A light 1s & < 10°7 cm snd the vavalength for 300 cps

9. 1b-
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sound s ~& feet, Hence, although the principles are the ssme, the

chatacteristic digmeters are much grestar for sound collectors. Iln the '

csse ot sound-reflectors, surface imperfections are not significant.

The parabolic refluctor 18 40 shaped that the pencils of sound incident : A

e

‘ on the aurface are focused st a point. It Ls sppatent that in order to
obtain a gain in pressure st the focus, the diemater of the reflector

J wust be several times the wave or sles the wave will just flow past the
collectar., Figure 9.1.9 shows the results of somc experimencs on &
parsbolic reflector ) feet in diameter. The directional characteristics
of the wicrophons ars very sharp ac 8000 cps (~1.3-ft wavelength) and

nondivectional at 200 cps (~&-fr wavelength). Por listening te bird b

direction and gain. The gain is gtroc:tonally proportionsl to the cross

sectional sres of the reflector and inversaly proportional to the square

|

i

I

[

I

!

| calls and vatch-ticking, a 3-ft diameter reflector would provide
|

i

|

| of the wavelength.
I

]

, §.1.5.2. Obgegcle jrrgy Acou s N j

| .
The velocity of sound Le by detinition

1 B, o [
wherse .'

p & pressure . . 1t
J P = density ' . ’ §

8 = sntropy ~ i

Por an idesl gas the velocity of sound Ls givea by
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TARLE 9.1.4 SOUND ATTEMUATION IN JUNGLE: L = 20 log 5t ANyKY) , vy = ) Peat P
.“\.g.‘
Yrequancy Range & Aversge Te:rain Loss Total Attesustion far 1
Diatance r.z Divergence Luse a=90.05 a=0.07 a=20.2 Best Listening ange Nk
feet dab 200-400 cps 500-1000 cps 5000-10,000 cps a=0.03, d> r:."
e 23 18.4 1.10 1.54 440 19.¢ 1
g 50 26.4 2.20 3.08 s.%0 26.4
100 3.4 0 6.16 12.60 .8 e
125 32.4 5.50 7.7 22.0 37.9
150 3.9 6.60 9.24 26.4 0.5 o
200 36.4 8.0 12.32 35.2 5.2 A
. 250 38.4 11.00 15.4 4.0 9.4
' t %0 9.4 13.20 18.48 52.6 52.4 Jos
g ¢ ®0 a2.4 12.60 24.64 2.4 60.0 1,
300 4.4 22.00 .80 8.0 %.4 i
600 8.4 26.40 36.96 105.6 n.e
. 700 7.2 ' 33.00 412 122.2 0.2 5
’ 800 8.4 3.0 .28 140.8 8.6 oo
900 49.3 39.60 $3.44 158.4 88.9
. 1000 0.4 44.00 61.60 9L
2000 6.4 88.00 123.20.
4000 62.4 176.00
8000 68.4
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! Hance, changes in dentity at constant pressuro result ia
; velocity charges. The definition of retraciive index is the ratic of the
velocity 'in one medias to velocity in another medit. The placing of
obstecles in arreys alters tha propertiss of the medisa. The refraction

resulting from the temensing of obstecles in & wedia can be explained by

two spproaches to the problea, Whsn the characteristic leangth of the

vbject is much smaller than the charscteristic lengch of the wave, the

obatacle can be considered (1) as a source of rversdistion, or (2) as @
msans of changing the density. The simplest obstscles are spherss. The
explenaticn {3 valid for clectromagnelic waves as well as scoustic vaves.

o) Arcay of Sohereg (Ref. 9.7)

In the case of slectromagnetic wavas, the

spheras are considered ss slectrically conducting

: aad in cthe caes of sound waves the spheres are
considared #9 irmovable {rigic bodias) objects. Ths
veradistion axplanation {s Lused on ths spherss
bacoming small electric or acouwstic dipoles. The
rasultent of the original vave and the reredisted
waves form & Wave having a lower velocity inside

the arrsy.

A phvaical approach to the lower velotity cen

be obtained as follows, Tie diwiwciiiec consiant of

free space is unity. The immersion of perfsct comduc-

tiviting metal spharas inte free space incresses che

dielectric constant. Hance, the indax of refractioms

9.7 "Refracting Sound Waves,”" W. Koch and 7. Harvey, Ibid, 21 471-481
(1949)

=9.17-
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becomes greater than unity. Likewise, the immersion of infinttely

danse {rigid) spheree inro air wvhoss relatrive denaity {a unity results

io & tedia he *ng s refractive Lndex greatsr than unitv. Since the
velocity ot sound in air decrsases with an increass in the density
4t constant pressurs, we need to find sn axplanation as to why the
density of the gas inside the lérny is greatar than in fres space.
The hvdrodynasics of.a sphare moving in an incompressible fluid

lov at velocities shows that the sphere hss s virtusl mass equsl to
1/7 cthe mass of the Jisplaced fluid. A sound vave flcwing over
fixed sphere scquirss an sffective mass. The density would sppear
to Le

P = ’o +1/2 FOV

wvhece V {9 the volume of the sphere. Hencs, the effective dansity
for an array of N sphares per unit voluns with a redius a would
be

2« 3

p = p *'Eibcl N

The refrective index, n, for the sphere stray is given by

2

v

(] 2 2x 3
(v)-"'l 3/ 8.

Array ot Sclid Bodies (Ref. 9.7)

In tha cass of incompressible f[luid flow the thecrsticasl
results show that sil moving bodias should be sffected by tho.
virtusl sass of the body. Hsnce, the massas enter in the form of

1 1

K+ kM, vhare M is the added mess end k i eocffxullnt<dtpond-

ing on the shape. Hance arrays of irregularly shapad objects

e |

*9.18-



9.1.5.3.

would have an index of refraction given by

nz = i+ kN
where N 18 number of obstacles per unit volume. Figuras
9.1.10 shows the indices of refraction for simple arrays.

Figure 9.1.11 shows the construction ~f 4 siople
siz-inch diamater disk lene snd feed horn which was
tcsied at 13,4 ke,

The directional pattern of Lhe iens and horn
comnbination is shown in FPigure 9.1.12. It should ba
noted that the lens dismceler was six times che wave-
length (1.01") and che wavelength was twice the
digmever of the disks.

It is apparent that scoustic lenses of the
obstacle array type are easy to construct. However,
for good jungle listaning at 200 cps tha sise of the
ians would nesd to be several wavelengths which wuuld
bean & cross sectional diameter of 20 feet. A lens
in Figure 9.1.12 scaled for 200 ¢ps with performance
characteristics would de 24 fest in digmeter and have
disks I-feat in dismater.

Path Length Acoustic Lenses

The dalay time sssociated with the virtual mass in

obatacle arrays can be achieved by machanical devices to fncraase the

path length. Figurs 9.1.1) shows serpentine plates anud slant plates as

path l+ngth increases. The indices of rofrsction are given by'

‘ \

«9.19-
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path lzmgth through the plates

10

path in the sbsence of the plates

The index of refraction for the slant plate is given by

n = L S .
lo cos &

vhere

@ = gsngle betwesn direction of preparation of the wave
and the plane of the plates.

Pigure 9.1.14 shows how the serpentine plates can bs used
to obtsin converging lensesa, diverging lenses and priems,

& schemacic draving of the operation and coustru:iton of a
slant plate scoustic lens enclosed by & conical horn is shown in
Pigure 9.1.15,

The dirsctional performance of a lens-horn microphone with
s 29-inch sperture aud 30-inch fousl length is shown in Figure
9.1.16. (Ref. 9.8)

It should bs notad tnst the dirsctionsl propertias are quite
good et vavelengths only slightly smaller than the sperturs.

The gain varies as the square of the sparture wavelang'h ratie.

9.8 "an Acaustlc Lene =ze a Directional Mtcrophone,” Irans. of IRE 1,
3-7 (1954)
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Figura 9.1.1 - Contour lines cf equal loudness for normal
sars. Numters on iunrea indicate loudness level in
phons., Ocb - 16716 acie per square centimeter.
0 db = 0. 000204 dyne per square centimeter. (After
Fletcher ami Munsoun. }

Figure 9.1.2 - Nomogram giving the relationship
betwoen loudness in sones and loudness level
in phons.
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Pigure 9.1.3 - The number of decibelt which a pure tone
muet be raiscd above the level of noise for the tone
to be just audible in the presence of the noise. Tle
upper curve shows the amount which the tone must
exceed the sound-pressure spectrum level L:fore it
becomes audible. Curves are alsc given showing the
amoumt by which the tone must cxceed variwous sand
levels to be just audible.
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Figure 9.1.4- Plut, or a spectrum level basis,

of (1) the speech area for a man talking in
& raised voice; {2) -he region f "overload™
of the ear of an average male listener; and
{3} the threshold of sudibiltity for young ears.
All curves are plot ed as a function of fre-
quency onadistorted frequency scale. [Af-
ter Beranck, Proc..RE, 35: 830-890 (1947))
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a planr wave has traveled a distance x centime-
ters is lpe ™%, where I3 is the intensity at
x = 0 and m ie the coefficient given by the above
graph. (After Knudsen.)
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Figure 9.1.6- A chart from which to catimazn

terrain lues coelficients for tropical jungles.
Zone 1, very leafy, one sees a distance of
approximately 20 f:., penetration by cutting;
sone 2, very lealy, one sces approximately
50 ft., penetratcd with difficulty but without
cutting; zone 3, leafy, one secs & distance of
approximately 100 ft., free walking if careis
taken; zone 4, leafy, one seen a distance of
approximately 200 ft., penetration is rather
ensy; sone 5, little leafy undergrowth, large
bracketed trunks, one secs a distance of ap-
proximately 300 ft., penetration is cawy.
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a 2 1/2 Toa Truck Noise
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80 . Frequency LA wird £..2 i, /he.
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3 0 N "P#- ] /Junglo Am.tient Noise
2 ‘o ".q .*.’ . i
20 ] i Threshold of Hearing
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Figure 9.1.8 - Masking Level Curves and
Motor Noise.

R ( ,o 1.0 .
Sectioal View ,,15%? \ "‘ '.\\ .0
JIGSEEN, TR

Figure 9.1.9 - Crass-sectional view ofararabolic reflectus {~=a microphone.
The polar grapns show the directional characteristics. The polar graph
depicts the pressurs, in dynes, at the microphane as a fuuction of the
angls, indogrees. The masi..num responseis arbitrarily chosenas unity,
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TS @ propagation
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STRIPS viewed sndwise.

Figure %.1,10- Ldex of Refraction for Rigid Element Acoustic Diffraction
Azrays. ’
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Figurs 9.1.11 - Disk Lens for High Frequency Sound Collection.
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Figure 9.1.16 - Directinga) characieristane ol 2 29 inch quameater,
30 inch focal lengii sicui-pinte-ienseiors micrephone.
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9.2. Applicationa Problems

Av discussed shove, sound can be collected by a variety of devieas.

[ iMot discuased above is the iine or'machine gur'microphone comnisting of

i & burile of tubes of differant lengths, or its variants like the Elsctro-

i voice Mzi. 842, which schieve high directicnality in smmall volume by (e

“ disturbed sound entrance to che diaparagn. Such microphones are very

i poyular in movie and television work vhere repressiom of area notses 1i»

desizable.] Many oi these, or similar, devices could be msnufactursd

1 from natural weterials. TFor example, it wvas suggested earl; by B

Alezander that one could design exponentisl herns for mounting on the

guard tosers of stratcgic hamliate for night-time listening. This, and

1 nther ostaunsibly useful applications hzve not besn pursued under this

contract for lackof established requiremsnts and dats on backgrounds.
Tasye are several difficilcies hare. First, as discussed in 9.1,

the design of an ceuip-nt for a given purpose is strongly affected by :

the iacure of the lt‘t::nla sought nnd characteristic noise backgrounds. ‘

Thece ve not sany data on these from the conflicr area. Second, the

nature of the cperatlon, wha:ther it be area or lizs-surveillance. for

exseple, i q'-ito. important. In the strategic hemlet problem, for

example, {t wculd seswm desirsbie to pattarn the surveillance sfter

warning tequirements, lines of firw control snd locsl factors. Each

villgse s horn, or other device, for area surveillsnce would bo best,
wharcas in snotier a distant barrier line of microghones might be batter.

1

|

1

]

‘ problem msy be somewhat differemt. It way be, for emample, thet in ome

|

i

1 Mnder certatn circumecances, high Jirecticnality with low gain oay be desived.
|
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Third, while sound «viisviors may be reavonabiy conscructed of naturally

occurring materials, considerably enhanced performance say be achievsd
depending on associsted slectronics. which priizbly canmer e canufactured
locally.

A desirable prealude to work on scoustic '.dllt‘;y, and evep to the
testing of various available devices, would be s survey of requitrements.
This involves determining wnat wort of acoustic detactiou is vanted,
vhut kind of surveiilanc:s .opontlon is desired, and 1if poseible, shst
the local noise charwcteristice are.

Given thi. information it is a relacively simple marter, considering
industrisl U. 5. acoustic capability to design the required squipment.

Since theas requirements and assaciated data have not beén obtainable,

the work nn this contract has been restrained to an examiuvation of such basic

factors ss were knowm.
9.3. Geophysics ‘

Gsophysical prospecting metnods may be of some interest in specialised
anti-guerilla opeution: (vef. 9.97 9.10). Although the use of geophones ia
& nalurul eppiicaticn, since thay are highly sensitive {parhaps 100 yds. or
mors on foot falls can be reliably distinguished by a trained operator geo-
phones and other ssismic methods have nﬁt been investigated in this study as
it was understood that such techniquss wers being covered bty NOTS, Inyolmmm.

The only geophysical method easgmined, snd that briefly, was the possid
application of magnetic detection methods to

%Detestion of ferromagnetic waapons carried by porsonnel, particularly

under conditions of routine imspection or z.ucveillance smd aut short

raages;

9.9 Slichter, L. B. Geophyaicns Applied to Jrospartiing for Ores
Inst. of Geophysics Ho. 60 . Cf Califoruias

Iy

9.10 Dobrin, M. 3. Introduction to Geophysical Prospecting MeCraw Hill, 1960
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9.11 "7 Skitng Vol. 15{3]1962, Dec.

“Detectivy Wl vuucesied weapon scores;
“Detection of undergcound burrows or caves;

. “Pecection of ambushes, etc,

Your types of technique might be applicable; (i} a passtve, ltlttmiry
detector to regisrer moving tergs. i, (2) - pansive, par:able. detectar, to
register siationary targets; and thetir pussiiie countsrparts inciuding an
active elemsnt to subject the nearby taiget to a strong fisld. The latter,
of course, are sasily cajected as & timple estimars ¢hows that prohibitively
laxgs fields are required to produce DC £ialds comparable ta rhe Rarth's

£ield st ranges of 10 fect.

In genaral, the probiems are Zamiilar. The objects to be detected ara

small. They ¢reate a small perturbation in the earth's field (at interesting

#istances} which may be comparable to noise in the field. The background

fluctuaticns are poorly known in sreas of intersst, and temporally. However,

simple calculations lead to estimated effects which are narginally interasting

and, thersfore, investigation is varran:ai. A crude messure of the rwyion of

applicability is indicated by ar accoumt in Skiing, (ref. 9..1) of the use »f

the Varian M-49 magnetometsr to datect aaguets in ths boots >f mcisrs ouried

undar ths snow. It is stated that 1.3/4" magnats were located under 13 feet

of snow. [The M-49 {s a noderately goud magnetometer (+ 57) lossed by Varian
at some $330 per month. ]

One fact which makes magnetic detection very difficult {! not completely
unfessibie, (s that the field falls off as the inverse cube «f discence.
Increasing magnecometer sensitivity doss not sesm to bs the answer becasuse

of nolas and decrcaring the 2ctaciion funge incraases the probability of

935
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detection but d<cteswe the coverage or mobilicy of the device. Another is

noluve

Rubidium vapor cugnetooeters (lbes, “87) wvhere tha Zsewan segarstion
of sublevels is of the order of 5 cycles/sec/gmmma, have been used to
measure low-intenci.y, low-gradient fields. These magnetomcters have very
good stability and s sensitivity which ie often quoted st sbout 0.02 gemma.

In early 1941 two Mudel X-493% research Rb vapor magnstometsrs wers

unsd Co measure magnatic f1e1d intensity. {ref. 9.12) Ths output was a

voltage proportional to the magnetometer Latmor frequency (4.667 cycles/sec/

gamma) which {5 conveniently reccris4. The width scale smployed was 20y
with 28 divisions which allowed iistinctions of N.02 gasms on the chart.
soms Tecords taken on March 27 showed sowe mizropulsatious with pericds

of & minute or greatsr and with smplitudes alightly less than ly. After a

small sagnetic storm occurred the field remained distucbed. Buunli sarly

afternoon, micropulsations with pariods of about 20 seconds anc up'lttudu

of 0.6 - 0.8 gaems occurred. Throughout tha Tate afZ2rnove und svening, a

broader oscillation occurred, with periods like an hour or more, and swpli-

tuses of 10s of gammas.

Thers ars, in fact, several astural sources of noise which will make

dataction of small bodiss at interescing distmices difficul.. The ooise

has a wida range of frequencies, asplitude and scale. The very iuw freq-

uencies will give 1ttcle trouble. The anmusl change is about 50y and the

diurnal change is about 20y. The noise resulting rrom iouispheric phasnomena

(teraed sagnstic etorms) having smplitude. of 1007 and periocde of seconds

oay give considerubis trouble. The geographica! scals of thase fluctustions

do not seem tc be known. If the ecale is small (lese than the deteczion
9.12 varian Corp.

Geophvsics Technical Memorandum No. 7 Marc: 1961
«9.36-
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seugu) the problem L» extrcmely difficulet. If the scale is large, all
seasuremenis sould Lo comgarcd o & detentvd i @ base wisiion. Minerai
depoaits will give very large swplitude signals (1057, the largest ever
measured, was cbearved over an irom depozit in Russia); however, thase
sigoals are roproducible and have scales of klimt-u.

A third difficulty, of course, would be the presence of (frtendly)

\h:pom in cthe vicinity of the testing inscrument.
Yollowing the method ot Slater and Frank (ref. 9.13) the field
inside and outside a unifornly magnetised sphere placed in an oviginally

uniform field, H,, was detarmined. The expression for the f1eld outside

the ephere is

- - 3 - 3
H « H - gred (ua B cos & :.u-lJ) )

r [u+2]

whare . us the relative parceabllity, R is the sphere radiue, and r and

@ are the coordinates of the point of interest. An interssting case i

4 sphere having high permeabiiity (u>10), which would include maiuly
ferrcaagnecic materials. In this instance caftting the terms ﬁ-;—; will
introduce less the 25% error. This indicates the field outside a sphers

is independent of the permesbility when it is grester then sbout 10 times
the frae ipace value. The martwur field strength, 3a°, occurs at the poles.
The field strength et the squator Ls sero. The field falle or rises to the
undisturbod fieid strength &% (%J3 in all radial directions. 1If ln {2 the
earth’'s field (roughly ons xauss) and s one- tenth gamma (w“ gauss) disturb-

ance in the field can be detected. (As tndicaced sbove. chis value la

-

9.13 Slater, J.C. ard Frank, D.H. Eleciromagnetism HcGruw HL11(1947)pp 72-74
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appropriate to wodern BughtLomecers), the sphere could Lo darerred gt a
distance of 10? radii.

An estimate of the disturbance in the cagnetic fisld caused by &
cavity (n the earth is made in similar fashion. The problem i{s lika the
case of & magneticed sphere in a voilora fleld. Here & solution was
obtained by adiing the field of an isolsted sagnetised sphere to the
unifore fleld. The cavity having a lower peroeability than “he earth
will produce an effect which {s opposite to that produced by the sphere,
The fleld will ba decresssd at the poles and {ncreased at the aquation;
however, equation (1) can be used by asrsly changing the sign of the
3rndtcnt; Tw> serfous problems are encountsrad, (1) the permmability
of the earts (s uesrly one but highly variable and (2) the field of
lacersst is above the sarth's surfize; therafore, two interfaces are
involved. The iirsc factor s stalysed by selecting an aversge value
for rock materfals. Soilas are decoupossd rock and are assumed to ha.s
the swes pwamsability. A perasability of 1.06 (. = ! + brk, k= 5§

10'3 cgs (ret. 9.10)) Was selected. The other [actor is oeglected since
it ie assumed that the megsurement 1s 2ude close to the sarth whers the
field 1s not greatly different from that in rhe parth,

The term (’:;—%) cannot be smitted {n this {nstance and has a
vaide of 2010°2. Tme disturbances in che fiald srremgth surrounding the
cavity are reduced by « factor 2¢10°2 from the case of the magnetised
sphars. Assuming the same Ragnatometer sensitivity as before, the cavit,

can he detected st 20 vadii.

3.10 p 26
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ance, for & pistol, which aight be approximated by an irre sphare
3" in drameter. the detection range might reasonsbly be 15 - 75!, 4
buried crate of rifles, conservatively squivalent to & 1 ft. trom sphere
uight be detectable at 100 fest as would & §' radius sphuricel cavity.
I some practiral use (which is Guestionable) could be mads of the ulcimsts
sensitivity of vapor uim:m:arl, the detuction distance might be ia.:eased.
In case (2). which considers o woving detector, the effect of nsturally
occurring asgnetic reglons, might bs identified by their large extent compared
to the localited eltect of suall, higher permesbility targets. The large-
scale notee may be identified or removed from the signal by conneccing s
second detecter in opposition. The second datectar wews he appromimately
& hundred feet sway. Az altermative wiuld be to compare the signal recorded
by & single detector with that made at a basw station.
Case (1) hes the advantage that n;nunl, stationary bodias will not

contribute t> the notse but tae gsomagnetic nolse problem still sxists. Por

large area survaillance, Lhe detector could be & 1(r.| loop of wire latd on

the ground; however, any wotion of the wire will wive noise. A wire Lnop
placed on the ground will detect & man carrying a rifle when he passes ia or
out of the loop (ref. 9.K4). The loop can be very large but must be coxpletaly
imaobile.

It 1s difficult to estimate st this point whecther such applicatiocns are
practicable. They seem maryinal st best, If the requiremsnt {s really a
serious one -- for exampie, to detect buried arme stures, it oay be worthwhile
to run a few simple tests. Since the vaiidity of the requirement ts not kaown
and cannot be demonsirated on logical grounds 2lome, no positive 1ecomnendation

can bs made.
9.14 Shuler, K. IDA Incternsl Memorandun (1902) Private Commminication
-9.39-
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To complete the treatment of dee.ction, this sectirn contains a brief liaste
ing of unc-atalogued Ldeas which ars, respectivaly, a) not actionable; b) were
not analyzed, or c¢) wers completely unpruductive.

The uee cf pulyyrapi. Lechniques by village-inspection teams to identify
guerillas and =3 .ilizery, falle into the first category. [Preliminary investi-
vation indicated tli: thi« method wsuld i2 tcchnically faasible, relacively
simplc to ur:, and relisble in operation, parcicularly with Orientals. and
could be put in t..a ﬂ-id faizly rapidly. However, it {s understood that poly-
graphs cannot bs shipped into 8.R. Asisn countries nor used by tha military.

"In tlie second category are a variety of possibilities reaging from straight
forward applications of knowa rathods to the davelopment of sophisticated instru-
merts whose bisic principles have not even been defined. PFor sxample it {s pos-
asible t!nt ssismic mathods for a) cransmitting & secure village alarm signal by
dctOn.-t‘l.au of o {pitce™n of ?) “uried explosiva chargels); and reception by a
direcriocnal geophi ‘e net or b) locacing burrows by explosive sounding techniques,
or ¢) geophone acmitoring of canale might be fcavtble. Alao, thes use of conven-
ticnal IR and visible contrast photography for surveiilance of chemically osr
biolegically inhibiced food crops. ™. .23 or dying foijage is apparsn: in
such phoiugraphy. 3y this means one ui the food-concrol prozrame againat in-
.l.l'.'llntllllight be mads sasier. Advanced possibilities are "amoke-gradientide-
tectors” for use under heavy cancpy, snd {nstruments to detect charactarietic

scants or environmentally induced skin conditions. WVaereas the sfotemantiousd

0.1




ideas could by analyzed, the Iatter cannot, at the woes:
iumio vi wikenomens useful im practic il instTumen:s 18
T

Tn the last category are, respy :t&iely, .upgentxnmf "

and rice paddics with chemicals whic are excited on ex; ¥

moving: persomnel, sad for seeding paidies, swamps aod Jr:--

nescent materials in the hopé of obt iining p'heno-ana analiyi . .

South Prcific shipwakes of Werld War II. A brief aceownt o

given {u an early paper (Ref. 10.i). Chemicals of fricre.: joi

Benerai problems of guantity, disper. ion, and loagevity w1 if;

}
Bloluminescent micro-organicas are n-t found in fresh vat. .

10.1 weeks, 1. "Biolumincacence Poss bilitles” DRC-AZ-1"
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