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This Seral l/cpott/'o! a short study on detection for sott-guerilla
operations in 8. E. Asta is divided into two parte. Part Gne (Gessienmr—
~T-"RPSITNS) s the body of the report containing an intentionslly
concise description of major findings and recomsended programs. Part
tvo GevrtONT v~vhseugh--loF consista of detailed Appendices and Finai
Technics) Bummary Reperts, respectively, on requirements, optical studles,
radar, acoust’ ' - ;e&yhyun, and miscellansous tachniques. .
The emphssis of the study has been on novel applications of advanced
techniques to logically constructed requirements. Operational and environ-
ments) cectors ara vreviewed and a logical set of requiremencs is offered
and solutions to partislly satisfy s msjority of these are wtu‘nﬁ. Tvwo
novel applications of advanced infrs-red techniques of potentislly jeneral
applicability are offersd. Other applications of infra-red for spscialised
situations sre also suggested. A specific use for an unconventional radar
1s discussed and preliminscy estimates of feasidility are given. A survey
of acoustic detsction possibilitiss is provided and the applicabllity of
cretain geophysical prospectiing techniques is exsmined. Other ideas of
voknown feasibility are listed and briefly discussed.
In all casses either study, ressarch, or test work is needod. A
program of study and research is outlined for the methods of major interest

and potentisl. Throughoat Part Two comments on desirable investigstiocns are

wotsd at appropriste points.
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SECTION |

; AND JUMMAR

This ts & Einal report vi a study for the Advanced Reasearch Projects
Agoncy, addressed to ihe probles of decscting and identifying guerilla
oparations Lo Southesst Asia. Thrae [uctors were to ba considersd: the
requiresents for, and tlw perfurmance necessary, in operacional equipments
for use by indigunous troops, the applicabillty of axisting equipmsnts; and
the potential wtliity of principles and msthods not in current use. The
study was to dofine tnose laborstory and field tasts required for n.uu-n:
of thu usefuloess aud effectivaness of suggested mathods, irciuding certain
technical evaluations as dirsected by ARPA.

Subssquent direction definsd the following constraints: The study

should be concarned with squipment for militsry operaticos solaly, snd not

vith polica, or covert intelligence equipment. The study should coocentrate

on detection idess and mathods not already under iatensive invescigation by !
the various Ssrvices. Extensive systems analysis to determine regquiremsacs
wvas not desized.

Ths motivations for such & study are plain. Pirst, the locacion of
gurtillas under conditions that permit succasaful attack by frisndly forces
ramains one of the great problems of arnti-guarilla operations. $econd,
advanced deteaction gear designed for such purposes is generally conspic.ous
by its absence from the T. 0. & E. of U.8. military units and s not to be
found at all in Southesst Asian milicary services. Third, such U.5. pear
as sxists may not be usable in tha SE Asian thaatar, or by lndigenous troups.
in the study, s number of requiremants have been suggested and certain oew

mthods offered to satisfy them. In evety casa, some test work was (ound

1.1
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t> be required and in oSt instances the basic data oesded to establish
tesetihilily werc oot evallabdle.

The wutivations for the constrsints were, respectively, & restricted
alssion, or nnt:ctpgt-d ditficulties, political or otlmiwlow, in utilising
cercain techniques; and a desire to aveld duplicating cther studies. The
practicsl results ot the constraints have been &s follows: Cartain
obvicusly promising solutions Lo accepted requiremants have not basn
treated (e.g., 1he use of polygreph technigquas to detarmine whether perticular
villages harbor guerillas); omthods of surveilleance and reconnaissance in
common military and civil uspe have bssn examinsed, if at all, only cursorily
for applicsbility tv this problem (e.g., sarial photo-reconnalasssnce amd
associsted monitoring tachaiquas have not baen trasted); and, oo broad and
systematic anaiysis of the entire conflict has been undartaken (l.;., the
requiremants have been constructed solsly on the basis of historical experiencs,
& partis] appraciascion of the conflict, and common ssnse rules).

This finsl report is formulated as follows: The body 2f the repert,
Ssctions 1 cthrough &, consist of & relatively conciss account of the
substarce gnd findings of tha study. Datails of the work, substsatiacing data,
and other information uf intersst sre given in Sections & through 10, which are
Appsndicas. The Appendices are large as all the percinent material gachared
in the study 1is included on ths basis that it may ba useful in {uture work.
Rafearences to the lltoraturQ and the Appandices are carried in the body of
the report, and figures are coilected at the snds of sections or subsections.

Ssction 3 provides a ganarsl diblicgrephy.



T e

The scudy was organized un the bases (1) thet the currsnt conflict in
Bouth Vistnsm might not be resalved for vears; (2) thact puarilis operations
ia the sass ganece] pattern sight sprasd to othar parte of SE Asis; and [§)]
that techniques of general spplicability (i.a., gesnerslly applicedls co wet
lsnds, jungles, forested uplands, mountaln aress, etc.) would be ¢. greatast
interset. Thus, vhile nesr-ters solutions to Vietnas problesms wars considered
to be important, the uuﬁ contemplated putential long-term applicacions as
well. Ruquirements and svlutious applicabis to the various perts of all of
SR Asia warse sought. For these reasons two arcas, assumsd to be cf mjor iatsrest,
wers sxasined. South Vietnam, whers a favorable effect on the current comflist
might be obtained, and Thailand, potentially an ares of conflict. Thalland
EOTSOVer mey be though: of as s laboratory reasonably Tepresentative, becauss
of icts da-erae features, of all EE Asta, and much of South Asis. Por
conveniance, an outline political mep of 8K Asis 1s given in Pigves 1.1, -

In » conventional actack on this problem one aight maks detailed
sutveys of the state=-of-tha-art in surveillancs and recoonaissance, including
extrapolations, and of the natural backgrounds of pertinant phencmana io the
conflict areas, and ralate thess to cperstional neads. Instead, ths following
approsch wan empioyne- rat, & pralimsinary survey of oparativns and snviron-
mental factors was meds (o indicste some requiremsnte and suggest promising
techniquses. {A firat-hand report was provided by B. Alsxsndar, from s survey
trip undertakan {n March and April of 1962.] The relatively fav gecarslly
promising and previously urexploited ideas which emarged (rom this survey

were then sxamined in sows decadl, snd carrisd te the stage of reccumsnding

1.
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test and resesrch programs. Thus, as it happened, rost of tha effort of the
study wis expended on specialized puvblame of infrared surveillance, includfeg
some simple experimsnts. Much of tha t(ise remaining was allocated primarily
to investigating a variety of techziguaes, with priority given to thoss which,
on balance, considering teasibility, opescational utilicy, availability, snd
simplicity, ssamad most prowmising.

This method uf sppruach was chosen as being soat likaly, ia . short
study, to produce .mmsdiataly .seiul rasults.

Duiing the course of the study, Project Agile was organised into
sevaral sub-projacts including ProjectL V - Combat Surveillance and Targst
Acquisicion Systess, which assumad responsibility for Contract E0-12¢. §ince
& major slemant of this preject involved snvironmental ressarch, soms sdditional
sifort was dsvoted to gaining a grasater undarscanding of the {wportaunce of
snvironmental factors and practical constraints on operational needs.

The tuchnical findings of this parricular study sre summarized bdelow.

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

texT!:
1. ¥o military detection rethod was found vhich promises an aver-all,
ovearvhelning advantage for government forcas.
2. Two previcualy unexploited applications of infrarsd tharmsl-sapping
techniques may offer substancial advantsges co government forces.
Thay ars: ‘
4) Vaku-mapping 3{ submerged lands, and
b) Detaction of firss under forsst cover.

Exploitation of both techniques rrets on acquiring basic data oot now

1.4
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io hand. The results ot axparimsnrs ro detg are not fully unde.zetood
and addttional sxperiments end field tests sre needed. lnscofar as
existing equipments are technically fessible for the suggested
applicstions, which s warginal, Lisy are not generally suitable for
use by indigenous forces. The fullast suplottation cf the phenomsna,
48 now underetood, would require the development of nev equipmmnt.

Bev squipment for op:imizing tire datection, cn geomscrical arounds,

is suggestad.

With respect to passive infrared squipmant used at short canges,

reported field tasts have baen aocstly unfavorable. Additional work ias

nesded on requiremsnts and the specification of design psramstars.

With respect to radar;

8) Alrcraft radar surveillance to datect srwed parsonnel colnculd
under forest cover, or woving undar cover, does oot look particularly
promising. The present state of knowladge of typical signal-to-soise
conduto_m is, howvever, insufficient to settls the question. Znough
uncartsinty existe that basic sxparimsnts are nesded and are
Justifiablae.

b) Shorc-range detection of moving perscnnsl is certainly techaically
feaeibls in certain situations. The oparational utility of existing
or advanced equipmant 1s not resolved. Additional studies sre
readed.

¢) The uss of specislised radar and associated squipmant to Locats

the svurce of small arms, heavy rifle, arnd mortar fire from the



ground , hullcnpm aitcraft with suf ficient precision for

return firs, may be feseible and should be trugstigated.
5. Acoustic listening devices for monitoring trails and scess, and for
detecting or renging on groups attacking strategic villages are
technically teanible. In many casss, suitable gear can ba simply
congtructed using native meterisls. Thers is, generally, poor informmtion
on cypical signal-tu-noiss for verious situations and advancages over
othar mathods are not known. Operativnsl fessibility for many potential
applications is quastionsd (e.g., in trail sonitoring because of the
allegedly vast numbers of trails, and the supposedly enormous data-
handling problems.) Additiccal studies ars needed,
6. GCeophysical prospecting msthods may be of soms intsrest in specialised
spplications (a.g., sensitive magnetomscers to ald in surface inspection

of limited areas for concesled arms} Purthar work is required.

7. A varisty of sworic “cooperarive®™ idess insoclving praferantisl taggteg
of guerillas by chamicale do not, on balence, sess promising.

8. 1n genersl, envirormantal data, particularly those relating to
natural backgrounds of phsnomuns employrd in survaillance, are sparsc.
Thers is substantial avidence, bssed on other counsiderstions, that locsl

(1.a., U.$. and Latin-American) arcas selectad for fiald tests are not

rapresentative uf 3K Asten conditions. An sffort to obtain axtansive
detalled data on cartain classes of 5K Asian backgrounds would be very
worthwhile.

Expaciance gainad in this study has led the Contractor to csrcaln noniechzical

conclusions, percinent to future work in thir arsa, which are, therefors,

1.6




8. 8tite of the art, development, and research in survaillance are

glven below.

widely differant in the vericus S«rvices and other U.5. agoacies.
Knowledge 13 shared slowly, at present, and spsciaiised tricks of ths
trade filtar frum their urigin to other Servicee and ARPA in raihur
lgisurely fashion. A vigorous across-tha-board reviaw of surveillance
in counter-insurgency, on tha style of %z wcll-known teclnical reviews
ot missile defenss prodlems would be helpful. Existing programs could
be cricicized and gape nade svident, srsss of agreement snd dissgreemsnt
cou'd be vutlined, and key Lssuss pinpointad. It {s not too much to
hope that an agrasd upon over-sll program could be formulated.

10. Although the ARPA tole and missicn undar Project Agils has becoms
incraesingly clear, the emphasis on ressarch for lerj-term cobjectivas,
as contrasted to gadgetsering for immediate anplication, has not been
sads clear. Thare is soms confusion in industry quartsrs <oncerning
the various Service missions anc thair relationship to the ARPA mission
and, 1in parcticular, to the role of i1esearch.

11. Undar the present prograx, it sesms that essentisl. long-tarm
research may be de-emphasized in favor of special projects designed to
give short-term ralisf in Vietnam.

12. Alchough fairly narrowly defined studiss such as the ona reportad
here may ba productive, thers is & strong poseibilicy that (a) substanti-
ally greater rate of p..grass wuld be obtained with an efforet large

anuugh tu sustaln a wultidisciplinary approach (i.e., at lesast cne-half

dozen special tsts); (b) axpsrisnce and dats are cbtained slowly enough

M N




that {t would be wost w rthwhile 0 maintain eny parciculyr aftore for

&t ledne 4 tew yvuars,

13. Finaily, vt 16 spparent that quite diverse views exiat on how best
to waploy advanced technology 1o counter-ins.rgency operations. This
Problem ot requiremcnie cenant be stated Ln ways which are genarally
acceptable to sll workers Lo the fileld. This diversity of opinion
might de raduced by a acrics of discussions on actual experiences 1o
recent military cperations in Vietnew and by detailed raports of

opsrational encounters and results.
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SECTION 2

REQUIRDENTS
2.1. Genaral

The term - requiremsn.s . s used here to encompass ths needs and
Aesitres of the military services for detection and suiveillance capabilitiass.
These arv for nperationally fearible ind attractive medns to ustuct guerillas,
their movemsnts, storss, basss, and operations in the regions in which they
operate, of may opsrate in the future. Tessibility, in this senso, msans
the mathods mist work consistently, and be useful under com”lict conditiona
and, eveatuvally, be uuiala by indigenous troops- To bs attractive, the
methods must significantly echance the probability of ouccessfully atticking
gusrillas, or d-!tnluly.hnp-r their operations.

Two factors ars of primary importaace. Pirst, it is necessary to know
so quantitatively n'poul.bh, what difficuities are imposed by the environ-
sent (c.g., terrain, vegetation, climate, atc.) of the conflict and what
special opportunities are afforded. Second, since the nature of conflict
opsrations may strongiy affect u.qutuuun, apecational factors oust be
considered with soma cate. The formar consideration is discusssd briefly in
.2.2, and later in 2.3 following. Bo:h are treated in greater detail in
Scction 6.

Guerilla warfara in South Vietnam follows the traditi.cal potterns of
sarly conflict established in China, North Vietnam, the Philippines,
Malayu, and Lsos, modified initially by the charactar of the country and the

accessibility of sanctuary and mors recantly by U. 3. - introduced opsrations.

-2.1-
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;‘ ! Guarilias now operate in all parte of 5. Vietnss, in ema'l twsas, platoons

‘ (30 men), nnd companies (90 men). Ocrasicnally futeys in batsllion strengch,
i

X or engagements presumsbly involving larger forces are reported. Some 500

i’ terror incidents par aonth are aileged to occur, involving virtually sll of
;’""

South Yietnam, including sabotage, arson, kidnapping, assassination, smbush,
and sttacks onm outposts and communitiss. Some of ihc major incidents and

N

g conflicts publicly reported In the last year by U. §. correspondents are

shown by che crossed circles in Pigure 2.1.1.

It is believed that thers are on the order of 25,000 Viet Cong

o TF D

organized tegulars and possibly 75,000 - 200,000 irregulars ana VC villsge

Yl

defense forces. Many areas are more or less compluely under VC control.

-

'i; Although, as tn previous guerilla campsigns in their sarly stages, the

:‘f government keeps many more men under arms than thers are guerilla requlars
:f (perhaps & factor of 10, or more) it {s very difficult to bring this numer-
ical superiority to bsar. Grest difficulties are exparienced in reaching
j the wcenu of attack in time to engage guerillas, i{n tracking and closing

"E with insurgents after terror incidents, in des)ing successfully with

5 ambusnes, in locating bases,in detecting infiltration from extrs territ-

% orial sanctuaries, and in disrupting supply and comsunicaticns lines to

-: sdhersnts snd passive supporters. .

These difficulties arise from a large number of causes; including

.‘{ poor communicstions, and transportation problems. It (s generally falt

3 by observers on the scens that the difficulties could be greatly slleviated
by bocter detoction techniquas. On the basis of experisnce in guarilla

.’ conflicts alresdy concluded, aad current expserience i{n Vistnam, s seasonshle
: ; set >f general requirements zan be given, bearing in pind tng. goneral




problems of feasibllity and atiractiveness, and the constraints discussed

sarlier. bSuch & iist {s given 1n Table 2.1.1 below:

Jable 2.1.1 General Requirements for Military Detection
Primury Purpose - Future Attack

1. Llocaticn of guerilla pases.

2. ldentificstion of favorad routes into and out of bases,
internal sanctusries, and extra-verritorial sanctuaries.
ldencificacion of lines of communication and supply to
supporters,

4. Location of stores and hidesways awavy from bases.

Primary Purpose - lsmediats Attack or Dafense

5. uWarning of ambushes.

6. Rapid and precise location of sambushing forces and quick

reaction.

Warning of, and precise detaction of guerillas moviug to

or from ambush or sttack of outposts, communitiass, or
other fixed sices.

Pracise location of attacking forces und wespons.

Tracking, or real time detection of guerilla movement under

cover of darkness or natural concealment,

Locatfon of guerillss in temporary concealment (as ia brush,
burrows, or under water).

Rapid, precise location of vespons firing on alrcraft.
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In general, it is presumed that, othar things being equal, detactioa
Luciniiyues woichh work aL iong range (e.3., from sireratc) woule be prefarrsd,
and real time data-handling would be favored ovar sethods which are oaly
useful for [uture attack. Next most dasirable would be short-range real
time methods usable by combst elaments snd convoy sscorts. Fixed, short-
ranges, line or sres surveillance devices would be of lessser interest.

In this study, methods are suggested which may, if feasibie, parcially
satisfy Requiremsats 1, 2, 4, 6, 7,8,%,and 11. Estimates of the feasibilicy
of mesting such requirements and criteriasre discusead ar appropriate points
in the body of the rext. In general, tha question of feasibility rests on
fundamental dats not yet in hand and for which, in wmost cases, oo programe
axist.

The subsectiors following summarise briefly the c:wtronunﬁl and
operational factors of iwo:nnc- covered in detail in Section 6.

2.2. IEnvirommer.*al Pactcrs

The Viat Cong have major bases at many points in South Vietoam and,
of course, infiltration msy occur along almost all of the nearly 1000 miles
of border with North Vietnaw, Laos, and Cambodis. Some ma‘or buses reported
pub’icly are in An Xuyen province on the Camau peainsula, in the proviances .
along tha Cambodian border, such sz Tay Ninh, slong the Annasits oouatains
opposita Da Nang and Hué, and in Zone D, soms 40 miles northsast of Saigon,
which occupies most of Phuoc Thanh province. These, and sowe other provinces,
are sketched crudely in Figure 2.1.1. They are mentioned to illuscrats the

varisty of conditions under which guerillss sust be detected.




Ds Nang sud below, at the term.ius of the Ho Chi Minh tratl, ore heavily
forested, precipitous mountains and narrow valleys; Zone D 1s mostly hilly
with dense jungle covering; inlend from Binh Dinh, and from much of the A
sastern and southeastern cosstal strip helow are regions some tens of

miles deap covered with primary rain forest.

Means must be found to detect guerilles irn & varisty of forests,
including dry upland, monsoon, sand trepical rain forests, in tropical
sveaps and mershes, arl in generally wet lande auch &s rice paddies snd I
viver deltas. The major difficulty in assessing the feasibility of i
various achemes is that quantitative data on the snvironments ars not 1
available.

Should Thailand bacome an ares of major conflict, various regions

posa similar envirormental problems. [
i
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An Xuyen (s s marshy delta, replete with mangrove swemps; Tay Ninh ia i

. a rice ares, and other nesrby provincas contain much paddy land; opposite '
|
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2.3. Operajunel Cousldetaisons

There are not many "ensineeringd textu un euarilla warfere.  Accounts of
historical experience do not, ususlly, rocount succsss snd failure points of

tecctical upwracions in ways that sre useful for deducing appropriate correce

tive activn., BStatiscice In detail on current oparations have not been avail-

able. Soms fow accounte, which ars quoted at length in Section 6, do give
vaiuable insights into operstionsl necessities.

Wiih reapevt tu advanced detection devices, none seem to have besen sm-
ployed iu Malays, in Frunch Indochina, or the Philippinas, tESeRt thak in
Malays the-British cried both military dogs as trackers (uneuccessfully) and
imported native trackers (successfully),

Tha lessons on jungle warfere are explicic. Patrol sconomy requires
that any detsction devices carried de as light and as rugged as possible.
Prasumsbiy the advantages attributed to them must bs very substantial or they
vill not bs used {n any case. The most successful tochaique reported in an
account of Malayan operations was the intelligent deduction, by & grear number
ot obssrvations on the ground, of routes favored by “he CT's in their travels
to aud from hidden jungle basss.

In Vistnam similar and more extensive difficulties ars gncountered and
ths environment {s more varied. Thare are s factor of J or so more VC'~ now
active in Vietnas than wers sver sctive in Melays and s smsller percentaga of
territory is under governmant comtrol. The temrain 13 scmsvhat more ruggad
and, siace the fighting element consiste of Vistnamese troops the rapid in-
tlusion of new (Wastern) msthods is not eastly cheained. There arz atill

ma for VC bases in the jungles of Victnam which cannot be (precively} located.
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Operatlioas 1n flouded lands are fairly common. 1Iravel acrcess territorial
boundaries is not contrelled. Siance enewy umit sises in forays ie difficult
te =stimata, goveromsui forces (patrols) are somstimes overmatched and as fre-
quently, government unite o1 unnecessarily largs sise are smploved. Traps,
suares, and spikes are commouly employed on trails and likely helicopter lznd-
tog potnts. Ambush is frcquent and devastating. The local populace 1is, at
best, primarily passive and doss noi report VC sovemsnts or preparations.

An operacional factor typical to all gusrilla conflicts st soms stege
is the axtremsly unfavorable ratic of government tToops to insurgests. It may
be obssrved that the preponderance of such troops slweys avs engaged in guard
and civil control or are held ia reserve. The widespread adoption of imtrusion
detection devices and gemarsl mschanigstion of such duties may concaivably,
mske possible a reduction in control-troop strengch.

Tha ratio of combalL troops to sctive icsurgents is not nearly so large,
and probably cannot reasonably be reduced. Advanced detection devices, how-
ever, -y enable these troops tn operste more efficiently and to sustain 3
higher level of pregoure on the enemy. Major operational hazards are uncon-
trolled access to axtraterrictorisl sanctuaries, and the existence cf stabla,
wapproachabla. VO beses and training centars, and fresdom of movemsnt of

gusrillas. Advanced detection devices may alleviste these hazards.




SECTION

¥ETHODS
3.1 Incroduction

A variety of novel and famlliar detection methods ars briefly discussed
in this ssction, Esphosis {8 on satisfying presumed Tegquirements for anti-
gusrills operations in Southeast a:ta‘z _Raference 19 made to known programs
and cxperienca is cited. The objlectives and consiraints previcusly die-
cussed ars Llaplicit in the idsas treacted,

Since extensive surveys wore ~ot possible under this contract, only s
L[ow Juta on military service detection programs and industry proposals are
presented and thess are scattcred thrauglowt Lhe report, Percinent ARFA
fiald prograns {or steted requirements) as reported from tha CDICs in
Vistoam and Thailand (Refs. 3.1-3.4) are listed tn Table J.1.1. 1In cthe
Table, and rhroughout cthe report, methods of detsction have beon divided

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

observing target signals against thé nacural environment; and cogperacive,
in which detection f{e achisved bescause the characteristics of the targst, ot

of the ustural zovirooment have besn purpossfully altered,

J.1 Partodic Report, CDTC. RVEAF (1-31 July 1962) Sec.
3.2 Letter Report, COTU (Thailand)} (1-10 Sept. 1962) Sec,
3,3 Latier Report, CDTC (Thailand) (1-21 August 1962) Sec.

3.4 Lecter Report, CDTC (Thatlend) (1-30 Sepc, 1962) fec.

Ll
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Table 3,1.1 ZExisting Guerills Degection Progrems

Uoservational Ustesgion
frosrsm or Requiremart Short Comment

Mapping and asrial reconnaissance Ia delta operationn--typs unknown

Envirormental & operaciomresearch (Ref, 3,4) Thailana--heat sources and
surveillance problems

Mine detector for nail-board decection Nail-field clearing program
Donpler surveillance radar Teat of AN/APS-4 & newer models

Afirdborne sutveillance for weapons and Gsophysical techaiques
ammunitisn (requirement)

Border surveillance (fences, mines, radar) Research on control methods

Active and passive short range IQ Tascs of exiating night viewing
gear and requiressnt

Seismic device NOTS-geophone-high sensicivicy

Directionai microphone Thailand-tests of Bangkok
aicrophone

Ratilroad security (rail breaks, mines, stc) fequirwment-electronic methods

Military doge Patrolling, warning, tracking,
aggression

Cooperativs Datection

Program or Requirement Short Comment
Village slars system Coded pulse radio signal

Chaff rockets for out posta Tor AF radar net observatioa--
=& oz chaff to 1000 fast

Targzt =srking device For marking drop pointe, ete.

VC Stain grenades Persistent stain for later WV
examination

TIARA Chesiluminsscent pecsistent compound

Yegetacion kill‘ Denude natural cover
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The AGCILE CS&TA prugtam, ad treported in Ref. 3.3, liecs in sddition a
specific program on pevsisiant t8, &« babic dule wapuiiment on the

faasibility of serial radar surveillance to locate concesled porsommel (with

Conductron Corp.) and a program on fire detection (originally esuggeasted by

the Contractor.) Also listed is a general progrss of {nvestigation in

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

Passive & active optical viewing, imsge intensification, ste.

and & requirement for envirommental ressarch oo related phenomona.

Infrared (J.1), radar (J.3), sad acoustics and geophyeics (3.4) applica-
tions are treated briefly in chis section and in detsil in the Appandices.
The treatment in both places is eamewvhat unevzn since the study effort was
concentratsd ou the most promising and potentially useful idess that came
early. These bappensd to be primarily in the infrared field.

Without exception the tactical utilicy of the secthods capnot be estab-
slshed without some tescing, In the wost ingersesing cases fundamental
measurements of axtensive {leid twsting are required to wetabiish operaticnal
feasibility and to fully exploit the technigues. Eguipments suitable for

uss by ({ndigenous troops must bs developad,

3.2 optiesd

The observational optical methods of most promise suggested in this

3.3 Quarcerly Agile Reporc, L July - 30 Sepr. 192. Confidentiai.




study both invuive (he eaployment of high resoiuiivn ihermal mappers. Two
wi thivew mauy seouly i guusiaily applicavle veciiniques; ons ior use againsc
guerillas in forest snd jungle, ths other in flooded lands, swemps, stc,

These ate a) perscnnei wake detection, and b) fire detection,

s) Wake degection: 1t s reasonable to suppose that movements of
mudersts to large guerilla forces to poincs of assembly in paddy
lands may be primarily at cight, if the region is under 4oy kiod
of survetllance., Preliminary cslculacions on probable temperatures
alone, indicate that psrsonnsl moving through stagnant bodias of
vater msy leave "wakes" similar to ship wakes, of sufficient
persiscencs to be uceful, 1f detectable, in establishing patterms
of movement, Kxisting thermal mappers say have high enough reselu-
tion and sensitivity to map Such wakes, The indications could also
aid in the tracking of guerillas io flight, in monitoring swamps,
and 1n other surveillance operations in flooded lands, The capa-

bility may silsc be applied to the conirol of gusrilla water traffic,

in locacing submerged bridges, stc.

At the present time the sxistence of the phenomencn has not
been demonstrated (only one test, under rather unfavorsble condi-
tions [see 3,6) has besn run, with negative results) aod, of coucss,
the intensity, extent, snd duration of such a phenomenon under
varying envirormentsl conditions are completely unknown. [On the
other hand ship wakes, temparsture gradients in water, and 4
veristy of other surface phenomens have been recorded by thermsl

mappers observing the spparent teaperaturs (Cemperature/emissivity

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

= g
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phanomtia are needed. to entnbliish the cechnical feasibility and
resolite 2! pervunrel wake surveillance and to detstming whother
existing mappers are adequate or whether new squipment would be
oeeded.

The question nf cpcrational utility is complex and not easily
resoived. logicsl srguments for, and againsc, the method beirg
af tactical valu  haue hasn ranariurrad  Te rhe Conrractor's view,
this queation Lte raised prematursly since the products of such
surveillance cannot be dascribod at this time. An essential ex-
perimencal progras (see 4.1} was recrmmended sarly in the etudy

but has not besn undertaken.

Fire Detectiun: Guerillas living in forests and jungles, sspecially
10 wountsin arsas are reasonsbly expected to use campfires, In any
cass, since rice 10 a staple of the diet thers must be cooking.
Barly in che project it was suggested that the detection of such
heat lwren. w.der denpe canopy shouid be techaicilly feasibla.
Preliminary calculations (and subsequent exparience) showsd rhat
existing thermsl meppers would decect open fires and hot spots 1f a
direct line of sight between mapper acd source could be established.
Thera 18 also some possibility that detection miy be achieved on
glint (i.e,, scattering) without direct lines of sight.

It may be srgued, ressonsbdly, that arsa sapping of jungle re-
sulting in the detection of small fires might help to pinpoinc YU
bass locations which were not othierwise obascvabie. With reliable

and precise detection it 18 even possible that huntsr/killer mis-

sions msy become feasible.

s




As 800n 23 this ides was suggested by the Contractor plans
were wade by ARPA for « Piggy-beck sxperiment in Operation Tropican
to settle the mejor quescicn of pariormance against the type of
denss cancpy that occurs in the rain forests of SE Asia,

Not much 18 yet known about the sctual demsity of openings 1o
rain forsst and in particular tha nature of covevage provided by
forests in SE Asla s not quantitatively known to any degres. Ome
Lhing is clear; if deteccion is achigved by sclely direct looking
‘4.8., a direct line of sight betwesn scanaer and heat source
thzough “he canopy) present thermal mappers, which are line scansers,
provide an unnecessarily low probability cf detection in ressorabie
missions, a¢ sach element of the target £1eld {» examined only ococe.
Aa order-of-magnitude (roughly) higher probability of detection can
be provided Ly an easily conl:tuci-d scannar of simple design vhich
looks several times, frco Sifferent angles, et each element of the
tnr'c; rield.

l‘u may Yo argued that, for tactical use, considering the une
koown incidence of false siarms, sce., it vould oe desirable to
sstablish fire patterns, That is, in & miseion, to ss¢ Same frac-
tion of sll the fices present 1o u aspped srss, Un this basis a
tectical scanoer should provide & high probability of sesing at
least some (sslacted) fracticn of.all gargets in any given mission.
Since this probability is a function of the mmber of targets, the
canopy density, sod the numher of tries, performance prediccions
| aust be founded on etatisci:ally planned teste, vhich have not as

yot been carriad ocut. Further, a2 in the vake case, sufficieme daca

t )
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on background effects and fluctudtions, and on the scatistice
of operational onvirormments are not avatlable.

The quescion of op-uuo'nnl utilicy is, 2gain, complex.
Surely, {f one major basv were so located and successfully attacked,
a reasonable effort wvould be justified. Az a rc;ntl.nuld surveillance
tool, utilicy Jdepends on sacurity (i.e¢., countermeasures ate rels-
tively simple), high reliability and a high probabliity of detecction
per mission.

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

scanner should be considered. (Ses 4.1). "

The feasibility of sanother spplication of potential valus depends on un-
known envirormental conditions as follows: If canopy-hidden rosds, streams,

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

canopy surface tharmal gradients which ira Jdetectatls above backgrownd,
thermal maps nay provide an indicarion of fuvorwd routes of cravel, The i

basic argument 1s that, as in the case of streacs, a substancial dilforencs

in strutture under the caneopy, with no seccnd or third cancpy from smalles
trees, and lictle 1if aay ground cover, vould exisc, producing a differant

heat cycle and ac least an out-of-pheee equilibrium-teaperaturs cycle,

Thermal maps and temperature data on a variety of forested areas containing
such artifacts are needed to resolve this question.

One cooperative method using ther=z! reconnaissance suggests itself,
for example, if wmntain tribes could be induzed to give warning of infiltra-
tica by lighting fiTes in an unusual pattern, or oumber, or location, the

thermal magper Sould be empluyed for border or arsa surveillance, Such

e ¢ 3.7
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: ? . varnings mighc bs continued at low risk to the tribal pesoples aod could be

i
2
i.,l

3 useful for a long period. 1f trihal peoples are not helpful or correctly

iocated, scrategicsily placed Viacnamess observere could be employed.

The more familiar, short-range spplications of optical devices in
battlefiald and approach surveillance, smbushing, and guard, and as veapon
sighte have beer examined, Einisting equipment is genersily unsstisfectory
for SE Astsnanti-guarilla operations, What is needed, since the scace-of-
the-art is well known and reasonably predictadbls for the near future, are
:ll'..fully constructad requirements, fortified by suitable background

sealvyrewsnt s,
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3.3. Radar

Reflectiou on currant military rader programs produced fow idess for pro-
adsing new guerilla detectivn mschoda. The fessibility of a method proposed by
@onductron (tavolving an serisl surveillance redar to decect armsd parscasel ia
denes forest), depended on a varisty of urhowwm prmﬁttm factors. A set of
basic axperiments to resolve thase werse suggested.

One interesting possibility which has not been very carefully axamined,
1s tha: ot constructing & pulse-modulated doppler radat with bigh ¢lutter re-
Jection, for use as &n anti-smbush davice. The argument is as followe: Oos
commonly accepted Tequirement io ambush situscions is that of returning ambush
fire as quickly and accurately as possible. This is scmetimes very difficule
as the attack 1s contrelled, sudden, and tho attacking weapons are hidden in
nrtursl cover. It is conceivable that a short-rangs radar could bs built which
would rapidly sad precissly locats sources of fivre from trojectory dats om
emall arms and sutomstic weapon {ire. Possible characteristics of such & radar
ars given in Section 8. Although dats-procsssing problems have not besn exam-
ipad it seems possible o couple this indicaticn to &8 suitable fire datactor.
The advanteges (in reacrion tims, e¢te.) have not bosn examined . Tha same
radar might be provided, siso, with a morter shell trajectory determining mode.

A radar vith thess featurss might alsc be sdspeed to helicopters sad,
with some wodificsticn, to low-flying airerafe.

¥hile no very positive stacemsncts can be mads about the feasibility and
wvalue of this type of device, it appsars that the {dea deserves further exemi-

adtion.
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Radar mapping to decarmine favorsd routas, trails, etc., would be imter-
esting, 1f faaatble. As in the similar IR spplication of 3.2, snd the PASS
suggastion, this possibility rests on unksown propagsation, backgroumd., and ev
viroomental factors.

Such anti-perecnnel and battlefie d surveillance radars as cwuld be atu-
died do not seem particularly useful in the operational context of 5.X. Asia.
3.4, Acouaticel 6 Geophvsicel

Acoustic ;nd seisnic devices have been suggeicted for use as line and area
monitors, intrusion detectors and in jungle trackiag. Comnsidering the first
two uses, the primary problea i3 that of generating valid requiresants, speci-
fying types of operation desired, and cbtaining sufficient data on target sig-
oal/background relationships to justify design specifications. Octher thap oper-
stional apd envirosmsntal unknowns there are not substsntial rn'unch questions.
An interesting decision problem 1s vhether tc cry to utilize native wmaterials
1o the 'construction of lew frequancy acoustic e¢ollactors or !to rely on the
acoustics/elactronics art as developad in the U.5. A nmrl of ideas have been
axamised and dlecarded for using acoustic inscrumenrs in hmgle tracking or by
patrels 1o guoesal.

Magnetic detsction of atored srws, burrows, or srmed personnsl is, at
best, just marginally feasible. Presumiog & valid requirement for chis type of
on-sites inspection, it wili Le necessary to mske soms simple tests to sstablish
performance and valus of & fev portable instrimence.

3.%. Orher
A fow non-classifiable suggastions have been mads. Genarally, these heve

oot been snalyzed but are offered balow in the cause of cowpletenass. Jor

e )
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examplie, i1eiatwed tv burder surveillance problems, sxaminazion cf the topography
of the region at the terminus to the Ho Chi Minh trail and aorcinvard, reveals
an axtremaly tuygsed terrain. It ssewm unlikely that there can be a great many
easy routes of access. Possibly, control of ocaly a relativaly emall fraction of
the border in this ares, at critical points, would greactly increass the diffi-
culty of guerilla inftltracion.

Applicaticon of acoustic or seiesmic devices tu trull-sunituriog s not
twor&. vecause of thc great iengths of trail snd associsted logistics, coet,
and dacs-handling problems. 1t has been suggested that necessary wire layieg
be done by aircraft, onto the *ree tope. If, as discussad in Section 6, sost
mountain ares jungle trails lis along n'.dg- tops, plans wivre-laying and scoustic
surveillance of some trails might becoms sconomically feasibls.

Conatdering the use of setlsmic devices three possibilitiss cre suggested.
These ate; &) & seismic villige alarm by detonation of buried explosives; b)
datection of burrows by explosive sounding techniques, and c) canal mcnitoring
by geophone.

The use of contrast photography to moniter the success of crop-killling
camnaigns seems Teasonable; and the possibilitise of dsvelopmsnt of special
daca-processicg equipment for thermal mappers (e.g., to producs tempsrature-
contour maps from thermal scanning) is an intsresting arss for exploracien.
3.6. Raparisnce

During che study field expurience with IR equipmznt was .llﬂll’d in some
datail snd 1s reported in Sectiocn 7, Aweilable reporte of tests of military

surveillance gear were scanned and cve discussed uder appropriats headings.

P i
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In addition, Vefense Research Corporation participsted in & "quick-fix"
supariment or nersommel-wake derect _on, and had an observer in Qperation
Tropican. Furtheomors, siaple ifostrumentation for a limiced-range envirom-
sental ssasurement (Cemperature c-yc les, bottom conditions, vegetation, ecc.)
by CDTC (Thailand) on paddy and klons characteristics, was assembied and
shipped together with brief plaus for typical messurements. Priocr to the
delivery, as & quick check-out of the temperatura sessurament instrumsota-
tior, the diurnd! variation of the vertical temperatura-«diatribution in
about 10" deep fresh warsr was ssasured. In contrast to the predictions of
the early calculacion (7.4.1.2) these check-out messurements showed & maximm
temperature excursion, throughout the depth below sbout 1/8" from thc.lul'-
fact, of about 1°F around the noon hours and, bardly messurable (~ O, 1°n)
eucursions durfing the rest of the day.

As was pojuted out in the brief plans, and in plans fcr basic-daca
eaperiments {Section 7.4.2), the thermal tadiacion charscteristics of water
are detecminad by the radiative propertiss of & thin surface-film; (i.s.,
its tempersturs and saissivity). The apparent abssnce of a rclatively large
tenperatuce-excursion in depth should not be tregarded as conclusive evidence

of the absence of datectabdle ”tlounll-ﬂhll..

-

As this report is beiny printed, information fram CDTC (Thailand) om
perliminary klong temperature measursments have been received, that seem o
confirm the check-out measursments.
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Sectivn J. dbove. containg a wvsume videtwtion methods and techniques
suggesicd [or pussiblie applicetion to anti-juerilla vperacivns (o 8. F. Ania,
This secLion prusides 4 concide listing of studies, rescvarch and test activitics
to provide the Jatd accetsdry for cstimating feasibilicty and vperational value
of the suggested applivatiuns,

4. 1. rotiv

The Contractor has wefy serivus doubts that existing line-scanning ther-
mal ocappers used for observativnal derection a{ fices wiit be cactically useful
agalnst very dense canopics. Current expecimental results, if verhsl reports
are correct, are uwwt fully widerstood. It 1s suggested that the following cype
of progrem is needed;

o [T

© A collection progran for photographic and illumination data on the
variety of S, E. Asian forests, to arrive at cover density and dis-
teibution ranges. '

A starisrical snalysis icftaing tequirecents for statistically omane

ingful [ire-dececticn field tests cunsidering widely varying canopy

densicies, single- and mulcipie-1ook scanning.

-] As wxaminelive of che cactical adavanctages of a thermal sapper which
lcoks scveral cimes st each element of the taryet field from dilfemnt

lock angles, and cunsideracion of cthe short-term procurament of & suic=

able test Luiea.

,0 tn - 0

o A program 10 collect dota on temperature radiance, and reflectivity

(end thelr [luctuacions) of the "top surface” of a well known dease~

L 22 ﬁ
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torvary danse cancpy under varyiog nstursl comdtcioms., A cliff-top-

tv=jungie static experiment wouid be preferred. Dats ea multiple
scattering would be obtained by off-angls messurewsuts of illumina-
tiocn dus to & movable collimated soutce bensath the canopies. The
experimant should include an sttempt to mmature surface gradisnts
dus to {1) eo undsrlying heat source, and (2) underlying disconti-
suities such a2 streams, roads, and tratis.

Ior cocpsraiive dateciion.

A stuty of the feasibility and operational valus of surveillance for

cooperative fires (beacoms) in border control and similar sctivicies.

- 4.2. Hess Dacsstion

The Contractor bslieves that decectiom of parsounal movemsnts io floodsd

lands, by sarial IR mapping mey be feasibla and of operstionsl valus. The fol-

lowing type of program is recomwendad:

e,

A basic msasurcments sxpsrimsnt to eastabiish the excent, intensity, ‘
and duration of predicted phencmena. The experiment suggested is
simple snd direct. Tims-peried, poiat-by-point radiomscer msppings
of tha surface cf s controlled pool would be made. The effects of
comtro)led caproducible disturbances, similar to those made by wed-
ing personnel, ou the spparen: temperature of the surface would be
determined. The effects of A variety of bottom msterials asd matural
growth, similar to thess encouatered (n §.8. Asian flooded lands,

would be msasured. Water conditioms, climscic, and sstesrologieal

varisbles would be recorded and cheir effects ssssseed.
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Concurrentlys with this experiment, {f obtainable st nagligible cost,
maps of ricantly Jdisiwibed natursi pools would bde obtained, using
tha best ship-weke mapping techaiques. Thess tests, while mot tom-
¢lusive, would build up & valuable catalog of Field experisnce fo

auch obssrvattioms.

8.3, Redar Surveillsnce

Vi.h respect to radar surveillance potemtizlities the following type of

program is suggest:d:

e Propagaction and cross-section experimesncs necassary for determiniag
the faasibility of Pass.

A scudy of the feasibility of pulss-wodulated doppler "anti-ambueh”

rader and fire-control, including mortar-locatiou modificaciom,

viagsd afrcraft. A companion study of operational facters to detar-

8ins anti-ambush and defenss requiremsnts for systems of this type.

A study of the feasibility and payoffs of loug-wvavslength radar V
piag of fovested aress, and planning of critical sxperiments.

A field uu@y to determine valid requiremants, if any, for amti-

adaption to helicopters, and probsbility of application to pertinent }
t
{
:
|

prroonnel radar im 5.3. Asta. [Planning of sxperimonts to collect
sssencial datc.

&.4. Listsnlox aod Mamatic Detscticn
Studies under this comtract indicste that (1) the state-of-the-srt in
sensitive acoustic and seismic devices and associated alectromics 19 such that

40y rsssasable imstrumest specificaticns cas be quickly mst and performsncs
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predicted sccurately; (2) certain types of sound collactors would be built wiih
aative materials, but 8.%. As‘an capabilicy for associsted electromics falls far
delow U.8. standards; ()) performance of selacted iastrumentation is highly de-
pesdent om baciground; (4) overall suiveillance capability in » particulse ape
plication depends strongly on the mode of survetllance selacted; (3) widely
ditferent modes of surveillance may be needed in different applicatioms, tarpet
sigaal behavior is poorly known, and backgrounds have not been moasured. Om the
basis of thess findings the program preferred would run as given below!

° A field study to dafime cequirements, if any, for listening (acoustic
4nd seismic) surveillance devices i{n terms of type of surveillancs,
datails of mode of operatiom, oparsticaal factors such se eiting,
persconsl, msintenance capability, etc., and enviconmentsl conditions.

° A following field study to, if nacessary, collect tequired dats on
local neise enviroaments, targsc chacacteristics and other necessary
environmsntal datas.

[ A companion sctudy to defins specifications for equipment to mest ru-
quirements, aud recommend U.8. or local sourcas for equipment.

° Nacessary test and evsluation programs.
¥ith rsaesct fo mesuatic defacticn:

° A brief survay to establish the validity of suggssted requiremsnte
and simple field tests of gaophysical proepecting equipmsat to estab-
lish the correspondence betwesn requiressnte and obtsinadle detece
tion ranges.

. 1f naceesary, tharesfter, field measuremsnts of magnetic amomsliss

and temporal fluctustious in ths ¥ar Rast.

b4
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4.5, Zummary and Cenerql Commenty

On the baals 3f study of fequiscmunle, applicabllicy of existing equip-
ment and expelisnce, end potencial applicstions of nev methods, a eet of specie
tic study eod ressarch programa have been suggested. Thess are in ‘the fiolds
of {afrsred, redar, acvustice, and geophysice. BSome of the other requirement/
soivtivn combinazions which suggest themselves cannot be evaluated well enough
from available dai. ‘o justify firm recomsendations.

It 1s the Contractor's feeling thac a broad but quite detailed systems
aoalysis of the conflice, oriented tovards deficing spacific detection, surveil-

lancs, and reccansiesance requiremsncs, and carried out largely in the field,

is meeded to achieve signiticantly more progress in this araa. Experisnce with

operacicnsl factors, and detailed date om operationsl ststiscics and envirom-
wantal comditions arv essential inputs to such & study.

Ap axample of cthis oeed 1a 1llustrated by the lack of detatled require-
®ants for surveillance and ingrusion detection gear for prouctfn cutposts
end strategic hamlets. It 1e oot known whethur visual observatioo 1s suffi-
cleat or whether detection devices would have a definite paycff. The relative
sdvaatagey of acoustic, intraved, or radar £07 thess purposss are unknown, and
the iaflusnce of operatioval, enviromwentsl, and civil factors has not been

explored.
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Goldonr. ). E. The Jungle, Neutral Adversary Aray Info Digest May 1961

Mershall. S.L.A., 1Inf. Ops. and Wpns. Usage in Korea ORO-R-13 Jan. 193%)
Jinter 1950-51 (AD Ju2)

Newgo=er, D.R., (U} Personnci AnCi-Redi: Desector Fvai U.S. Army Electronic
Proving Ground  USAEPG-S51GR30-167 Feb. 1961 Sec.

The Role of Air Powar in Parr.san Warfare Human Resources
lastituce Research Study No. G Vol.3, Dec. 1954 (AD74332)

Bossiter, W., Guerilla Ya.fa:e Requirewents An. Univ. Spec. Ops. Res.
Oifice. Wa Ross:ter Timw 195/ Secrec

IN Parcisan Werfare in Korea, 1951-i354 (U)
Conf. ORD Technicsl Mewmn NRO-T. 6L (AFFE)

5.1.1. Army and Marine Field Manuals

M M-15 Omezat:ons Az {(May L986};

™M 11-20 Operations Agsinst Guerilla Forcas (Flassified)

N 31-21 and 21-21 (A} - Gueriila Warfare and Soecial Porces
Operations (S)

nm i erations 1nst Guerilla Forces (Marines)
™ 31-72 Mountain Operacions
M -2 ucgle Operacions
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5.4,

5.4.1.

=itis YWar, Larabliliitics ainl Wit Cmamas

Mavy Presentation to the DDRGE & PSAC Panels on Limited War
3 October 1961 (Conf)

CAnti Tank Wesnone B

USMC Presentstion to DDR&E & PSAC Panels on Limited War
Speech by Col. Andarson on Marine Corp. Helicopter Capability

USHC Preseutation for DDRAE & PSAC Panels on Limited War
USMC oo Tactical § Logistizsl Ground Vehicles

USKC Preseacation for DORAE & PSAC Pane!s on Lim{ted War
Marine Corps Combac Amphthian Vehicles

Paxson, E.W (U) The Sierrs Project: A Study of Limited War
Rand Corp. R-J17 Hay 1, 1958 Sec (Formerly W)

Paxsor. E.W. et 8]l (C) Linited War in Thailand, Thai 1,2, & 3.
Rand Lorp BMs 2027-203% May - Sept 1956 Bec.
(Formarly RD)

Ares Topics of Geperal Interest

Ragks

Benedict, futh. Thai Culture and Behavior (Cornell, Southsast
Asian Frogram, data paper #%, i932.)

F
Dam Bo, les Populations Montagnardes Du Sud Indo Chinois
(Sajgon, Prance-Asie, 1950}

de Young, Joha, Viiisge iLife in Modern Thailend (University of
California, 1955, 35.50)

Derillers, Palllippe, Bistsizs Du Vieroam De 1940 A 1952
{Paris, Editiocns du Seutl, 1932

folland, dilliam L., ed., Asian Maticualism and the West
(New York, MacMillan, 1953)

Auard and Durand, Connaissance Du Vietnam (Paris, Imprimsvie
Racicoale, 1954)

Johnson, A. Rconomics Assfist in Thailand Nepartment of State
May 1960

Lindholm, Vietnam, The Pirst Pive Years {Michigan State, 1939)
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GHQ, AFP. CAMP Murphy, Queson City)

Royal Uniced Services Institution Journal (Whitehall, London
SWI 4LDs)

Bibitograot les
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S5.6.1.

5.6.2
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Springer-Ver!ay. Radin, and CIttingen. Enuyclopedia of Physicy,
Yol. XLVIl1. GCeophyeice 11. Hetdelberg, 19587

Ssirh ':nés 4nd Chagmar, Thy Detection gnd HMegsurement of Infra-
red Radiation, Oxford at the Clarendon Press, 1958

Proceedings of the IRE: Vol, &7, Ko. 5. §Specia]l lspue on ln-
frpred Phvsics and Techrology. Septexber 1959

4. L. Mackterth, Infrared Radiation, McGraw-Hill, New York 1960

Krus2, Mclauchlin, HéQutltan. Liements of Intrared Technology,

Jotin Wilev and Sons, New York 1962
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red Tecnnology, MacMillan Co., New York 1962
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ndix Systa=s Oiviston: lafrared Interpretation Manuaj Tgctis
cal Targets, December 1960  AF3I0(602)-1937 AD No. 326 627
fConfidential)

IRIA - (U} Anpptated Pibljiography of Infrared Litergtura

Vol. 1 Na. 1 through Vol VI No. &, Infrared Laborgtory of the

titute of Science gnd Technole University of Michigan,
Ane Arbor, Michigan




e S A TR

Lo

e

R PPt

i hea

Fa=

SECTION o

ection .., “Tuvitouzental Features” (pp. ©.i-6,16) which

Joensisted largely of -omments on a series of smaps, Figs. nr.1.1-6.1.34

PP, BLV=0.03), has been omitted trem this copy, owang to d.fficulties

in revreduction,
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hetatiotal CondlieTallions

this portion of Section & consters of 2 review of experience,
Sudomaat., and tnsight gained in past and cuttent guerilla conflict.
The purpase i3 to point up those particular operational factors which
may indicacte special requivements for detection.
6.2.1. Historical

Modern experience in the difliculties of anti-guerilla operations

{of counterinsurgency! dJdates to World War 1! and the important guari{lla
ceapcaigns in Buiope. Russia. Yugoslavia, China. ani the Philippines.
After the war zajor guerilla conflicts occurred in China, Greece. Indo-
china, the Philippines. and Malaya. to name a few. Of the vast number
of boocks and reports written about these conflices, a large sample
examicad by the Cortractor deal with strategy and tactics in-the large.
%o comment will be asde here on the gensral principles derived, which
ate by now vell known. Pev accounts of operations deal with success

snd foilure points iu vays thac are useful in suggesting ideas for

‘detaiie corrective pctizn, There are not zany "enginesring” books wilh

quantitative data. PFor example, in a chapter comenting on the Viet-
Mish Manual one text or partisan wvarfare (ref. 6.11) comments that the
lessons on aine-laying and encirclemenc are cmitted becauses "they don't
add much to & knowledge of guerilla tactics”. The few accounts which
dc treat the preblem on this lavel and have been available form the hasis
for this discussiun.

Experience gained ‘n WWll against the Japanese in the Pacific, and

in the recen” claseic campaligns in Indochita and Malsaya seems most applicable

6.1 Hetlbruinn, 2. Partisar Warfare Pracge:. New rorx 1962
6.17
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to the 8§ E Asian wroblem. In mos1 reports puerilla warfate Is referred 1
te under the penets] (and +ometimes misleading) heading of "jungies warfare”. !
A good engineering biblivgraphy of jungle warfare as piepared by the U. 8.

Arvy Artillery and Misstle Schocl Lidrary. (ref. 6.12)

L

One of the most informative of the bocks tound on the succesa of

* . various “detect1on” techuiques in anti-guerilia operations under jungle
conditions s by a Bricish Army brigadier who ce=manded « Welsh battslion
* in the Malayan Esetgency. Tha observatioms which immediatcly follow ars o
& : sbatracted directly from his text {ref. 6.12). -

The flrst observation waede by Miers {s that "it 13 the steady ’
inexorable sgueeze by 2 large number é\f troops cimiiranscunly over the
' . whole country which does the 'trick'". (It 16 preciaely this factor which
1s so discouraging to the West. In successful, anti-guerilla campsigns »
vary large ratic of troops under arme ro sctive wuerillas have besn nesdad
for lomy periods. In Malays, for exsmple, it 1s estimated _that spproximately

335,007 men were placed under srme. against a manimus of some 8000 guertiillas.

WIBRERIT T w1 4 it

|
By 1955 the cost nad reached 70U miiliom sterling., Tne Haiaysu Ewsigency |
iasted nearly 10 years and {3 estimated to have cost in all about 6 billior
ik dollars.) -

1a cthe first pnase of tha Imergency there were prrhaps 8000 CTs, Om 5

Rk B
Il

2

the average of ome British planter and many natives were being killed per

-

e i AR
|

'
-

week. The rubber industry had been brought to a standstill. In 1932-34,
with Tezpler as High Commnissioner, CT's ware reduced to less than 3000. Im : =
1955 the third phase began with CT's largely broken up in smsll, fsolated

gengs, fighting tn preserve the movement. i 1 -

6.12 An Annotated Bibliograthy on Jungle Warfare No 28 (AD 2835469) U. 8.
Army Artillery and Missile School Library, Port 5iil, Oklahoza,
September 1961

6.13 Miers, &. Shoot to Kill Paber and Paber. Ltd. London. England 1959
furitten in 1955)

*(40007 British and Camonwealth Troope, 45000 police, wid 250,000 part-

time Hooe Guards)
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There were st1ll =asor 2ifficultivs  Tn Johore, tor exanple, 90%
ot Lhtnese viliagers were aiding the terrorists. The [.llowing observacions
are Of particular 1nterest:

ln Jungle Operstions

“Most of the operations were in th* jungles and swamps which cover
four-fifths of Malaya. In S-can jungle petrols men walked in line, five
vards apart. the leal man locking ahead. the next two men weiching left and
right respectively. zhe 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 considarable disuncu..

%At all times (perhaps for several weeks) men spoke in whispuwrs, for
woices carry far in .he fungle. )

%er Jungle camps were occasionally surrounded by carpets of dry
palm fromos to give warning of approach.

bl cou.d not »:r on ~ivilian clothes and enjoy & change of
scezery for a whils, Special Branch coverage was too goxd snd the pailor
of their skins from long jungle living would give them away. Even two
‘weks in the sunless jungle will be distiguishing. A multltude of tittle
scars from ioevitable jungle sores are ancther givesway.

®Por scbushes gTeat precautions gre taken----even hafr cresm musr

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

%Toe Ci's aeveioped an animdi-like instinct for danger and made

graac speed in flight through the jungle.
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Mhe coerational prredn of success with fracking fove was weee
sadil fespiic Murcutean effots diowever, the Sarawak (Y.trnec) trackers,
tn favorsble .ircucstances. co:ld follew a €T ror dayvs on end.

°In helicopter patroi it was discovered that s very large numher

of small ¢learings existed, st least large enough to permit a man roping

v

dowm.

U"".

:i. fxile patrolling 4 tentice (boundery line cut through the jungle) .
Z. :
; automatic weapon fire and single rifle shots were heard.---estimsted to ba i

3000 yaris away. ;

°Th¢ jungle rivers are often hidden by forest canopy closed over-

headz. In the surrounding swamps underwater bridzes are concealed by the

e} e e

A e B A it

Ti.  1n svaaps troops aluays meke considerable nolse.
‘ot oany good ilaas ++- the Corridor theory was the most rewarding-- i
that the CT vould favor the eastest routas wher, moving through the jungls. '
‘i 1a ooe osperatics all the bes: routes seemed to lie within two half-mile
" vide belts lsading nor:h into the jungle. The ratio of contacts to patrol
; hours vent up markedly.
xf,: °!vcry=~.| of the 55,000 inhabitanta in the arca would be physically

tearched every ti=e thay ieft ctheir villages.

®Tc the CT rice is & mubt =-- ueed in Some £OTR 4T every mesl «--
or physicsal staming dec ines raptdly.

‘Rice vas poursd by sympathiters. a hendful at & time, into buried

- Binss scid jars.
Additional opinion about jungle warfare is glesned from several

othar sources:
i 6.20
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ol’ri:.‘r_\- jungle vistbility is iimiteo to 26 - 30 yards. On hille
foliage 15 thin. but in velleys very dense It is never impassabie to
infartry. Seconlary jungle. which (s growth over previous clearings, is
primariiy very dense ferm and bra~hi:z. impenctrable without cutting
instruments In coasctal jungles. mangrove sva=p: aws & - 8 ft. kunai
gTass must be velked around. generally through water. Paddy fields sre
difficult in raiay season but not [mpassable to troops. Rubber plan-
tations vhen zature. give up to 250 yards ground visibility:

Normal jungle sounds and smalls should be learned.

®$ince jungle. becsuse of poo~ vieibiiity. favors the sttacker,
s purely passive dafense (s doomed to failure

Ref. 6.15

°tn night defanse of outpos.s und communities che trip flare is &
very useful aid to shaoting.

Ref. £.16

The zoet serisus d1féis:lty was 1nab{lity to catablish contaci
betwesrs the air elecen: and the surfsce elsment operating under Lie CXee
cazopy (Panams).

Ref. 6.17

°I1f tnsect repellent {3 applisd to large numbers nf men {te

cnarscteristic smelil 18 unmistawable. Ususlly. Dowever, the danger of

£.16 £ Warfgry . Milicary Raview 25, 99-101 August 1944
6.15 Traini-g °*e Jurgle Shat, Australisn Army Journal (00, 26-28 Jept. 1937

6.16 Rsport cf Environzantal Uperation, Jrupical Wet 1460, t.8. ray

TranspoiLation avara Fr, EZusetae, va, tAD 26D3221)
h,21




reveaning (the) amdust Yv oundun meverwnl to avold bites s tie greater,
and Lt 13 . alhy Better to iy the repsllent.

“art weapons should be o oked, 4 the sound. even [rum half ock
position, wil!l warn the enemy.

Ref. = 15

“Hhx:pcrtn; 1s Rand on the voive e lesads to misunderstandings
an: should de svordea an taver of low talhing.

“h-rchxn; 4cTo88 opwn paddy lawl Tets2d clouds of uuet, visible
for ailes.

eJan;lc wes tNin on Ihe ridgee lmpoczibly thick in chaungs

{(#treans’
Ref 6..2
o

Traii tunctions --- generaliy provide the only svenue of
communications. supply and evacustion in a jungle.
~Dutl.n‘u‘.lh'.n; hetween small and lirge enemy units i very
wIportant in tectical plannung. .
oipn;;c £O1988 SFE QUICKiY LealRea ANG LNIETPTRLEd. f

Yyocrmant to final objective wat almost sncirely by trail ---

’1a tany piaces men had to zove for many yards from vinv to vine,
witha.t Thlihing groond.

Raf, 6.2C

°Ho.t jungle terrain i{s very ruggei --- with alternating svasps,
veep valleys an2 .tec; rizges --- afzer several men welk & trail, it gets

=LY 8% BLIPPETY.

6.17 Austin. M. S.me Thoughts tn Ambushes (2 Teopicul Werfare
Auntralian Army Journel
€.18 Pargusssn B Bevins the Chindwin <
6.19 Combat Leesone from the Jungle Infant
ho22

L]
.a

silime  1OLS
ey $2(2) 12413 Mar-Apr 1962




'\ﬂ-e “est averues of trave! are aiong vidges and ocross saddles ---
mative fratl: 2re aimcel o dnvartably along 1idges.
“Rapid changes in Jungle features Quickly obsviéic uape.

eTTtr wires --- to rattlers, minca, or flares (for defensive

< positiend.
o4\(1'1:11 recornaissanss Wiii seidom show cratls --- but will define
" ridges. 2t:.

“Due to low wind relocities beneath canoples. vaprars, smoke, cte.,

diffuse slowly.

T ReLae e

=,

6.20 Jungls Operaticas  USA Pield Manuel PM 31-30
" 6.23
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« hodle MR &:2 curves. and high exdankawnts are favorite tar-
gcts h“r ambush.
T™he Viet Minh--operated against RR's with oniy an aseasult group
Al 4 Gwowiltllon group ana without the normal reserve group.
In Malava aserial reconnaissance ranked second in importance to
transport---tke British favored visual (ey.ball) reconnatssance
a8 most reliable.
Pilots in Indochina had to search for underwater plank paths.
In Indochina the French nised lisison plenes with convoys to spot
a=t:sh. The unarmed planes were not helpful.

0 The Viet Minh gave higheat prioriry ro raids on sirfieids.

The foregoing excerpts from & variety of sources serve o give 2 ||nc;;l
patiern of injunctioms vhich are =rplicable tv the kind of wvarfare now being
socountered fo SE Asia. Ko specific mention was found of any advanced electro-
wmvienicei detyclivo geer. Bven listening devices spparentiy wers not empioyed.
Ooly occasional veference to IR might-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.

The closest apprnoach Lo special efforts of the type coneidered in this
report were militarvy dogs, as tracikers, wvith vhich cxperience was poor: im-

portad native trackers, with which expsrience was excellent; and cooperstive

techniques involving visible aarkers, with which only occasional success was

attaiced.
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e.2.2. Correnl

The (ictidirs? ATy Ddd I N Den under arms. Lo eddition there are
fave Civil Gudald compdacles 15 vach province. 4000 strategic hamiets vere com-
pleted 10 i962. adding some >00.000 gnhabicants to government control.

Vietnadese populdtion, laciuding some 800,000 refugees frow fortn
Vietnam 15 estimated at 12.500.000, moscly in the Annia coastal strap and the
Mekong Delta. Of this populstion Satgen/Cholon has 1.8 millivn, Hud 100,000
and Tcurane 8%, 000.

Comprihensive reports on Sperational experience in the current com-
fiict in Vietram hdve nct been obtained. The following opinicns or observa-
tions were gieaned about equally from scattercd TEpoTLs, néws corraipondent
accounts, Or from recent travelers to the reglion. Theélr accuracy and gener-
ality canoor be wvauched for:

° 9C guerillas attack remote villayes <ith little warning, for
shert periods, and break off quickly if VX forces appear. Pur-
$uit Nida Lecu lasrgeiy unsuciessiui DLD 1MPTOves with helicopter
suppert. After breaking off, in relatively open country, VC's
nide 10 root cellers. alomg canals. in prepared burrows with
‘mAsrotiT eulrdances. and for short pericds under water In jun-
gle the VC's cen ¢isperse and seed to move more rapial, and
siteadiiy than pursJers. Coordinstion of tracking clements in
jungle is extremely difficuit. No satisfactory decection device
for jungie pursuir has been found.

¢ East iscation nf jungle camps and oma jor bases from the sir has

been generally impossible. In the <ind Division area (Ref. 6.21)
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4 large VO camp. with training ground. tield bospital, and arms
d.=p was captured «8 bodies re counted. The area had been

reconnolicled by helivopters £or weeks bul no trace ot the camp,
sheltered by an overlving canopv. was seen. Low sledend, af,-
<rdft and helicopzers are subjected to dangerous and ofLen faral

ground fire.

7]

VO s live 1n many villadges without betrayal «nd are "indigtin-
guishabie™ [:om f2rmers. They hide cloth-wrapped rifles in rice
paddies during the dav and have extentive diggings where arms and
TALILICNS aTe stored It has been estimated that of every five
persons, ! is actively pro-Viet Cong and I actively againsc,

o Miner ard majer VC acbushes have been prepared and executed with
great success. even though preparsations must have been vigible

to locals for days. Pursuit after ambush has frequently been

hour

- cmd e om- Ty
— -

is genelaily wusulvessful. Exceiient cover ang

good escape from ambushes is available nearly everywhere.

[#]

Moriar [irfec wgeinst Curposy areas 1s a trequent tactic.

A UN arcy regizent ia the high platesus has couplete operational
control over ite ares including provincial guards znd self-de-
fetine corps (Ref, 6.22)

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

trapped with naiiboaras «4nd bamboo spilkes. Trails are spiked for

£.20 Marsiail, 5.5. An fxposcc Filape |n Vigtnam; Repoxter. June 7, 1962.

6.22 Jaolonsky, H.l. Countericpurgency 1s Your Bustiogss; Army Information
Digest, 17 (7. , July 1962,




Fritiepe ave sacds @ik we Lilen impassebic 48 the surrounding
*tush s to thick to penetrate. (Ret. 6.21,
B Infiitration from extraterrestrisl sanctuartes has been virtu-

ally uncomtrollable.

o In Indochiua--ihe rebels put cats in traps to lure dogs and am-
Turhed the Focach.

o The rorthern hill tribes--the Scdang, Bahnai, Jarai, Rhode--tradi-
tionallv avoided the Vietnamese--guerilia bascs appeared !n the

highiaud jungies.

This articie shovs:

o Swazp patrols up te the \u'ilt in water.

c Vast flooded areas with no clear pathweys or dikes.

c VC attacking & village almost surrounded by wet paddyland.
0 A looe VO fleeing through a flooded paddy.

Si1nce transport problems for cperations in many areas have not been

satisfactoriliy rescived there is & premiud on all gear belng of low weight

and easily transportable by manpack.

Tre rule 15 that the gear must be clearly

more valuable than the materiel it must displace.

1o & recent study by tha U.5. Army Signal Board (Ref. 6.25) it vas

cemcludad thet=-grourd-bssed Lombat surveillance and target acquisition aﬁulp-

6.23 ibare, P.T & Carrete, W.E,, Soyth Victnam Fighty the Red lide; Mational
Geographic, Octover 1961.
6.24 Chapelle. D. Helicoprer War {n Scuth Vietnam: Nations' Geaograpnic.

Movemper i9%Z.




2Nl wes hedvy, Puimy, ditticult 1o site and subject to such jevere Oorrational
itmirations 1o dense Sungle that they are considersd to be of little pracrical
value. 1t vas revcomended that--since airdorne C5 & TA wquipownt s postly io
\AT LS stdged Of TeswdTen and development--addicivnal coprasis and reliasnce

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

oess will alsc be reduced in jungle diees.

T™e Jhiel hopes in genwral. are that coordinated ground-air vperations

can improvi the chances of closing with guerillas, that the element of sur-
prise can be turned sgainst them, and that they can be flushed from hiding
places.
6.2.3. [Jucurs

The anii-guezilia campaigns whicn have been concludea successfully,
as it Creece. the Philippines (thikbaliek}, and Maldsa swem to have Liad several
common features. Pirst. the zain gueritla “ases could ce located and isclated
from Sutéide linip aud esvaps. Second, the iocal popuiace couid be rigidly
eontrolied. or disiifecred. Third, control of tne entire stfected area vas
sacured stes-by-slep ani with the use of overvhelming forces. Fourth, unremit-
ticg pressure was maintaines or the gusrillas by vigorous, continued, and un-
predictable offensive action. These may reasonably be taker as objectives
for :uvudter-insurgency operations in SE Asia. The hope is that overvhelming
forces can be obtained without overvheloing numbezs.

In South Vietnam (aod perhays later in Thailand) one great difficulry

not presect in the three successful cases mxnticned, are the «normous burders

6.25 Commmicationg-Rlycrronics in Limited War (Jungle Opegsgionp), U.S. Army
Signal Board Case 589, May 1962.
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against writterddyv terpatorv. 1t is ditficudt t0 wee how the firss e.ement

~f che sueces=tvl campatgns cdn be finelly resvlved unlcss some kind of effec-
tive border contiel. either political or technical, can be realized. Tt is
possible that ad.anced technology. applicd Lo border survelllance. may be of
some help here. In spite of the obvious difftiulties this scems a prime

field for efiort., The second factor is not clearly a mulyc. vy matter and
RefBice id Mol Jlddassed helc.

A program far strategic hamicts, alréady undefeay, mdy secure sobe of
the Drces.ary areas. piuece by plece. Detection gear will be useful in defense
of these s1%es. bY increasing warning and perhlp? reducing the sizc of garrison
necessary.

The primary utili.y vf agvanced détection technology will be tested
{n improving the effaciency of combat forces trying to Itt‘ii.n the fourth objec-
tive. 'l= zhege cperiticas advanced detection of attacks and ambush, pursuit,
fampé diec pliow coublderativue. The equipmmats empioyed must
be highly relilable, 48 1n geperal they will de repiacing other equipmernt, taye
ged and simpic. 4s maintenance wiil be a proviem. lhey must be usabie by native
troops, and should res.!t in & marked improvement in cveirall combat efftclency.

CAlthough the search for efficiency ir combat and other improvements
cited are very iTpcr:ant it i3 worthwhile pointing out tnat if masiive mea~
sules such as tnose undertaken by the British in Yalaya are employed in Vietnam,
the =AOr requirelafit o0 manpower is not combat forces oo those emp loyed té

dany insurgests civil support. .
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SECTION 7

oeTIes

This Section 18 devoted to & discussion primarily of novel uses ol
infrared in soti-guerilla applications. The state-of-the-art on high-
resolution thermal mappeis 15 discussed in 7.1, In 7.2 the utility of
tevisl surverll:-ce for f're-detection. eatly estimates, a survey of
S. E. Asian heat sources are covered. Also, physical factors affecting
detection and axperidnce are dtscusscd. In 7.3, tie geumstrical factorn
sffecting fire detectison experiments and detaction reliability are
exsmined in detail and the current status of work is criticized. &
research program is suggested and an outline is givem of an instrument
designed . for tactical use. In 7.4, the question of wake detection Ls
reviewed and experimentsl programs ars recommended. [Experience with
current military IR equipment ir diacussed in 7.5, and some other
potentiaily useful applications are briefly discussed. In 7.6 and 7.7,

some of che factars underlying instrument performance and design are

eXgmined WiIn special reference to detector problems.

-7.1-
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7.1 SIATI-OF-THE-ART OF HIGH RESOLUTION TUERMAL MAPPERS
CONTENTS

7.1.1 Inatroduction

7.1.2 Priociples

7.1.3 State-of-the-Art Tquipment

7.1.4 Pressot Limitstions and Expected Future Improvements
7.1.5 Cooclusion

7.1.1 lstroduction

Devices for mapping of IR-obssrvables are of cousiderable currmat
intarsst. It ts 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 guerrilla operations produce tslltals evidence.
This paper consists of & gesaral description of the prtutploA of thermal
wappers and a quantitative formulation of their ch-nctu-tuil.cl (7.1.2), a
brief cescription of & representative bigh-quality squipment (7.1.3) and,
comments on the lLimitations and future improvements of contemporary
mappers (7.1.4). It should be emphasized thac thess devices show cou- A
siderable promise in applications to the surveillince of low-tsmpersture

targets io the open, such as for instaace therml wakes.

7.1.2 Principles
A thermal mapper observer an area acd records the emitted infraved

in 3 particular vavelength region. At presemt all such devices uss wechanical

scanners simce no suicable IR image tubes are availsble. Various sechanical

-?.2-
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t scanning patterns can br employed, operating in either che object plane or

the limpe plaves Singlevelewsul of duiti-dlassatl (ilnéel sldey wi wodaic)

detectors may be used, In the case of sirborne squipsent uding a single-

iy
L e o

element detector and object-plane scanning, the target field is usually

dissscted in one direction by the scanning slement (in the simplest fore

2 Totating wmirror); the detector sees successively the slements of & liuear
strip ("l1ine”) of the target field. The element size ("spatial resolution”)
is determined by the instantansous fieldeof-view of the squipment unlass
“shaped aperture” (and data processing required by it), {s used. The
"lines" constituting the target field are then scanaed by victue of the

moticn of the aircraft. By sdjurting the scan rats (lines scanoed/sec) to I

the ratio of vehicle ground speed to vehicle altitude, the eatire tacet
field can be scanned without overlap or "underlap." By sxposing film to a :
light spot modulated by the detsctor output and moved relative to the fils
in conformity vith the scanning motion, & one-to-ons correlation batwaen
the density distribution of the developed fila and the irradiance in the
l..f.o.v.‘ may be obtained,

Xey charscteristics of tha resulting thermal map ave its “spatisl
revclution,”™ and "temparsturs resolution™ (i.¢., the ainimun temperatuls
difference 5f two "gray body" slementary target aress of identical emis-
sivities which csuse a discernible difference i density). Since the ir-
radiance from an extendsd source is dirsctly proportioual to the field-of-
view, the two characteristics tend to oppose sach othar. That {a, for in-
creassd spatial tesolution, temperaturs resolution must he sacrificed and

vice-varsa.

“Instantsneous field-of-view. .7 3.
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7.1.2 Quantitstive ractecistics of Alrborn a Se¢
Thermal ers

Lat us epecify that
2 = {nstantaneous field-ot-view (steradians)
s = total scan angle (radiane)
¥ = yehicle ground speed (im/sec)
E = vehicle altitude (i)
M = oumber of slements scanned per second (uc'l)

A, = effective aperturse (cuz)

£ = focal leogth optice {(cm)
Ap = ares semconductor delector (Clz) - sz

* 172

D = sffective detector detectivity (cm sec \utta'l

)

I3 the case of & linsar (line) scaaner the numbar of slements

scanned psr second and required bandwidth are

}nl-%%zgf

System sensitivity can be specified in terms of the noise equivaleat pover

of the detector

1/2 1/2 1/2
(bf) A 1/2
NP = * = - ;* @ (rms watts) (1)

«nd tbe noise squivalent power demsity is

12
- L 1Y)
NEPD a‘n" W/ )

-7.4-
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1f the radiance of the target field (in the speceral bard 4f for vhich the

value D* applies} is R, (watis n.-."ueud.'i) and the affective transmis- N B

B R it S LR L o PR

sion of cthe path 1is tmu), then, at a signal-to-noise ratio of unity &

NEPD = té\mnl ; |

~.=f Frem the above idencity, A, LY %.
R T v el & ) I |

.u"m )

Coaversely, the instanteneous (feld-of-viwew, il, {s:

- ve
“e — _- —_ (‘t.t.dt.n.) &)
DM, Eaala G )

Then, the. subtended area, that is the spacial resolution at vertical look,
A 1
o

' A, = 60 Gl 8%y

“)A: a spectral radiance of the target field of H(}) (v.cm. 2aterad.”}
' atcron ), the valuss of €. » R, and D*, are determined from the following

ralation: )

2
J. TCIB(RIDR(R)AE = gy Ry, DF

A
l !

There, 1, and "‘x are the upper and lower wavelength limits, respectively,

of the spectral region &,

'i‘a."--‘ 'Z)It scanning efficiency, s, is less than unity, the requirsd aperture ' —
¥ A B B
5 . A ; u
A” 19 larger than the ideal apercurs AA and A“ - :m . : -

-.7.5- ‘ | |
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QOf course, i rannot be emaller than the tesolution of the optical aystem,
This criterion 18 relacively easily satisfied for object plane scanning vhere
only & small well-defined image fiv¢ld is required., For image plans scanning,
the optical system may be difficult to design Lf the spectral region of
deteccion extends beyond a few microns and a wide angular coverags is re-
quited, Movegver, the resolution attainable in practice may be limited also
by the mounting scability of tha vprical syscem because of vehicle vibraticn
and flight roughness. Also che rime constant of the detector must be shorter

than the dwell time H'l, Ly a factur of about ) or 4, or the signal from s

usolu:_(oa area will not build up to full level, lesding to a false indica-
tion of the irradiance from the resolution ares with respesct tu the ire
radisnce from an extended area of the same radiative characteristics, There-
fore, long detector-timse-constant can only §¢ tolerated when a =umbsr of
indapendent detectors--arranged in an array parallel to the dtrection of
flight--ate being used to sufficiently increase the dwell time per detectar.,
Since the target ates subtended by the field-of-view is dependent on

¢che scan sngle, the spatial resolution varies along a scan line with scan

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

A 1
;ﬂ ..__"_’_-. (’,
0 cos U’!

where Ao 13 the resolution area of the terrain at vertical iodk and A” is

the resolution ares at tihw scan angle of a‘_(i) Ao 19 the minjmun sttainsbin

‘”'nu approximacs variation with the inverse of con’c 1¢ due to the
fact that the gro!ocud area vaties with che Lnverse of cazo' and that the

sub ad area is proportional cto the projected area and--approximutely--
to che inverse of =osT,, In effect, in this approximation, we neglsst corms

containing unz(lll (}2) and we take cos 1

-7.6-

f2 0“1 as unity.
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resolution for a given system. By changing the scan pattara to a circular

Siau vue LUuiv emae Llie sike i Lhe resoiution area constant out the resolu-

tion would be worse chan the best achievable, as indicated by Eg. (5).

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

6
A * BaatPl

where

aM = gpectral efficiency

-
]

effactive smissivity of target field

»4
[ ]

effective temperature of target fisld in °¢ and

pel.8x 10" 0ates cu. " Zarerad.” }(°x)"4

dk..
The change of lal vith temperaturse, —d;—ﬁ is
bl Y 7 G B )
) * .
i L T¥ TeT aa.h s/
and
st , Bon ot beyr
o \
.'.). ‘)( e )

Ban

Teus . from Bg, (3} and (6), the to=perature difference ac which the chinge

in signsl equsls cthe detector noise, LI i

1/72 B .Y
e G ()" - S8 20

5iace the smissivicy is a weak function of teaperaturs and at small values

-7, 7-
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of 4T (i.e,, 4T < 10 Jt) the term of _gl.él is insignificant fnr epectral
ar

Tegisis Prafiicdl o Cuwblides Uweause 0f Jutector sensitivity, the second and

third terss in 2q. (7) say be neglected. Then, the "temperature sensitivity,”
¢AT {2

1/2

4 1 va
AT ¥ i |, (_. )
DAL u)

It is of interest to note That the temperature sensitivity definad
for completely £i1led field-of-view is practically independent of scan angls.
This is so because the radiant povcr in the tield-of-view {(wxzept at the
sxtremes of the scan angle approsching + 90%) is independent of scan angle
and the decrease of path tranwmiesion with increasing path-length is in-

significant under average metsorological conditions.

7.1.3 State-of-the-Art Baujpsent

The wost recent thermsl mapping device, to sur kmowledge, 1is the
AN/OAS-5(EX-1), devaloped by Texas Instruments under Army f‘.ontraeg DA~
360395C78224, It appears to be a represencative of the best equipments
within tihe capadility of the pressnt state of the are, |

Specificacions are that

0.05 > % > 1.0 (radian/eec)

Scan angle: 180°
Scan rate: 250 scans/sec (lines/aec)
Instancansous field=-nf-view: 2 mrad
Detectors: InSh(779%) (Ju-5u) Ge + Rg(307K)(Bu-13)
ABFU (10 32 = 500 kips): 1.8 x 10" %/cn? 3,06 x 107y /ca?
Noise Equivalent Temperature

Sensitivity: e 0,3% 0. 05%
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Power requirement: 900 VA 115 V+

S0 W 28 vDC
4 !o:i!ng for

Ge 4 lig detector: 1 litar liquid Ne for 100
hours of cooling

ur: } liter liquid He tor >
hours of covling.

The film 15 exposed in the airplane snd is dcveloped on the ground*

The detectors are said to be easily interchangesble, It has been re-
ported tha" modification to provide a l0-mrad inscentanesous tisld-of-view is
castly accompllished.

In the latter cass, the noise-equivalent temperaturs sensitivity is
said to be 0.006°K with Ge + Hg detector. Under the same condition the
tumperaturs sensitivity using luSh would be 0.026°K.

- The provision of flexibility of selecticn of apectral region smd
spatis) temparsture resolution may ta imporctant in use of the equipment for
initial studies since the sizes of targst areas =f interest and their tes-
peratures trelative to the undisturbed (natural) terrain are unknown, We
have heard that the squipment provides for expansion of any selscted region
of the file's dansity range. This festure Ls vary valuable for enhancing
slight rcadiative differences in a target field.

Of two ~rigiasl urits of thie ejuipment one unit var tested by cﬁ.
Signal Corps under tropical conditions in Panwmms, and returned co USA EADL;
the other unit was dzlivercd “o Fairchild at the Yusa Test Statton for
drone tests. We underztacd 10 uaits are being protured by the AF for recce
ust 'n the RF110.

Texas lnstruments has built a similsr equipment for the Reripps- Insti-
tution of Oceanography with sn instantanecus field-of-view of 20 mred and an
expected .emperature sensitivity of ahoue 0.003% in the spectral region be-

tween 8 and 1) microns.

®or magnetic lape, or & "lsst-m.te" electronic display may be used,

o -1.9- .
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7.1.4 FPressnt Limitatjons snd Expacted Futurs Iaprovements

Io principle, the periormance oi thermai sappess i limited by *he
sensitivity of the detectors and as better and better detestors bscome
availsole, thormal ampper perforaance should improve proportionally. In
practice, however, two other important factors sust also be considared.
Thars are the atable platform and the recording (display) ave which a.e
pechaps limiting the presently schievable spatial resolution, In additiom,
the recording sedium limits the dyuemic range of foforwaiion.

A ssrious limitation oa petformance is dus to scanning noiss,
especially in imsge-plane scinning. Object-plane scanning has the dis-
advantage of requiring bulky equipment.  Moreover, constant resolution amd
scale factor in the entire mep may or may not be obtained depending on the
scan pattern.

IR image tuber, when perfected, should remove scanning difficultier
and give some improvement in sensitivity by virtue of the reduction of tha
effective bacdwidth froa the inverse of the "dwell-time" (the time an
slement is baing scannad) to the inverse of the "frame-time" (the tize che
eotire field is being scanned) as is the case in conventional television.
At {dentical surface sensitivities for the single slmment detector and for
an image tube, an improvement 1in sensitivity proportional to the squarer
root of the ratic of the respective bandwidths could be expscted. However,
at least for & certain length of time, s full realizziiou of such gain will
probably be prevented by nolse producad in slectronic scanntng, Unfor-

tunately ve are not able to predict when suitable image tubes will become

available.
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As the performsnce of thermal Sdppers improves, the amount of infor-

mation in future maps will {ncrea-e ales, of “Ousew, an iacreass of in-

formscion per se, 1s of little use without propar evaluaction., Since cone

temporary maps may alcready saturace the capacity of husan (visual) evalua-
tion (the accuracy and rate of visual evaluation is definitely less than

desirable), the importance cf sdutomatic data-processing is evident, Howe

€Ver, 4n asscisment of the utility of automatic data-processing applied

to therma] mappers and 3 prediction of future advances cannot be oade

here, in any sppreciable devall, But should be noted, that a significant

Progr=es could be assured 1f, for instance, the existence of a paculiar one

dimauslonal but low thermal gradient in a two-dimensioral field could bs

in (elmost) real tine, automatically established. Such a capability would

considerably incresse the merit of wake-detection, when, of course, this

proves feasible,

7.1.5 Conclusion

Thernal mappicg iz a highly developed art. Nevertheless, futurs
isprovement can be expected primarily from superior detectors, including

imsge tubes, a5 far a: sensitivity ls concerned, Concerning resolutiua,

improvesent in auniliary equipment {such as stable plazfomm) is pechaps the
®more urgent, luprovement in optics by Judicious use of aperture-shaping,

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

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

the'r fylfiliment iz badly falt, the capabiiity nt contemporary mapping

tachniques (n approprisces application ahould be very useful in guerrilla-

wvarlare.

-7.11-
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7.2.1. Gen-ral
7.2 1.1, Imtroductiun

Very eatlv in the :tudy it was suggested #*that aerial
detection of fires in jungle might be & very good indication of the
presence of guerilla encampments. given other necessary data. As pointed
out in the preceding gection. to other aerial surveillance techniqus had
been useful ir locating such bases.

It was argued that &) rice was an absolute essential in
guerills diet and that b} rice must be cooked. This srgued for the
existence of campfires and the posstibility that careful thermal mapping
of an sres might detect such fires. 1If the canopy hasd even soall holes
and the mapping wes right, a direct look at fires could be obtained. As
seen 2arlier in Section 6 it is indeed very likely that many small hoies
wil! exist. TIf rhere were no hcles, but enough large fires, indireet
detection of heated candpy, or warm air coiumns oight be ossible.

' In area D, about 10,000 VC were supposed to be normally
encazped. Cosking rice for thesc zen each night would require some 3UU0
KW hours of campfires. Initial! calculaticns (see 7.2.1.2) argued for
detectability.

Arguments against the utility of such surveillance ware
that &) individualse cogked their rice in small notz, sver charcosal stowes,
or on very smail fives, D) that community pots would obscure lerge fires;
¢) that campfires probably weren't common, d) that theré were slways asny
patural fires in the woodlands; and ¢; that in many seasona of ths year,

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

"B, Alexander after For East Survey frip (DRC First Monthly Letter Reporr)
Y a7.13-

|




L

inpracticable. To resolve some of these questions ou hest swurees,
CDIC (Thailaad) made inguirics Ln the Par Bast (swe 7.2.1.3).

A survey of U. 5. activicy disclosed that the U. 5.
Forestry Service was already vunning experiments on fire detection
(sse 7.2.3). The Contractor studied this problem in detail und
recommended an additional icmediate programs tnvolvin"a planning
exercise to define eavironmuntal oeasurements and controlled field
tests. During the study ARPA funded a piggy-back experiment in
Operation Tropican (see 7.2.4).

Factors affecting contrrlled sxperiments on fire
detection are defined in 7.2.2.1.

The problems of surveillance for fires with existing
equipment, the design of suitable field experiments, and o suggested
optuitnd equipment are covered (n rthe next major sub-section {1.3).

There seems tc be, currently, high enthusiasm for
this technique and the use of present thermal mappers in operational
reconnaissaace. The Contractor Belicveu (1) that the requisite basic
and field test programs still must be planned and carried out; (2) that
existing thermal! aappars are not in general suitable for use for fire
detection in S. L. Asis, and (3) that a very suitable equipment could

be rapidly deveioped.

7.2.1.2. Cappfirc Calculations

An early calculation to eatimats campfire output is

included here for completeness.

[ <7.14e
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The Canonical Campfire

Say thar 1 liter of warer muer be held at boiling temperasture

for twenty winutes t¢ cook ane 2% .hout rizc ration. 1f the

ix 10s joules needed vere supplied in an equal tine period
the average heat input would be 250 watts  Evaporation,
radiation. and convection losses, with care, might be
comparable. Hence, for a campfire very well-coupled to the
pot substantially S00 watts would sppesr as low temperature

heat.

The inefficiency of such & campfire will show in two Ways:
radiation directly from the hot coals (or flames) snd
radiation, conduction and convection from the walls, etc.

of the fireplace.

The coals (at about 2000°C) radiate roughly 1 ua:tlcmz in

the visible, 70 uattslcmz in the near IR (.75 - 1.5 u) and
125 uattllcmz in the intermediate IR (.75 - 10 u). Thus,
even one squarc inch of expascd hot coal would cause the
radiation of more than 1 KW. Exposed flames radiate less

per unit ares totaily, bul almost a» much in the visible-
near IR regions. A reasonsble guess for = small fire is that
at least 500 watts would be radiated from the coals or flames

(coitulponding to one-half square inch of exposad ignited coals.)

Since wal! lossges, cts. are Very umch like thoss from the pot,

it is not profitabie to make very fine distinccions. It 18
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b)

reasonsble to atsume g3 much heat ends up in exposcd walls,
gTates. supports. etc. ad ends up in the pot, {. e. about

500 vatts. The ' KW asstgned to the pot and wall losses oust
be divided between hest which warms the air and radiant heat,
Lf we sasume the radisnt hest eattted frem 100°C surfaces,

.6 -2 of radiator would suffice.

Finally. an additional quantity of heat (fortuitously about
500 watts also) can be expected (o heat the air in the
vicinity of the fire. The iiydzodynamics of this flow ie
qutéc complicated and we have not, as yet, been able tc

estimate its characteriscics.

In sysmary. then. it seems to us ressonable to postulate &
canonical smali cooking ftte- with, the following character-
istics:
3.3 cnz of coals at 2000°C radiating 500 vatts;
4500 cnz of walls, etc. at 100°C radiacing 500 watts;
A tising air column (eise and temperature not yet
datermined} which carries away 500 watts.
The rising column also has gases and particles entrained which
may be of interest.
Optical Transminsion Puaths Thru the Jungle
We have virtually ro informetion from which the sbaorption and
scattering cf optical and IR signals by jungle [ollége can be

deduced. A librery search will be tnitiated shorcly ard may

produce soze <¢ata.

*Pires for othet purposes can easily be 10-100 times larger than the sma’l fire
fon and in fact larger fires may be normal Lf group cooking is practiced.

-7.1€-




A very acagh teand ov the dttennigrion ot visible radiation
from tires 1 the juiigic &ivhp péths (. ailburue sensorcs nay {
|

be deduced trom the alicyed tact that one can resd & oap in

e et TR Tt e
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oost jungle conditivons Juling broad daylight. but cannot at
dewn and/or dush.

The noon (clear dav) titumoation (in the visible) at the
jungle tcp is about U5 ufam: and the dusk tllumination {sun's

3 Ulttsfcmz. The iilwmingticn

altitude » zeru degiees) 1: 10"
required for resding & map is somewnat greater than full moon
fllumination (10'8 Hlltlfcn?). Assuming that ottenuation down ;
to ten times full moon illuminacion is required to deny map

1
i
tesding, the transmission, constant T in the visible can be
estimated by

s 2 10°%r > 1077

and

2 103 < 107’ ER-

or

18°% - > 1078
The gecmetry cf the path through the junglie will be worse
for an airborne scanner than for moonlight. The totral field
of view of the airborue device will be of the order of 1
steradian, hence rhe maximum zenith angle is 1/2 radian, and,
in conaequence. the ;ttenuatlon is substantially that of
vartical incidence transmission. . :
The estimactes nmade above for attenuation in the visible can ba
extended co at least the near {R(.75 - 1.5.) by the following

aTgument:

-F,17=

.o -
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The transmission of optical radiation through the jungle ie
partly by means of statistically occuring openings in the cover
and partiy by scatterting from large scatterers auch as leaves,
branches. etc. 1n the case of paths through openings in the
covear, geometric optics certainly apply for the near and
probably the far IR. In any case, tranamission would {ncresse
with wavelength due toy diffraction. In the case of scattering,
the wavelength sensitivity of the surface reflection coefficient
will be controlling. Dats available for the near IR indicates
that the reflection coefficient {», if anything, higher than in

the visible. The reflection Eo-fficlent of the jungle foliage

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

The tact that in both mechsnisms producing transmissicn, long-
wave IR propagatss at ileast a2 well as the visible makes it
safe to usc the bounds applicable to visible tranamission to
the near IR. Since the domindting mechanism is not koown, the
bounds 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 1{kely heat sources vas mada by CDIC (Thuiland)
(ref. 7.1.). For converience these data are repeatsd below:
"Discussions with appropriate personnel in Vietnaa have
resuited in the following conclusions:
a. Heat Source: A heat source that can be associated

with most guerrilla groups is the cooking stove. This stove 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 baked clay device common to the East and frequeatly called by
Vachi”. Clwacosi e the universai fuei. ‘the cley )
stove is & hollow vertical cylinder il to 14 tnches (n diaseter and 14 to )

18 inches high and open at the top. A grate on vhich the charcoal {s

1
|
|
|

3 placed {8 located sbove an air-port in the side of the cylinder. The T
; food {s cooked in a round-bottom Lron kettle or flat-bottom pan which ‘l
! is placed directly over the cpen tup of the stove. This type stove ls
large enocugh to cook the food for a squadron (8-12) of men. This heat E
source will be employed in all te;.l.onl from the delta country to the
mountains. A second heat source is the small campfire. Thiz fire is
foutd only in the mountsins regions and is emploved duving the early
wening hours for warmth. The fuel is wood, as opposed to charcoal and !

EE ._- ) the fire 18 laid on the ground. The fire is carefully tended so as to B

! produce the sinimus of smoke and remain small (fire - bed of 12 to 18 . i
'
!

inches diameter) (n order to permit rapid extinction. The use of other
I

" i
;. . fuels is extremely unlikely becau.+ of logistic prablems. |

chervon! etove will be used outside of huts or lesa-to's. Under stable,

i I secure military conditions the cooking may be done {p s hut or l2an-to,

t

J

[}

b. Shelter: Under the majority of conditions the l
i

;

¥

£, b
g particularly in the mountainous region. Camp fires will be built outside i

of a hut 1f a hut exists.

[
g g |
i \ ¢. Surrounding Environaent: Guerrilla activity is not

t
g - limiced to tropical rain foreets., Consequantly the cooking stoves will be i '
%) )
used in folisge ranging from 4 to 5 foot high scrud trees and brush to dense l

forests. Any foliage capable of furnishing protection from visual obssrvation

. 4 -7.19- r
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can constitute surrounding environment.

4, Time of dsv of sractest fire sctivite: In the

opinion of pereonnel queried, the time of greatest cooking activity is
a 2 to 3 hour period centersd around sunrise. However, it was stated
that some guerrilla groups cook in the evening and that the activity
covers s 2-3 hour period centered around sunset. Camp fires generally
exist for about 4 hours starting 4t sunset.

e. additfonal heat scurces: No additional significant
heat sources are believed tu exist. Charcoal is stolen or confiscated by
guerriila troops tn the déltc regions., Troops in "safe' areas may process
charcoal, but this is believed to be unlikely. No srmament foundriss are
believed to exist othsr than individual use of a charcoal stove as & forge."
(raf. 7.1}

7.2.2. Detection

Rediation fram a campfire may be seen by an airborne sensor either
along s direct path through an opening la & canopy oF lndlrccth. Indizect
detection may be rossible of light reflectad inte the fioid-ot-#icu of the
sensor by folisge with favorable orientativus. Also, if & portion of the
canopy over the campfire is heated sufficiently, the presence of the camp-
fire may be inferrsd by detaction of the "hot-spot" as an unusual item in
the background. 1In principle, it is even possible that & difference in
transaission characteristice of the air due to sccumulated combustion
products, could be detected. OCf these possibilities the most interesting,

¢learly, is direct detection.

-71.20-
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1t 13 sbsolutely certatn that functioning current
thermal mappers can cetect fires and other similarly hot targets in
direci viewing, _Experience shows that a useful ractio of tergets
detected to targets present can be decected in fuirly open cover.

The density of cover,type of equipment, and method
of observation which sliow relative certailnty in detecting a& useful
cercantage of targets are not known and can be deduced only in part.

Whether or noc 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 pressnt know-
ledge.

A carefully planned progran of expericents is
nesded to resclve these factors, The {mmediately following discussion
points out the factors which must be considered and !mplies che typa
of experimentation neccssary.

7.2.2.1. Direct

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

It is convenient to refer to the sffect of obscuration
by the foliage of the line of sight, as a geomectrical constraint on
detsction. Tiest conditions are treaced in Section 7.3,

In the category of physical factors belong tha
radistive characteristics of experimental targets used in cbtaining data
on the geometrical factors, the radiative characteristics of tactical

cargets, the transmission characteristics of the paths of various trans-

misstons, and the cepability of derection eguipments.
«7.21-
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For a complete evaluarion, the targets should be known
ih JetaLi. ine detaiis are the specrral radiont intensity as a functien
of angle, timv ard size. An addli.onal pacameter for tactical targets is
the configuration, that is. the fire (oven) and cooking utensil. The
target characteristice---together with the path-transmission and equipment-
characteristics---should facilitate a conversion of measured detection---
probabtlity of simulated targets to that of tactical targets.

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 is known. 1If the vertical profile in the target
area, of the mixing ratio of water-vapor and temperature is known and is
reasonably constant, the relative-humidity and temperature near the ground
may be the only input necessary (i~ addition to the geomerry of the path)
for calculation of tha pach-transmission.

To evaluate experimental dats obtained on fully viewed
targets, dats on the instantanecus firld-of-view and aperture-ares of the
scanners should suffice because of the large target-signal to background-
signal rltlo*- On the other hand, the sensitivity of the various scanners

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

*Assuming that the scanner has a (& nlrad)z Lustantaneous field-of-viaw
with a uniform response between 3 and 5 microns, and the range to the 1100°%
target of 14" dismcter is 1 km, the ratio of the targat signal to the totsl
(dc) signal from a 370%K bacxkground is about 25. at {denticsl smissivities of
the target and background. This ratio decresses to sbout 7, in the spectral
region between 8 and 12 microns, but rapidly increases in regilons below 2
aicrons. However, the effective background signal, i.e., the variance of the
background-radistion in the field of view. will be by ovderi of magnitude
smaller than the total radiation. Consequently, we desl, ac fully viewed
targets, with very large signal to limiting-noise ratio.
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E partisily viewed targetr (i.e., wnen the angular size from the taraet
E % of the affective opening i8 ronsiderably smailer than that of the
aperture}. This need can be best fulfilled when the scanners are
calibrated to the seme =nuice both before and after each misaion.

The calibration svurce could be a container filled with water of

kaown temperatutre. . The surface of water should be about four times

as large as the arsa subtended by the scanner to assure chat the
surfece completely fills the field-of view. As a substitute lolution;

a suitable area of a runway would be perhaps also sufficient to deduce

the sensitivity of the scanners.

7.2.3.2, Indivéct
In order to facilitate dstermination of detectability

through an indirect path, the following input data should be availablae:

°Sp-ctnl reflectivity of foliage of tropical trees. Thess

dats arc necessary for a judicious choice of the spectral

region of detection of (multiple) reflected radiltion.!

Because the sensitivity required of an airborne scanner can

be attaines only in & relatively wide spectral region the

necessary spectral resolution---excapt in the visible regiom---

af the measurements would be low and roughly detsrained by the

atmospheric windows below sbout 3.5 microns. This limit appears

probsble because of rhe relatively strong self -emission comparad

to the refiected redistion that seems likaly to exist at longer

vavelengths. Pinal judgment of this aspect is possible only

with reasonably detsiled data of the discussed typs on hand.
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°Frnhnbillty that a given fraction of radiatinn smerges through
(aultiple) ceflection from the jungle-top. These dats may bs
regardad as complamentary to the characteristics of opening
geometTy when disregarding spectral reflectivity and target
intensizy. Ia this case. the emerging radiation is s function
of follage-size and relative otlentation. This geometrical
characteristic could be perhaps obtained by maasuremants in
one spez:iral region chosen when the spectral reflectivity im
known. The difficulty in performing such seasuraments, is
that---in contrast to the messurement of the opening geometTy
of & cancpy---a point source has to be used, the jungle-top
has to be mapped and alio, discrimination must be made

hetween raflectad and direct redistion through openings.

The most practical technigue 1s perhaps & two-color sapping

of the jungle-top but no sicple mathod is envisioned thac
would readily uilun attainenc of the objective. This ia so
becauss of the t;.td to distinguish berween reflected and diract
signais. VWniie this may be easiiy achieved at large direct
sigoals coming through lirge openings. discriminarion hatwaen
low-level eignals could be extremely difficult unlevs the
ruflected gignal always cumes from a large area whereas the
direct signal is the smalier, the smaller the opening is.
Overtical temperature-distribution and horizontal extent of

isotherms sbove a coatinuous firz of known intensity. These
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mﬂh‘ely edsilv aobtainatle ddta aie necessary to determine

the possible sxistence of 2 measurable temperature rise of the
top foliage. duv to heating bv the ftre*.

°Tempetnture map of too foliage. Once the possibility of a
temperature rise nas been deduced from measurements menticned
before, an sttempt teo detect this rise could be best made by
means of an ai‘rborre therm:! mepper having & fleld-of-view
matched to the spatial extent of the temperature rise.

oAnount and concentration of combustion products emerging from
the jungle.

oNatural varistion of the spectral radiance of jungie-top--
Data needed to establishk the wmag.:itude of the "backzround
noise" both in direct and indirect detection.

7.2.3. FPorestry Service Program

In July 1962, it was found that the Northern Farenr Fire Labor-
atory, Missoula, Montana (U. 5. Dept. of Agriculture) had begun a small
exper imental program (ref. 7.2) funded by OCDM, o evaluate the utility
of IR techniques in detection of forest fires. The program iz under tha
direction of Mr. Stanlsy Hirsch. Northern Forest Pire Laboratory,

. Missoula, Montsna, Telephone: Ares Code 406, 543-5167.

The expariments are carried nut in the Missouls forest area using
a0 AN/AAS-5 thermal mapper v losn from the Signsl Corps, mounted in a
Twin Beschcraft serviced by Johnson Aircreft.

Pires are simeiated by burning charcoal in l- or 4-square ft.

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

*Ihis type of measuremen: has been made in Operation Tropican
but the resuits are unknown to us.
. 7.2 U. 5. Departoert ol Agriculture, Forest Seivice, Intermountain

, Forest and Range Experiment Station, Ogden, Utah, Research Note No. 91,
: May 1962
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Table 7.2.1

CHARACTERIST1ICS OF SELECTED SITES

SITE 1 SITE II
Species Punderosa pine SprcCivs Pund. rue: pr -»
c Lt , Si1ze class wma bl polv Siev class  Sapling-small pcle {raniate, '
L b )
(o] D. K. K. 4-10 inches D BNt b et
w/ a
He i ght 20-30 [eet He bt et bie
LR
Live Ct1ow rdtic $0- 502 Live ©rown rat .o YRS
R . Aspect South-east A-poct ERTTTE R
' 'J ;; = TIE=S . T= .S = -
S >
SL{E 4. S1TE Vv
Speet ta - Porderosd pim -Bouglas tar Sp-vaes (Y SR
Stee o laa- Pole St and Stre Llus- Small .aw 1w
D.3.H. § 120 ancoes D.B.H. 2-18 1ner
He vght 20 60 f-vr He-twhi t2-70 [
N Live couwm rdativ 50-10L Live ¢rown vatio 2060
- rxy
‘. Basal Arce 30 s3q fefacre Bisal Are- 50 - f1tar,
‘-,' Aspect North-east Aspe -t Ea.
- NOIE: This 13 the only Douglas [ir
Lo ’ stand and this may account for some
o 1 of the low per cent of cpenings.
) *Diameter at Breast Helghe.
v **Ratio w height of live crown to totul tree height.
wakSq f1 wood at tree base/acre--- comoon [orestry measuremcnt.
.
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Oputativn feopirens oy the Avrial Senaing of Tropical Sur-
faces--was conducted b, the Photographiac Jniotprotation Rescarch Divasion of
the u.d. Army Cold Reglicns Rescdten and E~uin.. reng Laboratory (CRREL) of the
V:S. Army Materlel Command witt curiract Lo criersicy of Michigan.  Its prl-
MATY Purposie wds 'he developnent of muitiuang sensiag techniques for obtaining
data on il) remote t1opical sertacs leatr.s “s01ls. rucks, vegetattion, etc.)
and prediction of behavioral chatacteristics and £2) evidenves of military
activity against vactious backgrounds (vehivles. equipment. personnel, etec.). :
The operation wis tonductud in Nuvember 1962 35 Puerto Ricu. The tasks included
(o) a literature and a’rphoto study 0y the licat:on and utilization of one or -
more pilot atudy areas represénting & vatlet,; of tropical backgrounds () rhe
tnstallation of special targets and ‘d) tne conduction of coordinated alr/ground
aerial sensing missions (night, day, diurnal monito», scale, detector type, etc.)
and {e) the preparativn of & ¢ompichic.si.. repurt with cecummendations.
On August . 1962 a meering was held 3t ARPA's request to dis-
cuss the possibilicty of a plygy-back no majnr interference, experiment, during
the Tropicdn exctclse. A DRC ODscr cf altcndcd and discussed Televant exper-
tence. It wes «yfzvd o0 the Metting that t1rs dcCectinn experiments wouid be
carried out under the dircction ¢f Mc, Rono-t §:2oat (CRREL. Box 282, Hanover. v
New Hampshire, Telephone; ﬁhltt-&lv:: Jutgtivs ‘ctmont . B02+2953-3413) and chat
a DRC representative would take part as 4 techr 1cal obscrver.
Plans for 18 1=strumertat:n we's desctibed as follows: Two

1R svanners were Lu be simuitanesisby operdted with instenisnevar fivlidys-of-view

-1.29.
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of | mrad and & omrad, aod an dntern oty aaee 4 detired. An lnSh (2u-ép
detector wenld ha saed for relirsoly RS fcije alure radintion and 8 Ge
(Bu-13u) detector for radiation at embi.at t-mzerarure. The apectral range
could by further l.mited bv f1lters to the regions between 3 and 4 maicrons and
Letween 4.5 and 5.5 microna; furthermore, anotner tilter was to be availadle
that somewhat narrows the 8u-liu region to exciude the edges of this window
that {s sensitive to vartations of absorber concentration in the optical peth,

By keeping the various detector packages pre voled Juring a
mlesion & wcanner could be changed fn tlight in abouc one or two minutes to
obtain & desired field-of -view spectral-response cumbination. Thus, it would
be posaible to map the same target field with various spatial resolutions and
in varicus apectral iegions, undes practically invariant conditions. At an
inscantaneous fleld-of-view ¢f 1 mrad, a temperature sensitivity of better than
0.1°¢ 14 expected in the region between ; and & microns and, better rhan 0. 0%
is expected between 8 and 13 microns tor amblent temperaturs targets.

The information was tn be recorded on 70 m photographic [Llm
and on cagnetic tape. (The rape is very Impe-tant a8 it fecilitaces the investi-
gation of various data processing trchnigues for optimm cvaluation of the ob-
tained information.)

A singie chanwei 1adlometer with either Ge«Cu or InSb detec-
tar, in connection with a chart recorder, would ubtain quancitative data on the
temperature Of the terrain directly underncdth Lhe alrplane. The {nstrumnta-
tion alzc was to include a K-17 surial cameca and an f-m commumication link to

ground.
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D.oring tia meetiry Cobmel & 1 Gondiellow (APCIN-1CL) re-
porced < expuriuvnce of Al- Porce. Tt 11ipenrs rornmnaigcence 19 ®suthsasl Asdig.
A Reconofax ¥1 hac been usyd {anu operated satisfactorily) In conjunction with
photogrephy and radur (L-band). lue iR and nigh resoinrion radar did not proe
dure much information hut did 1mpruve wverall iceing somewhst. [On one occasion
a boat In the shade of & bridge was seen with IR while invisible on photograph. ]
Neither sensor gave much data vn ground under canopy.

The DRC observer Suggested use 0f a shorter wavelength spece
tral region at dusk and In night-time missions in order to increass the fire
signal-to-background ratfo. Mr. 3. Lyle Hansem (CRREL) suggested passive micro-
wave radiomecer measurements. Nelther suggestion was saopted.

7.2.4.2. Planning

In October the following general information on pil.tu was
obtained from CRREL by telephone:

The target-area selected was in the Luquillio Nacionai Porest
{alsc calledLuquillo Recreationdl Area) abeut unechour drive from San Juan,
Puerto R1co. INiw eive is wountdinous and contains rain foreat believed (& he
similar tc those found in S.E. Asia. Unforrunately, the rain-forest is on
mountain slope making the geometrical situdtion for mepping unfavorable., Por
reascns of safety, the mirimum sititude above the targets might be as much as
3000 feet. However, the sclected area facilitates the placement of targets
under various cancpies ranging from the.eunplelely open tu the extremely dense.

Plans fncluded establishing the (haractaristice of canopy

and measuraments were to be made of the daytime {lluy=ination at selected places.

-7.11-
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It was .4is0 plan .ed to me surc the vercical temperature dis-
tributlion above the ilres up to 200 feret 1f possible. by means of halloon-
acunted temperaiurc probe~ (Lhermocouples Oor thermistors).

The targets would be wymoldering charcoal, sbuue 10 or 12 1bs
in baskwiw vl 14" - 15" diameter. ihe surface-tevperaturs of the charscal s
estimuted sbout 11007K, ‘Thete targets very closely reaemble those used by the
Forest Fire Laboratory, Missouls, Montana.) The power distridulion from the
targets was eapected to be Planckian, dud "quite a number” of then were to de
used simultaneously.

In addition to the University of Michigan's plane, three Alr
Porce planes from Rome 4ir Development Center would participate in the mapping,
as arrenged by Major Ysrbrough. The sirplanes wouid fly, per mission, & number
of passes at various altitudes In order to include as many different "looka" aa
posaible fn the practice. No other data were ob.ained priovr to the exercise.

7.2.4.3. [Rapgriment

A DRC observer viewed the expariments from 10 - 18 November,
during which roughly haif the planned misstons were flowr. Hia report of mid-
Novembar 'u given below:

a) . iponmen
The target region 13 in the tropical rain forest of the la Mina

Recreational Area that 1s & part of the Luquillo Divislon of the Caribbean
National Porest, some twenty miles Bast of San Juan. Puerto Rico. The terrein
is mountainous with peabs as hiyh as J500 feet. The ralr forest receivas an
annual rain fall uf more then 200 {nches that fells In about & per cent of the

total time. During the wettecit monthy of the vear (March and November), rain



can be expecied 10 lour out ot {isc days. Tre average dayt ime tstperature in

unor. thy
b d

L c otimpuratury at aighe l:oabeue 0%, Ths

ihe fuledt 13 adoul tem
average Telallve humidity i more than 90 per cent. under these conditioms,
tropical trees grow with smazing rapidityv: ft {3 sald ihat more than 100
species hove been identified. Perhaps the oost frequently encuuntere’ species
are the‘Sltttd Fale (Eutwrpe Globosa), the Weatherwane tree {Cecropia Peltats),
the giant fern treec that reach & hefght of 30-40 feet. and the taliesr cree,

the Tabonuco (Dacyodes Exielsa). The averepe didmeter of trunks is perhaps

one foot; the avetage sepucdtion of trees i1 on the order of 15 feet. The
height of the forest is about 100 feet.

The stand of the caln foresti selected Jor the primary target ars=a
18 salong the "la Mins" trail, at an elevation of about 1500 feat, (n the valley
of the La Mina River. The trail leads 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 ctargets werc placed. Las not been used for perhapa & {aw years.
In order to maka € pasiiobl. -eapecially al wipinccicei pmisvunei lad o viza,
{* nf overgrowth. Mereover. the equipmenc and supply had o be handcarried,
an cccomplishment that can onily be sppreciated by ln.eycultness. {For inerancm,
& heavy rain once carried awav a large nart ol the supply of charenal.?

b) Pisns for the Experimeat

[Perhaps because of .he extrene effort required by these activitizs,
thc DRC ohserver was given only a cursory briefing conceraing the plans for the
oxperiments and wae able to find out about the status of the experiments only

occasionally.] According to the cursory brieting commercisl water duckets
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Eilled with buiniry (hat¢da) wete 10 el & df largeis:  These targets constitute
2 nearlv.blark.hed, source @i @bou :iGG“Rl tur & pertoa ot time of & to 8 hours.
During the experiment~, the source inten=ity was to be periodically monitored
by portable radiometrr. The cardpy dbuwe vuch targel was to be photographed to
facilicate determination later ou in che lavoratory, of (he canopy character-
fatics.

In addition plans called for measurement of the tollowing quanti-
ties: #0il temperature; alr temperaturé. relative humidity; wind velocity;
vertical temperature distribution above selected targets; typical vertical tem-
perature distributions in the siand without target; sky brightness; and level
of {llumination in the stand. A scientitic description of the stand aad ter-
Tain was to be reported by a botanist and a geologis:. respettlvely:

It was planncd tv vbtain imdges from the air of the primary target
ares (and of two other arvas without targets; - one of the wettest and another
of the densest stand of tar forest) In the 3 to 5 micron region (InSb detector)
and, in the 8 to 13 microna reglon (Cu and Hy doped (e detectors) by means of
& m3dified AR/AD-1 aud AW AR-5 i1ne scanner mounied .o wi. KeD afrcratt. Dhese
S.annets can be Operated simulitaneously caicept whee ore of thez la Lelng e~
placed by & K-17 camecu. The lnstantaneous ticid of view of the scanners de-
pends on che si2¢ of the detector {a use. LEither a nominal (2 nrad\z ot

2 fleld of view can ne achisved. the acan field of the scanners 1s

(4 mrad)
120° and &0° Tedpectively. The sagnal from the scanners was to be recorded on
magnetic tipe and on photographic film. The photographic teiouds were to be

developed after vach emiasion; the tape recordings are destined for detailed

evaluation in the home lavoratorv. A chupper radiometer has been installed In
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the atrcraft with 10 diacantaneus field Of wire «nd spectresi response which
ca™ he selected to match the scanners The radiobeter was (o meanurs the ghan-
lute trradiance ftom a serip of the taryet area dircctly undetneath the air-
plane. Thus, bv corrclatior. 1r7319fa:ie values from the entifc scan fleld may
possibly be determined in the nome laborators
c) Preliminary Roguwlts

1t has becn Obsetved that the limited rate of climo and descent
of the l:rplane_preven:ed low-altitude flights {luss than about 1500 feet above
the target area), while low-lying clouds masked the mountain peaks during &
large fractien of the ti1=¢. A2 3 cons:guence of these conditions, the airplane
wvas in flight less than a total of *2 aicborne hours--out of the planned total
of 26 hours--from Wednesday noon until Sunday averning (18th of November). Even
80, the airburne time often fatled to resuir in imagery bacause of unsuccessful
attempts in breaking through the cloud cover. Altogether, a dozen paases re-
sulted in IR images. A cursory inspection of these records revealed only two
"hot spots™. One hot spot seemed to appear lnvariablv in the records; this
was fmposcibl: to quickly tdent1fv. hut the Inwvari»=~¢ appestance pointed to a
source located in an open arca rot identified in test plans act this time. The
other hot spot could have bewn a4 target. located pechaps oa & toot bridge
across the river, that is alsc in & rather open area. If this quick sssess-
ment i3 correct, not one of the 12 targets unde: hesvy canopy hus been detected
with & sufficiently high aignal for a reedv fdcatiflcation.

7.2.4.6. Crit
It appeared at this time rhat the experimental results com-

firmed DRC cxpectations of not sceing manv of the targets under very dense
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canopy. {Stnce this time, verkal reports indicate that subsequent missions saw
a large fractiry of targets, 4 citiumelance which {8 difficult Lo reconcile
with tne eariier missions and probabllity calculations 1f the cover was indaed
dense. Since the Iropican report Is not vet dvallable the solution to this
mystery 1s unknown. )

Ovtailed plans for instrumenting and laying cut the experi-
ment were nut made available to DRC and hence could not be crfi-icized. As
nearly as can be detcrmined no statistical analysis of the experiment was made
in the planning stage.

Subsequent information is that, based on the vcrbally re-
ported very 360d results, there is high enthusiasm for the technique as a
possible ready tool for use in Vieunam, for pinpoint reconnaissance.

It 1s the Comtractor's opinion that considerably more ana
careful local experimentation should precede anv commitmone to an operational
experiment. It {s clear that fires can be detécted under certain condicions.
It {s certaln that not enough experience is 1n:hand to define the treliabilicy
of detection. Purther, the Contractor pelieves that detection can be izproved
markedly hy & relatively ecasily-developed equipment optimized for this purpose.
It 18 possible with such squipment hunte:-tiile: miseions algit become feasi-

ble. These matters are dealt with in greater derail in 7.3,
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PROBABR) LITY CONSIDERALIUNS AND NEW EQUIPMEnI FOR FIRE DETECTION

-~
L

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

taitlored to the conditions described hervin.

CONTENTS

7.3.1 Introduction

7.3.2 The Geometrical Conditions of Detection
7.3.2.1 Definition ni conditions cnd terminology
7.3.2.2 Elements of probability used in the investigacion
7.3.2.3 The probability of seeing targets under canopy
7.3.2.6 Some specific numerical examples
7.3.2.5 Conclusjoni

7.3.3 Outline of the Features of an Airborne Equipment Tailored
to the Geometrical Conditions of Sesing
7.3.3.1 Scanner
7.3.3.2 Recorder

_ 7.3.3.3 Some aspects of teasibility

f 7.3.3.4 Conclusions

7.3.4 Sumary

7.3.1 Intvoduction

A canopy way be defined as the entity of cpaque objects uf some shape,
(r randan distribution above a target field, Depending on the configuration
of the projected aress of the objects, s canooy oay cover the targetfield in
various degrces between camplete coverage and no coverage at all.

Thus, detection of A target wmice & wuncpy L dependant va "geometrical
condizions' imposed by the canopy, as well as on “ohysical conditions" such

a8 the radiant intensity of the target, range, sensitivity of an equipment,
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etc. Me tefer 1o the fulfillpent of the geometrical conditions as “sweing
the target,” in contrast to the <imultanecus fulfsliment of the geometrical
and physical conditions which leads to the “cetection of Cne 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 gevmetrical
conditions «- ot seeing & pcint target from the alr. The second pert presents
the pertinent featurcs of an airborne ejuipment tallored to the geomerrical
conditions.

Alchough occasioned by the fire detection problem the treatment given
here i3 general and elementary decails are included to promote easy reading.
However, the entire problem must be coasidered in reference to pertinent

ionformation in 7.1,

7.3,1 The Geometrical Conditions of Detection

e ———— e P e

The objective of this portion of the paper i1 the determination of
the probability, under various conditions, of seeing a target. It 19
convenient to define rne conditions and the tarminulogy to be used as

tollows:

7.3.2.1 Definitlon of Conditions and Terminology

We tonsider two generally distinct conditians-

Condition 1

a) There are a number of identicel targets cundomly placed under a
canopy. [he location from which the attempt is oada to see these
targets, is called the "polnt of looking."

b) Conaider solld angles, centersd on the radii between the targett

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

d)

¢)

t)

These solid sugiew of identical absolute value will be called
(one at a time) instantaneous field of view (= i.f.v.). The
1.f.v. is limited at the lower extreme by the criterion that
the ares subtended of a targer must be much less than che
3.f.v. subtended araa (i.e,, the target is a "point"” target).
It 1s limited at the upper extreme by the requirement that the
i.f.v. never inc¢lude more than one target.

Targets will be considered "seen” if they are viewed at Lhe
aspact of "half-m;on" or 'more-than-half-moon'; they will be
considered not seen Lf they are viewed at less thar half-moon.
An additional situltanecus conditinn is that an ares around

the point of locking subtended from the targec by & solid ungle
of the order of magnitude of the target's from the pot;: of
looking, is seen at least as a "hali-moon'.

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 solid angle the “augie of hiding".

The "field of search" for a target is restricred to thne 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 fs
investigated for target only once, at a "look angle" thit 18
caken randomly in a vertical plane through the point of looking.
However, tne Tandomness of the look angle is taken to be
jidentical to the randomness in space of the point of looking,
so that fixing one decermines the other.

«7.43-
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8) The point of looking {s taken to move with constant veiocity at

tonatant 4ltitlude, mud Lhie {UOK angie 18 taken to run through
the interurcrinn of the con= derermined by the ficid of icarch,
and the plane perpendicular to the velocity vector of the point
of looking. The angular velocity of the looh-ln;lt'l.runniﬂg
leg is taker high reilative 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 throﬁgh its

Tange.

Condition 2

a) The zeasure of a canopy is its average density {c) which is de-
fined as the ratio of the integrated so0lid angles from cazyei
subtencs: by the opaque objects in cthe angle of hiding, to the
angle of hiding.

) The canopy within the angle of hidiag is taken to be homogenecus,

¢) The degree of homogeneity L3 taken to be such that Ln any strip
of angular widch = component ot 1,f.v,, parallel to the velocity-
vector, the canopy density i# the same as it i3 in the entire

angle of hiding.

Under these conditions there are three cases of particular interest;
the point of looking at any given Instant may of oay not be in a vertical
plans thaL goes through the target and is perpendicular to the velocity-
vector; the point of looking aay or may not be {n an unobscured line of
aight; and ~he look angle's running leg may or may not aufficisncly cftnctdn
with the radius vector, to fulfill cthe condition of half or more moon. The
three cases represent, however, only one random condition of seeing, because:

&Y .
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o The point ot looking Fas been. or will be at some other time «-
tor the duratica of one line time -- in a vartical plane, ac-
curdling to condltion 1{3).

o The cotucidence of the look angle's running leg with the radius
vector to the paint of lookiag, and the latter being in an un-
obscured line of sigh: are idsntical criteria, for the point of
looking is tawen stationary for the duration of & line time.
That ib, once the point of locking 18 in an unobscured lire of
sight the running leg of the look angle will definitely coincide

with the radius secior at <owe "instant' during the line time,

Consequent ly, the probability of seeing & target from the point of
looking squals the probabllity that the ‘lk_\' (to the extent doﬁno‘d in 1(c))
will be seen from the targst in any randomly chosen directtom within che
angle of hiding. The derivation of this probability ia found in subssgquent
paragraphs. TFirst, howaver, the matheoatical tools used in the derivation
will be summarized,

7.3.2.2 Elements of Probabilicy

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

the probability V that an event B cccurs o Aefined as the
ratic of the number, k, of favorable possibilities to the number, £, of all

the peiltbtl(tic-':

.lor exatple, E might be an act of drawing-blinrdfolded--one of k red
marbles out of an urn Lhat contelos i-h addicivnal blue and/or gresn marbled.

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

3¢ which are:

Ve | » Lertainty and,

V= ¢ Imposuibiltty.

Moreover, since Lt is certainty tnat an svent eicher occurs
or does not occur, the prolability that che above event will not occur s
1-v,

From che above definttion, the following reilstions of

interast to us for the present problen follow:

a) The Probapility that A'l of n Independent Events Occur

Considering just two svents for the moment, the probability V'
that both the independent evencs ll' and !2', of respective probabilities
vl' and vz' occur, is V' ® vl' x vz' . TFor, when the svents are completely
independent, all the cases that are possible for EI' can coubdbine with all
the cases possible for :2' , resulting in 11' x !2‘ possible cases.
Similarly, all the cases kl' that sre tavorable for !1' can comtins with
the k:' favorable case. that prevail for !2' , resulting in kl' x kz‘

favorable cases, Thus,

n
ve R v, (I
xe|
-1, b4b-
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b) Ihe Probability thay Eliher Cue ul n Mutually
Exclustve Eveary Oucur:

Let kl" denote the number of tevorable cases of event !1" R kz“
denote the favorable cases of Ez" and ‘" denote «ll Lhe poasible zases, then

the probability V" that either cne of the faviiasls cvents ovvuis. is

k"‘k..
vn._i__z.vn"'u

- 1t

lo general, for n eveuls vewatiliog the upper wuden):

Ve i v (11)

Kol

c) The Probability that At Least One nf n Independent Events Occuzs

The possible combinations of the independent avents !l"' and tz"'
of respective prob.billttﬁl vl“' and vz“' are:

N " - ey, " - "y, " (]
Favorable: vl (1 vz ): vz (1 vl bR v{ vz and,

Uafavorable: (1 - vl“!) (- vzu., .

Since the sum of 41} the combinations equals unity, the dif-
ference betveen unity and the sum of the unfavoruble combinations (which is

the sum of the favorable combinations) t» the sought probability, V"*

T " LI I "y ue
v . vl - v, vl vy

'An example of mut'uslly exciusive wvents Ls tha drowiog of o red or
white marble from an urn thel vontaiar macbles of blue and/or grown as well
as ted and white.

1.4l
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In geawial, for the ca~e¢ of n events {omitting the upper

n n-l n-2

index):

n
v gv + {1I11)
x x= , x

vhere the odd numbered terms are positive and the even numbered tarms are

.
<
<
“

'
<
<

-
<

<

Y
Nﬁ:’

negative.

In «ddicion to the re'ations above, it may be recalled chat
the calculus of probability 1s reaily useful only whan there are‘s very large
nunber of cases at one's dispusal for evaluatiun., For inscance, in flipping
s coin 6 times, the expectation is thag n=2~2+ w111 cume up 3 rimes; neverthe-
less, not always will three heads come up vhen repeating this process of
6 flips in & vow. As a matter of fact. '..h; deviation from the predicted
cunber of haads may occaslonally be extreme: it 1§ quite probable that no
head will come up at all {n six consecurive flips, However, making the
procass {n groups of not & but 100 flips. heads will come up 5C, perhaps
also 48, 51, 52, 49, 47, 51, times, iR 2y case the number of times whan
hesds will come up will not differ very nuc'h from L/ of the total number of
sttenpts. In other words, the law of large nuzbers says that

o only in sufficiently large nusber of attempts will ;hl aumber
of actually occurring events, begin to approach the product

of (aumber of attcmpts) n (averags probability), and

-7.48-
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v @ Predicted £ ulL Lar be Aachieves with cercainty only at

the limit ot an 1nliowte nwober of alfempt s,

ty thi: fuc* . ap appsr-n+ paradox becomes clear: Let us

‘ aspume that in the proce.s of flippiny a ¢otn, (0 times 1n a row talls come
up. Through a hasty con-iderat jon one might expect that head Ls more probable
for the 11th attewpt. But. what mv-ter:ous force should acr  because of the
outcome of the previocus event<. Zv (dure hreds to come up next? Such a
force does not exist except for A'-ddin's jianil or a dubious gambler, and
the eventual assudption that "for (oupensasion now a head oust come,” is
completely falae: for. onlv an earremely large number of atvempts can resclt
in a "compensation,” [,e.. can lesd to & value 2nac equals the probability
times the number of attempr-.

The law of large number: can he used "o posteriort’ to
sscertain from observations (suth 4> petcentagc dzath 4t vacious ages)
certain probabilities (such a» puist life evpectancy? by means of which one
can derive--through combinations with other probabilizies ‘3wch as advances
in medicine, improved living conditicon:z' -new probabilitier (such as future
life-expectancy)., It will be seen that 1t 1» e:sential to have a statistically
valid base {(1.e., reasonably large number:) in experimentsl varifications, or

' . predictivns will be very shaky.

We shall close vur recollection on tne general laterpretation
of startstical dace, with & referente 1o che typical applicaiion of proba-
bility to corpuscular phenoamens 1o phyrive. Here the integral efiect of
corpuscula are accutafely dercribed by means of statiscical laws, for -- at

the very large nunber: of 470m~ uaually 1nvolved in related phenomena «- the

-].49.




law of large numbers almost always applied o well that -tatiscical relations
anaume cite sbt kil ohetacter of & neiural law. When evperimesntal observas
tione can be rectricted ra o rotarively few atoms (or. theoretical calcula-
tions are beiny made for a relatively few atoma)}. only then are deviacions
from the prediction of average probability (t.e., fluccuations) first notice-
able, indicating chat the reala of random phenomena has been entered, Deep
{n this realm one hardly sees saytiing el-e but fluctuarion~ {noise}.

Because of limitations in che practice (in an experiment,
for instance), the range of atcempes realistic to consider in the present
case, leads us (nco cthe very random region of the etfect of geometrical
conditions. This situation calls for a careful interprecation of the cone
clusions to be drawm, especially when a comparison to a very small sample
of actual data is being attempted, Nevertheles:, wilh proper car;, in-
formation of great value can be decuced even La chis case as will be 3een
from the discussion to follow,

7.3.2.3 The Probabilicy of Seeing largers Under Canopy

The average probabality, 3, that a rtarget uander canopy of

the average Jdenitty E, will be seen 1n any one atcempt, 13
Petc (1)
Then, the average probability of the spe.tfic event that at lesst
one of N targets will be een in any one allewpt, Fl;) is

- N o
P(y) ~ 1 - (1-P = 1l-¢ ) 2)

because -- undesr the conditions detined in the firsc paragraph =- the event

oy -7.50-
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of seeiny one itérget . is complerely Lndependent of the event of seeing in

T

the same attempr another targel,

Equarion (2) 5 Bhown cveiuvated in Flgures 7.3, 1a, and 7,375,

-1
la bigute /.4, la, Che Probdblllty'?{N) vs N is shown at

various values of « «» parametec. Figure 7,3, 1b shows N vs ¢ with Fll:) as

parameter,

As it §i5 implicitly seen in the figures, the following con-

clusion of particular intcrest fruc o practical standpoint mwy be drawvn froa

Equation (2):

EF(L) N -
The rate — & ¢ ,ln c (c < 1) at which the probabilicy

- !

?(é) increases with the increase of the number of targets,
iy decreasing with incvezsing number of cargets,
Ihe raze is higher at nigher T than It 1 4t lower c.

The trate ia haigh first (linear region) cthen it becomes
increasingiy lower and lower with increasing number of

r«rgots (esymptotic region).

The relative gain 1o probability that can be obtained when
instead of one target & large number of targets i. used, is

much higher at high canopy-densicy tham 1t 1s 1t low densicy.
L
3 -
() N-t

» « N.C at which the probabilicy decreaves

The rate
1+

with increasing canopy-density, (s the smaller the larger

is N.

Consequencly, the number of targecs necessaty to maintain a

preset probability (a probabilicy ot 1/2, for imstance) Ls hsavily dependent

on the canopy~density. CTvea if Lt 15 Lopractical 1o case of high canopy-

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

G -7.51-
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made as high as possible, increuslng it tn 4 point, tor instance, whers the
deviation Ltom the maximum (initiai’ lalé {(«b low N} 18 not more than a
practical value, such a5 might be -10% With other words, the mumber of
targets tu be uwad Ln an experisent Frould be determined by the average
canopy-density: the number should be nigh when tne canopy-dansity is high
and could be but decreased in case ot canoples of lesser censity; but --
unless there uvas some other over-riding aspect - should not be done in
the reverse, These considerations appear especinlly significant in view
of the fact thet & really meaniogful evaluacion of detectability, based
on experimental data, carnot be done without, because of the very nature
of the involved phenomend, a larye number of samples.

In a slight detour, lat's consider next tne N targets
distributed under various canopires within the density range becween E. and

E;. Then, with

i
¢ = umber of targets under ¢rnopy of the density-rangs betwaen

c and ¢ + dc,

9" number of targets seen through canopy t,

g = average numbar of targets seen

c - = -

g * Q(F) F aF = g (3")

l=c
a

In words, q targets out of the total of
1-¢

[4
N = [ Q(P) 4P : 3™

-7.52-
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targets =111 be seen tin any une aticmpt ) whete P is a9 given by Bquaction (1)
dince tt i of great 1mpoitance to determ.ne the effect of

variations in caropy diiaity, =hivh (ertatnly cictur in the real world, we

can defire from the relotion of g o (l“t‘)N au squiveient canopv-density

<

e’ -
1 cb
2(P) P dF
_ l-c,
¢ w ] . — ——————— (3)
L4 l-cb
Q(P) d?
L

Y

For instance, the tarjets may be distributed in various

- - D)
2;@nners as shown for €, " 1 and ¢ < ! in Figure 7.3.2 below:

LI ]

L ]

Tx (distzibution"” {dislribution)’ (distribucion)"’

32 l (—)‘

.- W

o

-

oo

"R _ ]

L]

- 3

Lo ]

G O =

-

L)

§28

732
- _ ] e -
l-c.-O l--cb 1~cb 1 <y l-cc

« Canopy-dersity, ©.

Figure 7.3.2. Illustrative distributtons of targets under canopies of
varicus densities.

Then, using the notations of l-:b-b, mbeq, and l-c=x and, for (distributiom)’

‘Ngte that Q 1s as defined before and {s shown versus 1-:, instead of
versus c.

2.5).
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in the figure, when 2&1-Eb) . I-E‘

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

(n'p'-m'x) dx

In case when 3(l-¢c )} = i1-¢
b <

w'adx +

bl’!
c =1~ obn
-}

b

ny, e
a'xdx + =

-l -
And, in case when 3'.1~cb } o= Ztluc‘\

{m''p"' - 2'"'x) x dx

(do"b"' - 2u"'x) dx

bll!

At the values of &' = 0,15, o « 0,10 and b = 0.20

- -
¢, * 0.850, .~ 0.0,
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These examples numerivaiiy siww the obvious fact that the

equivalent canopy-density (& the lavperr the more the distribution in a
given deusity range tavors denser canopies, When the distribution is sym-
metrical, the cqu;vnlcat density ts the arichometic mean of the extremes of
the density-ringe,

Furtheruore, it seems likely that, a relation derived for
8 given canopy-density may be used for the same number of targets under a
range o canoplies when the discribucion 13 asuch that the equivalent density
tn Equation (3) equals the given density.

Ihus, the effect of placing in a given distribution a number
of targets under various canopies caa be evaluated in a simple manner. We
will omit {n the future the cubscripc e but will always mean equivalent
canopy-density,

The main interest concerning the effecc of che gaometrical
conditions, {8 a general expression of the probability of seeing, in any
one or more attempts, at jieast a celtdlﬁ'i(attlon of auy aumber of targets
under a canupy of various densities. This expression may Le derived as
follows:

In case of N targets, each of the sversge probability of
sesing as given in Eq. (1), an sttempt may consisc of Lhe particular
assembly of seen tarzets (all nf chese dennred wich 2 because the targets

are not distinguishable) and targets uor seen {denoted wich £} ss follows:

8-l &
k] ]

L 2 &
b { »

————

'lcadlu; to an integer number of targets-
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For 4 number of setings. o uvxailly k, the average proba-

bilizy that (his event, in an asscubiv as azbove wuccurs. is

ko Nk
P (l-P) .

1

However, & serings could also ocrur 1n another as.embly of successes

(seeings) and failures such as-

L
£

Altogecner, therc will be N! assemblier., But, k. assemblies will be in-
distinguishable because the targers are indistinguishable and, (Nek}!
asrexnbdlies will be indistinguishablc Secause the failures are indistinguish-
able, Consequently, there will pe N!/k;(N-k). different assembliem and,

the average probabilfcy of seeing exactly k tdrgets in an attempt, F(:) is

Wk

By making now. imscread of anly one [ aie=pi»,. each under identical
corditions (thye same targets in the same arrangement under the same canopies),
ve chat of ceajing witn Nr targets 1o one artempt. lhen,

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

SNr _NreuNr
c

- [CIEN
P! " =r e, b




Equation (3} Rives the probabllity ol one event that sitivtice our criterion.

However, this ciitotaon of 4t least ONr eeeinge will also be tulfilled by
other events thuat result in oore than Nt seelngs. Since the maxisua number of
possible sueings 13 Nr, rhere will be ultogether Nr-7Nr such events.

Thus, the average probabiliity of expsriencing in r attempts

a total ot At least ONr scelngs of N Cargets under canopy <, F(>::‘) 1s

NT
5, >MNr, N !NI’!: =i E“r"' 6)
fng J ey (6
{=2Nr

First, it should be noced that --

o becauss it takes 1nto account all the ponsible
N .

sventy, E : ;(:) squals to unity,
k=0 ) .

o becaute it includes all but che single event
N
of not szeing target at all, F(:) is the
1l

Ln
probability of saeing at least one targes,

o the probability of the avent of not seeing

N
target at all, P(g) -c,

N N
80 that E Py = T+ z F& =1, and
N 5 N )
k=0 ke} :

————————

]
We denote "at laast k,' with >k,

..“_-



N ) N
P(:) = 1-c¢ .- That t», Equation (2} §s the reduced form of Equation (6)

kel
for the cuse of Nr = 1.

Sezond, the evaluation of Equation {6) for various values of
SNr is racther time-corsuming.

For "his reascn--sithough numerical evaluations of Equation (8)
at varfous 7, for a tany: 9i Nr 4and 'E, ate important and should be computed,

the folloving examples are for only one pair of values of N and c.

7.3.2.4 Swme Specifjc Muserical EZxamples
Equations (5) and {6) have baen evaluated for N = 12, and

© ® 0.85 and are plotted in FPiguras 7.3.3e and 7.3,3b, respeccively. Figure
7.3.3: shows that the averags probability of seeing at least one-third of 12
targecs in an attempt i 0.09, or, roughly, 10%. While this sesms reasonably
high, in escimating the tactical value of detectiou of fires by regulaz
reconraissance, it 18 perkaps more inporcant to deturmine the likeltihood of
agincaining cthis lavel (or any other selecctad lsval) of performancs.

tn Table 7.3.1 are given tha probabiliiies of seeing, in sach
and evary one of *an attepts, at lcast one-tweltith, ona-sixth,

one=‘ourth and one-third, of the twelve targets.

ble 7.3,1 Probabjlity of Maintaini Performance

st ¥umber of Targets to de 1 3
e Out of _1.2 Under Canopy of

ca .35‘

verage Probabilicy 0.b¢ 0.3, (II.Z6 0. u'io
6 o 1

5.4xl

robability tw See Lesast Mmber 0.2% 2 10‘3 1.4x10"
f Targets in ALl of 10 Atzempts | $3x *

T "Thess probabilities ars not those for sesing preselected ayarsges of 11 targets.
These vould be given by Eq. (6) vhich 1s not computed, A vory rough estimate of Bq. (6)
indicates _the hu of sesing gn the gverage L/6 and 1/35 of 120 targets vould by
about 1077 and 10°° -10°7 respectively. -
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Ine taudculated low prota®ility of “toproducib.." parformance in

seeifg latie $iotions of this telasively sewll nuaber of turgeta st reletively

LN raNUPY-denv ity Tal%ecr & YPty $€00ous yuustlon a2 (v vhe tactical value of

thig partiiulat methin ot scanning tor Jdeteciion, 4nd his implications concern-

ing the type 0t vxputimentul verilication necavsary, For this resson, & nev
and Jitterent type of ¢Quipment {» sugge-ied in (7.3,3).
Jedided rwalusty s

lhe geometrital condition vf detsction, aeasursd by the proba:
bility of seelng, 13 & strong function of canopy-density: the probabdilicy
rapidly decreusws with {ncreasing duensity,

Ints relation betweun probability and cancpy-density strongly
suggeste definicte rules co follow in the design of experiments for tne estab-
lishmant of the degree (n which various factors affect the detection of point
trrgecs under heavy canopies. The relation alsy suggeste specific scanning
methods for use {n a tactical sguipment,

In case of an experiment L appears unquestionabls that more
tarzare ¢ yld he vasd tha heavier {s the canopy fselected (nr investigation.
Furthermore- -4s suggcsted early in the study--environzental research, inciuding
collection and evaluation of statistical data on & varicty of canopics sosms
necessary prior ts extenslve saperimentatiu:, With statistical canopy-dits iu
band, & lugically svund and reascnsbly controlled detectiun-exporiment could
be designed for a second phasw aimed st the verification of predictaed ;clul:l.
Then in the experimentsl Joetaition phasa the Laportances ¢f other factors (per-
haps unforesesn) vould stand out suie clearly, Sound plunning of an sxperinent

should at leasr tnciude snalyses "o determine the minimuns number of cargete
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40d I1Lghis rEcerrary to valfact Che dosired Juta with given confidence. An
uttempl should aisc be mady, with simiiur anslyses, to plan the expsriment
#0 a8 to maximize the dat obtainadle at 1 given cosc level,

It appeurs that the aversge information obtainable in a
nuaber of ettempis (runs’ wilh « »CaONLly telimiqus Chal tékes only one look
at each element of the target ti~ld 1s 1ndcceptably low tor tactical use
ALALNST Resvs CloPits. AcwsPiabie and dellable dufuimcion tegarding the
existence of (drgets under heavv «enopy way only be obtained when the canopy
{s searched for opeuings over a significant racge of look angles, A sarit
figure for equipment, frem the standpoint of compatibility with geometrical

conditions, could be based on quancicatively eapressed probabilities of

"reproducible' performance,

It appears that under geomecrivelly open couditions
(¢ € 9.3) the line-scanning thermal mappar may be accepcable for tactical
application, For % uwp to 0.8 (0.5 < ) < 0.8) there are very ssrious doubts
&8 to ueility, nd for € > 0.8 it {3 clear tiav nee instrusentation is

needed,
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T Poyttne g beatpt. i of 4 tatyatiod Fauipen: [aplored to the
Ceomtricel Confizivng ot See'n,

The probantizries eytabltan-d 1o the ficat pare ot this peper indi-
2330 TRAD LV Ll aversder viliv o d Vels Tew wi o4 Duaber O targets under
canopies of densities '« ~ 0 B, ¢onld be tealistically expected to be seen.
Since the conditions defincd tor the derivation ol the prohatities are
esgentially rhe specifications. in general terms. of a large majority of

stjng sjebopng liog-pcdrnefy 1t tullows that these equipmurts--no matter
how much an 4dvancement ir the staty of thoeir art they mav rnpr-iont"-‘;g
i1 9 TN G531 or cal applicationg egeinst very dense canopies when
proocably but a sing.e mission mav be [lown.

The sudject of this part of the present paper i3 3 brief enumera-
tion of the pertineat features of an squipment that could be easily designed
and readily builc, both {n & short time, for successful application to the
presently considered tactical :l:ultton.l In additi{on to the bare enumera-
tion of these features, some corments rc;ardinz the feasibility and com-
plewtty =f zuch equipment will ais0 be made. These topics will be discussed
under the assumprion tnat Appendix 7.1 has bean read. That is, this appen-
dix 7.3 s coucerned. primarily, witn only the geometrical, noc the physti-
c1l, conditions of detection.

These topics are presented in three paragraphs: the firs. para-
graph outliunes 4 scanner. the second paragraph outlines a recorder, and the

third parsgraph touches un the aspect of feagtntlicy.

7.3.3.4. A Conceptimal Atrbogne Scanper for the Detecrion of Point-
Jargets Under Heavy Canopies

As Ll hés been pointed out in Appendix 7.2, the deffctierncy

in che present 4pplicatiun of conventionsl line-scanners s that they attempt

-7.55-
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only ORCe-~in 40 s.life misslon-=tyv sue 4 Calget. (1.€., the scauners view
an elemencdry target-dfea onlv Jt « singic uncie ~¢ {uvvking (= scan-angle)
within the toral s:dn-ltcld.* 1o corntrast, a scanner designed with the
grometrical conditinns oF sseing specitically in mind, would investigate
4 candpy (= target-field) fo: openings at & significant fraccion of all
lock-angles within tne angle nf hiding. Such a scanner could be built for
instance. with:
0 A lincer array oi detectnti** aligned in the image field
perpendicular t0 the direction nf flight and.
o A scanning mode that would cause a part vf the target-field,
autlined by the lateral total 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..**
Consequently, the canopy abow. a target would be com-
pleteiy searched in a strip of width = projected width of a detector-elenent,

! ikt
cnd lengeh = distance subtended bv scan angle. This mode af operation

- & high-yaelity iline-scanner opetated at a low V/H ratic has many over-
lapping scan-lines resulting -- by virtue of a reduced bandwidrh due to ia-
tegration on the recording film-«in an Inrresesd effective sensilivity. How-
ever, no increase in the probability of saeing can resulr, conversely, from

a tzpeated scan of the same strip ("line") of the canopy i{f the scenning is
made at identical scan-angles., And, excepr for ncrasional cages tha ro-
scanninge should be expecied to happen, essentially, at tdentical look-gngles.

w*®  Cr, perhaps now, certainly in the very near future an image tube of
suitable spectral respomse.

&% Por this case, the "line-time” should be expressed as the time required
for the airplane to travel the distance wvhich is subtended on the ground by
the 1.f.v.'s component parallel to the vwilocity vector.

*iirt Nore that each point i{n the center-lines of these strips is seen from
4 target at different elevation and azimuch angles.

-7.60-
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would lead to rertatney of soping, wader sondid

suv 2(b? aud (<)Y in che

s

first part of this paper. Even if this condition is not always fulfilled,
the total probubility ot sceing in 4 singie mission could be expected to be
near unity.

The required number uvf detector-elements could Be hild &3
a praveical level by some sacrifice in (2s (s evident from the analysia of
the physical conditioms of detection in Appundix 7.1).

o lIlnformation-gathering-capacity of .he scanner (i.e.. sacritice
in lateral field of view which would lead to lesser area searched
per unit tioe), and/or

¢ Some sacrifice in jensitivicy {1.¢., sacrifice in lateral reso-
tution by making the lateral i.f.v. larger than the state-of-
the-art iz capable of; then, such & sacrifice uould_probably
lead to a smaller ratic of target-siznal to background-signal,
the latter being the limited noise.)

But sacrifice in sensitivity ia readily allc;ed for tar-
gets vhose radistive characteristics are equivelent to cthuse of ~ 1000°x
black body & inches in diameter. Corsequently, no owmtter how much an ac-
tusl cancpy deviated from the definition in this paper,

A scanner as outline above would amsure

s probability of seeing higher by at least

an order of magnitude than a line-scanner »
capability. It 13 reasonshle to ewpecr thar

this very high probabilicy could be attatined at
an effective sensitivity practically idencical to

that of the best contemporary line-scanners.

-7.61-
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foaoa 2 A Loy Pluai Al v Kevotdern vompatitl, with Scanners
0l _the Outline 1.1

i 7,3,

bucause of the spectfie scaming-mode, the information

from the scannet foims & Leat-dimeonsiondl macrix, 48 follows:
o cround distamee tlown. D
& liradtance In 4 1 ... 1 { % tunvedon of scan-angle).
o lateral tield ot view. A .
¢ Scan-e.gle. I

However, since the informdtivn swught i3 the Jelermina
tion of @ target # existiace and its ground coordinates D, V. the informa-
tion from the scanner might be handled Dy & basically conventional strip-
map recorder when the numbyer of targets is not too high. This {s so if
the deteccor signal {s restricted befcre recording to levels higher than
a rhreshold set as & suitable multiple of the s.gnal level from the back-
ground {cancpy and/or ground).

In this case. the lateral position of & carget would be
€orTeciiy txveaded.  However,--irrespective of the scan-angle st which th
detecticn has been ac:émpltnhed--the ground-discance coordinate D, of the
target would always be recorded at the position of the prevailing peinc o
datection (= point of locking or, at a constant offset from nams).  Thue,
the only added capability required of a conventional device, would be tha

*
1t aisv Tecord the scan-angles.

f

t

Existing tecordels are usiallv provided with duta channels

i
like that mentioncd above. An iacrease in data-channel capacity, probably

* In digiral form, petheps.

kAt the edges of @& strip-map.

” -7.62-
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needed when the nember of télucis 9 high ~hcould be & rourine macter; and,
ta wtew S DM APE.ldil R TNt & teideiveiy o twsviutaon would sulfice
. the numper % «lem oTs 1 the 2ab weuld be telativelv low, taking up
Bul & Leaclivn of thw £1.00 3 width) the 1nirfedse vught to be readily accomp-
Liahed,

Ung vdn visudilde cddes when (WO UT ¢ven mOre targets are
tecotded 4T the same »pol. Neverthcless, 0o ambiguity could arise vhean &
éistinction betwean the targets’ locativne is of no interest at which targets
exLst. .

Ce-tetatisn Detween the location of the targets and the
envitoument could be accomplished in at least two ways: either

o =he threshold level could be lowered for a duration = dweil-time,
preferably at 4 time when the scan-dngle Ls zato, or, ina brute-
force-mathed,

© an additizna! conventional st.lp-mapper could be used in syn+
chroniss with the target-equipment

In tne first solution. a single record would contain poth
the sargets and the tcrrain; the second solut:on would Tesult 1n two separate
a8 that could be superimposed for avaluation, if born were made at the
same acala-fac:at.'

Proc the previocs outline, (¢t directly fullows that the
above-threshnld stgnais could be summed hefore feeding them to the record-
er's input. However, the scan-angle informatiun should be derived prior

te tumhaiion.

* Por final evaluatior. the IR maps should be correlated with topographic
maps in 8 convenziunal mxthod.

«7. 483,
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I A Gy _Acpeois o bedsitilits ot the Cosivepiagl Detection-

cdLre roraetaphs have dlrcady roucned
on agperse of todsrrliiy oramd tnis raraarapt deed ot totend to sipnifi-
cantly extend the vonsidetazicrs thers) s$3il) 4 separdte pavagraph has been
assigned Lo fily 4red foT the tere cmvhasis of the expecration that no
factor would prevent feasistliiv o7 would =vern require any effort worthy to
menticn of Jeveiopment bef.re an eguipment of fhe nresent ccnc;pt could be
buiit,

Thui, tne fdcil.tate appltcazian of a relativelv simple
LSTieCtepidne’ 13N TE SeundnlsT,

o The prizary 2ptics prabably ought to have & field of ‘view as
wide as the total scan-fieid. However. Lu view of the ex-
sected Jow resclution =eruirement. no difficuliies := desian:

'
and/or fAPTLCATIGH vi wie OPIica: svsten snould exist. This:
ia et=¢Iiallv $3 Bisa.sc thr speciral response would probably
te 1n 8 tegils (see later on) whers refraciiv~ &iimiats wculd
Se readii. .sed.
o It aspears nigni’ FTODET.E Tt tne optimum spectirai reyion

sf derazzicn would be 1u the uncooled PES region. Consequently,

the requived iinear arrav of detecior--even on & curTved sub-

stratc=-- snc.ld e of & so-called routine matter of manufacture *

*Once the uncocied Pz$ cegicon turned out t2 bt indeed the optimw. region
of derectler. the remalning reguirement Sf the detector 1s @ sutfiriertly
fag: Tespilae-liTe Tre .=oer lizit of tre alluwed response time is the




Eveuw 1t .t were desitscie (0 choose the loSb regioe for Jetes-

LiCR, an Indd Jetevtor arrav and 113 wuoling should aleo be
well within rtre capadility or sni.’cd and carel.. fabrication
Praciices in the reisced fields

¢ The zanstacture of the detectur-artav should be & relatively
288y task. becsausc--being the variance of radiatior from the
LARSPY  Ire wimiling NOLse-- *he tequitement of uniform sensi-
trvity usuall. dirficult te obtain in & multi-element-detector,
would be com: rably relaned,

o The larpe liziting nvise would elss permit the use of (nechan-
ical) izage-plane-sianning. without consequent degradacion. for
this pethod’s scanning-noise (“optical”-notse) 1s hardly possible
to keep below levels of less thar two- cr three-ctimes the
detector-ncise.

¢ Assuming that a lateral resolution ct b mrad would suffice,
soze (50 eledents could assure o torsl of sdout 3507 scan-fleld,
Thus. a6 equal numder ((30} ;reamplifiers would te requirted.

In view of the highly deveioped state of the electronic arc.
$uih & pléasuiifier-pevkage shuuid be ver. relisble and prac-
ticai in siZe anad weigri. (Transistor acplifiers and visua-

l1i{zed.)

where V = velocity. H » sitiiude oi aircraft 6 = total scan-angle. Thus,
by calculating the dweil-time for practicsl values of the zgrameters. it
¢an be seen that an :ncooled PBS array would permii a reascnably high V/#

ratio; tnet i3, & iaTde area ccu'd ke searched In untt time even with :the
relatively snow PoS,
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TMls R0l 0120 iy Juile Ropelael A0 Lhe £2-c ot the PbS regiom,

4 deteCror sens1tiLii., tolatiaely conside.ably less than

-
Ve,

—h
Y TLal ¢ oesciitiy passibie. would suffice. A suitable
1Mger 1.0 Rumerel. 13 erpected to fequire more lead-time
Tor detl.e7v TRA% 33 fAdeded 10 the case Of an arrav-detector.

Mecnaznicuzion of the switchieg of the individual detector-

©

31gTals 41 the vutput-level of the preamplifiers and ac the
Tejulfed Tdle. shduld ovly all for "shelf-components”™ in

swit hiog., eud, {vr well developed cir-

o116y in cdase of gaecironic switching  Finally.

The required data-procassing snsuld be an almost trivial

o

=aiter for tnis art Of gredr capabrlitv.
L3035 Conciasion :
From tne poing ©f view &t uwre in taciicel application,

che over-all cerir 2f an cquipment 2f the Prosent intelest--olght be

terawd the prodable success--could be guanttiatt.ely evpressed as the

producs of the thvee parcias ligures of = | of
(1, Prosatiliey of seeln,
(2) Sensitivit. ~atio of target sigral to limicing noise.
and,

*  Buikiness that ari:rs becd.dc Oof the use of finally a drute torce
nethod. For. a detector array is essszntialiv an assemblv of individually
produced ele™enrs re.ring separate ampiiflers.

** On othe b3ail of @ first estizate il «pprars That tne present sousl-
tivity of iDdgr-twded i3 jubl teiOw Lhe minimum sensitivicy that sevms
neccssary for rhe comienpidced application. Nonetheless. & re-examina-
tion of this “erv preilminary assessmmnt 13 warranted.
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Trére s very iittle Joulbl tnat & special equipment de-
signed £o7 tactical iTe Jdetection would rar exceed pirformsnce of any
ex.sting Jdevice

A specia. s.anner t{or tne sirborne detection of point

largels unlel heavy canviies could be designed and bullt trom existing

elezents of conveaticnal IR sirip-zappers. Considering the relatively
eXtansive eXperience .0 tils specisiized tield, the merging of the ela-
ents should be dolozpliined 1% a0 alzost routlne manner. A similar. Lf
FEN SOT SMsLEl. SiC.diion sno.ld exist . aaxing standard strip-recorders
co=pacilie vith the scanner.

Buiilding 4nd iaboratary testing of such sn equipment should
require nl =ore than 6 to & zonths. The equipment should have about the
sane size and weight as those of sizmilar existing IR devices and shculd
be reazily 1-stalied and operat:d in any atrp;nne suitable for IR msppers.
Logiitiss wooll S ikés oI o proviem than that for exiscing mappers that
Sperate :n the 8-i3 zicren at=ospheric window. About the same effort i(n
Sai.iezance wouid te néeded a5 for atendard IR Feiectromic devices cof
co=parasie complaxizy.

1 vied 2t tne fact that the recommended scanner would
search the targes-field alsc 1a regions some 23°-30% 1n fronc of che sir-
Plene, Lt appesrs Gilte resiistic ro expelt Inat ths equipment :ould
facilizate-+under zarzal® conditions. at least-- a "hunt and kill" oper-

{am
aiish.
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The specitications of the whole eg. ipfent couid be de-
rived Boan aboul Ofie meacdech of ettort,  1f this effort is expended
with the results ot applicable past eaperiments on hand, the specifica-
tion should reflect stendard manufacturing procedures and & great proba-

btlity of suicessful vperation,

7.3.6. juomary

An analysis has deva made vf the geometrical conditions of detec-
tion, ocwasured by tne provability of it:l&g'a point target under canopy.
The results of the andlvsis have been evaluated for the

o Planning of relevant experimencs as well as for che

o Establisnment of the concept of a4 special equipment very
promising for tactical use. Purthermore,

o The feasibility of the conceptual equipment strongly recom-
manded for consideration without delay, has been investigated
and,

© Related questions such as production-time, logistics, etc.,
have bDeen Couched upon.

a) The resclts of the analvyis indicate that an experiment
te deterzine the effect =f a canop, énd the prearhility of detection,
should be designid vn tne hasis of canopy density: the higher the den-
sity, the larger & number of targets should be used In order to sssure
asasurements of statiitical value which ls demanded by the very nature
of the problem. It has been scen that it is possible to,apriori,optimize

the quantity of informacion collected P osl Of an cxperiment.

-7.68




liw #ndlivsir alav lldiedtes that LRy intormation regard-
Iot . h LI wFEe s wedbeplea, OULeLaREe Sy probing

foF 4% opening it the carcpesy At ¢ sangle angle, is s¢ uncertatn that very
little t82%idl vaiue can e dass.gned to at.  Information of such ques-
Tivnabie value Jan Se¢ axpeczed o0 the long tun from the use of extsting
ilie-SCanners.

Motivated oF the dbove finding. tohe essential features
cf a specifil eguipmert. which promises of rreat tactical value, have
Leen cutiined. Most characteristically. the recommended equipment would

search for spenings over & srgnificant range of snglex, in c_nirast to

the rands= sing.e anglie at which existing devices hope to find an opening.

The recomrended =cde of search would then assire taccically useful high
procatiiity 9 sexing. Most significancly. the recommended equipment would
“ave 47 82 least 5y an order of zagnitude higher "probable anccess” than
can resiilstically zc expected froz existing devices; furthermore, an
avaluazion of tre feasitility of & YUNT AND KIL? ADEDATIAV 4TNER LY TUR
RECOMMENDED TQUIPHMENT APPEARS UARRANTED.

It appears righly prcoable chac an equipment as outlined

fir sl eiezents of tnls equip=ent nave long buen used by IR line-scenning

devizes. Morecver, ancillary probless sf inctzilastion, operacion, loglscics,

3eett Tw 22 Zere than adrmal  and the eqbtpment might be made simpie

ercugh fIr Tegilar use DY Indigendes furces.
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- (D Avea ou Crowad Viewed by Detector Areay (D Llne ol S1ght lrom Scanner to Target, -'.":
S During & ™ell-Thas, at the Tuntant tat the Tarpst Clrat - "{
E . cunld bhe Detected, i
@ gcan=Angle: Yhe Aeet Viewed by Detoctors Succpa , . ! ;“
through this Anglo Ducing o Scan-Tiwe, (.‘) Line of Gight at the lant [:stant Target
could b Seen, -
.ot . . .
e R e . - P . (D‘Anp;lc af liding:  The -
: Portjon ol Cumupy Sut - & :
. tended Ly this fayle, /
i fa Sersched tor Openinge,
- Thin Aaple Bquile the
- ore® Angle 1o Hute (2). ‘
' SN
: K

e

s L K Rt

i

Figore 7.4. A llethed ol Scanniag, for Openings A Significant Portion of Canupy,
to Find Unobstructed Lines of SlghE to Point Target,
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T.e WAKE DEIECTION

UINTENTS

.- ceneral
T.e ]l Introducttion
Tew.l,2 Face Paday Celculations

T.9.1.) Experience and Applicable Equipment

Basic. Nata Experiments

J.e.2.1 Parazecers of Incerest

T, 2.2 E‘xp!tiﬂcntdl Set-Ups
2,2

To. Program Plan

“Quick«Fix" Experiments

7.+, 1 1Introduction

7.%,3.2 tquipment for Experiment
Toleo3.) Experiment

7.6,3,4 Critiyue

SuoEm Ty

7.4,1 General
raduction

Ore tdes for detection of guerilla operations is bassed on
the totioe that aerial IR-=surveillance of flooded lands wight provide, if
the craces of aen or groips of men could be observed, patterns of accivity
from which aciionable deduczions could be drawn., If the obsarvable effscts
vere immediace snd loni lasting,triils might de pinpointed., 1f of shors
duration only, indications of dircction of flight, and possibly of the
cesration of flight, might ba obtained, 1t was fel: that IR surveillance

gear iz exiszencs 2ight come close co providing observationsl capability,

altbouglt protably not sultable for VN field operation, 1t hav been suggested,

=7.75.
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and vrenmm.r.v calvulations indicate, that Jdisturbance (e.g., by passage of
personnel) o: sragnant or stow-moving bodies ot waiel way fesult in observable
changes in the surfave lavers, The changes may be in che surface temperature,
due to mixing,or 1n emissivity, or both, lotted, atcroscopic organic material,
plant o1ls, or rfine sotls may be introduced into surface layers ond be a
tactor, ine #1fudtlon Sears some resemblance to the wakes generated by ships
under appropriate conditions, The extenmt, persistence, and observability of
SuCh S$uTSac® CRaTges are generaily unknown aithough many long-persistent ship
vakes have been mapped. There are a few basi. zeasurements in existence,
Eving and MAliister (Ref, 7,5) have measured the long wave IR radistion
from cthe top V.1 To of evaporating ocean and demonstrated the existence of &
coal surface laver with departures as much as 3,6°C from surface temperature
found by conventional methods. Csanady, et al (Ref, 7.6) measured the
temperature of scable diffusion-slicks (typically l-2aecers wide), There
were tecperature aifferences of 2.5%C-2,0°C from une side of & slick to the
other. On one occasion, with strong $0l-r Lieatii. iic Z2TII7 CLempeTature

of the slick was 1,29C Ligher than that on the warmer side. The slicks were
=ast pronouncec and stable at wind speeds arournd 5 !TH, 1n general (Ref, 7 7)
£a Basic “easurements under controlled conditions have been made. With the
basic data zissing the potencial feasibility of cbservations in field opera-
tians car=ot be established, Many situations can be postulated which might
arise where the capaolitty to dersct such changes would be advantageous in
counter-insurgency operations, The Contractor thersfore propossd that two
tyses of experizents oe made on detectability of such disrtutbances. Thase

wers dascribed as “guick-fix" and "basi: daca” experiments In earlisr reports.

7.5 Ewing, G. and McAllister E.D,,"M the Thermsl Boundery Layer of the
Ocean, Sclence, 131, 1374
7.6 Caanady, G.I. atal, “Slicks on Lake Hur~n Mature 196, 1305

7.7 Privagg communicazion, R. Werner, Insgitute of Naval Studies
AR ¢ -7 7%
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the Masis ot the "quic k- 13x" oxperiment was that certatin str-

TITTE SLTNOLLLNSe YoaPnint was avaridble wnicn could be used, at very low
CosT, Lo 2Ptdin prctures ot a4 sazply Jisturbed stagnint body of water, It
was Telr chat, althoueh such an experiment could not be corclusive thers was
$:20 r=ell chance thil waTly pieswies woaid br informdtive and might con~-

ceivably potrt the wvav to useful application of existing devices, Une such

Uquick-fix" experizent <45 Jone under unsatistactory coWditions. The “"basic
2ats” experizent {5 4n essential supplement to determine the quantitative
characterissics of the phencmena and the design pirameters 4and operating
techknique required ir surveillance instruments to detect them,
i infortunazely, so=e poople have concluded, we believe prea
macurely, that such derection will not be operationally useful, Por exanple,
the opinion has been sdvanced that the normal mode of transit of rice paddy
lacd is by walking on the aikes, and also that since farmers Jisturb the
paddy waters io ctheir normal work, the technique would be useless,
ihe (onrrsctor feels that this conclusion is incorrect on

4% least thTee counts: {l) a varietv of normal ot contrived situationa can

Se inagined vhem derection of such disturbances would be useful; (2) the
dezectabiiizy and persiszonze of changes arising from dizturbances is staply
sot known; and (1) such pictures of actions as are available {an existence
preof) (Ref, 6,24 and Ref. 7.5 happen to show gueriilas flecing across
flooded iacds.” or the firse count'onn can visualize the }olltbtllty that

o rnight-tine dike-valking is contrived Lo ba unsafa--

: farcing guerillas to wvalk through paddies;

i ¢ there are extens!ve svanplands which musc be traversed by

guerillas;
il

cilik, cALUADY 16, i¥h3 -7.77-
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guerillac reavel tr vanal vaters and rlw-moving streans,
Becduse (Facel 1s vidler, of in order to avoeld scent
tracking. or for ather reasons;

in the Khorat, vhere there dre auny skallow pools,
guecilias Dy take the shortest route, O sewh Lu avoid
dust <louds (Ref, b0.18);

gueriilis ere furied to flee actoss licoded Lands toward

their preaserened re~dervous points, ecc,

On the second count--1t 15 sizply not knawn how loag disturbances peraiet,

or what 13 reguirted Lo obesrve then.

2

lc oay be that fdrmers neccing crabs and working in the
psddies during che cay produce surface diaturbances which
persisc throwglout the wigni-Lize nours and would tend
s svervhilm any subsequent disturbances., On the other
hard, the observahle sffprre mav last only a short tize
110 minuces to 7 nours) and hence the "zmemory" of the
water 1s short.

Existing infrared surveillance gear zay produce all the
cata desires, or it may not, The likelinood is high
that such better data-processing, at least, could be

eaploved,

These, and nany other questions cannot really be resolved without quantitative,

experiaerctal darca,

In survetllancte work one of the great difficulties encountersd

1s lack of patterms, This cechnique, Lf successful, amight be particularly

wsetzl in reife TV cnio cirircunny,

e -
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1t suwoars, the wontractor believes thet the putentialities

of tils SOOBEwNAL URUsuAi ~ufvelilance artiiod frould. De estapiisned by first

following the normal svaentifae procrdures of ana lvsis and experiment, and
only then coupling resulie INLO operat ional research.

7.4.1.2 %ice Paddv [eaperature Calculatiouns

While. adzaticdly, icapifeield Tmy avi bBe the domingnt factor
1c contrelling che obrervadility of sullale VATIdEIONS 07 disturbed stagnant
poels, Li.e,. OorgAnic particle suspernsions and ofls, and fﬂ.\l inorganic
satter may be as inportant), 4f ertempt was made early in.the study to
estipite CHPETALure VaTlialions as 4 rfude medsure of equipment requirements,

These calculacions. &lthough the conditions aspused there (or, the oaiseion

of possibiy importanc eiiects) might make  he case virtual, are given below:

a, ™e Sready Stats Rive Faudy

Calculations can readily Sa made for the "still.wvacer' case -

{.s. with the assiaption of negligible wave action or convection,

The one-disensional time Jependent diffusion squations are

™ .:—Z—G - -}g -0
._:xz 14
(1)
-9
F-xK i 0
wvhere Q is temperacure

F is heat flow
K is medivm's thermal
conductivity, and

£ = denaity
¢ = spacific haat
oe Kigk

1. 19
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Sclattions ta (1Y have tne form

1
Feo M) o O \l AL 1!( \
)
A
and e X)) = T {_-1{ AR X
1

where A =

al':le
-

I1f che system 14 driver by o time-varying heat flow essentially

independent of temperature, (2) can be Fourier transforned to

X .-'j;ih
Fisa,X) = A1) &

*
SR 3
Af:) e 1
O(a,X) = ==
1'1K-I-1:!C
1f the diurral heat flov is assumed sinusoidal (l.e., w= 7.3 x

-5
12°°) of maxinum amplitude Fo at X = U

~ 9 = fo exp (X /1 7.3 % 1073 /m) (%)

= (1 + 1) Kaoc/?

white Ga i3 the saximum temperature excursion during ..t diurnz! variation,

For water (cgs unizs) =1, c = 1 and K~ 1073, Thus

(1+ 1) 19X
0 = Fo ] (%a)
3 {1+ 31,9 % 10°°

*The coordinace system used has the water surface at X = O and negative
velues of X below the water surfa.e ~ Hence Equation (3) and foliowing, hold

oaly for X £ 0.
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ihe spectral functions of Equation o) apply, in which casa F(u,0)
car e coosilered 12 Tepresent o unil tep of smplitude Fo, occurring at the

time the wmders srirred up the vater, Lhen

LY
Fia,o = == = A{4) (6)
. =

and the Temperature spedtral funvrion Sessqes

c X .ja.?m
e X) = -._.._."_1 ¢ (1
B+ RS

ite corresponding time function at X = O is

2F
Q tln’Z

0e,0) = === “ (8)

or, using the constanes used with Equetion {3),

0. 0) = .3 :1!2 degrees centigrade

Thus afier onc %our & temperature recovery of 20°C can be expected
lass malig ww surfaie Ziaing).

The Fourier transform of (7) for £ # 0 yields

- f‘ (Y x " 172 o
a0« 22 e (20) - (5 et (55)
T

For interesting values of X and t the probabilisy integral terw is

Svamped by the exponential, and, approximscely,

ne 172 2
T Y wiil b ’exp -;::—.)
0 £ v
-7.8i-
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ine vaiue vi Fo &5 ot the order ot .0l cal’em” during the day, and

AT)UT INE TACY ON 4 CI6AT NIKRT 1t ¢ 15 taken to be |, This yields

o et ()
3

Heuce the surface temperature, as « function of the mixing dapth, &, is

- - £
v b A (58)

Surface temperature maxizua diurnal excursions for sooe reasonable

wixing Jepots aro:

Mixing Jdepth (ca) 0 5 10 50 100

Maximum Temperature Excursicn (°C) 37 24 16 3.9 2

Thus one would expect a diurnal variacion of 2° in a 1 metear deep paddy even
if complate nixing occurred,

The prase of the thermal peiks at :he surface is seen to lag the
puané i iiux oy che reasonatle value of /e dpy. Thus maximum and minimus
water temperature at the surface occurs at 8 P.M, and A.M. respectively.

The effects of local =zixing near the surface are probably so strong as to
maike lag calculations as 4 function ot depth by means of Equation (4a)

meanirgless,

L. he Transient Rice Paddy

From the foregoing it can be seen that the surface water layer
(10 c» or 36 thizx} of & rice paddy can normally be expected to differ in
temperature by perhaps 15°C fram the lower layers. 1f this comaition is
ctacged as a resylt of men wading chrough the peddy, what i rhe time history

ami temperatures change thereafrer:
-7.8¢8
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The argument ot the exponenttal tor o depth o f | cm reaches unity

at & L1de of J3Y seconds. and for & o af abeat one hour, This would indicate
that 1f surface =ixiag down o someihing bdelow 4 cm occurred, the onc hour
suriice semderitute recovery of 207 valculated in () on the asammarion of
no 3aing ' aight de expeited {o be less by perhaps l/e,

It sumary, based on ¢lementary diffusivity theorv modified to

pravide Sor surface misang. 1t can e expected that rice paddy surface
temperatures on 2 clear nagnt would average some 10°C coolar than the bottom.
Further, if —ixing o¢curs. it can be expected that the aisturbed region in-
ftially ssdaces the bottow Cemperature, cocls about 5°C the first hour sud
thereafeer abost a8 ¢ 2.

atera! mixing shoull et b osignifliant teyord a4 lew ¢m, in the
abserce of currents, hence spacial excent of the disturbed thermal region
should be comparable to the region of physical ¢isturbances caused by wading
Ben.

1
-

.3 Zuperiance and Applacasle Equipment

In the first months of the study 2 survay wvas made of existing

’
[t

commercial an2 =tlitary radiopeters, scanning radiomerers, and thermal map-
pers, to locate equip=ent which might be aseful for "quirv-fiw " basic, or
terraln MMPPIng experigents. Since much of this matcrial 1s scill pertinent

422 tiaeiy, it i repaatec hers,

A, ISFRAREDL MAPPERS AND PROGRAMS

1, havy
The Navy has & Program tyo examinc ship <ames by thermal zapper. Suppore-

irg work is being done by :RL in Chesapeake Buy (Contsct: John Sanderson,

Suparintendent, Uptics Livision. Mitl;, at the Naval sir Developmant Center,

- ‘8!!'!‘ ’
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Jabasville. Pa. (Contacts: Mrrs, Paul Moser and Lee, scientists in charge,

TR

OF Laptatn heane, Lommandant); and at the Scripps Institutton (Contsct:
Tr. MacAilaster. unief, Appited Uieanography uroup. San Diego). A visit
. vas made (o the litrer on 27 June (vledfinces g0 to the University of

California. Marine Phyeicr laboratary. San Diego 52, Californtad,

a' Scripps
Dr. MacAllister shoeed 3 numa}; of thermal cap pictures, taken over
f, the rean. There thowed surface ehips. ship wakes, and &« nusber of oceanic
features such as temperature fromts at estuarice and the effects of tur-
bulence over mounts, In addition. some maps of inland Key West were avails
able, showing 4 suall inland body of water, The ocean pirtures vers made

with & rented Haller, Raymond & Brown instrument (AN/UAS-4) mounted in a

D-i8 (this instrument Seing 4 predecesvor tc the AN/UAS.3 by Texas Instru-

4

ments which sade the Kev Wes: pistiures),

The sTip vakes photographec were visible for distances as great as
ancut U ship: lengths., There wete & considerable number of electronic
attifacty In the protures but 2ost wete easily identiflable. For sxaspie,

a ship stack would be very white fol'owed by & long dark overshoot tleng

the .can, and a short white overshoc: fcllowed the ¢ool skip oucline. Since
the sweep wvas 180°, distortior at tne edge of the asp was very bad, HNo
oCean temperaturss were avéilable to check thess maps dut from other exe

. perience Dr, MacAllister judged the: the wvake was seen primarily bscauss of
& change i~ suidsiviiy Coused by mixing of lower level (decd) organic amatter
with surfaze wa.i»,

Ir. one of th: tests the sizctalt hao been sent over a known moun®

fa.rly near the surface, Inis mount was fduntifiable as & map variation.

-7.84-
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ime hev Mest plotuter were diaplaved 10 s Texar Insttuatatl 2eport
ARef. “.81 at 4 test pro‘ect b Ay Development Squadrorn 1, U.S. Naval Alr
; Statior Kev West, Pla, woctitions sere!
12-6 8l at 2100 houts ‘weathet o lear
28CT £5 alttitule
3peed - 150 knote
180 tield o8 view
! hg-doped we ceil
leaperstute vesclution 0,0%°C ()
Angular resolution 2 atlltradians
The phitirer were waitewely Uetalled and 1mpressive and while there
wete no 10ent1{1sble evenzs sizilar <o those of interest to ua, une felt

SnCOuUTAgES 45 TO possibillrtarer,

Sr. MacAilisrer nad rented en sircraft and mapper from HRB (ses I1I
el £27 SQUTCE Cata) Dut NAC OroeTvd an AN/JAS-S trom lexas Instriments

= praference t. YPY equipTent., Hie PLIDGry feabun w4t thait HRB did not

proviie & last-Tile Temory device Or nwarly teal -t 1ae viewer such as s
svatlable =t2n the 7.1, device. He felt thac any opwrational Navy gear
vouid have & requirement for real time viessing oot could not afford the
18.29 second delay wnicn 18 about the besr thal caa e achisved with &n
Ansc: Papid Processor wnich zuy e Jyed vith HRR drvntt'.

Or. MacAlltrrer was interested 1n AGILE problemy, He volunteered

that ke vagnt be willing to erler into « responable capariment with it if

e ——
L J
It 18 anteresting Lo Notw Chet the Fout Monmouth project people have
i seserzially atascunsc the resi Lize viesers as a source of continual trouble
tn use 3¢ the LAS-S,
! 7.t Xester, P., Prelicinarw Data for IR Detection Test, December 18,195]
Texas Inscirisents (4000 Lesmes Avenuc, Rellas, Texas)

| o s -
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this seroed desiruble,

Durind 4 subsequent vieit fo SeTipps éor other purposes, the oppors
tunlty EToed (o vive sadls tulnel »ITiKINK DAPS Tade 0! atill sea-surfsces
with the WAS-5 rwcently delivered to i, MasvAllivtsr, These show a wide-
spresd and dastinc vell-like structure to the water surfuce bearing s crude

Vebumbiaus® 10 PLLCUTEY Ol OCNaTA Patterns,

B, Navel Aar Developaent Lenter, Johnsville, Pa,, ASW Laboratory,
Special Methods Pivision, Applied Physics Sectlon (ASWL Code 411},

Mr, J. J. Pello, July 18, 198,

NCD started tte excensive worh on the thermal mupplug of ovean
surtaces with an eirbsrov Zucues csdiometer. L(his instrumen: resulted in
data on the temperature of & single "line” below the sircraft. Llater on,

the following scanning equipments wete used:

AN/AAS-6  (X-An2)
AN/AAR-9  (X-A=2)
Reconofax Camers
! 1A ASW Bomb Director Iight Unit
! AN/AAR-13 (X<H-1)
AN /AAD =2
AN/AAD=2 Modified by MADC
With the AN/AAD«2, NADC used o copper-doped Germanium detsctor and
obtalned very good rictures with an estimated temperature seasirivity of
1/4¥K. The pictures have been made with dc restoratisn and su the "temper-
ature' of far-apar® srear Rag Secen mapped in correct trelation, Ihat is, the
average level of these areas, as well as che tespersture-variation in che
areas has been properly recorded, In mape made of the occan proper, the
surface temparature of deep waler appears cooler than the surface of shallow

water. Since MADC's aia ts an extremcly high temperaturze sensitivity, they

nodifiad 1he AN/AAD-2 to & 1° square inscantanecus firld of view and achisvad

-7.86-
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4 Temperatuiy sensitIvioy e high a- J,00-0. 001K, it 1s Inte-esting to note
thai the Bociiars Befeeen o sool and warm suttsce i remarkably sharp on &
Protute made 1tas (e lakavarser lale Tercrvoll showiig the teservolir's dis-
chabpe IRLe the wudara, IR Maor owde vath L modilied equlpment show
extromely line remperatuve detdils ol e veean rullaie; without any trace
Of €QuUIPEENL holie. 1IN MOSt Caser. Signifiidantly. there {s no noticeable
VaT14€10% 10 dwiecled LeoPelfalule wilh suple sian,

NADC selected 4 namber ot tvpival maps for publication under the
title, "Atlas of Infratel e Background Patterns," by P, M, Moser and J, J.
Pello, :ihls Contidentie! £eporT was to be published in about two ot three
=onths. LnEOrTunately, 0o »pafe prigared drefc is on hand for earlier
reference,

Since SALL 35 concernsd wmith ovean suffaces, and maps oi- inland

.

waters, small-area variations of ihe:e surfaces have not been NADC's concern.
Mr. Pello suggested tnat pernaps the Army Electronic Proving Grounds at Fort
Huacnuca wowld Reve specific i{nformation tegarding such cargers. As far aw
aztive NADC parzicipation in o $pecisl inVestigation of these cazgets {8
concerned. any fequest snould be Sirected to the Commanding Officer, MALC,
AlimAlbun Adme sl =il tes Bofeaw of Naval Weapons Code RUDC-43, 1Tt 12
whigeeszionable that NAD( » bioad experience in observing radiation from
water surfaces ang in the airborae oerection of wakes represents an ine
valuable reservoir of :'pﬂ 1f1¢ Knoaledge,
1}. Ar=y
s. Fort “oncout:, On 29 June visit was made to Fort Monmouth, U.5. Army
Sigral Aéseercn and Developaent Liboratory. Reconnaissance Branch,
Surveillinie bepastoent, Airnorne Equipment Section, to talk with the
prolect enginter ‘Yci.amsn Pardes; on the AN/UAS-3 and wvith the Branch

Chief, Lanzel ¥olls,

_ -7.81-
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The LAZ-F nriosondoin tho Cdasica 10S05 es8s hack at the laboratory
undor Topair. The TioTarss 3R WoTe nar avaiwabie, being processed by a
Mr, Wormor laconga at Evaas Sigmal lasorvatary., 1t was eeid Lhal the tests
vere not canclusive (nor intormative) and that, as predicted, the UAS-5 vas
towm atercr rerethyvoy o of il time. Tho mavpey i abour twe yoars cld and has
SRS ewrul 20 hra It 1s sulle Lo oan increasingly frequent series of
LiddtiT. mecnanled. 3nS <clectron:e failures which sre difficult tv repaitr be-
cause the VAS-% was bulilt Jor use i1n the SD-5 drone and is i{ntegrally wired
(t.e.. there aTe N0 Tiug-1n LoaTJds OF oti? a.d8 10 rapid maintenance},

One of the Zifficultics cacountered in Panama was that paint flaked
off in ths nighohumidicy condizions and gor in the film drum., (The UAS-3
probably dresu't need paint as it 18 aluminum,)

The Ammy has two UAS-55. the one at Monmouth now, and one vhich was
delivered to Fairchild at Viura end is not uscd for observations. Apparently
the Yuza instrument could not be used in Panama bacause of s contractual
compitment tOo Fairchild, USASERDL spparently could not get money for any
new UAS-5s, It wvas 3:3::2 that new models of the device would be built for
easier zaintainabilirv. (Estimated $100,000 for device.)

5ome pictures were availadie (Rz2f. 7.9) which vovered s large variety
nf conditions. The detai)] was extrsordinarily gocd in all caeses, Maps of
airfields showed digrinmciive 2iffarences between cold and hot aircraft and
Plaiis =livl eliisefr Lud been peries bt where the outline was still pre-
served as a texperature difference. Maps sver forests showed large differences
in thes apporent temperature of foliage.

There were two particularly interesting pictures, One vas of =
boeing 707 waraing up and showed the jet exhaust back to about five plane

—— —_—

7.9 Tina! Enzineering Report on Hx-Doped Germantium weteccor Evailuation,
C{l.6l147-1, 20 December 1361, Texas Instrumants Contract No. (USASC)
DA+26-03%-5C-88977 (Secret)
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Termihs agairst the even ddckgroand ot the tutudtound pad.  [he other showed
3 oTeservost o afFovtated pomplug sbatien wilh AT water tTom The station
flasdizg the man pack.  Thy pumped satwt was 1ew Jegrees higher. HMany
fire graditions o temperatute could be seen 1 temperature fronts of water

flooding the Fool.

P. 1.5, armv, Evane 3ignal ladoistory, Front donmouth, J.J., Sgt.
Willia= Kiopper. tuly 20, 190,

The purpase of this vislt wdi o fuspect the thermal maps zade in the
Pamizi tests of the AN UAS-5 betveen 3 May and 28 May 1962,

The purpose o) the tests vais Lo evaluate the equipment for use in
tropical regiors. The tests aave been made uver « designated area. This
afes 15 appronamitely 4 &omi long and 2-mi wide strip about l-1/2 mi to the
west «nd Toughly parallel co the Pirnamse Canal. The 2-mi wide Scutherm
boundats of the afea is roughly ot the tagit:d. of the Southern shoreline
of the ¢ity of Parama. The terrain is mounteinous (elevazions up to 800 ft)
and 18 covered witn jurgle,

Ine squipment had numeruus breakdowns. Failures occurred primarily
{n the recording unit (point-particles, recording-lamp) and in the detector-
packige. MHowever, the photographic tcameras (KA-20, KA-220, KA=139) also used
in the flights, jammed cven more frequently. Consequently, but understand.
ably, the result of the tests if aot voluminous,

The maps obrained were made av a flight altitude between about 1000

and 5C00 fr.

Unfort inately, the original negatives show. tnvariably, very low

1

certrast and often fave been underdeveloped, Moreover, in & large percentage

'
of the maps, one edge of the msp was not expirned 4t all as though the re-

cording leap d1d n0t igrite, It was impossible to estimate wheLher the low

g oy 7*
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Ceniiwsl b e T G b aZte EelD a3Teviiess o@vielicnt oioihe cjulipment, ar

dud e oan v merenidy lom o conltart ot LB Taldet duea, OT 1O 4 geanerally poor
BTDVUEPIeTl. LTaarlrslon Devause of ¢atiemeiy ligh humidiv v, ot to fogglug
=ktacd efto. iy ot these vanditions,
WM23 4 mup Sees mde of tnhe Seglnmang or end of the flight ot the iy,
some cluv would Dow D svatladle to «i leas: partially resolve this quest ion).
T $1Tuszion 15 €xpeatelic LATOIT.da’ec Devause two VETY Interesting experi-
wments had deen plannea.

in one experizent, 4 wonvey of 5 and .2-1'2 ton trucks in about 75-fc
d18tafue auwd op to I iR auaber. proceeded 1n a very natvow (truck=side)
rodd ander a canopy of trees, The theroal map shows very clearly a few of
these truiks. Mowever, DR opinten is that chese trucks appeared in openings
of the caropy, ‘uft .3 photographs, oade during the siae t1ight, slthough not
sinulteresyaly, shes frucks not under Canopy.

The other experiment invnlved a number of l.rsﬁ campfires lit in
about BQ° righ jungle. ihe fires. about &  in Glameter, were allegedly

Yaa e d
.s-f!; =

H s uzio:ioif thot thne ptlst hat z2lio seen the firey from
the fiignt altazade of aoout i300 ft o chat, probubly, & direct line of
$1ght cx19tec batween & frre and cne airplane, {(Thit record was not in the
Evars Siz-al la“cratoties at the time of the visit.)

242, Klepper mentioned some intere:ting meceorclogical phencaens of
tre tungle, Earlv in the murning. heavy mist or fog sets on the jungle until
the sar Surns «p the fog. Moreover, 1ight sfter rain, the jungle "sreams”
Reavily for a%z.c an hout. However, rain “greeming' hat not been observed

on the top of the musntal s. (Note tnst che flight tests have been delayed

until tne f3g Clsaipeted, Some mapy show putches of ¢louds; the maps do have

-7.90.
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detatls of the terrain tRLough toe wipges o1 the cloud or through very thin
3Tratd of Cield ) A5, blepper called o oul atrent Lon 4 Quértermaster
ensra] pepscs (o oihe Siicetalogicet aspeile ol e yungie; nowevaer, the
TeBNTL wWasd Dot avallablie.

Znkverzaiy ot Miemagan, Inetitute of Scilence_and Technology,

antroced laburatoare, Drs, o, H, Sutlts L. ], Zis.is, Mesra, M,
Halteo, J, Mrizin, W. Wolte. Za Juty 1962,

ihe Intrired Liboratary 1 very well ¢quipprd with infrared scannars.
Instulled in RSP aircraft. the laboratory operates 4 modified AN/AAR=9 snd a
@odif1ed ANCAAD.2 witn o l-mrad instantanecus field of view., The laboratory
recently obtained five complere sete of AN/AAS-§ systems; these equipments
4T¢ currently being modified to & 2-mrad field of view and will be installed

in L-20 atreraft.  Moreover. the "Project Mickigan Wide Angle Scanner” {s

installed in an L-23 atreraft,

A mumber =f detectors are svailable for use in thesc équtpﬂtn:l,
covering the spectral region from about 1 micion to 13 microns. The long
vavelength Astectors are either copper or aeicury doped germanium, The

coolirg of these detectors 19 accomplished hy l1yuwid ¥, and He poured in a2

é
docble dewar, dccording Lo Mr, Hoiter, no difficulty 1s belng encountered in
Sperating the esquipment 1n this fashion.

The AN/AAS-5 18 & two-channel squipment with the following

characteristics:

AN/AAS-5 ;xz.1)‘““- 7.10)

Designed for mounting tn L-20 aircrafe

Weignt--300 1bs; Power--33 amp 28 VDC

Opeics: Two back-to-back idencical. Radiation folded by ona
of two perpendicularly-mounted plane sutface rotating

Beenncr tollected by 6" £/0.8 parabola, folded agatn
7.10 Optical-Veitaiioal Scanning Devices, Universicy of Michigan IRIA
State-of-the-Art itepert May 1998,
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by tlsat mirrer, and focusscd on cell, CLC {» 0.25 mo;

H 1.1, angular tesolutivn-« miad., focal length-5 in,

eff
Tilevtorl. A photoconductive detestor 0.3 x 0.5 moe i placed ir
focal plane; PbS on one side; cooled PbSe or PbTe on the

ctherx,

Oniy 8%% .entet of cach scan is diaplayed, Forward
scanning is due to aircratt motion. Edch detector
tranes 120 lines per second so thét succesiive scan lines
sust touch at 175 mph, altitude 500 fi.

Jesign 12

Objective: PbS--min, detectadble signmal of 1.8 x 10_1luattl
4 x 10 " watts at 2.5u

1
PbSe--min. Jetectable signal of 3,

This leads to & tempriature dseasirivity of about 19-29, Kelly, at
USASRDL fole that Hg-doped-Ge cells could be used, that the cell change
fould we made by a company like T1 in about 5 wonths and get sensitivities
of fractions of 4 degres,

The Labor-Tovy E;a wegun & 1-1/2 yeer progranm to collect detailed
data on the temperatute of terrain, «s & function of the time of the year.
Data will be taken twice monthly, mapping the same terrain each time around
the clock ro resolve the effect of the time of the day. In addition to
this activity, the Labcratory has an extensjv: prograa in mapping snow-
covered crevasses in ice=caps,

The laboratory has zmude thermil maps showing very fine detail, Maps
of rumvave with sioplie resolution charts tndicace Lhat perhaps bstter than
l-arad resolution has besr attained, Various vehicles {n this map mede from
an alticude cf S00 fr can be distingulshed according to the type of th2

vehicles., It i» interssting that & parvon without & shirt in one of these

-7.92-
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RAPS 1s o ntfvels Coteited ybut aot tdeat{tied) hereas grother person with
4 ShiTt Of 1f =15Sing !T.ee (1€ Sup. Mape 0! highwave made with the same
equimment [rom 300-ft altituds very clearly snow 4 distorcion of vehicles
due o their motion (the scan-line was perpendicular to the road).

Such vervy high resofulion maps with very goud (emperatuce-sensitivity
can only be obtdiaed by constderable attention to the equipment, The resolu-
Lion 18 simultaneousls limited by & number ot factors. Thess factors may be
the instantaneous field of view, the definition of che optical system, the
size of the recording spot, the s-fnc.hronilsn betwaen scanner and recorder and
the stability of the arrcreit, Consequently, a further increase in resglu-
tion requires simultaneous improvement on all these factors.

In the meantime, correct operdtion of an equipment i3 the all im-
portant factor in obtaining 4n optimum map.

Mgsrs, Holcer and Morgan offered to make & map of a qurby pond with
and without disturbance, during the course of a regular mission under one ot
the Laboratory's contracrs. Necausa ~f contrac. requirements the zap will
tesr 3 Confidenzizl! classificition,

Conaiderable work on IR, oriented to combat surveilleuce problems,

has been participated in by the laboratory. (Ref. 7.11, 7.12, 7.13).

111, Atr Force

a, USAF Aeronsutical Systems Division, Wright-Patterson Air Porce Base,
Chio, Reconnaissance laboratory (ASRNR), Infraved Section (ASRNRS-3),
vsars, C. L. Woodard and K, K. Grimberg, July 16, 1962.

In the cpinion of Mssts, Woodard and Crimberg, there is no "shelf"”
equipment with & capability comparabla to HeA's Reconofax VI (see HRB-Singer

below: and to the AN/UAS-5. As far as airborne IR studies are concerned, HRB

7.11 Morgesn, Joseph, and Dana C. Perker, An Analysis of IR Combat Surveillsnce
and Target-Acquisition Equigment for Use in Erpeditionary Operations of
the Maripne-L-nding Force {U), IR Laboratery, Icatitute of Scien: and
Technology, U. of Michigan, Jun: 1962 {Secret)
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nas LLe MOsL extuenwive experience. Interpretetton of IR reconnatssance data
1s managed tor the At Forve by Kome Aty Development Center {(J. Poherenc,
RARLLS . Ext, 213122,

At this zime. the IR wection was not flying tliermil aappers. However,
the ReCOnmitsnance LabOracory had on order a uvAS 5 wodified for l-channel
operation, One channel to operate Ln the region between about 3 and 5 aicrons
with & laiguad :\'2 volled InS5o detestor; the other in the visille region of th;z
spectrum using 4 pnotomultipiter detector, The tocal scan angle of the equip-
ment Lo be 146Y wit, an insta=tanecwin Fiald nf view of 1, % mrad, The temper-
azurc semeitivity of the 1aSH chanael to be about 0.1%K. The wyuipoeni will
be operated at aititudes up to 53,000 fr. Lhe IR {nformation will be recorded
on 5" fiilm., TIhis eyuipment will serve ar experimenral study that 1is aimed at
tn-fligrt correlation of visudl, infrared and radar data :5 be obtained in asn
integrated svstem. |

The Infrared Section of the Reconnkissance Laborltot§ had jusﬁ initiaced
a study of the Zetection by passive radiation of small bands of troops and camp _
sices, using multicoler Ceviinigues,

Mssrs, Woodard and Grimberg, were not aware of past or present theo-
retical or experimental lavescigation that would be applicable to the problem
of wake cetection §= smal) hzdies of water, Investigation of the detecrion
of campfires. vould be undertaken during the course of the above-mentiocu..
study.

b. RE-110, Texas Instruments has s subcontract from McDonnell Ajrcrafe

to provide L0 AN/UAS-5 equipments for use in the RF-110,

7.12 Svmposium on (SESS) (Unclamatified Title). ONR Svmposium Report ACR-54,
Office of Naval Research, Deuartment of the Navy,

7.13 Proceedings ¢ tne First Sympcsiuz oi Rencte Sensin of Environment,
13.15 February 1952, IR Laboralery, inat. of Science and Iech., U. of
Micrigan, March 1962, NOnr 1224(&4) (Lnclassified)
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IV, Halier, Mavmond & Brown-Singer. Inc.. State College; Pa,, Dr. C. L.
wWoadbrideeo, Mssvs. J. . Sosel and J. UL Welker, July 19, 1962,

inoa company-sponsored program, cogent design changes in the AN/AAD-2
wReconofax IVY, resulted 1n a high=spesd IR detecting set capabl: of operating
at speeds 1p to Mich l.i at am altacude of 1000 it.  this new system, designated
as Reconofsx V1 {s about the same si1ze (approximstely ' x 1' x 1-1/2') and
wveight (=7 pounds} 4» its predecessor. The equipment has a J-mrad field-of-
view and, it 4 maxioum V/H ratio, temperature sensitivicy of about 0.1°% using
a liqu.id Nz-cooled InSh detector. The detector parckage = derigned as plug=in
units so that all current and future detector types can be used in the system.
“hé J2tectors are readily interchangeable during flight. Besides recording
in flight, by weans of an FY cransmitter, the Reconofax VI can telemeter the
rav vides Jats 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
tpectriem,

Another system, Reconofax VII will be an ASW-type dcanner, [t will
have a 10" aperture diameter in contrast to the 3-1/4" collector ot the
previcus systems and an instuncansous field of view of 1°,

With an InSb delweior, a temperature sensitivity of about 0,001°% is
erpected; witn a Ge T Hg decector but otherwise, under fdentical conditions,

a fivefold increanse in temperature sensitivity ié axpacicd,

These latter systems wiil have a continucus calibration recorded =n
both edges of the ship-map. Consequently, the absolute "temperaturs” of the
areas will alzo be possible co evaluate ;n addition to the "tecperature dif-

ference' that prevails between various areas of the taiget field.

-7.95-
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HRB-Singer 1o «l20 working on the development of ¢ 3-fluid cascaded
refrigeration svetem fol Aercndutical Svetems invasion, Wright-Fatterson AFn,
Ohin, The prograam te aimed at o« « losed loop covler that can factlitate
detector cperation eitner 4t 30PK or 80YK; it s dbout 1/2 to 1 ysar from
coapietion, It 1s interesting to note that in Dr. Woodbridge's and Mr.
Sobel’'s opinton. {icld op;r-tlon of 4 30K derector, without s ¢losed loop
tosrler, 1» 1zptactical, belause of the rescrictiun o aerrly vertical orienta-
tion of the detector~package,

It was noted that 2:suming thet o wake hus 4 temperature differentisl
of U, iR, Jetwetion 1» very possibie, once LRe CONLTABT Detween pond and
terrain--which may be as high as tens of degreer--has been elioinatsd by re-
aoving the lows-frequency response of the equipment. The pond would probably
APPLAT 48 mOTE Or iess wiuivim backgsround €0 that no dynamic rangs prodlem
would exisc, According to Mr, Walker, expstiwnce shows that 4 line shape in
a two-dimensional pictute can be detected when the diffarence betwesn signal
ang background is perhaps as little as 20 per cent of che equipment noise,

As repor=ed sarlier HRB-Singer has an equipment available for rental.
The cost of the airplane 1» $100/fligkz-hour, the cost of the squipment (s
$150/day and the cost of ficld enginesring services ils $100/day when avay
from State College. Mr, Walker sugges.ed that the stariing point of the dis-
turbance and *he point where the person causing the disturbance would leave
the pond, thould oe marhed by beacons su that the approximate location of the
disturbeucs could be positively identified on rhe map, For daytime weasure-
ments, & spactral region ubove 3 or & cicrone has been suggested (Ge 4 Hg
deracr.r’; for night-tine meadursmwuts, tl.e region between 3 and 5 microns

woul? be advantageous because the availability of V.liOUI\lllI La5b detectors
-7.96.
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could tacilizate 4 codrse Jetermination of the wize of the disturbance,
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B, EQUIPHEN] FOR FIXFD.STTE EXPERIMENTS

1. BafydeAtmoi., Inc., iambridge, Mswes. (IN4-7420) Evaporograph,
| (Ref. 7.14)

In the Evaputograph the thickness ot an oil tiim Letng condensed on
the back of a membrane exposed tu incident .r.ulhuon is a function ot the
poLat-to-point imide Lemperdture.  [he best tumperature ssnairiviry sv.
i perivnced wnder cereluvlly comroiled laborutory conditions is about 0,5°C
which ié o considerably less chen cthe theoretical sensitivity, This s
probubly warginal for our use, FPurther, at room temperature, the instrument
. | is fairly slow, requiring ahout 1% seconds st room tempsrature for ditrerences |
A \ of a few rers of degrees and cousiderably longer for smaller differances,
Another a:.tncu;:y with this {nstrument is that 1t produces only picturss,
i wvhich are difficult to use quantitatively,

| 11. Ragjar

111,, Thermopan.

This compsny has two basic types of scanning radiomsters, a line
scanner, the TP-2, and an area-or-line scanner, the TPA-5, Thase are mads up,
: on order, and take sbuut [ive months to build, They ars not scandardized so
that there is no firm set of characteristice. A good oxanple of their best
instruaents is s speacial high-speed system built for Redstons Arsenal, with
the followving characteristics,

| Diaceter Collecting Mirrors: &"

! Focal Length: 20"

' Angular Resolution: 1 mrad,

’ Field of View: 5% x 50

| Frane Rate: 20/second

Spectral Mandwidth: -9 u :

Systam Sensitivity: 4 x 10" 2% /cn? (%)

7.14 McDaniel, G.W,, and D.Z, Robioson, Therwal Imaging by Mesns of
Evaporograph, Appiied Optics _1, 31-324; May 1962

.~ S. '
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letentol: Cu-Doped Ge

teclun: Tiquid N, Transfer Systcz
Renge ! Foous: S00' Lo @

Display: Direct video on CRI
Auniliary Output: Tape Revorder

Uper. lemperdture Range: 122-110Y F,

The line rate 1o 200U/sec. Any of four filters msy he remotely posi-
tioned 1n front ot the derector. The temperature ssnsitivity is on the order
ot 0.08°-0.1C but 14 a strong function of the suanning time, Either the
tasic instrument. or one of the spacial Jobs such as the sbove could be applied

in & 8Tatic test program but would have to be borrowed unless the appreximately

five months' waiting time were tolerable.

117, Barnes Engineering Company, Stamford, Conn,, Masrs, G, 5olli, 8,
Inpioubaco, and F, Wilks, July 17, 1#el.

The purpose of this visit was to survey the availability of instrue-
neﬁtlltor the investigation of the radiative characteristics of disturbed
ponda .

It was reported in an earlier DR papu. hat the only available twe
dizersional inltales scanner was the barnes Model [2-600 Infrared Canera,
Thi- inscrusent has very hign (l=mrad) vesolution. lt is cspadle of producing
sither & 20° x 10% or 10° x 5 picture pur the frame-time is rather long:

1) minutes tor the 20Y x 10° frame, Since the tesolution required for cone
trolled expariments is on the order ot 10 mrad, an? this s attainable with
the instrument, the capers ¢ould be advancageously used in the experiments

it 1t were possible to increase the scanning rate by at least & factor of 10.
As it turned out, the scanning mechanism has been designed for compactnass

4nd an increast of the scanning rate cven by & factor of two L qucsticuable.

P i
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Nevertheluan, barues Engineering promised to evaluste this possibility and

to determine whether thete 18 anv reagriction suih 22 the eiientativn of the
SRMETA, When 1t 14 used &t twice its normal scanning rate, Zven if this
higner s:anning rate is teasible without restciction, it appears probable that
the 1nfrafed couvid were a4 desired instrument only it the disturbance would
heve ar unexpectedly slatp tenperature-gradient in A very shart distance and

4 very detatled investigaLion was justified. (Characteristics of the

Model 12-600 are given on the next page.)

The instriment can be purihmsed fot $25,000 or rented for a winiowm
time of one month for 10% of che saies price. For ventals of up to & monthe
75% of the rental price is appiicable to the purchase price.

The equipment 14 normally used with a Polaroid camera but a paper
cthart recording displaying receivad radiation vs, cime per scan line i»
'avnllablt.

Barnes Enginesring Company has destgned and is producing, "Partable
Radiacion Thermametsrs” (Model 14-310). Ihis inscrument is s radiometer
whose design 1é based on the principle of a continumis comparison of target
radiance (more preciselv. irradignce from the target) with the known radiance
of a buile-in black-body reference. The output of the radiometer [# Jis-
played on & panel -merer calibtated in degraes fahrenheit; however, the i{n-
scrament is readily adaptable for use wich pen recorders.

The Radiation Thetwometers coms with a number of apdification whose
exact charactaristics depend on the desired temperature anywhers in tha
range from ~40% to 1500%F, The mode! vhose temperaturc-rangs is from +13°
to +212°F has an absalute accuricy of 1-1/2%F a: a respoubs Lime of 20 milli-
seconds, Simce this instrament would facilitate "point-bv-point' msssurement

.7.99.
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ot sanhidy

of the sutfd.e-tamperature of the pond, & few sevonds response-Lime would be

4 a 004 match to the speed with which manual ortentation of the tripod-mounted

instrusent could be accomplished.

TR

0.1°K could be ettained in the reduced signal-

Thus, a tempersture sensitivity of about

band. The instrument can be

obteined witt o field of view ol 1° x 19; it operates in the spectral region

berwveen B and 13 microns so that it could be equaily well used in daytime or

night.

“nain elecironics” weighing about 12 pounds,

REY TR

carrving cases each 6-1/2 x 5-1/2 x 10-1/2 inches,

105-12% volts ac, 60 cycles, 13 watte,

- $1775-, the delivary-time is 30 days.

1t consiste of an “optical head"” weighing about 3 pounds and of

These uriits are stered in tvo

The power-requirement 1is

The price of the instrument is

1t is felt that a very ihorough in-

vestigation ot the radiative characteristics of small bodies of water could

be made with these instruments.

BARNES MODEL 12-600 INFRARED CAMERA SPECIFICATIONS

PERFORMANCE

Scarmang Cata:
WidthBeceaose sovacsatnane v

. Picture Rkesolucion®
- For 2m widtheesrssrccacconnnnn tesssasascan
For L10% heightes-crcraana- tmrarasmceccen awn

large: Temperature Range----<s-sscccac=- —rrem
Pilcture Tamperature Range /Black to White):
Minimum Rangede--cecemnveana.- tecsccoosman -
Maxizus Range--c---cccsens eecmcreenansn sesua
Sas1lest Decectable Temparature
Difference in Picture:
In &°C Ranged--.
In 1509( Range----- cmmsemesssannn P

Absolute ACQUIALY==---r-s - mmcsn mcmustoanaas

amesrwsw-ssanssescemmntimEE

-1.100-

-~

20°
$° and 10°, selectabls
11 ainutes

350 elements/line
176 lines

~170% to +300°C

A9
150°¢C

0, 5%
100C

4-5°C
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' BARNES MODEL 12-600 INFRARED CAMERA SPECIFICAILONS (Cunt'd)

N OPTICAL .
1
‘ Type of System  ---vnvi--eiiiiiciiienaaann.a.. Cassegrain’Reflecting | =
“t : DEamCIeT- - - s et imietes i crr e ce e caas + 8" (Primary Mirrow)
Focal Length-----ccnicrnmcnccimnncccccuanaana 12"
Effective Aperiure Ratlo----c-vcreroracannnncs £/1.9
Range of Focus®- -~ . vececnnineacineccecceas | foot to infinity
Detector Nataf: N =
Sip@-=c-cccccctccetatcitcancctcnnrncan nnnna Uod a 0.3 mu
Field of Vipuwacoorsanoernmnetnniiacacanennas 12l =il '
\ ELYCIRICAL f
i i
Uinc Voltage---rcrmmccrcncimccmcccrancccncacan 115 volts, €0 cps, single phase |
Power-=-ccmecccaan rmwtrrerrre s am evwerean 400 watte ‘ :
) Lon special vider, the instrument can be furnished with a 10° scan, '

hThu scan time is for a 22° x 10° picture area. Scan time for the 20° x e

5
fleld is 6.5 minutes, air the 10Owidth model, scan times for tae 10° x 100
and 107 x 3° fields are 6.5 and 3.25 minutes, respectively.

!
|
! For all x 1 mil decector field of view, I
T
|

: dnu use of a4 germanium-ismersed thernistor detector provides a minimum
. picrure tcmperature range of 19C, in which the dececiable temperature
diffsrence is 0,1°C,

*Inis specification indicates the ¢istance between the target and the front .
of the camera. Considering the addicional 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. h
| fIhis data ss for the scandard unimmersed thernistor detector furnished in
tue instrument, Ihe germanium-immersed thermistor has a 0.1 x 0.1 flake .
H and 8 1,3 x 1,3 mil £ield of view, Immmersed and unimmersed detsctors with ;
other fields of view can be furnished,

7.4,2 Basic Dats Experiments

: Tt appears that praccically no quancitative, reproducible data exists f N

on surface (thin-iayer) temperature-cycles, or on the radiative character of : f
. ’ !

A
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the surface. cf stagnant or disturbed budics of water. A careful library search
of iikciy piaces has pirned up onlv a tew Teiereuces and U.S. Hydrographic asd
similar surveys have nor been helpful,
This slrongly suggest the necessity for controlled mesasurements. A
LiZsie dpproach to uncover the essential data {s describad in the following;
different experiments to accomplish the same ends are, of course, reasunable.
7.4.2.1. Parametery o organce

People wading through normally yiagnant bodies of water may
cause & relatively strong wixing of the water that exhibits a characteristic
vertical temperarure distribution. The mixing then results in a discurbance
of the tcwperature of the water surface.

The detectability by infrared means of such a discurbance is
directly dependent on the temperature difference between the dl;turbod and un-
disturbed wazer surfaces and on the spazial extent of the former. When the
emissivity of the surface also changes with the disturbance, the change in the
product of {temperaturv x ¢missivity) i3 cthe determining quantity. Such a
change is conceivable, for instance, with algeoud water.

Since the duration of such a difference will be finite, de-
tecrarildes i1 b a2} 4 in tizi. Ccnsequently, the quancity of inter-
est is the magnitude of temperature difference as a function of space and time.
This quantity will be a function of many variables, such as:

4. Tioe of the day
b. Meteorological conditions (clear or overcast sky, tempsreturs,

humidity, wvind, ete¢.)

«7.102-
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c. Optical qualicy of water (spcctral absorptivity, reflectivity,

and cmissivityi.

d. Spectral absorptivicty of the batrom,
.. Plant and anicml 1ife and reasduce.

f. Depth

s Magnitnde ¢f (mechanical) disturbance.

In order tn cxpcrtnenuily detarmine the effact of these para-
meters, that would slso facilitate a comparison with theoretical calculations,
it is essential to conduct & basic measurement progran. The following typss of
instrymentation and set-ups may be saployed to determine thass paramsters undar
4 variety of conditions and o the degree necessary for initisl escimates)

7.6.2.2. Experigental Set-ups

The sinulated zice paddy 1s & cmtrolhblo-éopf.h simple pool
with provisions for producing & disturbsnce similar to chst caused by a person
or parsons wading through. 1t should be outdoors, se sun-driving and svaporss
tion stfects are important and it should be possidle to altar the bottom=covering
sas1ly. The pool should be large enough that the transient effscts of passags
are no more important than they would be in the ficld.

Suitable exparicents may be cunducted in a pool of sbouc
14 ft x 24 fr x 3 ft which may be of gunnite construction and include provisiong
to drain off and replenish the water conveniencly. Thus, the depth of the water
énd the composition of the bottom (mud) ‘could be varied.

Thermocouple sensors would serve for the measursment of the
verticsl cemperaturs distribution in ths water. The use of thermocouples would

facilicate accurate differsantial mesaurements a» well as ths measurement of

«7.103-
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absoluts tewperasture. . Pour thermocouples at suitable spacings would provide for
the satablishment of the temporacure profile at one location. The upperwost
mesgured point of the profile would be about 1™ « 1/4" below tha surface, depend-
iog on the wiad conditions. The tempersturs would be measursd to an accuracy

of & 0.1°% and recorded by self-balancing iceusrding putentivmscer.

Alr temperature, rclazive humidity and wind would be mesasured
by c¢-aventional {nstrumencs.

The pzddy i obscrved by & cadivmeter from & tower {or possie
bly a cliff). with & scannine or nonscanning radiometer as seens DOSC appro-
priare. In addition vacer tenperatures should ba cvbssrved directly at s number
of points.

There follows a brief discussion of two alternactive modes of
obscrvalion vhich were examined.

The discussion 1a aimed at the dncrlpuon of no-tr:lf.'al
condicions under which the disturbed stats of the surface tempersture ofla
body of wairr can be awasured in contrulled experiments to simulate ceresin
phenomsna that are expected to prevail in real situations. The body of water
that has to be simulaced 1s & flooded rice psddy; the disturbance that has to
be simlsrad f. that which might be caused by peoplc having waded through the
paddy. The present intsrest in details of the disturbance is limited to the
extent that could be det cted by airborne thermal mapping.

In addictien to the geometry of the exparimencal messursmants,
the feature of an equipment best suited for the acazsuremsnts and, slcernacive

measuremsnts possible with ocher equipmant will be nointed out.

=7.104-




In order tv measure the teoperature-distribu.ion with £ spa-
tial resvluzion of rc test acrvss the disturbance, the followiny approximste
relagion between T and Lhe slaat range to the vadiosmter (la feec), look-angle
to the resolution element (co degrees) and the instantaneous fleld of view of
the rediometer (W mllludum)2 oust be salistied (see diagram):

R T
;o—.-‘-’a: . T‘S x 107 (fear)

4

A
S

A,

R oY

aoonb

T
[

(Note chat we neglected & besides O, end took R ¥ as the subtended resolution
element. )

In view of the spatial resolution that fs achievable under
operational conditiona (for instance, 2-mrad anguiar rescluticn and 1500-feet
flight altjtude: 3 feet st verrical look), a spa.is) resolution of 0.3 (et
for che expoiiements could be considersd. For reasvas ofapractical setup,
we could conalder 8-mrad field of view and 40° look angle. Then, the required
slant range, R, 1s about 30 feer and the required height of the radiomster (i)

is about 23 feet above the target are-.

~7.105-
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From this belght, a scanning radiometer (infraved camera) of
20" x 10" scan field, could ccan (with & 20° swing from sbout @ = 28 3° o

48.5°) a length of the target fileld, 8y, that i3

€ = Hieg «8.5" - 0 28.5°) = 13.5 feet, and,

with a ¢ »° swing frum 0,, & width of the target fleid, LI tha is

8, w B a1y 2.5° % 5.2 feet.

Tue spavial regolutior alung ., would deteriorate to abouc
0.35 foot at 48.5° angle; it would improve to about 0.26 foot, ar 28.5° look-
angle.

The variatiom of resolucion along a would be even lass. Con-
sequently, the varilation with lock-sngle cf spatial resolutive would wut be
significant, especially {f the scan-line L5 is oriented paralles to the dis-
turbance. 1In this arrangemenc, the center of the disturbance would be ocbssrved
along about 17 resolution eiements. 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 is, perfect focussing was assumcd. Since the slant ramge in the look-
anglie region between 28.5° and aa.s“ would vary by a factor of about 1.3, the
degree of focuseing and, with this, the accual resolution and temperature-sengi-
tivity would also vary. Consequenciy, a programmed-focus equipment would be
ideal. Nevertheless, a fixed-focus equipu:ng focusaed to the slant range no
would probably redult in very practical accuracy since the variacion in range

to the disturbed «ress can be expectied within the depth of focus. Moreover,
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the effect of defocussing would be casy tv deturmine experimentally by comparing
SCAIULCAALS Smdw with fovussing to three uifferent ranges, for Instance.

To our knowledge, the only (nfrared camera that is teadily
available, is tlw Barnes Model 12-600. While this caowrs does have « total
field of 20° x 10° (or, 20° x 5°) &nd 1%s tempersture-sensitivicy of 0.1% ap-
pears well s-ired for the preswal puipuse. the scanning time is L) minutes.

This time may be excessivelyr long for us. The 13-minute scanning ctime 1y,
partly, caused by the rclattvely high resolution: @ mrad. Although the poten-
tial exists to decreass the scanning-tizc to 1.3 minutes by decreasing the 10°
wideh (about 170 elements) to 1° (17 ¢lements), this could be achieved from s
slant range of 150 feer, at a look angle of 60°. But, im this case, the required
height of the radiomecer wouid be 75 feet. his height would lead to a costly
platform uniess » suitable natural terrain (cl1ff) could be found 1o locate the
camera.

The 10° < 5° model of the Barnes camera would picture an about

13-feer by 5-feet arca (from 46-foor height at €0-fa2et slant range, g, = 40°%) in

3.25 minutes, This picture would have, at 0, & spatial resolution of about
0.08 foor. Thus, we would again pay with time fur nut-needed resolution. The
caaera at a height of 40 feer and at 9, = 67.5“, the spatial resolution e
wiuld be about 0.27 foot and the scanning-time would be about 2 wminutes. This
time could be reduced to less than 1 atnute, if, at 1.3 mrad field of view
(germanium izmersed detector), provision exists to increase the scanning cime
by a factor of abour 2.

Ao infrared camsra would have the ldﬁsnrcse that 1t c¢an pro-

duce a visual prosentation of the thermal chrracteriscics of the entire target
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fiela, and, sioulcsnecusly, 1t can furnish & radiant-intensitiy ve. time {scan

[ aagle) rocord of the target £4sld. Unfortunatcly, the only readily available
camera has éiv unnecessarily high resolutiwu for the przszat application, lead-
ing to excessive times to peiform the measurements snd/or to a mesapurement
geometry that seeme Iwpractical

an altearnetive mesgurement-prosram would use fixed-field
radiometer. In this case, selected areas of the carget ficld would have to
be measured "point-hy-point” or, the temperature variation of a highly impor-
taat area such as a purtion of the disturbance, could be measurcd during 4

period of time of interest. The field of view of the radiometer and the geo-

petry of the measurements would be as desczibed earlier. With two identical

SNy ket -4 Pdir rra kil .

radiometers, a differential measurement could be made: one instrument would

.

f.‘ be pointed at the disturbance and the other instrument would be pointed at an
fﬁ undisturbed portion uf the target area. Of course, such informstion could also
‘é‘ be derived on a timz sharing basis. The Lime required for the measuremant of
‘wi one data-point would be determined by the time needed for manual aiming of the
‘ué; radiometer, since signal bandwidths on the order oi ten ¢ps Or more can be had.

The Barnes camsra can also be used as s fixed-field {nor
scanning) radiomecer. In this application, field of views up to 8 mrad x 8 mrad
L 4
cah bpe ohtained by the use of appropriste-size detector. The detactors are

thermiscor detectors of essentially nevtral spectral response. Since, in fileld

[O

application, the spectral region cf detection will be limiced by acmospheric

absorption to either the band between ) and 5 microns ur to the band between

i AR B

% The use of a large tieid of view in scanning mods leads o overlapping
scan lines but not to an advantage.




¥ and 1A mizcrong, the neuttal rospumsc of @ ttermlator deleci . dues not have
a particular sdvanteye. The advantage of the thermiscor detector {s lisited
to the practical aspect that it does not need cooling.

If we add that the slow responsc of thermistor detectors 1s
responsible for the long scanntng tisks pr- -1ously diecusecd, il eppesrs that
& camers with thermistor detector would not be the hest choice of scanning
radiom:ter, nor perhaps, of a fiaed-field radiometer.

The experimnt, preferred after consideration of all factors
and on thue basis of simpitcity, low iInitial costs, and & svmwhar Dore modest
dats-handling problem is given below:

The radiarce ("temperature”™) of the water suvriace would be
measurvd with Barnes "Portuable Radiation Thermometer,” Model 14-310. This in-
strument i{s essentially a radicmeter with & built-in black-body reference,
operating in the spectisl region between 8 and !? microns. The instrument may
be had with a tieldrofeview of 17 x 1° and a temperature sensitivity of 0.1%
at a response time of | or 2 soconds. Two radiomoters would be uscd simul-
taneously, on an about 20-ft high wonden plattorm located at scme 8 ft from the

edge ot the pool. (Figure 7.4.1) Thus, the slant range to the center of the

*
pool would he about 25 fL and the subtonded areds would be about 0.4 ft x 0.46 ft.

Conscquently, & 0.46-f1 wide annulus could be scanned by rotating a radiometer,
at a constant depresaion sugle, around & vertical ixis. In about one miaute of

time, oue half of the annulus could be meusured.

* Both the accuracy of the temperaturv measurements and the spatial rcsolution
have been chosen to uwich the capabillty oi airborne IR scanners. This is,
typically, 0.1°9K at l-mrad square fleld-of-view or | square foot at 1000 feet.
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In measuting che temperature of a disturbance, one rAiomater
ol would ye peinted at the center ot the disturbance while the other radioweter

-Ej wvould wuen the snnulus. The output of the first radiometer, the differenca of
he the radiometesr outputs «nd the angular poiition of the scanning radiometer
would be recorded on a strip~chart recorder. Thua, the tempersture ot the

f;l scatter of the disturbance vs. time would be continuously messured; the spa-
tial extent of the disturbance vé. time woula be medsured in time-sharing.

The radiomerers would also serve, from tice to time, for the
measurement of sky tempersture.

A calibrated thermopile would facilitscte the oeasurement of
insolation and & convertional illuminacion meter would be used for the messure~
ment of the transmissivity cf the weter with various concentrations of nud.a

In order to assure reproducibility, s simple mechanical de-
vice would gerve to introduce the disturbances. This device would be perhaps
a cylinder with radial fans, that would roll on the bottom of the pool when
pulled oy means of a rope. ‘he cylinder would be about 1 to 1-1/2 gt Loug
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 forn
of the device would be governed by the criterion of producing disturbances

that are simiiar to thosée caused by people.

. *h slternatively, an undisturbed area of the annulus 2ould be measutred in

3 continum and the disturbance could be scanned. Moreover, the angular éise

. of the annulus and its respective portions on both sides of the distur-
bance, sre possible variations in thc technique of mcasurements. Optimum
technique would be determined experimentally.

.- G Ideally, tha spectral distribution of these quantities should be measured.
Nevertheless, the measurements can be reduced with good accuracy to furaish
the aecessary information.
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The site oy the povl would ' » properly [enced and suicablae
storaje tacility provided for the tnetruments.
7.4.2 3. Projrum Plun

The expuriownts could be carried out (n (wo phases in ¢'x=

mouths’' time, as follows:
- - ERd [+]
This phase would require two cslendar U‘l‘;lhl, conatituted of the fol-
lowing activities:
a. Review of requirenents and detailed spacification of instrumenta-
tion and seL-up. Detailed program plas. First and second weeks.
b. Selection of tesc aves. [Negottation of letss,] Firsc through
third weeks. .
<. ConsiLiuctivn of pool with mechaniral duturberf radicoster plat-
form, storage shack, fence. Frurth chrough eighth veeks.
d. Assembly and calibracion of instrumentation. Second through
vighth weecks.
Ehase 11, [Exceriments
The experiments would require four cslendar months. During this cime,
the measurements would be taken, data reduced and evalusted to establish the
requirements for detection by sirtorne surveillance guar.
The measureswnts would be performed In three categories as follows:
1. Installation and checkout of the instrumentation. One weak.
z. 'hnmunmnt of the datly cycle of the vertical tempersture ex-

cureion, including surface temperature, of undisturbed water.
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These measuremcints would be carried out around the clock, ie
order to determine the time of minimum excursion Lhat is poten~
tially the tim: ot least detectability,

3. Characteristics of disrurbances. Thest measurements would be
carvied out &i critices times of the day tu facilitate establish-
ment of the deily veriation of detecsabilicy.

The second and third categorivs would included measurements sade with
several different typus of botiom and, if possible, with some growth in the
pool. Tenth through twenty-fourth weeks.

The status of the program snd partial results should be assessed on a
monthly basis. A final ruport should be in hend by the and of the sixth calen-
dar monch. -

This program would require 4-1/2 nan montis of senior and 5 man moncha

of junior effort and costs for the experimcncal set-up should run about as

follows: )
{$-5)
1.1. Lease of property for six months, $150/1 monch (1f necessary)- 0.90
1.2 Construction of:
Poolesvrrraccnces casssmmemas scrsmsmmanseesen= assssssmancen= «es 1,70
Machanical Disturbere--------- ssmssrmeesacess sasmesonce vee 0.40
Platforme-encnrnocnnce ceserares e vesseazrrascaans ceseesres== 0,35
Storage shackevsesr=co--- scemevasancas sramesrccreccrresennres (0,20
Fence with gate, $1.75/ft---~snarescncne-- sssemmrrmccccen e-e= 0,30
1.3 Water cannect{nn, prwerlins, pump. Mud--=s-ecesveccccco- ssase 0,79
1.4 Restoration of property to oviginal condition,

labor to change mud, insurance, contingencye-s--s---sessscvens 1,40

%6.0
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1I. Iluul'unr:ntallun
Radivmeter, 2 cach ar 1.8Keneoomnen serrasrcerercrenresnsrneres 3, 60
Recording potentiometer--«ss----ress-cccccs “eesmsemssccsscens «-- 2,20
Strip-chart recorder--=-=s-<-ss-ssrsreccenocsoccncccccnccacn -- 0.90
Carideaied thonmeplly, - merereee- M b messane we=m=== 033
Miscellancous {allumtnltxon-nutér, readout potentivoeter
for scanning--radicmeter, scan-drive, tripods, etg.)---------- 0.75
Mereorological gedr and migcellancous items----c--sc-eucacencs %]
49.8

7.6.3. "Quick-Fix" Baperimeat

7.4.3.1, JIntroduction
Informal arrangemencs were made with University of Michigan
(Mr. J. Morgan) for a "quick-fix" experiment involving thermal mapping of &
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 under fully com-
trolled conditions end there wers frustrating czulpment failures. Thede aud
lack of experience with this type of cbservation made interpretation difficult.
It has not been pnasible to repeat the experimenc. Mucn thanks, nonthelaess,
is due to UniversiLy of Michigan personnel for their efforts.
7.4.3.2. ERguipment for
a) Temperature Probe Set* :
(a) 5 (five) temperature sensing elements (probes)

{b) 1 (one) readout finstrument

* Two 0f these sets were purchased and one is now in use in Thailand. (See 3.6).
Satisfactory results were obtained in ctests in Santa Barbars.
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(d) 1 (one) probe mount
(e) 1 tone) thermometer (25 to 125°F) and
1 {one) hygrometer with instructions
(f) 1 (one) carrying case
(a) Zach temperature sen: ing element {3 a thermistor embedded

in a giass-bead, and mounted, water-proof, in 4 steel probe with leads 20 fe
ir length. The thermisiur has a negative temperature-coefficlent. Ita re-
sistance decreases wvith incicasing iemperature, by an amount of the order of
1l par cent per 1/2°F. The resistance of the thermiscor is of the order of
6000 ohms at 50°F and about 1000 ohms at 140°F, Cunsaquentcly, the resistance
of the leads {s negligible compared to the resistance of the thermistor. The
leads from che individual probus wie wwwsected to an ll-prong plug that com-
nccets into the resadout instrument.

{b) The resdout (nstrument is & dc wheatsione bridge with a
(+50)-0-(+ 50) micrcampere meter as indicater. The bridge has three diffetent
alignments fur zeto brildge-curceui ¢hat corresponds o the resiscance of the
thermistors at 66°F, 96°F and abour 125°F temperature, respectively. At any
cther resistance of the theomistors, o bridge-current prevails. Conversion
from bridge-current to temperature is [avilitaeted by a calibration Lablc.'
The table has three columns for the three alignments that result in three
texperature ranges. These are:

50“F - 80°p
80°F - 110°p
110°p - 140°F

* Time limtration prevented furnishing tre meter wicth scales directly cali-
brated in temperatur-.
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At the "off™ position of the Temperature-range the bridge is open (unenec-
gizcd).

Tne bridge is energited by two Eveready E-12 Mevcury cells,
providing ror more than 1000 hr of operation. The comdition of these cells
can be checked at the "30-Test™ position of the Temperature-range switch
that connects o tixed calibration resiscor to the bridge. The bridge-current
that must flow in this case is -30 microampere. A meter-deflection to tha
lefL of che mark indicates discharged cells. The cells are accessible for
replacement through the base-plate of the instrument case. Note that cops
vect "calibration-current” i{s an indicatiun nf proper operation of the reade-
Aut instrument, only. Por a checkout of the entire instrumenc, the probes
have to be inserted {a a4 constant temperature bath, together with a mereury
thermometer and the reading from each of the probes must be compared with

the thermometer resding. Readings within ipA fndicate correct Operatiom. |

The bridge operates in an ambient tempersture-range from

-40°F Lo + 14001-‘. Nevercheless, the teadout inscrument should be shielded

trom direct suniight and not platec on mofst ground.

Due to the thermal inertia of the thermistor-prode and the
delay in seter response, the response-time of the equipment is of the order
of & few seconds. Consequently, th: measurcment of the temperature of five
probes will require about onc-half to three-quarters of the minutes of time.

Any one of the five probes may be measured at a time, de-
pending on the position of the "Scations" switch, and, when the "Te-pen.tun-

range" switch is on one of the ranges.
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The absolute temperaturc sensicivity of the instrumenta-
tion ‘s about % 1/2%F.  Hownver, & relative aciuracy of about # 1/6°F can be
obtained by estimating the meter-deflectiaon to within quarter of a division.

{c) The probe-mount is provided to keep the thetzistor-probes
a4t a constanct relacive position in (a vertical) !ine. The mount is a 3-ft
long hardwood bar with Loles, 10 receive the prubrs, at one-loch intérvals.
Each probe is aecured in a hole with a rubbec grommec placed on the narrow
end oL 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"-long R/32 machine screv (supplied). To preven- the mount
from floating, the flange has to be weighted. A 10+ or 15-ft long bamboo
pola may bu attached to the upper end of the bar to facilitate insartiom
(lowaring) of tha mount into the uate& from the edge of the pond. Onecs the
probe-mount is inserted in the water, the bamboo-pole may be sat sné sacured
on the bank ¢f the pool to assurc a steady positicn of the probes. The sta-
bility of the probe mount may be incresased by an additional pole fastened to
form a "V" wicth the firsi pole.

b} Surveillance Equipment:

The University of Michigan aircraft, equipped with aa AAD-2 scanner
and s m=di.r apertur: radiometer, similar to the equipment to be used in the
routine terrain mapping expericents, was to be coployed. The scanucc wae
to employ total lnSh (1/2 om x 1/2 maa and 1/4 mm x 1/4 wa) and Ge-Cu (1'% v
x 1/4 om) detectors. Tha resolution of this scanner with 1/2 om x 1/2 ma detec-

tors is about 3 (nilllradtans)z.

-7.118- |




=t

7.4.3.3. [Experiment
On the 19¢h and 20th of September 1962, thermal mape were

made Of a shaliow, natural pond, in its normsl etate and disturbed by walk-
iug perwonnel. The prisacy objective wes rhat of gaining first-hand experi-
ence vith the problems of using thermal mappers sgainst suall wvater targets
and small apparent temparature differences.

One daytime and one nighttime mission was szheduled for
each day. The target of ths sission was a aatural pond south of Ypsilanti,
Michigan. Adjscent to Willis Road, this pond is about 1-1/2 to 2 miles
west of U.§. Highway 23. 'The shape of the pond is roughly ellfptical with
an estimated 80 to 90 yard-long major axis and 45 to 55 yard-long misor axis.
The depth nf the pond is, on the averags, about two feec, occasionally dip-
ping to three feer. Thare is algae on the water periphery {n widths as great
as 10 feet and & growth of reed arcund the adge of the pond, except for the
bank slong the road.

Numerous thermal wappings of this poud, buth in its watussl
and disturbed state, wers scheduled for each mission, primarily from am alci-
tuds of 500 feet. Plans were to explore the effect of spatial resolution as
well as the effect of apsctral ragion. During the missions, the vertical
temparature distribution at a selected location in the pond wvas msasured
from a small aluminum bostr by thermistor probes. In che dayrime, from about
9 o'clock on, & total of about 3/8 of the eky was coversd by -uil patchas
of clouds of rapidly changing configuration. Surfacs winds with velocities
up to 20 knots were encountersd, msking for un-nllly poor cimdu:lm. In

contrast, the nights were clear and calm. Alr and water temperaturas vere

as follows: i
-7.117- ‘
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Sgppember 1¢ Srptember 20
Lovai Tume. s ovea.neionnen 1331 238 1100 2115 2145
Alc Temperature, “F...... 60 45 52 43 4!
Water Temperature, i T 68 &4 57 59 L1

Due to intermictent insolation, the heating cycle was
irregular. In aédi:ton, high wiad in the forenoon of the second day usds
surface-layer tenperature teasurements difficult. On that night, however,
tepeated observations indicated that a temperature difference of about -1%
(at 2136) and about -1-172°r {at 2146) existed between iayers at about 174"
and 10" below the surface. The temperature ;eadina on the probe closest
to the surface was mada with the boat slowly rocking so :hat *he prohe
approached the surface without emerging. During the oppouiic ewing of the
probe, the temperature diffevence decreased te about liiot and sven L0 Eero.
(Note that the probes were on a floating mount a¢ & distance of about & oF 3
fest from the boat, while the leads from the probes to the readout inscru-
mant in the Loat, wers submerged in wacer.)

Lt.tl therefore reascnable that peaple wading in the pool
coused & temperature diffcrencial of ac least the pame magnitude bectwvesn un-
disturbed and discurbed areas. After the firs: mappings a number of people
tramped energetically around the boatr in a roughly circular pattarn but the
hoped-for "wake" was nut seen in the photographs.

As is often the case this tirst attempt at & complex -i-
surement in the fleld suffered certain aisfortunes. Firest, failure of a

drive-belt on the scanner caused cancellation of the first afternoon flight.
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On the night mission of the ssme day, & leak in theDewar of one detector

and nolsv leads on the other caused very poor signals. A eubstitute cetec- ;

R I '.%‘«"J 'tl ':.:-\:E:.;.

tor was tried without obtaining any improvement. Consequently, no usable
mapper data were obtained on the first day. Further, alchough the substi-

tute detectors used on the second day may have developed usable infouration,

the In-flight film recording was made at 3 setting that accomodated Che
veriation in signal level from the entire acanned field., Thut s, the day-
tiow film records show the pond in an unexpanded gray scale; considerably
less than the available density range of the film has been utilized, for the

pond. The nighttime records, in addition, have the pond placed on the upper

!
f knce of the gamms curve where the elope uf the curve amight be less by a face
tor of 2 or 3 than in the middle. Thie means that differences in signal
ievel larger by the same factor can only be distinguished at this portion of !
j the ganssa curve as & step io density. For example; at & density range that 1
consiste u.f 3C steps, and at a temperature rangs of 15°l, 4 temperasturs dif-
ference of-I onc-half degree would cause & stap in the middle of the gray
scaln; whereas, only as much as 1K or 1.5"K would be discornible in the
! hizh-density region of the tilm. These characteristics of the in-flight
; film recording and probably infericr sensitivity of the substitute detec-
tor* may explain the fact that nv wake (or persounal) can be identiffed in
the maps although the boat is identifisble.

Rav data is availsble on photographic negative and manetic

I
[ tape at University of Michigan.
|

; * Although no firm data are svailable, it appears probabls that the cemper-
| ature sensitivity was worae than 0.59K.
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1.6.3.4. Critigue

This experiment, like many field exsrcises, suttered from

& numher of deficiencies from which lessons can be learned. Thess were:

a) Scliedule problems--criginal plans called for a more
letsurely mapping exercise which was compresssd because of upcoming prioriry
experimencts (l.e., Operacion Tropican, etc.);

b) Poor coordination--dus to & mutual misunder+canding, no
fio1d refersnce staidards of temperature were provided and ther: was no
time to obtain these;

c) Equipment -=failure-={as noted earli_..);

d) Poor conditions--on the particular days open for test
the aetecrvliogical condiiiuns were poor,

These fairly typlc_al. problems fortify ui opinicn that sven
s simple field experiment neads time to matute. J

Examinations of original photograph;c negactives showed
no traces (waies) that could positively be correlated wirh the knmm paths
of personnel. This failure was Lentatively sssigned to the fact that the
mapped pond, in the nighttime picturss, wes ovarsxposed, causing sa apparent
{“crease of the detecrable temperscure-difference. Such photographs as
were obtained already have besen forwarded to ARPA in DRC sonthly reports.

O the lIth of Novembar, 3 x enlargemencs of representa-
tive in-flight imagery acquired during the experiments were recaived from

the Universicy of Michigan.

pond (and che road) sppears, in thesme positive pictures, such lighter than
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the terrain.

The point 15 that more detall of tlhe puud surface scruce
tute would be seen if che negatfives had been made with leoser txposure.
Even 80, the boat in the widdle of the pond 1s clearly seen in bock plcturss;
aoreover, one has the inpression of sesing structures of the pond when in-
specting the pictures at a slant angle from arw-length., It is believed that
other enlargements made at & higher exposure--so that the terrain weuld ap-
pear slmost completely black--could reveal whether this impression 13 corx-
rect or not. Of course, this purpose could Le best served by new negacives,
msde, at optimum settings, {rom the rcape recordings. Howaver, the responsi-
bilities of Project Tropican have preventsd the saking of such enlargemants
CT new negatives from the magnetic tape-recerdings. It ic hoped that the
University will find time later for further evaluation. Tc date no addi-
tional inforwarion has been received.
7.4.4. Bymwary

On reascnable, if not provabie, grounds it is concluded that (1)

Personnel transiting through stagnsuc water may cause ¢ difference in the
radiative character of the water surface, in & .anner analogous to the for-
mation of ship wakes; (2) Detection of such changes, and especially their
patterns may be useful io anti-guerilla operaticns: (3) Siace the quantita-

tive characteristics of the postulated phenomenon {i.s., intensity, extent,

persistence, and observ:t:lity) are not known, they should be detsrmined

by a basic measuremsnt program.
During this study an unsuccessful quick-fix sxperiment with a tharoml

wapper was tried. Existing thermal maps of water surfaces sade with
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/.5, Comments on Other Appiications

. )
Otter applications of IR mey be of some interest in anti-guerilla

work. Night-tims viewars weapon sights, scanners, atc., for military
sppiications have all been ths subject of developmental work. Bince,
in this etudy, the few nove! spplications nf TR received most of the
effort, the trsatment hers is curvory and brief. Ideas for oivher
applicaticns or study are discussed in 7,5.1. Some tnformation on
c:tu.ln; devices was obtained by visits to responsible lsboratories
but for ths wost part, a survey of current state-of-the-srt vas
sttempted through acquisition of reports. Such data as were cbtained
are given in 7.5.2. and 7.5.3;
canroms

7.5.1. General

7.5.2, Develcped Equipment |

7.5.3. BEvsluations and Tests
7.5.1. General

Hight-time viewers and scanners, including battlefield surveil-

lance devicas, intrusion detectors, stc., may be of utility im certain
anti-gusrillas operatic 3 depending on their performance, weight, and othar
tactors. This is a general quastion of requirements versus feasibilicy
which seems to reguire a craparison of opsrational needs with the perform-
ance of existing equipment, and the feasidility of superior squipesnt, a
comparison which has not yet besn mads. In Table 7.5.1, in the next sub-
aecticn, a list is given of developed equipment and f(ts axpectad charscter-

istics. This may be of some use in the Agile program as eithar (1) the

-7.12-




equipment has bsen alrsady avsluated and regults may cover the cases
of tntacest [or Agile, ot (2} the equipsent, even if derment, wmay etill
be in existence and bailable for necesssry tests.

Two thoughts on less typical and somewhat far-uut applications
occur to us and are given heve without anslysisa. Pirst, in looking for
trails or corridors under the rainforest, it may be that IR mapping and
mlticolor photogruyhy may be useful. Traile or strsams may recult in »
slightly dtff.rnnt averayw equilibrium temperaturs distributicn on the
forsst top. At an instantanecus field-of-view of 2 mred the sensitivity
of state-of-the-art thermal mappers {s such that about a 0.1% change {n
the product (smissivity X tempersture) may be masasured. If average
temperature gradisnts occur sacroes trails or stresms, are of this ordsr,
or gresier and are not lost in [luctuations, thay say ba seen in -the
output of properly processed mappers. A dats procluun; system desigued
to emphasise isotherm repressntstion wight be halpful hare. Aloo, as
ssen in reference 7.13, rather subtls differsnces in foliage cau be seen
vhen pictures ars taken with panchromatic color, infra-red, and camouflage
film. Differsnt spaciss can be idantified snd, in the same epecies, sick
s~d heaithy treses (which may have reflsctivities differing by a factor of
10) can be differentiated. Buch photugraphic contrasts may be used for two
purposes --- to deduce the general mtuu. of the forest, and with other
dui, l'nhr ite charactsristics mors accurately. (It may thenm bs possible

to (nfer the nature of the ground level conditions precissly encugh to

7.1% Manual of Mhotographic Interpretation George Banta, Inc.,
Menasha, Wisc. 196C

* For example, whether a given regicn contains many randomly located speciss

and, hence, {s primary rainforsst, or contains spacies in stands and, hence,

is not. <7.128-
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locate "corridors"); and to estimate the stand deusity directly from
crown c¢losure (or crowm cover) and height wmessuremsnts (and thew deduce
the probable ground level conditions). it is clear that not snough data
are on hand concerning 8. k. Astan lcroscn'. to svaluate the utility of
these idess.

It (s suggested that terrsin mapping end photographv exercises
be carried out on selected aress uf . E. Astin "jungle" of different
types, containing soms well-known trails and atresss to see 1if detection
can be accrmplished. The data should also be analysed to determine the
degree of accuracy attainable in predictions of the characteristics of
the ground lewel.

{The other nation s that, {f 1t Ls reslly rrue, that jungle
living fur a short period produces visually detectebla changes in skin
color, vhether & mors sensitive inspaction device might be made which |
would indicate, in a variety of nstursl skin sbades, lsck of exposurs
to sunlight. ©n bglance this ssems ualikely, bul is not kaown. )

7.5... Developed Byulywent

A very large varisty of IR squipment for all sorts of wmilitary
purposss has been developsd In the past few years. With few exceptions
not much of the combat surveillance squipment has gons into productioms.
On the basis that it may be desirable in Agile, tn test soma of thase
devices, for strategic hamlet, oucpost or othar obvious uses, a list
is given in Table 7.5.1 of equipment which might be spplicable, with
enough data to enable sa interasted party to locate the equipwent.

e U, 8. Porestry Service was queried for data but none wers available.
«7.126-
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Table 7.5.1 Pertinent Military Infrared Equipment (Rcf. 71.16)

Jdentificatfon or Yame Concractor & Service

Type

Probable Status

AN/AAR-2 G. K.

T-6d . Amarican Optical
Buffalo,
ERDL

T1-Co Amsrican Uptical
utfslo,
ERDL

In-18 Wollensak
DA&4-00% ENC 2651
ERDL

Baytheon, Santa Barbara
ScEL

T-3 Ssnsou, Garrtitl, Brian
Glen Cove, N.Y.
ERDL
AR/SAR-S (X%-1) Q-0-8 Corp., X.%.
BuShips

IR Weapon Bight Raytheon, Ssnta Barbara

ERDL

Raytheon, Sanca Barbara
EapL

r——

* lmage Comversion Tube

T-1 Weapon Bight

7.16 Nilicary Randbook Infrated Rqufpment Vol 1 & 11

Viewers
Passive Binocular - 2-1P25D ICTe*

Bead mounted binoculare -2-6929
ICTs - requires IR searchlighe

Like T-&A but for close work
iike mmp resding

Handheld binoculars - require
IR 1llumination - ICT

ITripod mountec vradar/active IR
for moving targets. Personnel
range 400 yd,

Metascope imager ICTE929

Surveillance binocular - hot or
illuminated objects 2-ICTs #032-A
Weapon Sights
Rasic waapona 6914 CT-300 yds.

rangs

Basic Weapous 6929 CT-300 yds.
range

Bulhips MIL-EDEE-230 Sec.

Adopted by

Atmy

Field tesc

Pield test

Dormsnt

Producticn

Dormant

Production
contract let
for a quaszt.ty
ol one of these

RO
A
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Table 7.5.1 Pertinent Militsry Iafrared Bquipment - Contioued

Sow Uyde Paxk, N.Y.
JSARDL

vehicles, persouanal 500 - 1000 yde. -
thermistor bolosstsr - 7O lbs.

Idcntiflcat fon or Mama Contrsctor & Secvice Type Probable 3tatus
A-S379(XE-1)/PAR Raytheon, Santa Barbara Pessive fotrusion detector < ° Dormant
BuOrd tield-of-view 2 elemsnt themistor
bolometar - parsonnel 400 yd.
R-379(XE-2)PAR Castman Kodak Similar to above Dorsant
Bulxd ’
R-S7T9(XE-)}PAR Eastman Kodak Similur to above -4-3 wrad Dormant
(AN/PAR-4) (XX-3) SCEL S0 tbe.
R-579(XR-4)4(XE-5) Rastman Kodak Similrr to ab.ve Tested
SCBL 30 + .bhes.
Scanners
AN/PAS -1 NEL Tripoi passive, for detecting = ---a-
petsornal & wvehiclea for 1R
Scanrod T-2 Servo Corp. Tripod passive for personnal & Evaluation

\
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Evaluations anc Tests

Ouly a few reports of svaluations and tests of military equipment

wers recveived during the contract. Usually the reports on thermsl map

lutwspcetation (o.g., Ref. 7.17 and 7.18) are in such condition, (dus to

reproducing processes) that they ase of 1ittle use, oo che fine details

of the map are lost. Some paraphased comaents from the evalustions at

hand are given below:

7.17

Currie ot al The Interpretation of Infrared Asrisl Reconnaissance Dat
Dec 198D

1.19

1.20

8) The AN/AAS-3) (XE-1) /nirvared Detecting Set (Ref. 7.19)

b)

«a===The gasaous N, cooling system is uareliable, relay and

4
tube faflures sre fruguent, imeges sre smearsd by CRT blooming,
and the film image (s unsstisfactory. In addition, parts and

connsctions work looee and the equipmmt is too large and

For sach deficiancy corrsctiva action is suggestad but
it is not koown vhether ths equipssnt was reworked h‘y the
service. As noted earlisr 3 of these equipments were bailed
by V. of Michigan and Aave, with sxtsnssive rewnrking, been
made to yield very good results.
The AN/GAD-1 Cround-based Passive lafrared Detactor (Ref. 7.20)
--=«<This equipmant, by HRe-Singer, was originally requescted

(Jan 1959) as a portable battlefield surveillancs device vith

wisual display. Difficulties in design were encountered and

R-39 (Bendiz Systems Divisicw)BADC-TR-

Currie ot al Infrared Interpretation Manual - Tactical Targets

BR-368 (Bendix Systews Divistion)RADC-TR-64-24]1 Dec 1940

(U) Operational RBvaluation of AN/AAS-5 U. $. Arwy

Blectronic Proving Ground USARPG-81C930-91 June 1939(Coutf,)

-7.129-
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weight requiremeancs were waived. The delivered weight

o - COTINFNN. I

(January 1960) was 541 lbs.

In performance, even with Ge cells, opsrators rarsly
¢etected personnel at ranges in excess of 100 yda. in good
backgrounds. Dusign relisbility was very poor.

U . The test rsport recowwsnded that no further effort be
experriad on this equipment but that improved deeigns should
be expiored.

¢) Iafrared Binocularr (T6A of Table 7.5.1) (Raf. 7.21)

----- "{ith experience, drivers can operate vehicles at aighe,
using the test squipmenc, practically as well as by using
vehiculer headlights.”

The Board recommended modifications, to include better
filters, but othervise msinly sschanical in nature. It is
balieved that a sodified version of the T-6A in oow scandard
Arwy squipment.

i d) Use of Infra-Red in Korea (Met. /.22)

see=='"Bast results were obtained with the IR filtered 18" tank

searchlight (8) aeps at 24 volts) placed about 125 yards to the
i rear of the M-) Saniperscope position. Tha light, wich 2-IR
filters was just discernible tu che unaided &y of an individual
- who knew its approximate location. Appronimate clear weather

performance was as shown in Table 7.5.2.

7.21 COMARC Report of U. S. Arwmy Arwor Bosrd | June 1959
7.22 Ord, J. A. Raport on the Uss of Infra-Red in Kores WQ. U.5. Acrwy Par

East (AD 38094} (Conf.}
=7.1%-




Table 7 5.2 M-) Sniperscope/18" Seacchlight Performance

Distance froa Porward Position (Yds.) Idsntiflcation Possivle :

75 --3/4" letterine on naneplate of soldier i

100-150 --tecognise individual '

: 200-250 --sufficisnt detail for llltp.l.' to aim

250400 =--motion detectabls :
|
|
|
\
!
f

! )
1
!
[
1
1
1
1
!
!
|
|
i
!

. '

|‘ :

| :

! ;
i
i
{
1
1
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7.6  DACKGROUND PROBLIMS

CONTENTS
7.6.1 General

7.6.2 Limitation of the Detectable Signal
by Background

1.6.3 Duatieseive Commenrs
T7.6,4 Conclusion

7.6.1 Genepgl

The limit to the measurrment of & phyej:=! guanzity is set by always-
present oaturs! riuctustions (noiie). This ascise wight

0 be a component of the quantity to be seasursd;

¢ bs produced by the aessuring [nstrument;

@ originste in the envirommant of the source and

instrument; or -

© originate anyvhers in betwsen the ssurce and

instrument,

In messuremants of rediscion an absolute limit is sat by the photon~
noise of the source-radistion. Mors often, however, the noise from the
target's savirooment (background) is the limiting factor.

Jackground nrtse must alvays be cuosidered vhenaver =he #101d af wisw
{f.0,v.) of a radiometer (detection-equipmsnt) is larger than the angla sub-
tended by the carget. When the target (s as large or larger thas the £.0.v,,
40 is the case in thermal sapping the background becomss Sdentical te the
target.

In cwo promising applicactions of opiical techaiguss Ce guertills-

warfare (i.s., fire-detection and wmke-detection) however, background-seise
doss compete with the target-signal.

-7.132-
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7.6,2 Limitation of the Detecgable Signal by Backgroynd

!
i The ssgaituwde of

Lat,

| ' then, vhen the field of

the cumpetitivu suy be Jucrived as foilows:

t.o.v. of a tadiometer {sterad),

effoctive aperturs ares of optics (uz),

tocal lengch of optics (cm),

radiance, effective to detector, of (Illclz. sterad. ),
sydtended ares of target (uz),
average radiance of backgrouad (Hluz. stered. ),

mxisum deviastion from average radiancs of backgreumd
(Hluz. sterad, ),
Tange to target and dackground (cw),

sffective transmission of path,

view is deteruined by cthe detector, the poak effective

i power from the target on the detector (f.s., the diffecrence in pover with and

without the target in the f.0.v,), PT is

1
1
1
|
{

! the detector, from this

, .:'A IT(I -;.)
T 7

r

This power has to compete Lo produciag # useful eignal, with che offect of

the fluctuating camponent of the background-adiatica, The total power e

comnent , A-P. is
“l -T ‘o ﬂul

-7.133-




Howryer, depending m,

o tha vaveform of "l =« which may bs the resultant of two
comporents: (1) eventual temporal variations of the bachground-
sadiation and (2) time-varying radistion on the detector whileh
arises from scanning across spatial gradients of the background --

o the signal bandwidth, and,

¢ the desired accuracy of the mstsursment {(expresssd, for iastance,
in false-slarmerate),

but a fraction m of .‘\!' will ba effactive and this sust oot bs lergar than P,

Consequently, the target can be detected, (f "l‘ Zw dP' or,

Ag(uiy) 3 anlan w

Bquation (L) shows thet, for a quantitative determiration 5f the background
sffacts, partineac characteristics of backgroumd-rediation (because of Ali")
iad the specification of the detectioco-squipment (because of m) must be
known. Without Lhess only qualitative treatment, as follows, can be siven,
7.6.3. GQualicacive Coomants

The lower limit of carget-redistion, given in Equation i 1), end/or
allowsbis upper limit of -M' will have differsnt levels in the fire-detsction
and vaks-deteccion, Tespactiwvely.

In case of fire-datection, one has to find a "point™ &8 largs as &
resolution slement, ia & tvo-dimensional assesbly of & very large awmber of
picturg-elrmants. Ov, one nas to hive an even higher signal whem am inscan-

tansous suctomatic indicetion of the avent of haviag & target detected, Ls &

=7.134-



requitemsnt. Consequently, the signal to limiting-noise ratio will hawe to
bs relatively high in bot's cases. All the signs available at prasent indticats
that suffictently high signal to notse retic can bo obtsined., {2ss 7.2 and
1.3).

1a cass of wake-detection, oue has to find a "line” ia & piceure. 1In
contrast to a poinc ia he previous case, & lice has & wumique shaps that
groatly facilitatas discrimivation from background ("pattarn recognition™),
There might be casee vhan a line is so uniqua ralative to the background-
structure that recognition is possible at an vousuaily low liﬁll-eovltﬂ.tug
nclise ratio. Of courve, recognition at s very low signal-to-noiso racic re-
quires lomg time (narrow bemdwidth) for swaluatfon. An "instancansous”
automacic recognition would probably required & much strongsr eignal than &
poet-rasl-tims aucomatic racognition or that demsnded visusl evelustios of &
map. This zay sopecially be the case st the present vhem the art ;t sutomatic
pattern-recopnitior. 1s relatively mdqmnlop-d. (See Sacticm 2.1).
1.6.6, Sonclusios

Quantitazive determination of the effect of background noise ou detscts
abil1ity requires definite values of equipment parsmsters and oparaciocnal re-
Quirements wvhich camnot be given st present. JFrom qualitetive considerstions
At 15 estimated that no detrimental backzround-effect should be axpected in
fire-dateaction through direct path with squipment of sensitivity weil withia
the capability of the art. {(Ths effeact of weather would be about the sams oo
targat-signal as well 48 on signal from cthe backgrommd.) 1In fire-decection
through indirect path and {n weke-dateciion, the sams expectation is wmxch less
foundad for lack of vital dacs. For thiy reasom, sepacially, dats on back-
ground nscessary for eveluating the possibility of indirect detection aad for
trial datection as ouggested (an 7.5, sh~14 he cheailned.

7,135~
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7.7 Choice of Detecturs

A portion of this Contract invoived judgment as te vhether axisting
equipment could be applied to the anti-guerilla detection problem. This syb-
section provides an example of some of the work done. Detector selection is
discusasd because the choice of the best detector for an IR equipment ll.l an
att vhich depends, more often than not, on poorly definad factors, wheress
other slements of the system are wors routinely defined. & brief commenc is
given-here on a) etate-or-the-art in siogle-elwment decectors, and b) con-
fidenca in predicted performance of imsging detectors. [An Appendix to this
section illustrates detector selection and fessibility estimstas for equip-
ment using exiscing cooponents, for lins scanners, photography, and image

orthicons, The mahers eaployed for targets and background are somewhat old-

fashioned and not particularly relsvant to present thinking. )

COMTENTS ’

!

7.7.1 Contemporary Single-Eiement Detectors
7.7.2 Interpretation of Predictions

7.7.3 Summary

7.7.4 A7pendix: 1llustraciva Example (Feasibility of REquipment Design)

7.7.1 Contsmporary Single-Element Detcctors

It 4o sufficient here to charsccerize detectors by seasitivity ouly.

Figure 7.7.1a shows the must sensitive detsctors available in iimired regions
of tha spectrum betwesn 0.3 and 1 microns. Figure 7.7.1b shows the unuu.ﬂty.
of & largs cumber of detectors responsive in the region 1.5 to 70 microns, (1
is not iotended to discuss hers gll the data in the figures but marely teo :-h
it availablo and note that most of the detectors can be obtained, although pot

! \
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Regicn between 1,5 and 7¢ Microns, {Compiled by
Inatitute of Science and Technology, Univarsity of
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slvays tumediately. ] Notw chat figures cover quantum as veil as thermal
detectors; the quantim detmerors further include photoemissive, photovoltaic,
and phocoeon‘ucttvo detactors. Therma), photoconductive and photovoltaic

detectors can be producsd to form an array or a mosaic,

1.7.2 arpre on of Predictions Conce
‘g; the PbS Regjon

This paragraph intends co euphasize the Gifilcully of sstinsting tuture
impravemant and, of interprecing the prouictions, without detailed data. TlLie

difficulty can be typified by two quotations ss followr:

1) "vidicon for the spectral regicn from L micren to ) microns can
: be sxpected to be availavcle by 1964, with sn gverage noise

12

: squivalent power (NEP) of 3 x 10 “° watts io unit bandwidth, per

tesolution slement,” of more than 3 10° elemants. {Becret Deis)

(Ref, 7.7.1).

2) "a wost senélcive eaperimsental fnfrared photocomductivo plck-up
tubo. operating on the vidicon principle with FbTe target (sensi-
tive srea) has an NEP of about 7 x 10"} cacts 10 30 cps bandwidth,
per resolution element of w" eslements."” (Confidential Dats)

(Ret, 2,7.2),

Converting this latter NEP valus to a one cps bandwidch, one obtains (7 x 1071y,

(:!ﬂ)“2 ~1.2210 1 vatco /resolution alement, Thus, s direct comparison of

(7.7.1) Passive Radiation Countermessures Feasibilicy Studios, AF O4(696)-30,
Task I1 Summary Report, Part I, Hughes Atrcraft Company, 121-31.+61,(8).

(1.7.2) I8, Vol. 5, Mo. 1 (Secret) p. 409, Confidential.

'lml- prior to 1960,

7.1



L g

a .
R I W A

e S e gmaanie | S <.,
SCATERRERE bt B RO TR

EA

te 5 a 10 i- would fudiceis & weiy vouswrvatpive prediciion of

1.2 % w012

improvement. However, by further converting--on the basis of WEF G (area
of resolution cl.-nt)“z aud, on the baeis of tdenrical target sreas--the
MEF of the future tube to a (5 x IOS)I(IO”) = 50 cimes larger resolution
elemmt, ooe could campate the sarly s .perimental tube with the future Lude

on & more squal basis:

m“'_ s 1.2 x 10"2"::.1.:{ s | cps, res. slvmmat

nE? e 3.3 x 10" tvacts 2t » 1 cps, zes. element

future

Assuning now that the sxperimental tube i1 the one the prediction has
been bascd upon {or, similar prediction can velicly be based upoa), one might

arrive st the conclusion that high resolution is expected to bs very bard to

obtain., Nowever, whether this will de correct or false is ont known, Com-
| parative predictions concerning the pertomnu of tuture tubes TeQuUire

evaluation of all Lhe pertinent factors involved,

7.7.3 Samery
A large variety of highly developed single-elemant detactors are

obtaioabls, Special arrey® or wosaics can be constructed.

The availability of IR image tubes, however has not been surveyed to
the Level needed for high confidence in yredicticns regarding their future
performance. Predictions given in the current literature are of doubtful
validicy.

1.7.4 end{x; tracive Example Detector Selsc
Suring the early phases of the study, using the virtusl calculacion of

the "canonical” cempfire, radiant power of the campfire was assuned to smergs

O
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from che jungle “ith 4 18335 tucter ilacause ol viarious attenuating mechaniems)
of detween 10°% 204 107°. Lecimates bured on these li{mits wsre made at chat
time and ire repeated here us Lllustrative of the detector salection process
even though presenc thinking makes them somevhat frrelevant., The calculatioas
are for requiremsnts for airburne Jetection of & polnt lssget whose radiant
pover Po, is '103 watte/steradian, vith 4 2400°K blackbody spectral discribu-

tion. Lins scanners, photoiuph\, ind {mage orthicons vers axamioel.

7.7.4.1 Line-Scanner
' Lat
R = slant range from top of the juuyle Lo detector (cm),
SM s fraction ¢{ i‘o in the spectral region of
detection L3,
£y~ effective transmictance of stmespheric path
ic the spectral region AA,

cj *= '"transmiszisn’ of the. jungls. I

then Che power-density from che target, at the aperturs, (P.D.)s, is
€38, 8,,P
(P.0.)g = -ﬁJ—g—"-ﬂ (nca™?) )
R

vhen a lLambertian spatial distribution of (t BPO) is assumed,

]

In addition co the signel, radiation due to ratural 1llumina-

K
tion on the top of the junglc, will also fall on the apsrtura . When this

lonuu of the spectral region considered hars, the thermal radistion
of the jungle-top 18 negligiblae,

« sy
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1l1lunination 1s 1..,(\:..--'2) and the diffuss rerlectivity of foltage 1e Prns
then--in & fleld of view of . steradians--the averags povar-density from

background-radiation, (P.E.)B is

£..0,,.d,,\0

(P.D.)y = -——l— (wca 3y )

As the average "effective reflecting area” varies with fleld
of view, (P.D.)’ w11l have & wodulatcd cosponent Lecause the background 1
being scanned. Uenoting with @ the rario of the rms modulated componsnt ower
the aversge power-density, then the s background-noise, H, is

t..O;_\.I:A.l.Q .2

= T w_, xem’) {3)

N' -w, (?.D.)B -

From Bquation (1) and (3), the signal-to-background notise

Tatio, -:— is

L oP
.%--_tli_ﬂ_ %)

i lzou.lv‘.l.ﬁ

" The Mxinum valus m can take 13 0.7 when "fully reflecting

areas” subtended by the field of view and areas "not teflecting at all,"” are

! considered aiternatingly scanned eo thae a sinusoidal tims-variation of the

i pover-density resylts. (A winimum value of & we could consider hare, is

! perhaps not much lees than 0.05 which would prevail Sf the average reflecting

area subtended by the field of view vatrled by the pask amount of + 70L,)
The spactrally dependent quantities in Equation (4) ars 8,0

and I and, the choice of spectral-region of detection should obvioualy be

1,162
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ES
LY
3.1 Drivavec ol decevior iumicacions only
[ A}

three spectral regions are reasonable. Thase are ahown Lelow, togather with

\
govermed v the guantit; of *

the spectraily dependent quantities:

ﬁl 0.‘.-4 - 0.?“ 0.7|.| - l.lu o.ﬁ.l - 2.»
8 0.02 0.16 0.64

1

T‘-‘-L———- -x 1,00 0.58 0.76
0.4 . 0,7

P 0.20 5.3 0.10
-‘;E . 5,10 0,69 8.4

Y,

T 1.00 6.9 8.4
0.4 - 0.7

In calculating the values of Iy $000°K black-body

spactral distritution vas sesumed, Furthermore, the values of P are "typical”
values based on the diftuse reflectance of tulip leaves st "the wvavelengths

of maxizum energy”, (Ref. 7.7.2) (sic) follows: 0.22 at 0.6u, 0.38 st 0.9%
and, 0.036 at 4.4u. Consequently, Liw effective vaiue of 0 » 0,35 in the
region between 0.7 and 1.1 microns 1e perhaps the xost cealisric; in comtrase,
the values for tha two other regions sight be {n srror by 2 30% or more. Of
course, differonces betwest the raflectance of tulip leaves and average jungle-
folisge are not kmown, To be conservative, since Lhe validicy of thass assvap-

tions is questionable, the entire srea subtended by the field of view, {s taken

Handbook nf Chemistry e¢nd Physics.




to be reflecting, although only 1 fraction of the ares is expected to be ra-

Eleseing.
At u stant range of 0 « ]| knm and with 10.& .o07" 50.7 u.cl-z "
(half mova 40° sbove horison), 6. 10°% and u = 0O, 33, we get, from Equstion

(4) the following values of .:

%.. - 4.25 :—' - 8.3
ok - 0.7 8 x 10 0.9 x 1078
Q1. 01" 2,32 x 1075 . 1.16 x 10"
o9 . 2.5 " 2.8 x 16°% Le s 107

With thess (o hend the charactecistics of the decvction-
squipment can be defined:

With an effective spariuce atua of ‘A - % c:-2 (D = diamstar),
and with & semiconductor detector of atsa by, uz, the foilowing identicy wust

bs fulfilled vhen & signal to detsctor noise ratio of T requited:

%

2
D—_,‘E » {P.D.}g o (wER) ., -:-; + From here, with Bquatios (1), and with
1/2 1/2 1/2 ¢
- % (aL) . AD (VU)I-Z
D~ Y
we gec: 2.2
nz-l.l '-.(%)HZ . (S_) -
‘u‘,"n A uD




Voo groand spoed of earcrafc in km/sec
H= flight-aleitude tn km, and

¢ = total scan-anglc in radians,

The square of the required focal length, £ 1»

From Zquactinnn (5) and (b6)

snd with values of

Ve 120 km/hr = 3, 3 x 10'2 m/sec
He 3,50 km

¢ = 2 radians

a2 &' .

13

= 8,5 and, with 51 detestor (P* = 2 x 1077 A”z

«svo? rad., :—
b

5.8 x 10" cm tn an 7/1.25 syscem (D = 0.8¢).

One then obtalne

1/2 ®»0.931:0 ! cm (0.9 ) Amteosrio!
0.7 - 1.1

and or
fe18.0cm D« la,4 cm (5.7 inches) £o 10cm, Do ll.6 om

using PS8 Astector for the spectral region between 0.9 and

F !.u.s



2.9 wicivas (D* 2 3 x 10‘6, 2 oe 0. b4) AtE \%) w4 x 3.8 2 10-8 ca s 0,81 ¢n .

Thus, even 11 a Jeteitor a¢ small as 0.l s x C,1 ws {5 -
2

]
-

assumed, the reyuited |2) 1 (%l - 0,14 % 5.8 x 107

f s 51, O,

% ® 9, which constitutes a pon-fussible systes! Converssly,
however, an F. 1 system would require 0,81 (@ square dotector and £ = 162 ca
which {8 an fmpractizable size, When the pbs detector 18 cuwoled to the

temperatuis of dry-ice, Dr = 2 hJ“ and,

2
A i ass 10 ame L27x 10 cm
p? Y
Thus, a 0.5 =mm x 0.5 mm detector Tequired G - 2.2 x5.8x0.5x1)C 210" =

3.8z 10'2 or % *0.8: £~ l0caand D=8 cmor, i.7m x ),7 mm Jotertor

could be used Lo an f = 10 ce, F/0.86 system.
Consequently, a successful detection can be expected of practical

sise equipment using $1 o ctooled FBS detlac:on.

7.7.6,2 For photographic detectjon, we should require that the density

of the film caused by the radiatton from the fire, be n-times the fog-level
of the most dense portion of the background. 3o, at a fog level density of

D,, the following identity must be fulfilled:

b

TI

!\D'l log

Hate T_ @ transmission of fils occupied by targst,
Tl ® transmission of fila occupied by the brightest alement of the

background.

‘:ﬁ.‘\g'




Sul, lwg T! LI .3...‘ :3 ami, lug ?1- -y g ‘B' whete b » wpusutes wi tiw
.

4D Ts % R 1
filwm and, » = u_-lm._l'. l.nl'll.Pl“u.-ll! Iy, log ﬁ = 3 lox -"—.- and, log l' -pn y 1)

lo urder to eveluste Equation (1), we must know the power-
denstty of the target's imagye and i the brightent background-element's tmage,

Ve can determine this as follows:

1f the targes subtends, ot the aperture, the solid angle Wy snd

the background-wiement subtends 4., inen the image size of the target i»

‘J
a
!'u.‘ and the isuge size of the background slemenc Ls fzw! vhen £ 1o the focal

length of the optics.

When the target radiaces P. watte/sterad, then the power-demsity

from tho target st the sperture, (P.D.)., is

| 4
(r.0.), = :g (u.cn_") and, ;

trr poaez-d4n840y 16 Che Ledge of ne Larget, £ 1

1 b =r 2
fed' o e o e
6!.!4.1. '.Elu.r

)

There, T = i {focal tatio of aptics) with D = effective aperturs ¢iametsr in om.

D
Similarly, the puwer-density in the image of the background-

elemene, ti is

1
£l el 2 (wiea)
3 ] ’1‘
vhere I' is the radiamks of the backgtound-eliement in u.c-'z ulnd'l .

(3)
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Consequently,
!s ?s I'"
E— * 3 x 1 -

2
B T B IBJ.TR

Assuming thet « = 207 sterad. {1.-2 subtended area at a
-4

rsoge of | km) and, with the previously used valuss of ¢ = 10 7, !o 4.-01"

3
2 [ 4

T uen? 0w 022 and e 25 1072 ve gut T s

10

Thys, troo Equation (1), n = 5, wnen the film i developed to s 9= 0.7 and

Dr s 0,13, Ustng 2 fii= Jith o sosca of ASA = 400, the regquized exposure o

fasch the linesr portion of the dersity ve, log exposure curve at 7 » 0.7, 1

0. « 10"} meter-candle-sscond o 1.67 x 1072 vact sec a2 . Coasequently,
0
from Zquation (2} the required expusurs-time, T 8
. 1 2
Te 1,67 x 10 " seconds = 5.9 x F x 10 ° secounds.
RP.

Iu vider tu {uliy defiue che optical syscem fazet cthe amage-
siza has to be specified. When cthis 1s set 2o equal 100 resnlution-elements
and the refolecavi s 22 liis peie psu s, the Lmage-siZe of the carget,

2 -
fa.x’lu‘ﬂ-z. Ihcnvt:h‘st-ms,f-wcn.

Ar an sffective anerture diasecer of S cm, ¥ » 2 and the

exposure ti=s T = 0,74 aec.

AT & field of view of 45° square, and, &t an sircTaft-
velovivy of 00 km/nz, 100 hz can be sutveyta in one hour. The required

imRge-wotion-CoORpensacion is about 5 mm/ssc,

)

Sa



With intracred film, the expuwute-time T“ ie

H . B
PR TN -5 Rl L N
1z In * °o.¢ - 0,7

m” %4 - 0.7

where Sm = ASA speed of IM film & 0.05 x so__ 9.7 T, T

could be expected. (We do not give here a numerical value for ‘l‘n bacauss

’Il has not been determined),

7.7.4.3 With an Image Orthicon, an imsge-illumination of 6 x 10°°
w/id © vau be cwud gut with s signal-to-notse ractio of about 26 vhen the pre-
amplifier’s notse 43 2 x 10°° smpere in « 5 MC bandwidth [see "Survey and
Evaluitfon =f Phenomana and Tachniques in the Ultravicoler, Visible and Sub-
nillimacer Region for Application to Detection and Ascrosurveillance™ Geo-
physics Corporstion of Americs, Bedtord, Mass. AF 19(604)-7412. TFinal Report
Pare I, p. 276. Ubclassifiod, 1 July 1961,

As wvas previcucly found, this level of illumination would

Pravali iu au 7/l system. Consequently, s signal to noise ratio of 10 can
be had in an F/3.5 system, a high enough value to parmit che readout of a
Single resolutico-element. However, the 45° square field of view specified

for pbotographic detection, must be decreased by a factor of 106 x (2 x 105)

-1
5 asauming that the image orthicon has 2 x ~105 resolotion slenents. (For
photographic detection, 10s resolucion elements and & target-image of 100
resolution elemencs weras specified,) Thus, immge orthicon permits, in 1/60
sec (real time) i he surveillance of one fifth of the area that it is possible

to record by the photographic method with 1/4 of a second sxposute-tine.

"')-1?‘ m
T.149




Realization of bighwr withicon surveillance razes, however,
vorid require the simultansous use of, for instance, two cameras to covar 3}°
lateral field snd, an increass of the [light-spsad by a factor of sboul &.4.
A disticct advantage of the image orthicon is that it allows a readout in

resl time. Moreover, there may be some advantage in that persomnsl around

the campfirs would, perhape, be less concerned over passage of high speed

sircraft,

On the bisis of such initial estimates it was concluded that
a good possibility seemed to exist of detscting the radiant pover from '
2400°% caxpfires at wivelengths less chan about 2 microns at night when the
oatural {llumination was not¢ more than that from a half moon at high ealeva-

tion. Any of four equipments;

Telasvision camera with Image orthicom;
Photogrephic camera with panchrocatic film;
Line-scanner with 51 detector; or

Line-scanner with cooled PbS detector;

might be employed.
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RADAR

Only a modest amount of effort has been devoted tu [l epplicativus
in this study. This happensd for two ressoms: firet, ARPA planned & full
demonscration of the capabilities of service equipment, to be followed by
& FYSPooium, Wit sebsequent Frogram plasning; eecond, many proposals from

fodustry wers expected ecd i was planned to critique these in the study.

The fleld demonstraticn wvas set up several timss but mever actually cams

off. Oanly ooe propasal (FASS) was forvarded for comment, hether cthars
wers received is not known.

In this Section soms comments ate given o6 snti-perscuncl radars. A
critique of the PASS proposal snd a suggested axperimenctatl program i
outtinad (8.1). A suggesrad approach to the use of radar againet smbushes,

god comcents on sapping with radsr, are given in (5.2).

canoms
8.1 Fersownel Detection
8.1.1 Service Equipment
8.1.2 PASS Proposai
8.1.3 Critique and Sugpestad Progran
8.2 Other Applications
8.2.1 Aati-Asbush Badar
8.2.1.1 Genaral
8.2.1.2 Cooventionsl MII Probisms

8.2.1.3 Pulse-¥Mo‘ulated Doppler Techaiques

-8.1-
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CONTENTS (Continued)
8.1.1.46 Rodar Paramters
8.2.1.5 Summary
c.2.2 Radar Mapping
8.3 Susmary
8.1. Personnel Detection
8.1.!. Service Pquipment
Current military combat rurveillance vadar through 1939 are
discussed {n s special DDRAE nemorandum (ref. 8.1) of chief intarest
is the AR/PPS.4 (Silcot Sentry) anti-personnsl radar whose character-
istics are given in Table 8.1.]1 below:

TABLE 8.1.1 Charscteristics of AN/FPS.4
Lightusight, portable pulse doppler (Silent Sentry)

Lange Parsonnel-1500m. vehis ivs-5300m.
Acc. 2% x 3°
D 8900-9400 =i,
P 1 wvatt
) 1 W
ma 3000
MIl non-cobherent
Scan Rats man, i{n range hzi & elev.
Elev. 900 to 600 miles
As1. 360°
3 Width 6.5° x 6.5°
Ant. 11 §v
Larpncnes
Wyt 115¢
Transport Manpack 2 men
Prisary Power 125 wates

8.1 Ueinstein, A. ot al (1) EDTAE Eleccronic Programs Concerned with
Combat Surveillancs 17 Marcis 1960

DDRAE Mamorandum (Elactronics) Sec.
8.2

e B
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A "Randheid" “anti-perennnel radar is being developsd at Evana

Signsl Laboratu.y {vontacts: Harold Tate; Victor L. Tredericks).

The AN/PPS-4 (s being tested in the Far East. The first test ) I ~ '
I (ref. 3.1) war urestisfactory, resulting in no personnsl detection. The
resulics of subsequent testing are not known to the Contractar.

i Stnce s light-porcable radar would be useful for protaction of

Pélivis, and in setting ambuches 1t 1s suggested thur Lf, ss LF fatriy

! likely, current T. 0. § E. equipasncs are no:r sstisfactory for one reason
or another, considersole effort be expended to dasign and procurs satis-

.‘ factory ecaljmmn..

i The AR/MPS-29 radar (ref. 8.2 is an experimenctal, vehicular

i transported. ground surveillance cradar designed for high-resolution visual
display of ground targets at short ranges. There {s an operstion van,

; aatemns trailer sand power unit trsiler but this is because no attempt was

' made to reduce size and weight given in Table 8.1.2 below:

Table 8.1.2 Cluuctcr“élcs AN /MPS -29

Elecrrical Characteristics

.‘ Frequency 70 Kac

' Pulse Length 0.05 microsecond

|

j Peak power 15 K

: Pulse repetition frequency 9,990 cpa

| Wave length 4.3 mm

: 208 volts, chree-phase 12 Kv-s

| 100 cycles/sec

! 28 volts, DC Max load 0.3 Kv
8.2 (U) Evalustion of Concepts and Techaiques of AN/NPS-29

‘ U.3. Aray Infantry Board, Ft. Benning June 1961 (Conf.)

(AD 324 432L)

e G
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Tabia 8.1.2 Characteriastics AN =29 (Contimued)

Resclution Charscteristics

ABimith Buam wideh 0.2° (3.5 mile)

Elevation beam width 0.3° (5.3 atle)

Scan rate 20/scans /sscond normsl
40/scans /sec capability

Scan zector 30° (150 besm width) or
53 mile

Sensitivity Characteristics

Antenna gain (including 56.7 db
losses)
Antenca losses 2.9 4b max
Wave guide losses 0.4 db
TR-AIR (BL-24) 6.6 db max (2-vay)
fransmiczer (BL-221) 0.3 kv

Racaiver noise figure
(Mhiico 18 db L-530¢
crystals a & db I?
K.7., QK369 Kiystron)

Ornar Chavacteriatics

Elevatioo angle 4 aile from horisontal
— s wie eSeis BLALLIOCOATY CATBOCS could only be detected in the
sesrchlight made. Moving targets were located and identified reliably

ot the following ranges:

Targat Ramge (Qtaters)

Maximm Loimm
Truek, 1/4 ton $200 50
Squad, moving 2000 50
Oos asn, running 1200 30
e map, valking 1000 30
One men, crawling Undetected

“8.6=
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The tirte trow tlat trajectory and high angle fire weapons, encluding

wmsll srms, wac gensed paptisfeciortly rs 4200 meters,
Wiile this performance ilooks good. there wure a number of
Jifficulties with cisplay interpretation and in ares coverage tasts
oersonnel were ot detected satisfactorily.
8.1.2. PASS Froposal
On is Vecenber 1961, Conductiron and Automatric Corporations made

»
a joint proposal to ARPA for a Partisan Airborne Surveillance System .

{zcf. §.2) The systems operation was to be "based on a specialized fine
resolution coherent radar with airborne signal corrslation to produce
extractable signals from groups of wmen carrying moderste pieces of aquipwent
in dense jungle."

On the basis of & simplified model of rainforest as s complex
scattersr and sbsorber, sod on the approximate cross-section of s man
casiyiin; 2 rifle, the appropriate wavelength of tha radar was determined to
be about 1| meter, and power, aperturs, snd sensitivity requirsments wers
defined, leading to s preliminary design of the system.

A proposed accelerzted developasnt scheduls snvisaged system
integracion propagation experiments, squipment design, sssewmbly componsnt
tests, sircraft modifications, installation, and flight tests carried om

concurrently in the first twelve months [n an eisentfally "build-it-and-try-

. it" program. Operaticn2! tests, on this schedule, would have begun in the

fourteeath month and have besn concluded in the eighteenth wmonch.

"Wich proposers’ permission this proposal was forwarded to DRC for svaluatiom.

8.2 PASS Technical Propossl A-133/CAA-63A Automatic and Condluctron
Corporaticas 14 December 1961

s

-8.5-
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$.1.). Critique and Suggested Progran

At ARPA's rsquert the proposal was critique-ed by DRC. A meeting
was hald at ARFA on Mav 7. with Conduciren to discuse the propuasal and &
suggested alternative program.

It was svidant tnat the success of the propossd project depended
on resclution of many factors which vers not well known. Wheress the
proposal, in the incaresc of & 305t expeditiocus approach planned to build
an squipmenc and flight test {t as rapidly as possible, the suggested
program was first to resolve the major uncertainties by fairly simple
experiments snd them to proceed with developing new equipment 1f experi-
mental results justified this step. This pr‘ulrn was agreed to by ARPA and
Condyctron. is of this date the program has not yet been funded and ft is
not mown vhether a report on target snd envircumental conditivne-in the
Far Lest has bewen prepsred as sn input to the program.

Some of the major uncertainties in the PASS Proposal are listed
below:

4. &zzgrzacion oi i mever waveleogth radiation dus to jungle
growth is assumed to be comparabis to that due to woods
{ound in the northeasterz U. 8. Since jungle growth i
generaily more dense snd contsins more woisture this ie
quei tionable.

2. Only tree trunis sre sssumsd to be large background targets.
Laaves and branches are assumed to be Rayleigh scatteres and,
hence, oot important. Many branches of trees should be
expected to be commarsbis to the 1| mster wvavelength in size,
anc tharefore, significant.

-8.6-
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3. Trees are sssumed Co be confined to singie resolution
elernts (3 X 3 metara)., Becsuse the trecs, &5 seen by
the rdzr. ar? extendsd in tange, and becauss thers t»
miltiole scatter (rarticularly with the ground) tha effects
of a large tres can be observed in a large mumbar of resolution
e lementy. }
4. Accurscy with which aircraft selocity must be knwn ia J
said to be ! meters/sec. During the establishment of the .
aperture. the ground Jan "move’ iU owiecs waitls tespect to its B
aspured location. _The effact of this &ouwld nst be explatned
by the Conductron peopls st the May 7 meecing. !
3. The probles of detecting moving targets uu. not satisfact-
orily covered. Walking men can be sxpacted to move through
3 few resolution cell: during sbservation. J
6. The prodler of clutter morion betwesn locks (wind, e%c.) and i .
the effect of multiple scattering on the results when flight ;
paths are not repeated pnctnl'.y is not covered sdoquately. i
i'»ny other points ia the PASS proposal could be argued, but thess
depend so much on factors basically unknown that the srguments would be
scademic. Por exszple, whils one uight take excaptisn to fales alarm and
detection probabilities assumed to be useful for gaining information, the
greast uncertainty as to the schievsbility of any useful combinatica ol
false alarm and detection probabilities would render any argumant sterile.

Aoy datsiled concarn sbout map mstching, ets., seemd prematurs.

-8.7-
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The suggested initial program invelved:

An experiment Vhetein atiewnstion of tranveission from an
clovated platfora (tower or cliff) to a receiver on the
grounc in the jungle is measured., A resiuvaably large
slevaticn angle (~15%) would be destrable to avoid having

to penatrate too much jungle.

Comparabie measurements with ocher types of vegstation.
Messuremerts of jungle components {trees, branches, atc.)

on wxisting ranges, if feasible.

Using results of 5. h, and ¢, to estimate the magnitude of
the multiple scattering problea.

Study of spacial and temporal clutter variations.

Dats collection on the nature of the targec, what he carries,
how he moves, etc.

Construction of representative models of the target and back-
ground and messurement of radar observations of target and

background separately and tomether.

It wvas also suggested that, since guerillas were to be found in

many savironmencs other than denso jungle,

b,

Existing side-looking equipmenc should be employed, concurrently

vith above program against suitable targets in lass troublescms
and well-known enviromssnts, with progressive increases {n
difficulty of the detection problea until existing eguipments

failed to parform.




Pinslly, depending on the outcoms of the activities descridbed,

it vas suggested that,

. A study should be made to detetmine L there L8 & detoction
and processing technique which {o optional for Jealing with
the tarset and clutter models developed.

. 1If the smower to 1.) wes affivmstive, then, derending on the
situation at ¢ time and the cest of system developmont, &
development pregram should de started.

8.2. Oxher Applications

Considering some of the eituations described in 2.3., it seomt resson-
able to imquire wvhethor cadar can be ueeful in smbush situations, in outpose
proteciion, against ground-firs at helicopters snd sirplanse, and in detecting
trails and corridors (bands of lower ground-ccver density) under densa cannpy.
The firet three poreidilities are discussed under the genaral hesding of anti-
ambush vader (8.2.1) and the latter under the heading of radar mapping (8.2.2).
8.2.1. Aatf-gmbush Rader

$.2.1.1. Gemerg]
The basic notion 10 to make svailable combined radar and

i

fire-directing oquipmant which would fulfill e tactical requirement (to
fire boch quickly and accurstely vhen ambushed) discussed in Section 2.
This iv particularly suggested for roed couvoys and helicopters, ond possibly

for low-llying airplanes snd even for trains. It Ls probably only annlicable

0 Suih conditions vhen there 15 some open space batueen the ambushed group

and the source of fire. The problem has been treated in terms of rifle fire,

which includes the less difficult case of sutomatic weapona fire and some

bisy g
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discuseion of mortar :ucktn;' has alsc been given. No attention has been
§ivei. v tha Jedlga of the [ite-dliecling syuipmwnl nor (o detailed probleas
of design of equipoent (ot airborne use.

The major aivantage of using redar in & situstion of
embush it the speed and accurscy with vhich the source of fire can be
1ocated. V:lume can be scanned many times faster than by eye, for saample,
and tha Tedar Jetects the bullet which i» always present vather than the
smoke or flesh or the actual gun. tach of which can deliberately be made
diffisult to detect. Tha radar i» also capable of ringing accuracies much
greater than the unzided eye and coaparable with that of tange finders.

“The radar sdditionally could detect the counterfirs and thus serve as &
substitute for a spotter in some situations. for thoss weapons not controlled
by the radar.’ ‘

8.2.1.2, Problewma of Conventional WIL

If the Dullat as an isclsated target were all that the
radar had to vorry asbout, the problem would be relatively easy, as may be
seen from soms simple calculations. As an example, consider an X-baud radar
(.= 3.2 cm) with & ) ft. diameter dish antenna for detecting s . X0 cal.
brllet at & range of one half nautical sile. If the bullet is approximated
by a 0.3" diameter sphers, then the Tatic of radiue to wavelength (a/)) 1
ab:ut 0.1 and tor a/i> 0.1 a reder cross-section spproximatsly equal to the
projscted ares, »r shbout 0.0)049 5q. ft. may be sssumed. The antenns has
on ares of 7.1 sq. fr., and at 60% aperturs efficiency the effective ares
180 €.23 oq. ft., with a gain oz L @ 3.2 cw of 3370. The attenustion between
trTas3zittar ans targat is tharefurs;

TMortar locators have teen in existence & long time and current modals
may be estisfactory. (Sparry MPQ-10-[1932))
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A coaventional seatch redar. using 1.0 micrusecond pulses, reguires s
received signal of about 123 db below | watt to detect a target; thus,
the sssumed rajar needs only | kilowatt peak pulses tn detsct the bullet
4t 1/l aile range. Increasing the range would, of cuutse, increase the
Peak power requiremenis Ln sccordance with l"‘, but increasing the rulse
length or increasing the target cross-section (e.g., considering 20 mm
cannce praiertilgs) will reduce the requirewents. Obvicusly, 1f radez
Teceiver nolse vers the only problem, radar requirements for detecting a
bullet are not axcessive.

Unf:itunately, {n the ambush situation, the source of the bullet
is concealed. if at all possible, using all aveilable terratn features.
Rather than compecing against recetver noise, the radar return from the
bullet 1s compietely mas~ud by echces from the surrounding terrain, which
=ay be 0.1 at above the echo strength of the bullet. Convantional MIT
rechriques. vhicn =sv preevide up to 40 4b subsclutter vislbllity, just don't
provide enough perforzance to do the jab.

3.2.1.3. lrulse-modulated Doppler Techniques

During the esrly 1930's quite an effort was expended
snalysing end iovestigsting C-W redar techniques. In spita of the obvious
sdvantages of sase of discriminstion between moving and fixed targets and
the capability of direct velocity measursment, rhe C.W radar suffered from

& inability to determine range or to hendle multiple target simultanecusly

*See, fur easmple, Ridenour, "Radar System Enginsering”, Vol. I, MIT
Radtiation Lab Series, McGrew-Bill, p.154.
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vithat HEficulty, Severz! =adulation techniques were tnvestigated to
combat cheme oifficulties. and one of rthe mo't successful was the use of
co=off koyin.-n The technique was described a8 pulse-modulation of &
duppler system, rather than a system uf processing doppler information
fiva 2 pulse sysiem. Fundameatally, the method trades the «ase of target
resalution of & puliz MI1 systaw for the opportunity to design filters
Which supress undesired ground clutter in a nsar optimum fashion.

The one model of a pulse-modulated dopplar system
brought (o & projuct stage demonstrated a reduction of ground clutter
in excess of ¥ ck  Operating with a single target it was abie to dater-
aine range to sbout 1% of naximus, but 1f generated a confused display
vhen thers vas more than one target in the besm simultanecusly. It
suffered. too, from the 1940 state-of -the-art with respect to crystal
coutrolled microwave sources. $ince there were very few situations in
1945 where the NTT eystews #'’ nnt prove satisfactory (an sircraft in
| GEiTeme mountainous terrain was the outstanding exception) and since
range resoiution becams increasingly important iu wircrare detection and
tracking, the pulse doppler systems ware not pursued.

The bullet from smbush, however, presents s situation
G-Lte analogous to that for which the pulse doppler showed outstanding
capability. Usuaily, there 4111 ba ons to, st most, & few targets present
slmultanecusly in the aotenna beam, but the ratio of clutter to targat
signal strength will be extremely high. The stateof-the-sart regarding
techniquas for generating crystal-controllsd microwsve power has coms of

age vith the advent of trans{stors, varactor sultipliers and traveling

" op. cit., pp 157 et seq.
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wave smpiifiers. Thus. it appears that serious consideration should be
given to possible arplication of these techniques.

A Buller traviling at 2500 ft/ses will ganerate a
doppler frequeacy of 40 kilocycles vhen the carriet frequency is 9400 me
(* = J.2 cm). At this carcier frequency. the repetition rate should
preferably be placed adove the dnppler frequency to eliminate velocity
dead zcmes. ot perhaps 30-60 ke to produce an unsmbiguous range of ¢ 1.6 -
1.1 ailes. Any higher carrier would result in either too short an unam-
bigusus range o7 would have a velocity dead szone that asight be trouble-
some. On the other hand, if a lower ca-rier frequency were chosen the
a/\ for g riflie bullet would lie bBelow 0.1 and in the region of Rayleigh
scattering where the radatr cross-section becomes much smsller than the
projected area. The decressed carrier would, therefore, incrcasc tha
power requirements as well 33 increasing the antenna area uqu!.r_d for
a given antsooa utn] Thus, the izitial sstimate of X-band utility
appears justified. illt may be noted in passing that a very high antsona
Scan rate may be sxployed with the ssiscted high repetition rats without
WESuly ISITEASILg the Zzacnisg Soise.  Prelimizary salculatisns indizae
that scan rates as %igh as several hundred dagress per second can ba
exployed vithout unduly complicating the probiem of rejecting ground
clucter while stil]l passing the movirg target.

The requiremsnt for crystal controlled microwave power
st E-band ¢am be wat with & combinatica of solid state amplifiers and
=yltipliers, with s traveling wave tube or klystrom tor a final smpliffier.

For example, a 5.8 mc crystal controlled transistor ocscillator can be

"l 13'



followed by three triplers and & power ampllifier o provide 10 watts at
i56.6 mc. This power drives a chain of vauctnr.mlupllon consisting
of a tripler. two doublers, and a quintupler which gensrate successively
Y saits a5 070 mc. . | wattat 940 mc., 0.1 wvatts at L1880 me,, and 30 am

at %U0) m. The power output from the mulcipiier chain is sufficient to

drive a treveling wave @ ilystrun tube which will produce the 3 kw final

power output.

A long persiztence I'PI, posaibly 1nco'rpour.1n; a storage
tuoe for longer pervistence is suggested for visusl display and powsible
nmanual override of the fire directer. 1a cperation, aither the entire
asimuch or the suspected azimuth sector could be exaained by the radar,
Although on any particu'ar scan only a portion of the trajectory =f 2
bullet might be observed. the chservation of seversl successive trajscst-
ories could estadblish the maximum range at whicii a bullec was observed
and the asimuth at which this rangs occured, thus indicating the location
of the nrigin of firs.

Another feature that would probably be of great utility
in this radar is "Monupulse Resolution lwprovement', wherin a monopulse
(stmultsneous lobe compariton) sntenna feed and circuitry are arranged
80 that, on the display, an echo fs displaced in asimith by sn smount
equal to the measured arimith €rror at the t{ime the echo is received.
Although of limited usefulness in a situation where many targets aro‘
present, the MRI feature here should provida s crivpear, sharper display

which allows the target azsimuth to be c=zsured more quickly and .necuunly.




is o8 fnllows;

Vo

3.0.1. .

Radar Tazameters

To summariee. then. & tentaiive set of rxisr parameters

Frequeoncy 900 =
Peak Power Output 3} e
Repetition cate 50 ke

Putag I.Aen;:h LY 11
Duty oycle 0.1
Average power 0 watte
Aqtenna diaseter 1 fawt
Antenna ut‘n nm»w
Antenna beamwidth 2.4 deg.
Azimuth scan rate 160 deg/sec

(cr 1 tav/eei)

Maxioun displayed range 8527 faat
Range accuracy 20 feet
Arimuth accuracy C.3 Jay

Range performance (30 cal) 4000 feec
Sub-clutter visibility 90 4b
The above radar was designed specifically sgalnet .20

cal rifle fize. Ic is obviouz that the same radar will detect fire from

larger arms (o.g., 20 wm cannon to 6300 £ft., or 73 mm cecotllaas rifle to

12,500 fr. Lf the repetition rate is changed,) but that it would probably

not work too well sgeinst wortar fivre because of the low radie]l wvelocicy

at launch and the lofted trajectories flown. However, the raonge parformance
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af the radar 13 zertainly ample for dotecting the mortar shell in titghe,
end the possibility of an additional operational mode should be sertously
consideured.

The same radar could be conwtructed te de<cct mortar
fire by providing complete tracking capsbility for the antenns. Lf
necessary, the doppler feature could be switchod off, or at least modified
to allow lower velocity targets to bu detected. The sntenna beam could
be elevatcd to reduce the ground clutter, and then set to search rapidly
ir stimucth until a morcar shell is Jetected. The beam wouild then be
pointed at che correct asimuth, and arranged to track sutomatically the
oext shell that paseed through the beas. Froa the trajectory as determined
by the track. the point of nrigi. of the shell could thean be located,

8.2.1.5. Summary
i The preceding preiiminary analysis hae served to
indicste an ares of radar art that could prove highly useful in certain
Specialized combat situations. However, additional analyrin is requirad
to demonstrats the valus of the suggested approach. The praliminary
tystes charzcteristics outlined above, for exampla, provide a blird
spued of about 3100 ft/eac and a blind range of 9600 fr.

Either of these may be raised and the other lowsred by
changing the repetiction rats, bur to raise both will requirc lowering the
carrier frequancy and sscrificing radar parformance on bullets .30 cal and
smaller. Yet when it is considersd that 150 gr. .30 cal bullets are some-
times fired with muzsle velocitius 4o high ss 3500 ft/sec, and that the

37 mm and 7S men rensillegs riflas sy sffiziive el souges wp Lo & miles,
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1T 13 obvious :that ax lesst sume changes in che preliminary specifications

slould be considered. Lt is 1oportant. therefore, that the entire fpectrum
Toemiertid aiwa be cxamined thotoughly La order thst the coapromises in
performance are thotoughly underetood. Ha;ovor. it 1s expected that
reasonable compromises can be obtained upon detailed examinstion of the
Frob ada,

Dez.wirive dars =00 he chiainged rugaiding e wmugnicude
of clutter expected under the anticipated operating conditions, and the
sagnitude and frequency of the scanning noise expected undo‘r the conditions
of high repetition rate anc high speed scanning. Although the calculations
iadicate that this should be = prodlem, cxperisantal confirmetion o
required.

It {s possible that similar techniques ro these diz-
cussed above could be applied to the problem of locating the sources of
fire from an aircraft or helicopter. Here again, the usc of pulse dopplar
with its loax duty cycle. and the gresr difference >f doppler frequency
between the buller to be detected and the background clutter any allow
the design of circuitry to provide the necessary sub-clutter vistbility.
The use of ths moving platforn for mounting the rsdar suggests, however,
that non-coherent rather chan coherent detection techniques be considersd.
However. from a “elicopter even thase aight not be aecesssry. Beforse a
final decision can be made, experimental data should be obtainsd. Parhaps
the best approsch to detersize the ultimscte applicability of redar to
the combet situstions under discussion is the construction of a bread-

aerd set slong :he lines {ndicated hers vherer,: the charactaristics of

-8.17-




the clutter rejeciion filters can be varied, the syitem can de operited
fitlee $3RITINILY ol wouswviwientiy, ami the equipment constructed small
enough and light enough to be carr:ed aboaed ar sirpians or hislicoptzr
during & portien of the test program. A flight test program cau be
designed botk to obisin fundamental dats which can be ured 1a final
eqipment desige and to demonstrate feasibility of the baric concepts.
lo summarigze. the high velaseity of a ouilet or 'ahall
provides «a excellent opportunity to use the doppler fiequancy (n
distinguishing becween the smell echo of the desired target and the
much larget echo of the undesired background. 3y employing a largs
duty cycle (0.1 or greater) and sacrificing the abllity of resolving
closeiy spaces targets and of processing and dispiaying meny simultan-
®ous targwts, (t is poevible to ovarcome the sub-clutter vlublu‘ty
cimiraziazs of conveutlonsl MTI ctrcuitry. The use of the pulse doppler
techniques slmost cectainly offer s praciical poswibility for eap loyment

48 & ground-Lased radsr system in the coabat situstions under discuseion,

(3

an? hpve a poasidie airborne appiication w8 weli, which bear further

investigatioc.
8.7 2 Rader Msppina

Ad indicated in Section 2 and Jiscusred tin Section 7, s reasonable
requiremsnt for detectioo of anti-gusrilla operations would be for serial
locatfon of tratls under canopy, or density measurements from which could
be deduced thoss regions (bsnds or corridors) charscterised by the lowest

density of +cgeiation (and hemce,presumatly, thas easiest routes for travel).

*Tealls" covers such large trails s» the Ho Chi Ninh.
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Cansiderable sttention has been devored to terrain return in the
Tast few vears, {(ref. .5 . 9.9 providing useful referaunes in sddition
to the classic work reported in ¥oi. 13 of the Radiation Laboratory Series
(ref. 8.10). Uufoi-unately. none of thesa souries are particularly helpful
i decading wiether tratls, for example., can be detected under dense cover.
lo rer. 8.8. pages 12 - 13, Burdich sugges’y that multifrequency scanning
thoold rermit svaluataon of the deprn of lavers ndf cthe puiics of electro-
magnetic constraints of the various layers.

Experimencts of the type necessary for evaluating the PASS progras
would be uselul Lere. Certainly it will be necesssry to have frequencies
which penetrete to various depths in the forest and perhaps to the floor.

1t is suggested that scoe attention be given to this probles and,
1f possible, the PASS experiments be excended with this possible application

in view.

Backscatrering from Water and land at Cyntimeter and
Millimeter Wevalengths Proc. IRK July )957

8.6 Cosgriff R. L. et al Zlectromaemetic Reflection Properties of Ratural

8.5 Granc, C. R.

Surfaces with Apolications to the Dasign of Radars

and Other Sensors Ohio State U. Res, Foundation
1 Feb 1959 (AD 216 418)

8.7 Spetner. L. & Kacg,l. Two Statistical Models for Redar Terrsin Return
IAE Transactions on Anteanss and Propagation
M2y 1960

4.8 U. of Kew Mexico Radar Return Sysposium

1i-12 May i939 NOTS TP 2338 (AD %4 937)

Ridar Terrain Return Msasured st Near-Vertical

Incidence IRE Transacilons o Antennas and

Pronagesion May 1960

8.10 Kerr Propagation of Short Radio Waves Rad. Lab.
Serteas V. 13 May 1560

8.9 Edison, A. ot al
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8.3. dummary

ine probiem of awcisl surveillance of jungle (sl scher) sreas to
Jdetect mer carrving rifles, as suggested in PASS. has oeen examined ord
& Lundamental srogram of investigactica of crucial points fuggested.

Applicacion of pulse-modulated doppler mathods to various types of
anti-anbush radar has been examined éna Tentatlive specitications outlined
for required pericrmance. The anproach seems feqssible and it s
suggested that the sthiec: be investigated further.

It 1s also suggested cthat the PASS svperimeats be sot up tu obtain.
in sddition. the dats necessary to snaver questions of the fezaibility of

radar mapping for trails aod corridors.
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SECTION ©

ACOUSTICS AND CFOPHYSICS

This section desle with scoustics and genetal geophysical methods ui
possible interest for snti-guerilla application, A partial survey {3
presented of relevant dats and factors buasring on the use of Acoustic
datection Jdevices in heavy'vogrtl!!~~ andt armne naprdsnlae daviose ora
saalivied. A short discussion of applications is aiven,

Pertinent geophyvical prospecting methoda and squipment are Tevieved
in cursory fashion end some simple calculations re. :ing to che pot-ntln;
utility of magnetometers are given.

CONTENTS

9.1. Acoustics gu—ary

9.1.1. lntroduction and Summasry

9.1.2. Rearing .

$.1.2.1. Loudnass
9.1.2.2. Differsncial Sensitivity
9.1.2.). Masking
9.1.2.4. Spesch
9.1.). Sound
9.1.3.1. Attenuation
9.1.3.2. Divergencs
$.1.3.3, Absyorption
9.1.4. Listening Distances in Jungle

9.1.5. Devices
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%.1.1. oduc
The human eys and ear are truly phenomsnal instruments for

detection of light and sound. It is not possible in reality *o fmprove the
sensitivity of these instruments in that the sye is limited by photon
energ,; and the ear i{» st the threshold of thermal nolss., The vailius
optical observing techniques are designed to exploit the human cye. It is
the purpose of this discussion to decermine vhether or not the sar can be
exploitad using sound-gathering squipment ro detect parsonnel movemsnt in
the jungles of Southesst Asia. 1o order to determine the possihls advantages

of using sound gatherers. it {s first cecessary to undarstand the perfor-
mance of the human ear. | The firar narr nf rhia ranavr Adlsrucsap the parinrme
ancs of the ear from & tone, speech and noise viewpoint. Next, the subject
matter uf jungle acouscics is discussed in which tha humidity and terrsin less
coafficienta of absorption are dominsting factors. At thia stage of the ifnves-
tigarion it does not sppesr necessary to discuss ths temperaturs and wind
diffraction of sound nor the physics associated with the absorption phenomsna.
Making use of cthe performance of the ear and terrain and divergence lossss for
sourd pressure, sstimates are mads on how far certain noives can be heard io
s jungle.

Ve next proceasd to the discussion of sound concentrators. The methods

of sound coucentratiom considered are:

1)

nirrvrs,




1) obstecle snd peih-leagth senses, and

3} wubular uicruphones.

1t te shown in the discussiou va tungle scocstics that the hest
l1tatening range 18 around 200 cps, which has o charscteristic vavelumgth
of six fewt. The i1eason for the 200 cps wavalength being the best wave-
fengil listening irequency is that the trees end foliage rcatter the
sounds whuse wavelengthe are amaller than the sizes of the leaves and
limdbs of the trees. The 200 cps veves flov over obatacles whose
charscierfstic lengths are smaller than six fest. Prus an acoustical
perabolic mirror vieipoint, it (s necessary that the diameter of such
sirrors be several wavelengthe in dismeter in order to achievo direction-
slity and gain. Such devices do not sppser to be fsasible for transports-
tion throush dense jungles but might find applicatrion on the p;rlnctor of
tha jungle. Obstacle and path length ncuun?tell lenses enclosed by horms
likevise reguize larga 2iaccters for low [vaquancy listening. Tubular or
line mizrophones achieve directionality by sound {nterferenca of wvaves
srriving off axis. 3Such microphones are high'y direcilonal but likewvise
to achieve directicnslity end gain in the 200 cps region will requirs
tubs lengths Ln excess of the charscteristic wovelungth. MHenca, thess
maicrophones likevise do not appear to be attracrive for listening in dense
Jungles. They do appsar to be attractive for application on ths periphery
of the jungle or for listening at night for noises outside of s stockads.
Because of the open range sssocisted with stockades, the lengths or
dimmsters of the scoustic mirrors, lenses, or tubular microphones wnuld

wot have to be lerge. The work will have to be sxtended and representative
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swund-gathering equiprent be constructed and tesced under fiesld conditions
to decermine the uvltimate worth of acoustic listeniug devices.
9 1.2. hearing

The ear i3 a very romarksbls instrument. It can respond to
preasures as lov ap 0% dynes c-'z which produces & deflecrion sf the

9 1
-

vardrus of ghout 1077 ¢m', The ear cen slso wizhstand sound pressures of

10°

to IO'I' dynes cn". It fe just N2t & prevsure sensor but & complex
sechanism which 4n conjunction with the brain becomes « ayscem of filters
witt the sbility to judge loudness, pitch and vhat can be called wusieal
quality. The ear is ot the limit of the pressurs fluctuation existing (n
gases and hence any more sensitivity woulu result in thermal noise
dateczion. As s starting point for the discussion on jungle li:nuulu
and guetilla warfars, ve diacuss ¢ fev of the performance charscteristics
of the ear. The ipfoimstion on hearing will be combined with phyeics
calculations oo sound propagstion to analyme the sural dete:tion problem
ia the jungle.
¥v.1.2.1. udn (Rafs. 9.1. - 9.3.)

The concept of soft, loud, very loud, stc., is placed
on a quantitative basis by comparing the sound with a standard sound.
The scandsrd sound is chosen ss & 1000-cps tone. Tha loudnass of any
other sound is defined as the sound pressure level of & 1000-cps tone

that sounds as loud as the sound in question. The unit of loudnsss i»

9.1, Acuugtics, L. Betsush, McGraw-HIl1l, 1934
9.2. Acoupticgl Engingering, M. F. Oleon, Ven Nostrand, 1987
¥.3. Hgndbook of Moiss Control, C. M. Mrrris, McGraw-Hill, 1937
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the "phon." For cxsmple, & sound is ssld to have a louwdness of 50 phons
{f the sound presaute level of a 1000-cpa tone of 50-db suunds s loud,
Figure 9.1.1 shown rhe canranr lines of equal lowiness for normal ears. ’ !

The phon unit inplies that & “jury" of ssrs is used O mensure the

sound. A distinction is made betwesn “loudness” and "loudness level."

The unic uf loudness level is the "phon" which has basn d-fined. The

untt of loudness ia tha “sone.” By definition, & loudness of one sone : !

has bécn arbitrarily selected to correspond to a loudness level of 40

phons. Once agaiu & "jury” of ears ars ussd to answer questiona such as

"how much louder is a sound of 50 db than s sound of 40 db? The results

of such determinstions can be represented within certain limits by

log,gN = 0.03 L - 1.2

vhare .|

N = loudnass, soncs

!1' s  lgudness leovel, phons

Pigure 9.1.2 ts & nomogram for ph;:nl ve. sones. Tros s loudness
viewpuint let us consider a simple sound consisting of twe widely
separared tonen, ssy 37 pad 2000 eps. If sach ot the ctwo components
had 8 ssuad pressure level equal to a 1000-cps tons st 40 db, then esch
component would have s loudness level of 40 phons vhea sounded separacely.
When chese tones are judged togsther & “scund jury' would give a loud-
oess rating close to 30 phons and not 80 phons, Hance oo & Well-
separated tones the sone scile is additive but not on the phoo scale.

Prom & notse viewpoint s reduction of 2 sonss to L sone is squivalent to

-9.5.



stating that rthe londnes: has been reduced to one-half Lts forwer value.

1o the case nf one- and two-sar listening, the son¢ vaiue s halved when
only one esr is used. and hence additional loudness level is required tc
make the loudness sgqual Lo two-esr listaning.

to Sound Pressuze snd

9.1.2.2. Differentiml Sensitivit

FPrequency (Ref. 9. 1)

A person cso detect s chaoge {n sound prersurs levseil
of about i-db tor anj tone beluscn 50 to 10,000 cps if th; leval of the
tone 1s greazer than 50-db above the threshold for that tone. For
sound pressures less than 40-dd, level chsnges in the Tange 1 to 3 db
are required.

For frequencies sbove 1000 cps and prassurs levels in
excess of 40 db, the ainimum perceptible chacge in frequency which tha
esr can detect Ls about 0.) per cent. At frequenciss balow 1000 cp;! and
prassure lﬂll.!l in excess of 40 db, the sar can detect s change in ,.
frequency of as little as 3 cps. At lov pressurs lavels and particularly
st low frequancies, the minimum purceprible chsngs in fruquency asy be
sany times these valuss,

9.1.2.3., Rasking (Ref. 3.3}

When the noise is so loud that & perses cannot hear
sanother shouvrd, thet sound fs said to be masked by the noise. The same
can be seid for one noiss with respect to auother.

Figure 9.1.3 shows the smount by which ths tene must exceed the
sound prassure spectrum level before iL bacomas sudivle. A 200-cps

pure note must be ~l& db over the nufss befoce 4C Devumes audible. &
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quiet whisper at 5 feet i¢ 10 db as 18 the rustle of leaves fn s gencle

breese. From the loudness viewpoint & change of 15 phons produzes st
lesst & doubling of the loudness.
9.1.3 4. Spwech (Raf, 9.1)

Studies on the humen communication show a gpesch
eyiYekVe Vocee aboeie VOB pecond and the averags interval betwesn
syllables is about 0.1 second. The vowel sounds ars oot critical to
apeech futelligibilicy as sre the consonanta. However, the consonant
soutds are vsak and hence can essily be masked by notes. Tho resilta
of conitoring & long~-time average spesch at s distance of onc meter in
froot of the telker are enown 1= Figure 9.1.4. The peaks on the root-
aean-square sound pressure shov & pesk pressurs of chout 50 db arcund
$M cpe. The figure 5152 shows the relationship betwesn the threshoid
of availability end speech spectrum.
9.1.3. Sound . i |

9.1.3.1. Attenuation |

Th: £2ztors which are important io Jeterwining the
sound level ar a specificd pssitior from s point source of sound in
oper air are as fellows:

1. Diverguice decresses dus to cpreading

rut nt enerev

4. Attenustion of sound,

3. Blfucz of fcy,

&. Reflecticn by and diffractior. around

solid obsiacles,




Refraction snd shadow forwmation by wind and
teaparature gradisnts.
Scattering of sound by small #zsle temperature
snd wvind variations,

7. Reflection snd sbsorption at the ground.

9.1.3.2. Divergence (Refs. 9.1 - 9.3)
The scund pressurs level is by definitiin 10 times the
logatiche of the retio of the deteruined sound pressurs to the refsrsnce

sound pressure, i.e.,

| 4
SPL = 20 log,, 35— db
0 F
ref

In the UniLed States P"! is usually taken as 0.0002
microber {2 x 10's Newtons --2) wvhich is the hearing limit for tha 1000

cycles per seccud region. Since pressurs fslls off inveraely as

distancs, we have

$PL - zo:lo.wri b
x

The doubling of the distanca resulcts in a 6-db change.
deued, il the swund pressure level is l.‘ at a discance x from a

gource, then the sound prassure levcl LP ot & distance r is

T
l.P - l'z - 20 lolm v db

9.1.3.3. Absorption
8) Air Absorption

The passage of very high frequency sound

vaves through dr afr are dampwed by viscosity,




therwal cvonductivity and rotational states of the moleculaes.
Since we are intereatsd in the audio range we vill not concem™

ourselves with these interesting theotetical aspects .cof the

Acoustical relanation lu Llie sudiv range

absorption problem.

Ihe himidity dependence of the

is tnflvenced by the himidity.

sbsorption coefficiunt for air at 20°C 1s shown in Pigure 9.1.5
{Ref. 9.2),
The curves show quits clearly that the high frequency

Comparing Figures 9.1.]1 and

sounds are demped quite readily.

9 1.9 1t appesrs thet some frequency discriminration would occur

st long distances for the 1300-10,000 cycles per second

frequency range. Low frequency sounds are oot attenuated but
the sound pressure threshold fa equivilent to ~ 50 decibles
grestar than the ~ 10UG cyclas par second threshold, an
sbeorption cosfficient of 0.000. par centimster ireducol the

incensity of s plane wave by & factor of oz(-v 7.4) ino 100 metera.

The laboratory messuraments of Enudeen vere checked for tropical
conditions over & hard bsse by Kyriag. A sumpacisun of

observations cade at 55 per cent relative humidity and 0%y 14

giveu {in Table 9.1.1.

Table 9.1.1

FREQUENCY DEPENDENCE OF SOUMD ATIENUATION
AT 551 PELATIVE MIMIDILY AT 80°F

Frequency cps L;; 130 g 1:& ;igg leowo 000§ 10,000

|
|
|

et oec™®) | o | 0 0.01] o lo.013]0.012(0.020] 0.08s
Laboratory 1] 0 0 10.00110.002(0.006(0.019] 0.00)
! {Knudsen)db/fe
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It 1s spparent that high frequencles «re damped out in short
distances by absorprion alone. Migh 2rigusaiy dacying sffacts are
easy to obsetve. For exmmple: the decresss i Intenairy ~f high
fraquency relative to lower frequency noise of a jet plane as it
leaves the embarkstion peint is the result of high frequency
sbsorption; the general decrease in overall level is the result of
divergance. Purther. the boom of distance guns or lightaning can be

exzplained by high frequency abserptico.

.

Forest Absorption

The leaves, branches, snd crunke of folisge will scarter sound
waves whose chsracteristic lengths are lews thaa the characteriscic
lengths of the vegetation. Henca, one would expect that high
frequancy sounds would be attenusted rather rapidly in a jungle.

The lewer !requcncy sounds would also be setenuated by genersl sound
absorbing properties of the foliage but would sttenuate such less
than the high frequency components. There appsars to be iittie data

on fungle terrain sound ibaorp:!.o:. The only studiss known to the

.author wers carried cut io Pansms during World War II. (Refs. 9.4

and $.5) The terrain loss coafficient ia decibels par foot as &
function of frequency are shown in Figure 9.1.6.
The hesring sessitivity curve sbown in Figure 9.1.1 vhen

superimposed on the terrein loss curve shown in Figure 9.1.6

9.4 “Jungle Acoustice," C. Byring, J. Acoupticpl Soc. of Amgricsy,

18, 257-270 (1946)

9.3 "Ulgrasconic Ambient Noise in Tropical Jungles,” J. Saby sund
H. Thorpe, Ibid 18, 71273 (1v46)

-3.10-
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indicates that thcre is an vptioum frequency for listening. The

optimum frequency for hearing distant sounds is srournd 200 cyclas
per second. The terrain loss coefficlients at 200 cps for the
jungles, desccibed in terws vl sesing distance and case of

penetration sre given in Table 9.1.2.

Table 9.1.2

el i 5 v S S ¢ e

TERRAIN LOSS COXPFICIENTS FOR JUNGLE AT 200 cps (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, free waiking

with care 0.02

Liitle leafy growth with large bracketsd trunks,

seeing distance X0 ft, psnetration easy 0.01%

*} Seund Masking level in himgle

Ihe masking level curvas for a very dsnee jungle are
shown in Figure 9.1.7. It is to be noted that the .ast listen-
ing frequency range is slightly noisisr ic the daycime than at
night. A crude estimate would be that one could hear a low
freguency noise twice as far at night as by day. This

estimate 18 based on fundemental relationship that a 6-db loss

is equivaient to doubling the distance from sourcs to scbserver.
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9.i.4. Listening Distances in the Jungle

L¥L us DOV eacimaCe NOW far ons can distinguish sounds in the
Jungle. Based on Figure 9.1.) we wil]l aseume that 19 dacibals sbove noves
¢an be surally detected. TFurthar, bHased on Fig.9.1.7we will sssums that a
ygry quiet jungle has a masking level of 15 db. On the basis of these twn
asausgtions, the mioimum detectable signal {s about 3C db. Table 9.1.)

gives representative noise levels and sources.

Teble 9.1.3

HOISE LEVELS AMD SOURCES (Refs. 9.1, 9.3, 9.6)

Source of Noise Description Decibels
Tusasluld of pain 13
Hmsmar blowvs oo stes] plsate 2t 114
Riveter ' 38 e 97
Lion roaring 18 fc¢ 87
hotor truck chaaging gears : 15-20 f¢ T4
Busy street traffic o8
Ordinsry converpation S B 4 3 63
Savring wood 30 fe 61
Rastaurant &0
Bouss ia country &0
Average vhispar & Ic 20
Quiet whisper S fe 10
Rustle of lesves in geatls breess 10

Lat us oow utl-itc bow far an ordinary convarsstion might be heard
in & ju=gle. To make the estimate, lat us assums thet & flat meaking level

of 20 4db exints snd that tha spsach detectiom signal 1s 15 db above the

9.6 “Rasules of Wotse Survey,"L. Gelt, Ibid 2 610-418 (19W)

-9.12-
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noise. We are Jifferentiating betvecn totelligibility and detection of i

speach. Tle itwui-mddn-squara spaach level is 6% db sz 3 feet. The appumed t
permissible decibaln of attanuation is 30. To attenuace 30 db by i
geomatry alone would requirs 96 fest. Lf an oversll tertair coeflicient

1 of @ = 0.05 ts assumed, a psrscn talking in the jungle would be haard st

!

|

about 75 faet. 1f the maskiog level were 26 db ioatuad of 20 db, the - !

liscening distance would be t.du;cd by approximately one hulf. {
In the cass »f & louder sound, let us estimate how fa< a roaring

1fon could be haard. According to Table 9.1.3, a roaring 1'on would be

equivalant to 102 db at } fset. Assuming an overall masking lavel signal-

detection of 30 db, wu calculate that the lion could be hasrd in the '+

diffraction of sound in meking this sstimate.) Tha distance the lienm
could bs heard in tas repressntetive jungle is 600 fest. The rosr would

bs pesked st about 200 cpo.

1

|

i open at a distance of 12,000 feet (~2.3 miles). (We have neglected

|

\

|

i

|

|

‘ Taats vere carried out io Pacsma i 1944 on the distance s 2-1/2
I ton Army Lfuck wwuld be heard in the jungle. Tigure 9.1.8 showa the

=zshing level, threshold hearing curve for average soldier, a wind-nolse ;

|
J “raquancy curve sad & truck solss frsquency.
| The oversll sound lavel for ths truck was 75 db at 100 fest, which
| vould be equivalent to 109 4b st 3 fest. Dasséd on & 26-db sasking level
: snd lé 4b addicional signal tor detection of a pesk tons around the ]
200-cps rangs, Table 9.1.4 indicetes that the listening distance is 600
fest. Am obasrver who vas known to bave better listening ability than the

|
‘ sverage in the frasquancy rengo belew 300 cps vas able to detect the truchk f _
]

i -9.13-
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s diastance ot 1000 feet by listening for peak sounda. (Ref. 9.4) Once
again the celculations are only estimates for one doss not know the noize
level taken st the listener location nor msny other factors which could
msks & differsnce of several db. Lowaring the noise level by & db revises

the listaning distence calculation £o less than 700 fest. According to

Tebie 9.1.4, 1000 [eet corresponds to an sftenuation of 94.4 db. The
caleculations ars not a;r;otn; with the experiment. If just noise level

vas ¢ criterion, then scme of the discrapancy can be accounted for. For

- - v

sound prassures less chan 40 db, pressure level changes of 1-3 db can be

datacted. {(Ref. 9.1) [Io terms of sones, a J db (or phons) change at &

40=db level would increase the loudnsss about 30 per cent. 1f the
detection of the truck was made on noise loudness and not distinguishing
8 truck sound, then the 14 db above masiiing level could be neglected.
Tha detection diatance for noise level change would ba about 800 feet
vhich {s (n sccaptable agresuent with the cbservation of 1000 faet.

It is apparent that sore informstlvn on svund stienusiion usdar
jungle condicions uo;‘d be required to improve thaestimates, Uowever,
it is apparent that the jungle ceo be likened to s room with sound-
absorbing valls that bas a rather high noise lavel. The walls being the
foltage and the jungle being the eource of noise.

%.1.5. Davices
9.1.5.1. Parabolic la!]aggnrl
Sound like light car ba concentrated with reflectors
vhoss geometries are such that the treflected rays ars focused. The vave-

s

tengeh for 4000%A 1ight 1is & < 10°° cm and the vavelength for 300 cps

9,14
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sound g ~& feet. Hence, although the principles are the ssme, ths
characteristic dismeters are much gosater for sound collectors. 1a the
case ot sound-reflectors, surface imperfsctions are not significanct.
The paredolic refluctor La sc shapad that the pencile of sound incident
on the surface are focussd at a point. It is spparent that in ovder to
obtain a gain Lo pressure at the focus, the dismeter of the reflector
must be seversl times the weve or slesa the wave will just flow past the
collector. Pigure 9.1.9 shows the results of somc expsriments on #
paraboile refisctor ) feet in diameter. The directional characteristics
of the microphone ars very sherp at 8000 cps (~1.3-fc vavelength) and
nondirectional at 200 cpe (~4-ft wavelength). Por listening to bird
calls and wvatch-ticking, & 3-ft dismeter raflector would provids
divection and gain. The gain s erlcttonnlly proportionsl to the cross
sectional sres of the reflector snd iavarealy proportional to the square
of the wavelength,

9.1.5.2. Qbstacle AT cou .

The velocity of sound is by detinition

»

]
where
p ® pressure
P = density
s = sntropy

Tor an idesl gas ths veloeity of sound is givem by




4
TARLE 9.1.4 S0UNMD ATTENUATION IN JUNMGLE: L = 20 log ;! + f]'.lz-ll) » )’.l = 3 Faat
1

Yrequency Range & Aversge Te: rain Loss Yotal Attenuation far
Distance Xy Divergence luaase a=0.0% a=0.07 as=20.2 Bast Listening lange
feet db 200-600 cpe 500-1000 cps 5000-1u,000 cps a = 0.0, d>
e » 18.4 1.10 1.54 4.0 19.4
x 50 26.4 2.20 3.08 8.8 26.4
100 .4 4.0 .16 17.60 3.8
' 123 2.4 5.50 7.7 22.0 7.9
150 .9 6.60 9.24 26.4 0.3
200 6.4 5.5 12.32 .2 4.2
. 250 8.4 11.00 15.0 4.0 6.4
' 2 %0 39.4 i3.20 18.48 2.8 52.6
g v %0 a2.4 17.60 24.64 2.4 60.0
o a4 22.00 30.80 8.0 .6
600 as.4 26.40 36.96 105.6 n.e
) 700 4.2 ' 33.00 &.12 123.2 0.2
) 800 a8.4 35.20 49.28 140.8 8.4
- 900 9.3 39.60 $5.44 158.4 88.9
. 1000 0.4 .00 61.60 9%.L
2000 $6.4 08.00 123.20 .
4000 62.4 176.00
8000 8.4
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Hance, changes In dencity at constant prassurc result ia
velocity charges. The definition of retractive index ie the ratio of the
velocity .in one media to velocity in another medie. The placing of
obstacles in arreys alters the proparties of the medis. The refraction
resulting from the temensing of obatecles in a madia can 5 explained by -
two approsches to the problem., When the characteristic langch of the
object is much smaller than the characteristic length of the wave, the
obatacle can be conaidered (1) as & source of rervsdiation, or (2) es &
msans of changing the density. The simplest obstacles are spheres. The
explenaticn {3 valid for clectromagnetic waves as well as ascoustic waves.

o) Arcay of jpheres (Ref, 9.7)

In the case of alectromagnetic wavas, the

spheras are considered as slectrically conducting

aad ic the case of sound waves the spheres are
considered #s irmovable (rigic bodias) objects. Ths
veradistion explanation is Ls3ed cn ths spherss
bacoming small electric or scoustic dipoles. The
rasultant of the original vave and the rerediated
waves [orm a Wwave having a lower velocity inside

the srray.

A phveical approach to the lower veloctity can

be obtained as follows., Tie disisulric constant of
free spacs is unity. The immersion of perfsct coeduc-
tiviting metal spharss inte free space increases che
dielectric constant. Hence, the indax of refractios

9.7 "Refr racring Sound Waves," W. Koch and F. Harvey, 1bid, 21 471-48]
{1949)

-9.17-
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becomes greater than unity. Likewise, the immersion of infinitely

dense {rigid) spheres !wro sir whnas relative denaity {s unicy results
in & uedia he *ng s refractive (ndex greatsr than unitv. Since the
velocity ot sound in air decreases with an increass in the density

at constant pressura, we need to find an explanation as Lo vhy the
density of the gas inside the aérly 1s greatsar than in free space.

The hvdrodynasics of.a sphera ooving in an incompressidla fluid

low ar velocitiss shows that the sphere has a virtual mass equsl to
1/1 the mass of the displaved fluid. A sound vave flowing over

fixed sphere scquires an sffactive sass. The density would appear

to be

P = po + 1/2 ’av

whare V {8 the volune of the sphers. Hence, the sffective density
for an artay of W spharss per unit volume with a tadiue a would
ba

2 1

p = p *'3*D°l N

The refractive i{ndex, n, for the sphare arrey is given by

() - o) e

Array ot Solid Bodies (Ref, .7
In the case of incompressible [luid flow the theoretical

results show that ail moving bodias should be sffected by tho.
virtusl mass of the body, Hance, tha massss enter in the form of
| I hll, vhare Hl is the added mass and k {8 co.f!lul'nt‘dlpcnd-

ing on ths shape. Hance arrays of irregularly shaped objects

|

«9.18-
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9.1.5.3.

would have an index of refraction given by

o
Fi .
nn 0w i+ kN

where N is number of obstacles per unit voluma. Figurs
9.1.10 shows the indices of refruction for simpie arrays.

Figure 9.1.11 shows the construction ~! « simple
sic-inch dismeter disk lens snd feed horn whizh was
tcsied at 13.4 ke,

The directionsl pattern of the lens and horn
combination i{s shown in Figure 9.1.12, It should ba
noted tha: the line dismeler wes six times the wave-
length (1.01") and the wavalength was twice the
dimmecer of the disks.

It is apparent that scoustic lenses of the
cbstacle array typs are sasy to coastruct. However,
for good jungle listening at 200 cps tha sise of the
lens would naed to be seversl wavelengchs vhich wuuld
wean a cross sectional diameter of 20 feet. A lens
in FPigurs 9.1.12 scaled for 200 cps with performance
characteristics would be 24 feet in digmeter and have
disks Z-fest in dismater.

Path Length Acoustic Lenses

Tha dalay time sssociated with the virtual mass in

obacacle arrays csn be achisved by mechanical devices to increasa the

path length. Figure 9.1.1) shows serpencine places aud slant plates as

path langth increases. The indices of rofraction are given by'

'* \

-9.19-
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path lcsgth ttrough the plates

H

o path in the absence of the plates

The index of refraction for the slant plate is given by

. i T
1 cos @
]

vhere

@ e gngle betwesn direction of preparation of the wave
and the plene of tha plates.

Pigure 9.1.14 shows how the serpentine plates can bs used
to obtsin converging lenses, diverging lenaes snd prisms.

A schematic draving of the operation and coustru:iion of »
slant place scoustic lens anclossd by a conical horn is shown in
Figure 9.1.15.

The dirsctional performance of & lens-horn microphone with
s 29-inch sperturs aud 30-inch focal length is shown in Figure
9.1.16. (Ref. 9.8)

It should be notad tnst the dirsctionsl propertiss are quite
good st wavelengths only slightly smaller than the sperture.

The gain varies as the square of the aperture wavelang'h ratie.

9.8 "an A:Bun:tc Lens =¢ a4 Directicnal Microphona,” .Irans. of IRE 1,
3-7 (1954)
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Figura %.1.1 - Contour lines of equal loudness for normal
«ars. Numbers on %\ll’?l!! indicate loudness level in
phona., O0cb = 1618 wacie per square centimeter.
0 db = 0. 000204 dyne per square centimeter, (After
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Figure 9.1.2 - Nomogram giving the relationship
betwoen loudness in sones and loudnass level
. " in phons.
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Pigure 9.1.3 - The number of decibelr which a pure tone
must be raised above the level of noise for the tone

to be juet audible in the presence of the noise.

The

upper curve shows the amount wlich the tone must
exceed the scund-pressure spectrun level L:fore it
becom:s audible. Curves are alsc given showing the
amount by which the tone must cxceed various ocand

levels to be just audible.
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Figure 9.1.4- Pluat, or a spectrum level basis,
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{3) tho threshold of wudibility for young ears.
All curves are plot ed as a function of fre-
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Figure 9,1.6- A chart from which to catimate

terrain luss coeflicients for tropical jungles.
Zone 1, very lealy, one sces a distance of
spproximately 20 {:., penetration by cutting;
sone Z, very lcaly, one sces approxinately
S0 ft., penetratcd with dilficulty but without
cutting; zone 3, leafy, onec secs & distance of
approximately 100 ft., free walking ilcareis
taken: rone 4, leafy, one seenm a distance of
approximately 200 ft., penetration is rather
sasy; sone 5, little leafy undergr>wih, large
bracketcd trunks, one secs a distance of ap-
proximately 300 ft., penctration is cany.
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Pigure 9.1.7 - Masking Level Curves, Lac Cruces Jungle.
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Pigure 9.1.9 - Cross-sectional view of a rarabolic reflectus I~ a microphone.
The polar grapns show the dirsctional characteristics. The polar graph
depicts the pressurs, in dynes, at the microphone as a fuuction of the
angls, indogrees. The maasinum responseisarbitrarily chosenas uaity,
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9.2. Applicatipna Problems

!n . Av discussed above, sound can be collected by a variety of devices.

: (Mot dincussed above is the line or'mechins gur'microphone consisting of

| a burile of tubes of differsnt lengths, or its variants like the Electro-

i volce M=i. 642, which achisve high directionaliry in small volume by (e

! disturbed sound entrance to che diapnragn. Such mictophones are very

i poyular in movie and television work vhere repression of area notees s
desizable.] Many oi thess, or similar, devices could bs msnufactured

| from natural msterials. For exesple, it was suggested earl; by B

Alezander that one could design exponential horns for mounting on the

guard tosers of stratcogic hamlate for night-time istening. This, and

1 nther ostansibly useful applications have not besn pursued under this

! contract for lackof esiablished requirsmsnts and data on backgrounds.

f Tasye are several difficiities hera. Tirst, as discussed in 9.1,

! ~ the design of an cquiqnnt for a given purpose is strongly affected by :

' the iacure of the llqnlnlt sought nod characteristic noise backgrounds. ‘

Thece ve not sany data on thess from the conflicr area. Second, the

nature of the cperst!.on, whather it be area or lizs-surveillance. for

exseple, i q'-ito.twornnt. In the strategic hamlet problem, for

example, {t wculd seem desirsbie to pattarn the surveillance sfter

1

I

1

1

‘ warning tequirements, lines of fires control and locgl factors. ERach

‘ problem may be somewhat differemt. It may be, for example, thet in ome

villgse s horn, or other device, for area surveillsnce would bo best,

|

|

1 wharcas in snother a distant barrjer linc of microghones might bs batger.

' Mnder certatn circusecances, high Jdirectionality with low gain nay be desived.
\

-9.33-



Third, while sound «uiisviors may be seawonsbiy conscrucied of naturally

occurring materials, considerably enhanced psrformsnce say be achieved
dopsndina on associsted slectronics. which prilably caames e camufactured
locally.

A desirable prelude to work on acoustic 3ld|ltfy, and even to the
testing of various available devices, would be & survey oif requirements.
This invelves detsrwining wnat wort of scoustic detectiou is vanted,
vhut kind of aurvclnlnnec.opcratton is desired, and if possible, hat
the tocal noise charmcteristios ars.

Given thi. informst{on it is a velacively simple matter, considering
industrisl U. 8. scoustia capability to design the required squipment.

Since thesa requirsments and associsted daca have not beén obtainadbls,
the work on this coatract has been rastrained to an sXamivation of such baeic
factors as wers knowm.

9.3. Gaophysics

Geophysical prospecting oethods may be of scws intersst in specislised
anti-guerilla oporltions (ref. 9.97 9.10). Alchough the use of gsophones is
» nawursl sppiicaticon, since they are highly ssnsitive [perhape 100 yde. or
mors on foot falls can be religbly distinguished by a traiued operator geo-
phones and other seismic methods have nét been investigated in this study as
it was understood that such techniques wers being covered ty ROTS, Inyolsrm.

The only geophysical method examined, and that briefly, was the possibl.
application of magnetic detsction msthods tc

“patection of ferrooagnetic weapons carried by porsonnel, particularly

under conditfons of routine inspection or z.ucveillance snd st short

ranges;

3.9 Slichter, L. B. Geophyaics Applied to “rosparting for Ores
Inst. of Geaophyesics Ho. 60 . Cf Califoruia
$9.10 Dobrin, M. B. Introduction to Geophysical Prompecting Mclraw #ill, 1960
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°neucu..m vl cuuceaied weapon scoren;
antlctlon of underground burrows or caves;

. “Petection of ambushes, etc.

Four types of technique might be applicabls; (1) a Dassive, lta:tun;-ry
detector to regisrer moving turge. i, (2) - patsive, par:ables. dstectar, to

register stationary targecs; and thetr pussiiie counterparcs inciuding an

active elemsnt to subject the nearby taiget to a strong fisld. The latter,

of coures, are easily cejected as & tiwple estimate shows that proaibitively

latge fields are zequired to Froduce DC fialds comparable ta the Rarth's
£ield at ranges of 10 faect.

In general, the problems ars Ffaniliar. Tha objects to be detected ara

small. They ¢create a small perturbation :n the sarth's field (at intaresting

distances) which may be comparable to noise in the field. Tha background

fluctuations are poorly known in sreas of intersst, and temporally, However,

sisple calcutations tead to estimaced effects which are margically foteresting

and, therefore, investigation is warranted. A crude messure of the region of

applicability is indicated by sr account in Skiing, (ref. 9..1) of the use >f

the Varian M-49 magnetometar to detect sagnets in ths boots »f axisrs ouried

undar che snow. It is stated that 1-3/4" magnets were located undar 13 feet

of snow. [Tha M-49 {s a noderately goud magnetometer (+ 57) loased by Varian

at some $330 par wonth. ]

e fact which makes magnetic detection very difficult {f not complecely
unfeasibie, is that the field falls off as the inverse cube «f discsnce.

Increasing agnectometer sensitivity does not seem to be the answer because

of nolas and decrzaring ihe 2ztsciion funge incraase¢s the probability of

3.1 ™™ skitng vel. 15{31962, Dec.

~9e33-
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detection but docresse the coverage or mobility of the device. Another 1»

nnive

Rubidium vepor DagT.etoneters (Mes. I.G") vhers the Zesman sedarstion

of sublevels is of the orvder of 5 cycluluc/l—n, have been used to

Mmasure low-intenci.y, low-gradient fields. These magnetomcters have vary

good stability and o sensitivity wiich fe often quoted at sbout 0.02 gamma.
in early 1961 two Model X-493% research Rb VapOr magnutometers were

uned to measure magnatic 'fuld intensiey. (ref. 9.12) The output was g

veltage proportional to the magnetomecer Larmor frequency (é.667 cycles/sec/

samma) which is conveniently rescrisd. The width Scale employed was 20y

with 28 divisions which allowed distinctions of n.02 §smma on the chare,

»oid racords taken on March 27 showed some mizropulsatious wich periods

of & minute or grester and vith swplitudes alightly less than ly. After a

small msgnetic storm occurred the fisld remained disturched, Durin.i sarly

afternoom, micropulsations vith pariods of about 20 ssconds anc uﬁlttudu

of 0.6 - 0.3 gaems occurred. Throughout the Tate afsarnou. und svening, a

broader oscillation occurred, with pertods like an hour or more, and swpli.

tudes of 10s of gammas.

Thers are, in fact, seversl natural sources of noilse which will sake

detaction of small bodfas at interesting distances difficul-. The ooise

has s wide rangs of froquencies, aaplitude and scale. The very luw freq-

uencies will give little trouble. The annusl change is about 50y and the

diurnal change is about 207. The noise resulting trom iontispharic phencmens

(teraad magnstic storms) having smplitude. of 1007 and periods of seconds

Dby give considerubla trouble. The geographical! scaie of these fluccuations

do not sesm tc be known.

If the scale 15 small (lase than the detec:zion

9.12 Variam Corp. Geophvsics Technicsl Msmorandum No. 7 Marc: 1961
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seugw) the problem is extremely difficult. If the scala is large, all
measuremenis could b2 comparcd 1o & detentvd ai @ base wiamiion., Hineral
deposits will give very large swplitude signals (1057, the largest sver
ssasuted, was observed over sn iron depocit in Russia); however, thase
signals are roproducible and have scales of klinlt-ru.

A third dtf!LcuIFy, of course, would be the presence of (friendly)

weapons in the vicinity of the testing instrument.

Yollowing the method of Slatar and Prank (ref. 9.12) the field
inside and outside a unifornly magnetised sphere placod in an oviginally

uniform field, Ho' was determined. The expression for the field cutside

the ephere is

- - 3 3 b
H = U - grad (Ho R” cos @ Lu-lJ) N

e (2]

whers u us the relative parceability, R is the sphere radiue, and r and

@ are the coordinates of the point of interest. An interssting case is

& sphere having high permeabiiity (u>10), which would include maiuly
fercomagnecic materials. In this {nstsuce omitting tha terms *:-;—-21- will
introduce less the 25% error. This indicates the field outsids a sphers

is indepandent of the permeability when it 1is grester thsn about 10 times
the free space value. The marfuur Lield siceng:h, 31!0, occurs at the poleas.
The field strength at the equator is sero. The field falle or risss to the
undisturbod fieid strength & (%)3 in all taoial directions. 1f Eo iz the
earth’s field (roughly one gauss) and & ooe venth gamma (1.0'6 gauas) disturbd-

ance in the field can be detocted. (A8 indicaced above., chis value ia

9.13 Slater, J.C. and Fraak, I.H. Electromagnetism HcGiuw L11(1947)pp 72-7h
-9.37.




appropriate to modern mupgnstometers), the 1phare could %o datected at a
diatance of 10? radii.

An estimate of the disturbaace in the magnetic field caused by &
cavity in the earth is made n similar fashicn. The problen is liks the
cass of & magneticed sphere in a unilorm fleld. BHers o solution was
obtained by sading the field of an isolated magnetised sphere to the
saifurm flald. The cavity having a lower permaability chan %he earth
will produce an affcct which is opporite to that produced by the sphers.
The field will ba decreswed at the poles and incraased ac the equation;
howsver, equation 1) can be used by asrsly changing the sign of the
3rndtcnt; Tw> sericus problems are encountered, (1) the permsability
of the earth: is wearly one but highly variable and (2) the fiald of
interest is above the sarth's surfize; thersafore, two interfaces sre
involved. The iirst fector is analysed by selecting sn average valus
for rock materisls. Soils are decoapossd rock and are assumed to hawe
the Gams pmimeability. A permeability of 1.06 (u=+dbnk, ko5
w3 cgs (ret. 9.10)) wss selectad. The other [actor ie neglectad since
it is assumed chat the messuremsnt 1s made close to the sarth where the
field is not greatly diffsrent from that in the parth,

The tarm (f:-f—;) cannot be omitted in this instance and has a

2. The disturbances ia che field stremgth surrounding the

vaius of 2¢10°
cavity are reduced by o« factor 2-10'2 from the case of the magnetised
sphers. Assuming the sane maznecomscer sensitivicy as before, che cavit:

can he detected at 20 radii.

3.10 p 269
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Hence, for & pistel, which oight be approximated by an irem sphere

37 in diameter. the detsction ¥ange might reasonably ba i$ - 75'. &

buried crate of rifles, conservatively sguivalent to a 1 ft. irom sphers

uight be detectable st 100 feet a8 would & 5' radiue sphurical envity,

If scoe practiral use (which is questionsble) could be made of the ulcimete

! sensitivity of vapor nimtmtcrl, the detection distarce might ba in.:eased.
In case (2). which considers s moving detector, the effact of naturally
; occurring magnetic regions, might be identified by their large extent compared
' tu the localised etfect of small, higher psrmeability tergets. The large-

scale noise may be identified or removed from the signal by connsccing &

1

| second detector in opposition. The second datactar wewer ha approwimately
i

|

@ hundred feet sway. An aiternative wsuld bs to compare the signsl recorded

‘ by & single detector wicth that made at a bass statfon.

| Case (1) hss the advantage that n;nturnl, stationary bodies will not

‘ contribute t> the noise but tae geomagnetic noise problem still exiats. Por
; large area survaillance, Lhe dectector could Be & largs loop of wirs laid on

the ground; however, any motion of the wire will wive noise. A wire lnop

placed on the ground will detect a man carrying a rifle wheu he passes ia or

out of the loop (ref. 9.%). The loop can be very large but must be completsly

immobile.

It ie difficult to estimats st thls point whethse:r such applications are

practicabie. They seem marginal at best. If the vequiremsnt (s really a

ssrigus one -- for sxample, to detect burisd arms stures. it may ba worthwhile

to run a f~w simple tests. Since the validity of the requiremwnt (s not hnown

and cannot be demonstrated on logical grounds 2lone, no positive :ecownendation
can be made.
9.1&4 Shulsr, K.

DA Internsl Memorandum (1902) Private Communication
«9.39-
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To complete the treatment of dec.ction, this sectirn contains a brief liat-
ing of unc-atalogued fdeas which ars, respectivaly, a) not actionable; b) wery
not analyzed, or c) wers completaly umpr.ductive.

The use of pulysrapi. Lechniques by village-inepection ceams to identify
gusrillas and ~ym-.iluzery, falle into the first category. Preliminary investi-
vation indicated thi: this method wsuld i2 technically fsaslble, relacively
simplc to us:, and reliable in operation, parcicularly with Orfencals. and
could be put in t..a ﬁ.lid faizly repidly. However, it is understood that poly-
graphs cannot be shipped into 8.%. Asisn countries nor used by tha military.

"In tlie seacond category are a veriety of possibilicies ranging from straight
forward applications of knowa rathods to ths davelopment of sophisticated instru-
mevts whoss bisic principles have not eveu been defined. For smample it 1a pos-
asible that seismic mathods for a) cransmitting s secure villags alarm signal by
detou:.uu of a {patrevn of ) buriad sxplosive chargels); and receptico by a
divecrionsl goophs ‘e net or b) locaring burrows by explosive sounding techniguez,
or c) gecphone monitoring of canale might be feanidle. Alao, the use of comvan-
ticnal IR and visible contrast photography for surveiilance oi chemically or
biclogically inhibited food crops. ™ ..id or dyteg foiisge L9 apparsn: in
such phoiugraphy. By this means one ui the food-concrol projrams againat in-
.u‘."lntl.ntght be made sasier. Advanced possibilities are "emoke-gradientide-
tectors” for use under hesvy cancpy, and instruments to detect charactaristic

scants or environmentally induced akin comditions. Waereas the sforemantionsd

0.1




ideas could be analyzed, the latier :annot, at the mos:

lusio wi wienomens useful {m practic i) instrumenzs s o

Tn the lamt vategory ase, respu :t}iely, |uueaunmi:' " .1'
nnd rice paddies with chemicals whic are excited on exT: ."-.‘_'|'J'
moviny perscmnel, «ad for seeding paidies, swasps and ulr:-- 3 :'l;.
nescent materials in the hopé of obt iining :;heno-em anal.ae, . .
South Prcific shipwakes of Wurld War II. A brief sccouat 3 .l' - f

given iun an early paper (Ref. 10.1). Chemicals of fricre.!
general problems of quantity, disper lon, and lomgevity w1’

}
Biolumir.escent micro-organicms are nt found in fresh wat : !

oo -
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