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nnr··rr~~C.H~J:;t) D. HUDSON, JR., SENIOR. MEMBER, IEEE, AND JACQUEUN.E W. HUDSON 

Invited Paper 

A bstmct-Itcmote sensing is the process of acqui!in~ information 
frorn the environrn.>..nt by ti•e use of a S':nour tlrnt is not in phydcal 
cont.ict witll th·~ object t!ndcr study. 'ihe milit~1y !:c:.viccs :,re ex­

. pe1b1~ccd pr~ctitionefs of this o!d, bt1t ne\vly i;lamorn~s, an. Their 
a':compllshmr:nt,; in the i:1fo'.ted, th:•! re~;ion lying betv.'cen vhb!e Ii.r;M 
on the one h~P.d tnd n1icru~v:"·c,:.. on the nth,:->:r, att; bo:h in1p::--::-~:5i;•e 211.d 
of inc1<".asin3 i;;,po;ta11ce. Our purpo:,e is to provide an over.vi~w 
of tlw.$<0 accom;1lisl1m~n(s. We h~s,in with a bi!ef treatment of foe 
·cb.iad·~rlstics ;;ml pcculidties of the info!Icd por(ion of the s;:wctmm 
ard of the ~n:><xs thnt o;irratc th<:re, Ea.rly milit2ry ex~ri,~nce with 
rcrr!oL~ sensin3 by L:C1ax1:d b rlc~:cribed ~;nrl an n.pplir:ndon~ r~i;.i.t-rix is 
dc;.--~~10p.;.d in oJ.«l·:r to pr.">-;;:Jc ~i pcrspcciive frorn \Vl~~~.'h t~·~0 l't"~~i,:!:;r 
can 'i;;w the frl! pa~torn.rna of military ~pplications. Spc;ifir; r.i; 1>liec:.­
t~o;~s a.re di::cu:-..:v::·d. 'fhc;~ i;1ch1dc $tratc.si-:: syf.ten1s for e::.aJr v .. ·aJ:1!in3 
of btc.·coriti:1<ental b3\U,:tk mi,5ile bunchc3, methods for the t!eiectli:in 
of •~.tn1osphe:dc co.ntarnh!,:.nts, such 23 pci:~O~l r;;ii:;, ur~der t!~li COl!tUa 

lfo;u, ~i.h for the ~,;-ccb:o:1 <lt:iivcrf of \veapomy (i'lc:ladu:z pr.,c,:\ .. ·,;, 
fl..,:fvc, r;11d 1;1s-~~; desi.c:nator P,(!~d C"._"1cc t~·chn!q ucs), artJ s~~r.:~r syst:.;:rns for 
re.corinr~-~~"-~Ul<'C- f.nd su.n-'e.Vl::ti~t-c. \\·1Lert.;ver possib~e, deta.:.l; of sensor 
pt::rfi)I:S!lWCC .C!\"; t:h'cn. 

1. lNTIWDUCTIQN ,, r,8 

Th
~"f AN JU,S DEEN a remote-scnsinr, creatmc since his 
/ lg \·· 11ry L _ _., -·~P]l; •. ,o,., "')"1~ 0 h1'l1't., of l11's C"CS l"1 TS anr' no·,, •J~ <·•. 1 .• ;;,< .... ;,;"/" I" "v J , ') , ,., , ,u ,_ 

..,_ t:o sci~s:' (0:1ciiii.:ms in his surwunding environment 
often meant tl'>: dii'fofence between life and death.· Remote 
sensing is simply tl"; prc:Ct:ss of ecquiring information from the 
en\'ironment by the 1;sc of a sensor that is not in physical 
cont'1ct with th'.: O~lje•;t or ph·..:nomcnon under study. When 
viewed in thie, context, it is cridcnt that remote sensing is 
neither a new nor a particd~niy innovative discipline. It h2,s, 
however, td:en on an increasing i1,1portancc bc,causc of th:~ 
need for the col1·~dion of i;ifrinn •t;on on a scah; hitherto 
unatlcmpted a;1d the c·mcrf'.'!1ce of many newly c11ginc•:rcd 
sensors thot an,, for tlte fir~t time, c2.pable of unattended, 
long term, rc!ia~lc opcrati0n. 

The milit2;y service' h3ve, of comsc, <ll'.vay~ lrnd 2 strong 
int~n:.st in rc:m<'U; s.:::1~ir.,1. \Vho::t r.lir.l t!;e r.netny do ycsrc;dro.y'? 
\Vhat i~ he l1oir~g tc0dr1 y? \\rh3.t \Vil] !h-:: do tor~·.r.1 .. -rc·\v·? Th~·se 

arc q11estions of itbs(~rl-'iL:; fr~1porL:~~ce and t~lL! anS\\.'crs are 
nec(.\~~l day or nir~ht~ r-J.jn er ~:hinct \vjn or lose. P~ernotc sensing 
C8.n Q.:_~ done v_:iU• sc:i·i.~:.:>rs ~'i''~~r~tin~; vfrtually ~n1yv.ii1e1..;) in U:t: 
elcctrornaf.n.'.'.!ic s~•0c fiffd, a::; welt as with st~ch non~le:ctrn­

m::~;n~l.ic types as acuc•,tic ai:ct s~isrn\c. This paper will bt• 
li1nit~C to the~~(~ l•PrJ ~·-·-~tions in which the r~1not·e s·::n<,ing is 
done in the infrared wrtion of llh' s1•edrum. Thl' infrared 
spans nearly 1 l od:1'.'lS, extending from lite vLi:1Ic ~.ta vrc1·:)­

J.::;1t;U; of 0.75 11rn t > Pie micrvc.':t1'~' ;-cgioil at 1000 J,orn. 
B.::cau,;c of alis01ption JY the c;•,ti1\ <•tf!1o~;phnc, only 3 ~m~:ll 
portion of this range is 11';at>L for teu-estri:.il appl1c1tions. 

DESIGN/\ TION .-'\[;CnrvlATION 
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Fip;. 1. Subclivision$ of the infrared. 

Solid bodies not at a tcrrr,era~ure of al::sol.:.1tc :t..ero rc.:·;;.,:, 
enerl_;)' 2nd, for all pr2.ctical tcmperatuws, the but:-; o~ ';;-. 
radfatir~;1 lies in the infrmTd. For thL rc,Json ir i~ oiten c:.i''·' 
the h·zat region of the ~f>:'ctrum. It i~: C'-''1S'en'.ent tv ;,d:d:::' 
the infnm~d into the four parts shown in Fis;. 1. Ti;c;:;:c: '.:•:.'. 
divisions are somewhat arbitrary tnt they ar;: ~dt mefol L.• 
cause the first thrre inclvrle spcctrnl interv2lc; in v:!;ic'.1 fr 
earth'~ atmosphere is rdativ1?.ly transp:rn.·nt, foe !>lh·,;; · 

CJtmcs11!1cric v.·indov.1s. rt i::; t!;c,;,~ -,yinJov.:; Hnt v.'Jl b': l;~_;; · 
by any infrared sensor th~!t mnst look through t:ie e,1;~.: 

atmosphere. In the extreme infrared, \'thich b ne:ixly (; e;;:!·.c.:. 

wide, the atmosphere is es:;cr:i;;ily O<nquc. Thi> ro·.;::•.):t 
generally used only for labor<i.tory ?.pplicJ.ticr.:; .. ·;1;.c;,r.~ ''· 

instrument can be ev:.cuated. 
Since its discovery by Sir 'William I-k-schd ii l;_;i.~tl, , ., 

infrared has held a stronf, fascination for p0t;;nti<:I ·-:. ,_ 

Herschel, the di~covcrer of Ur::1:us, is rern~n,bc,:~ c.2 c:'" :_. 
the finest ohscrvatio;13l astronomer:• of ;c!l tim~. Eh il~'.d t:" -
lookin:; for a better way to pwbci. hi> eyes \"!·1·.!1 0~•.,;;'r;·i . 
the sun and it WG-:; th.is ;;card1 tl':>.t kd hii'i t0 foe: rt:,,·,,-.. ., /­
of what he ternwd the "invisibb Ht)'$." For :::~ ne;;t li 
year~ n1:~ny "\1

_1orkers foHo· .. vc..l I-~ ~-r~ch;~l\ h.:~td. ~l.') ;"!."l:.:J.;_· ~~~ ·.'. 

bD~;il~ di .. ;coveries th3.t have evoh-cd i.nto 1n.et~-.:-1:"';~- inf:.- .. ~~:· .. ,1_ 

tr~rr ... ~1oli:J2:y. Appr.~atiorL:; foi infr~red 1-~-~shr.:~-~'.:. ·:-: ~:..:~-~:-:•: t:·~ 

appc;ff shodly '1f:e; the tur;; of this c·:•··iv.ry. :.1y ':\\:'. :.\r:~ 

of \VcJrld. \1/"ar I, the :~;ilitary fcrcc.'.i of th~ -.. ~.c/ id y:.:.r-: 1: .. -:.-i ... !~~~;·,_/ 
to a;-·;!/ th~s·.: i;':fr;n;.:J ted1roi.:;'..l~~s to tl:"; s·:.d1;j.;-,, (>i r:·,j;i:;;'.c:,· 

prob~C:-i:)S. Before dis<:u:-;~:h·lg ttcs~ applic:-:-~tt.-:--1!~1 l::I: us ir· 1.)J: ii:-. 

Tl:c clcH\C!:L~ of i'U1 ~J1frpred rernotc Yen:i1·.0 sy3t.:.;F·1 Y!rc ~:~. -.. 

. iTJ Fi~~ ~). Su.(·fr !-;y~ter,-..:~ rn~~y b~ p:L'Sir·c, i·.1 \!./:11ch c:--5~ ~; ... 
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Fig. 2. The clements of an infrared r•,mote sensing system. 

farther distinction between active systems in which the illumi­
nator is an integral part of the sensor system and scmiactil'e 
systems that u~e a naturally occurring illuminant. lly this 
definition, phutography with a flashbulb would be an ex­
ample of <in adive system while daytime photography with 
the su.n as 2n illuminant would lie an example of a semi­
active system. 

Wifo. Fiz. 2 as a guide, let us look more closely at the ele­
.Jn~n~:.: of the i,1frared remote sensing system [ 1] . 

1 A, '[r:rgets 

J Wifh nn active system, the reflectance ·characteristics of-the 
. J target are important. Reflectance will vary with wavelength, 
. ! vle\'?ing and illuminating angle, and surface conditions. Witlt a 
1 p!l~sive system, the radiating characteristics of the t:.>rget are 
J · imp~>!i::mt. The radiated energy will vary with the temperature 

!
' · . of the target, its emissivity, and, to a lesser extent, with viewing 

.· ·: angle (a hot spot may be shielded by target structure from 
· ... some angles}. Radiation can be grouped into two classes; 

1 · gaseous racli<>.tion from hot 1r1se$ and thermal nidiation from 
heated so~il1s. Most combustion processes proc!ncc water v:ipor 

j and cz.rbon dioxide both of which, when excited, radiate at 
1 chsrnr,t"r'.c;tic wavelengths in the infrared. As a result, the 
J. exhim:-:t gasts of turbojet, turbofan, rocket, and intcrn:il com­
f bu~tion engines show intense radiation at 4.4 µm from carbon 
l cti.'.};·ice and ia the 2.6- to 2.8-t.!m region from carbon dioxide 
i . and. water v~;por. i'hc presence of this gaseous, or exliaust _, 
· i plume, radiation often makes it possible to detect a target 
! from n<!arly any aspect angle rather than only those angles 

· i from v1hich th~ hot m~t:il of the e;:haust structure is visible. 
! 
't . 
t{ 

·~ 
:j 
;j. 
}. 

'" 
" ·• 
~ 
i 

Plr.:1.tk 's lr.n•/ describes th;! sp--:ctrnl distribution of the energy 
radi;1tcrl by a blackbody. A blad~body is <> theoretical ccn­
C<;>pt, L!UCh as are the noi<:l;: 0

:' rcc•:.,·,:;:r :ind the frictionl;ss 
pl:-:.ne> c.rid it represents a p~~1fect r~qJiator. By l(irchhoffs 
);;:.;1, g:iod absorbers arc good rnfll:;tors. Thus an ~ltcrnde 
defi,1itio:1 is that a b\zw>Lo.iy <.b~.c1i·bs ali of thr~ r<.<fr:t!on 
i.ncjc..1r11t on it. .~fhc r~di:1ticn frc)ln nF1;1y solid bodie.s ~.~p;1~·0:.j­
rn:•.tc~ r;uit;:: doseiy to 1l1::t frnrn a hL"lcLbody at tl1e ~o::m;;. 

k:npe:atu.rn. \Ve caa ''c'..iu:~te thl' rc,clidion frum ;1 ~:o)irl by 
fast C'.tkul2;tine the. r:Hfr1t~o.:1 froin a bhckbc,!y mid tbcn 
r.rnltiplyinr, it by the emissivity of tlic suLd. The emissivity 
of mo;t clt:.ctricl C<):1ctw::t,J:·s Ii· .. ·\ i;i the r.w;::<~ fr,)m 0.0?. L 
0,2 while il<at of im,;btor~ 1;:n2,CS fro:JJ 0.8 to nca;Jy u11lty. 

Inti:'.·r~.tin;; Pl:rnr;·f:'s bw ov·~r ;·J: W?wkn<:ths Ejn;~; l!1:; 

Stefc111 .. ~Bolt;1:w11n hnv, c.;1 ex;ir~'~'.;;c1 ;1 i·Cir l;h' 6u;: (or pr,w,·r) 
H·clbtcd into a hcmi3p::c~re r.boh~ a blackbody havii,g an 
erco. of l on2 

temperature in k::.'lvin. Thus the total (summed over all wave­
kngths) radiated flux varies as the fourth power of the abso­
lute temperature. Differentiating Planck's law and solving for 
the maximum gives Wiens displacement law 

A111 T = 2898 (2\ 

where ),m is in micrometers and is the wavelength at which 
the maximum rad.iant exitance occurs . 

Equations ( l) and ( 2) are convenient for rapidly ca!.::uiatin3 
the \vavelength at which the radiation from a solid body fa a 
maximum and the effect of changes in temper,1tun.• of the 
body. !lfany tareets, such as personnel, trucks, ships, and 
terrestrbl backgrounds have a temperature of about 300 K . 
From (2), the maximum of the radiation distribution oc.:curs at 
9.7 µm and, from (1), each unit area of surface: radi;.i.tcs 
0.046 W. The hot tailpipe of a turbojet has :m effective 
temperature of about 900 K. The maximum of its radiation 
distribution occurs at 3.2 µm and each unit area rn.d[ates 3.7 W. 
Tcv~7irry the calculations a step further, tlH~ sun rndiaks ·like 
a bl:Jckbody at a temperature of about 5900 K. Tht~ max\mu;n 
of its radiation distribution occurs at 0.'19 pm and e~ch uni< 
area radiates nearly 6900 W (altho~1gh the sun is a mass of hot 
gas, rather than a solid body, the the1 rnodynamic conditio;'ls 
are such that its radi:ition very nearly obeys Planck's l::nv). 

B. Transmission Medium 

The earth's atmosphere is not a yery favorable transmission 
medium for infrared radiation. Before the radiation from a 
targd reaches an infrart'd sensor it will be selectively absorbed 
by atmospheric g2.ses, scattered away from the Enc of sight by 
small p3rticles suspended in the atmo~phere a=id, at tirnrs, 
modulated by rapid variation:; in some atmospheric propert:: 
(in rnu,:h the same way as the light from st;1rs 2ppears to 
twi:iklc:). Fig. 3 ~hows the spectral trnnsmittane;;: me~nu.r<.~d 

ov.:r a lwriwnt:1!, sea level p;•th 1828 m (6000 ft) long. TLt.: 
mot~,n;L:. r;;spoitslble for e:ich absorption bawl, v:;c.ter vapor, 
c::rbo;1 dioxide, or ozone, is in:licatcd in the ll!)per part of 4!1~ 
fi:x.r~~. -t'hc tnn1s_!nission cnri.'e can be charJct-3rized by s~~vcr;.3l 
rc;::,i.ori. ~ of high transrn issiGn, th~~ aforen1cn~ioned z:t1nusphc1ic 
v indCiws, scp~1fil1cd by int:-:n·.~ning regions of hi;,:h absurption. 
J'"h:,; subciiv!{,iOu3 of the !nf1nr~d.,

4 

~:hcnvn in f ... ~j~;~ 1 > an: :-tJr)O 

u~cluJe.d. r·Jote that each S'.lhdivi~t~n includt!S at Ic~1~t O!h-; 

atrr;osplicric window. The :Lms!lli;;si.on cleper:<l;; Pr:0n th,·; 
· ~Irtotnit of abs'..>rbt:r alon,~ th : pa.th, the altit1:J.; of t::c p::th, 
the 2r.g:.•.: tbe p~~th. 1n~·1~c<:; \Vit 11 the horizonU.•.1 and t:·:;;;. v..-av·.:.~ 

kngth cf o\oserv:i.ticn. Th,; c:e.kulat[on of _the trar:smi,;~\on over 
any z.rldrnry pc.th is a <lifficu' t analytical problem hut th,·rt 

M = 0~pp~o«lea FC'o;
2R'elease 200210~1ib2 ~:,Ci~~'.£WP,~~MAfilMRlfq~qg~i;<\Q1f ii$.7,;;~;c;::.i~~~:•on-

, w~1~··._·(~ ],[ i.3 i..·~i.Ht~cl t'h."!- ,.,·rd.:· .. ~'~t t·:::it:.t:;ce and is. c:<pl.;_ .. ~i·~·.d )n 
··;~·/ .... ,,n;., u _l,; ~he St,:f;:;!·~ '.·~:1~t/~-~'-';)n (;·:-Jii~;t?'Pt, rnJ rr i-s t~··: 

·r~·i~ tht~o~y of ~:ca·:·tt:::rir;.: ~-;ho,v;; that a pa1 :"i~l-.; i; th.·~ n!t"i::.r 
•.'ffi,·ic:.11t t:t···."I",·: ·; · . .-.-11:..·n !t·: r.·.'.fit~) i-; f·'.{;!~'l to:;'.;;;·.'.]~;:"'~·::-.~~·.:.\ 
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(Adapted from Hudwn ( 1 J nnd Gebbie [ 2] .) 

of the radiation being scattered. Since most atmospheric 
scatterers (haze. particles) have radii t!nt are from 0.05 to 
0.5 µm, the shorter wavelengths of the visible portion of the 
spectrum are scattered much more than arc the longer wav~­
lengths of the infrared. Unfortunately, the particles in fogs 
and clouds have radii ranging from abo11t 2 to 20 11m so th ~t 
they are very effective infrared scatterers. A!> a result, ~uds 
and fogs are essentially opaque in the infrared with t,l:ie conse­
quence that infrared semor systems working in the earth's 
atmosphere can never have a true all-weather capability. 

C. Ill11minator 

For semiactive systems, the most common illumi"na11t is the 
sun. Occasionally, moonlight or night sl:y glow may be used. 
For active systems, typical illuminants include tun8stcn lamps, 
xenon lamps, and carbon arcs, all of whic:h must be fitted with 
filters to suppress visible radiation, ai;d various lasers that 
radiate in the infrared. · It is interesting to note that the 
World War II dew loµment of ruggedized tung> ten hmps for 
the i11uminators in active infrared syskms led to the ~eakd 
beam headlamp that is fot:nd on virtu:illy all modem 
automobiles. 

D. Optical Receiver 

one is willing to pay the price). Diffraction i.> a cons·.:~· .J ....... ; . ~ 

of the wave nature of electromagnetic radi:ition and it c ~0 .• ·:' 
be climinited. The ability of an optical system to for;•' : .... :

1 

recognirnblc images of two closely spaced targets fa ch::r·. r, _t 

izcd by its angular resolution. In the absence of a\.Jc-rr:it. · .. ,' · ' 
diffraction-limited c~,se) the diameter of the blur cir::::, 
the minimum angular separation of two equal-intensity ::: 
targ~ts that can just be resolved, varies directly with th.:: ·.~·, 

length and inversely with the diameter of the o;·tics. 
pressed another way, the ability to reso:ve object5 with" 
angular scp 0tration is dir::ctly proportb:1~J to the rr~;;-,:. "• 
wavekngth~ in the receiving aperture. Hae, then, is one:·_,. 
fundamental <:dvantages of infrared (or opticai) eq<.!l;" 
Since the apertures of such equipment are thou:anc!s of 
larger than the wavdcn_gth, the angular resoh:tk'n c,:p;:[·,:;;, ' 
grent. With radiation 11aving a ,·.;avelengtt of .; j!::i., f.,: 
ample, a lens with a di:lmetcr of 5 cm wou.ld ha·;".! l :. 
wavelengths across its diameter. To achieve the same 2 ;~: 

resolution with a 10-cm (wavelen3th) ra<l:ir would. ;·•·qy · '. 
antenna vrith a di:nn:::ter of 1.25 km. The import2.1c;; :·~ , , 
number of v:avelengths across the apcrt:ne is, of cow·.~,,, ti..~ 
compelling re:ison for tlw developmen~ of synthetic af:: r~,.,.,~ 
techniques in r:iclar aml radio r.stronomy. 

E. Optical MoJulator 

In trackin[; SC'nsors the radiation from the t:irg,~t is ~o·J 
modukited, with i;:form'";.io:i concerning t:1e dirncHori ~o 
targ~t. 

retkb, carrying a c.:m:fi.1lly contri\'~d p:1tto'r!I of c~c::r '' 
opaque spJ.co::s. In addition. most rdidc.:; ilIO'{i'.~"-'· n c,_;;;( 

;.:'Jsis~ancc in discrimjnath1:;! a targ~t frorn its h:.J~?:~.r·:r:-~(~> 

prort~ss kno\vn as space filtering. 

Most of the optic:ll material<; commonly used in tlw visible 
po:tion of the spectrum do not tral!smit in the infr.1rcd 
beyond a wavelength of a few micrometers. For thi; rr<::,on, 
nearly all c:irly infr:tred scnsor designs l!Sed n:flc:cti\'~ ciptics 

of the type commo;dy used for astron<>mi·:ztl instrn·n-.nt:,t;on. 
Strong military support following Woild Wu 11 kcl to the 
development of many new infr;.ucJ-tr:immitting rnareri:ds 
and effectively removed any restriction'> on t!Je u:c of rc:rr.~c­

tive (lens type) optics. The optics in typical modc~m inJr;m:d 
sensors gencra!ly ran[:e in diJnwter i;c>r,1 ;ibout 5 to 25 cm F. infrared D<'/cctor 

. l . 1· I . l ·.·'.I··· wit 1 some specn 17,;c systems mnn111g :::. ari>.c 2.; l (;:)cm. An infr.m·d <letector is a tr:msducer th::it 1;or:ve:·1.:·. ! ... " • .. 
The smallest ir:Pge th.:it a :,et of optic.; can form or a poi11t . ;:di::tion in1o rnmc other observable form, such~~ ?:n d.~_•,:. !i 

source is calied the li!11r circle. Tht> biur circle is causc:d hy l'.Hrent, a chang': in some physical propnty of a <l<:t•;ct:::-. c ~I 
aberrations inMpprp.Ved:Rblr:.RQJ~selt>12.002J&11.02r's<OJA-RDl?7f71M.OQili4:fR<l00~0001i00!1~1:!Uiti·1e piwt0:;ra~'!1k ;:• ·:. ! 
be minimiz12Ll or cLrninc.red l;y ll:c opti,·3\ J,~''L~"·:r <.pov;JcJ T!ia~ :·;e trio nrntual!y ~xcl:.i:.ivc c!ass<.~s of <k~~~.:'ors. ·, · :! 

I 
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Fig. 4. U;;eful spectrnl ranges for infrared detectors (operating temperature of all detectors is 300 K 
unless noted) [ 3]. 
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reason for the two classes stc;;s from the modern concept tha~ 
div~des the rnlid into two thermodynamic. systems, the lattice 
end tlu: electronic. The way in which the incident racliafion 
li:ten:cfa \".rith these systems results in two fvndament:1lly 

· cUfft!l'C::'.'.t detection mechanisms, called the thermal a;:d the 
p!1c;or!. P.c.di:ttio:1 incident on a thermal detector is alisorbed 
by « bl,~'-:l~?.iled coating which heats the lattice. This, in turn, 

· effe>:;tr- the electronic system and results, for example, in a 
d:~:."'.~<:· ci elcdri-::c;l resistance or the generat;on of a thermal 
2M?. ':lh~n. radiation is incident on a photon detector, the 
phc: ·:~"::,~ i::J,,.ract directly v1ith the electronic syskm to pro-
0.;.;·:•;, 'c;· tx«.mple, a char,ge in the con<lu:.:tivity of the 
(~;.:': ··-;c ·:'!. it1!any of the ph0to:1 detectors in use today rcquir~ 
c·~:. · -.3 ':~· cr;o;;enic tcmpcr<>.tures. Since the energy of a 
:;>'".0:1 ··!r.r.i.e;~ inver£dy with wavelength, there is a long-

'>.:,;1;'.: r;:i;·;::·;: for each type of photon detector beyond 
v;:· :'d:. ;:1c: energy of the photon i:; insufficient to cause a chanr,e 

~ t~~- .~:·:---; ~.:_:_;0~!-oni·~ r\:·:tlc·2urc ( 3]. 
~lig. /. !:> :;':i;J ·2•::?. c:)ectral interval ovc-r which typical info; red 

cle~cc:ozs ?f';; JlO>m:!lly t1sed. Notice that the response of 
irf7uc·:: :'.".'.rn :;:,tc·t.d3 only «. short way into the near infrared. 
Inff;:r~6 JHn1 is nor;naliy u:~d to record the radiation (u$V1lly 
sunti;,h.t) that is reflected from objects rather than that which 

tectors can be operated wirhout cooling, rc.;po:1d over lari:;r: 
portions of the spectrum, have lower valnes of D* than photon 
detectors, and exhibit relatively long response times so that 
they are not well suited for high-inforrnatiori-r,ite :;ystems. 
Photon detectors, by comparison, generally r:.:quirc cooling for 
operation beyond 3 µm, respond over rebtively narrow por­
tions of the spectrum, have v;1lues of D" that &re l or 2 
orders of magnitude higher than those of thermal detectors, 
and <;',diihit very short response time.;; so that they are well 
suH:~A for use in high-information-rate systems. 

G. Detector Cooler 

The requiremc-nt for cooling photon ddectors h~1s brought 
with it a requirement for convenient cooling devices featuring 
extreme miniaturization, minimum power consumption, simple 
maintrnance, and high reliability. Such devict:s arc a commer­
cial reality and the cooling requirement need not deter any 
system designer from adopting a cooled detector for h\s 
sensor design [3]. 

JI. Signal Processor 

The signal processing tcchPiqucs employed ::c, for the mc:~t 
part, quite similar to tho~;e used with rn.dar, sonar, and tele-

i.3 emi~tcJ by them. There~ :'.re a number of thcrn1al imagin[!: vision. F;ecp11.:nci(~S invoh'ed :!re usually in the ::uclio region 
devices th:1t work at lor.ger w::ovele:~;ths :md so;ne :1 re cv..:n 
c1Hed t:rn1eras. These dn·iccs r<::cord objects by 1htir own 
rnoi.:;tion l!nd their ini~r,cry slioulc! net be confo';ed v;ith thai· 
prnduc:~J by infrar~d film. 

but v::~~1 sorn~ S)'Stct~ns th~y n1~1y goas.hi~h ::.s a fev; ~ncr,ilh·~·it"~­
Sign8! kvels out of ddc-ctors may be as low as a t;·:w rc.i~crn­
volt~ so it is cssnitbl l:lwt r;ood low-nohe bit:-h--,?.:1in ci7c:::try 
kchniqut:S be t:c.ed. Preamp!ifi~rs have been desi21~cd for t'o:t: 

at v~ry low k!llJ"l'.rnturcs so ih<:t <hey can bt! p<':cka•;ed dir.'ctly 
wit!t cooled cl::-t,;ctors. lnL~p;:-::h·.d circt:itry has bc";n wid~ly 
adcptrd ;:;nd ~n iri,.~·rcasin; nurnher o.f infrared sen:;,\.lr:' no\~i us:;> 
di~--it,li, uthcr tb.n l'nalog, ~ig.nal proc'e.ssing. 

I 

l·;ur.F.r0us terms have bc..:n uscd to ckscribe the 1wrforr11anc2 
of ;1n i;:fr;in:ct dc-tcctor. Sc·1:sitivi:y i>p1in~s naturally t'J mind 
but its t 1 •::: is not re,,or;i:r:cndcd because, all ton often, 
s,'m.\tivity is w;cd indis.:rin in3!\tly trJ nL:·rn signal-to :wise 
ratio o; ':imply signal. Insk~ d it is custo1w.ry to sp,~:ik of the 
d<!tec/ivity of a dete..:tor whk1 is nov.· expressed quantitati\'dy f. Disp/rly 
by a p;.1r:;mdu cJlkd n·" (p1~>r1otmc,·d Dee star). When tvm ·'Ti•c-T:;;al output cf tile scn;,;ir system nw~:t r:u c:ilhcr to:-. 
dr:tectc)r:~ :~r~~ cotnpar~~d, the .H~c tl:~·t can ·Jct:>~·!. the s~n~~:lest dispLty fv( h 1.t::·l,::~1 nr auto7'n~til· intcrpr~~tatit.Jn <'r t:J so.r~1('- s;__:;·f 
arnoun~ cf rac..iiation is tlie on·: h.ving the ldl,'.lwr v;d11e of D*. of ce:ntrol drcuitr,Y for guid:mcc or trnc~in~~ p1trp0s:.:s. t.f<',::t 

No;·~;; l'.a,t ,Fir~-:·; dc~cs nu A 'fi~~~~d~~it;f ,~~~~~~~~·~-~i01 (Oi.i,\C.\AW~-Q?r1t~~91~~~~Q01t~Y~~lb ,,:72~ ~- 3 .~~J'. ~~J '~:·-~1~ I. •" ,,,_,_ p .... ,~,blc: to c'.P l ! ',,lLJ ··- ~.,.J,,,.. t.,,., '' lT'L,"1 OIL t~,iv., ·H,lhU c1y.,, .. '"en,,, 1 .1otc.,r<.1)"lc rn, .. 1, are f._,,, .. J.,_, l"'""h·~ 

' 
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III. f-M~PY.~Bf-Rfr~~~~rr:;~~P~lr9V02 : CIA-~HFitY~~WlPu11~~~R~~~~l~l1~1~\~1Y;ao;i sy~tcins, ~')'•l1 Yi:: •. 1: 
RJ::MOTE SENSl~~G !iY INFRAltEl:> <illd blinker, for n:.ivd use and i: simp'.e view<!r, c;i.~i~d t;;,; 

It is not difficult to und;;rsta1'·l the ;ipp~·:i! th:1t infr::icd J,fot'lscope, for detcctin~; the :;otirccs t'.nt w.:re n:qui.rc:J. Ly 
techniques h:i·;c for the rnilit.:~y sys~\:rn designer. ·sine.; ~•ctive viewing syskms. False-·::olo:- film was pcrfede·.l ;'c.:· fr..: 
infrared radiation cannot be detected by th<:. hur:-wn ey.::.,-it- .. detection of camouflage from tile air. Ii rcm:tins, to thi::. :fay, 
offers the 0pportunity to sc~ in the dark, to ddcct targets by one of the most important too!:; av:iibbk for mulfopt" .. c;;;J 
their self-emi.!,sion, and to cpmrnunkate l>y secure we:ms. analy~.i'> [ 1, pp. 8, 9, 464-510], [ 4 ]-[ G J. 

Military organizatio-.s beg;:m to experii:~(;nt with infrared In the Unil:cd Ki~,zdom, a11 i1~fr.m:d airi;;rnrt detec:.iar- sec 
sensors soon after 1900. By the time of \Vorld War I there was tested as early as 1936. It could detect an air~;rnft ;it a 
were exper.in~ental blinker signali:ig systems usable at range:.: distan.:e of 1.6 km ch:riag the thytirae ;md 3 .2 tm ~• n. ,i;:. 
of up to 30 km, voice co:nmunication systems with ranges of (Most infrr,rd sensors of this tim~ p<oriod were botlu~re.J, by 
3 km, and Jetection sets that could deted aLrcraft at J .5 km reflected sunHgl\t and they usually performed much betttr ;-t 
and people at 0.3 km. :--:either side put any infrared ec;uipment night. Th;;y i;sed either a tli.::; :.:.i.! dece,:tor, wilh ao ~;p;:~ ;; •·.~ 
into production but the experi-:me gained with the cxperi- filtering to n:rnove short·wavdc:1:;;th . :-J!2r rnJi:Hicr,, n .. · ,. 
mental eqt!ipment was promising enough to assure continuc~d sl10rt-wavcl·~ttsth photon detector such <cs thailuu!> suifl~k o.'., 
support of its development [l,pp.8,9,464-510], [4]. htcr, lead sulfide.) The British also fJi3bt tested or.e of•:~::·: 

German)' was the first country to deploy infrared equipment detection sets and were able to detc(:t "nother aircrna ,,i :.: 
on the battlefields, of World War I!. Early in the war, Gcrm:m di.;tancc of 0.5 km. This occuffcd in 1937 and it may~,; Ii : 

intelligence ~hought that the Alties were using infrared sensors first time that an infrar<:.d sensor was used to detect u;,~ c.ii. 

to detect U-boats .and aircraft. This con~lusion was erroneous craft from :mother, while both wen; in flight [ 1, p;.:>. E, 9, 
but it caused Ge~many to concentrate much of its research 464-510). ' · .. ,.,., .. : 
and development effort on infrared sensors and on the means The Japanese were influenced by the German ~ucc<iS''-·i!;r 
of counterr.u:asuring them. The Allies, on the other hand, infr;i.rcd senso1s and there is sorni: t:~icfon<.:·~ to s11ggest th ~t L:: 
concentrated their efforts on t:1.:; development of, rad::r. w0re pL11ning to produce night viewer:; and drivlng J: ~ . : 
Germany lost the war but she clearly won the battle of the when the \Var ended. There is no evit.lence that th'~ Ru::.;~' r, 
h1frared I 1, pp. 8, 9, 464-510]. used 2ny type of infrared sensor duiing World Y/ar IL '" , 

German troops made effective use of an infrared comm uni- De~pitc th<.": relatively small production tot:il:i th1: ;., . -
cation system, called the Lichtsprecher, in the African desert aehieveci during World \Var II, infrnrc-d snc;cr~ sLO'.'f,::! ~· .. '.: 
during the m:ijor tan:~ battles from 1941 to 1943. Tlle maxi- cient merit to justify a :;trong po~tw.::r <L\eiGpn:':'.:.: r .. ~,t .. :·: . 

. mum effective range of this system was S km. The existen;:,:;1 snpporkd 12.rgely by military ru11ds. Tile p;.,:;~.,-1,.r ;.;::::iv~: '.. 
of the Lichtsprecljer remained a secrd until the Britist .. c"r'p- remarkable for the rapid d;:velopmcnt of 11c·;: ::.11t1 L:p-roh<l. 
tured one in October 1942 at the battle of El Alamcin. In detectors and of infrared·tran,i;:iarent or:-tic~:l n;;tcri:'.\r, :.. .. 
. 1943, the Germans integrated image converter~ into fire their application to the solution of a host of mi.litsry p~co:~;c: 
control systems f9r t<inks. Thes-: wen: used on the east.om Subsequ:.:ntly, many of the s::r.h~ tech:?:-. . . :.oJ ':!~::-;:; ~:;;: .. ;E.:...: 
front in 1944 and they proved to be rem:i;kably cff.:ctive in the solution of indmtfr:l, scit:>dific, <:n~: ;;-,;;;J;c·~~ ;:;.-c.b;,_ ~: .. 
nighttime battles. Why these devices were' never used o:i the In the late l 9SO's the release of iHforrnation c;1 't(:<: 3~::> ::':~.;:,, 
western front rembins a mystery. Nig.ht driving systems con- and falcon h·~at-s~cking infrar_:d .. guided m,::.;fa:3 c:~·.,~>:~ ;;_ , 
taining im::ige converter tubes saw extensive field service. pubJjc fancy, :ind subseqiient applications of inln:;<:( 1·u.-,~L 

I 
When the Allies gained air superiority over the continent, sensing techniques to the attit1 1de st<:bilization cl :;;,.,·.~--' 
these night driving systems made it pos.)illle for the German vehides, satellite reconnaiss:rnc1~~·or sea-;ce cor:n~~i-:: .:~. 

0

:::;<! 

Army to move ·its V-2 weapons a;:;ross G!!rmany and Holland surveiU:mce, and subnrnrine detection h~:-,re bee>~ ·::i::;;;,1i; :·'.· 
to their launc!>ing ramps. The speed with which this was done ported in the news media. 
puzzled Allied intelligence who did not know, at the time, 
of the existence of the G;:.rm:rn night dri.ving cai·ability. 
An experimcnt.'ll aircr;.;ft detection set, Vihich was r:ohably 
the first to use :i cooled detector, could detect born.bcrs (at 
night only) ?.t a distance of 12 kr•~. In 1943, clevdopirn:nt w<'.s 
completed on M:rdrid, an infr:ircd s:.:ckcr intcndi.:d for the 
guidance of small air-to-air mis,i!es. This seeker med an 
uncooled lead sulfide dr..tecto; and tl1ere i> so;;1e evidence tliat 

there were pbns to incorporate a cooled de:cctor [ 1, pp. 8, 
9,464-SJOJ. 

JV. TI:E MILITARY APPLICATIONS OF Rn·oT~:' 

The applicat icins matrix of Fi[:. 5 is intcndd to rive dh: 
reader c. pcrs1,.:'.clive from which io \ icw th<; fuli p:i.r-:n .. :11.: 

of milit;,ry ;,pplicatio:.s of infr,:r,;d remote r,~;'l:>i;1;;. '~.'.":: 

tlJret functic1n1l elc:n,:nts of any military org::niz.1•ic:1, ~'n:·.'-
t)c, lac~·~c:ilt ~nd 10;-.ls.tic, ~re Hs~ed acruss th 1~ top t_}[ ;·1·~:.; 

mdtrix \Ylr<:n: tlt~y rcp1cs<:nt the tlu· .. !c cbs<:;:s of 1F;;_~,./: 

ttscn. Al the side of the matrix are list•.·d t'.«· char;;.c:r:ri '.: 
propertic~ of t:.rgl~t-emittc~d ~~nd r ... -::t}~ctctl r~ ... ~:2tis'!1 t:~.-;.t .:'.::.r:t 

k sensed in tli.: infr:Fcd. The result i; a lo:;ic.tl ct•rw .' . .;'.. 
cla:;sification ,;,:hc>iT<C: in lh.; form Of a 3 l:y '.J l 0llh";\t mc1\ri.>. 

The best known U.S. infr<m·d cqt:ipmi.:nt 0J World War II 
vas the sniperscope, whkh ccinsisL":l of an irn:i::e converter 
a'ld an illumin:~tor mounted on '' carbine. With it a svldi,;r 
c )Uld fiN accurately, in eornpkt·: d?.1kn1:~~~. i.!t targets th;1t wc·i.;; 

a. far away as 75 m. The snip<rs:ope wa~. fir:;t used in corn- A. Rationale for rht~ A[Jp/ications /vfatrix 

b. t durin~ the innsic;1 of ()UrL1·.·;a, J3p,1!1, in Apil 19 ;:;. Lr-~ us lo<ik 'Hore closely at the fw,ctional ehmen~-; w:1~) an: 
N ght drivin:; systems usi:1:• i1.1:·.z,~ convc:d .. ·r,; v:c·re nidcr l\(:- th·: n1ihc'.:y v: ... ~r:; of infr::;rccl remote S"-ming. S.r.:.r:·,;;;is1.~ .',>! 

ve:.op1ncnt but were no: yet r,_·:::dy for fielJ t•;.e when t!J(, w;tr coact.rned wit'.! lonr;-rnnge plannin'; for the dlG~:i:io.!1 c ~ 

en::led. Senso~s fAptp~a\tedtEoirc:Re~vZOOW.0)1lCll~ti.!CIAr.RDRiz1MQQ1~QQ~~dQP.11:o~T~''.:'.:ttrit,r, or i;:'- ~<w ,._; 
ns ea:-?y as 1935. Tht~ SS ~.~:naita~LiJ \V~S d·~·t~~ ... ·i.1..~d ot ~~ d~<an,:e in ~~tt~in:!~~~ tJ;r~ Pbjt .. ct~ c.f v;o::r. 1:rct~·cfJ1F :tpi.·IY th_~:ir ~::~~!~· 

of 2 ! kn1 3nd the S.S :~orrna:~J:.: at 28 L::l. 0th(.-r (:\..v1.·lop~ fit:_· 1..h.)-_;1l:)yL~c;.11t r.-if trco;1s tin<l tot(~·~ t;>:.::.:qtir.1:1 of pL_"_n·) f::~. :_ 
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Fig. S. Typical military app!ications of remote sensing by infrared. 

~ctual conrJur;t of war. Strc:!cf~Y is the pr~1ude to the b~~tb­
flcld. T:>.dk$ are the nctioa on the battldield, Logistics 
pro'ti(foo; t:c<) m~ans for th~ <:0 ;cJuct of war. By lcjn;;-~;1·2nding 
tr:1ditior:, 101;!:·,tics inclurks tb d·~rnctil> of stipply, tra;i:.:;ior­
t~tion, p~rsor1Hcl scrvicr.s, and f~ciJj~ies. 

TLc hft sirl.e of tftt~ m;,t:ri.~ sh0\"'S lk' chanctcri~:~ic; of 
t;~r~·~t--fTf:.i!.}-·:;:J and rc.f1ei:t.ed L~·.dic-~i:)n tbnt ca11 b~~ s:.:t::·:~d 0r, 

put .rH~el-~lt:.:f 1~vc·tY~ the f!.l:"J'tiDns fu!" v;hlch in[rrircJ ;<~:··::or;; a~\~ 

p~.rti-.:u}~.riy \1i't!l L1c1tir.":t(~d. ::~t,n<i~~ \;,;ith li~le 1) Y:'t! ~ .. ".c. th8t for 
r<·::;r.;i-re sy::;~ .. ---:·:!S if th(: t~:.tt_.c·t r~id]s.tc..; in the infr.:.trr.ti, ;:-ii:J 

vfrtu.~111:-· .:;11 tarl..:ets do t(l i.,.:~ryin:~ dcr;::ccs, z:.n iafrar(,d ~;:_~i,~J)T 

c::D (L~t/t:t tli..:; t~.;dstenc:.: cf th~ t2q;ct, 6et1;"!Tninc its·t'j:,,·:-t.:~·ic11·1 

y;(th n:s 1:cd tv son,,; n>f;;; .:'1,:t:, and ~~ns·~ its molb:!. '.~uch 

f.;cns0r3 ::!?.~ tr~c he::.rt of ~:t·-~~c 1._1 nad dct~ction, tr2.:.:·~:.ieg, ;.i.nd 
gul\.L~1H.'t..'.: ~:ysLenls. IluYirig cL.~t~ji:;t('J "' tar~:.et, th? s.-_:n::or C£'.r1 

r::e-~s·.u,1 th.~ lot~J qu~_tr.t;_;,y of r.::~cu,-5.tion rcL.:'iVell or ex?.n1lne 
the r~~rJ:_~tion fer· 2t11y tf'.J:.-1p·.J\:d v~·ri<~tt-:::.~1s. ;\s sito·1;'11. vn Ji_11.c 
2, thi<> id(>~r.rntion caH lie l\ocfol for t~;-z~t iti,~ntific:~ioll ;:n::l 

silov;n in line 3 of the matrix. Fin~lly, as sho\·m on line 4, tb~ 
senrnr can SC'nsc the p.eornetrical or 5ptial ddribution cf th:;; 
LHf'c't rat1iation. This leads to thermal im:igin[; 5yste::1:; th::.t 
product: hi:af:·~ry similar to a photofJ<:ph, with foe exception 
that brirhtnr.ss variations in the 1.herrnal i:rnnp~ reprcsrnt 
tcrnp~~:ratu:e differences in the s·:..:enc ·:.vherc3s in a p}10to~~.i.:tph 
they re !'resent diffcr,,nc-:s in rcf!c<:t~ncc. 

\"/ilh E".srniactiYe systcrr1s, Le., thus(! in \~.'hich the s~i-isor 

r-.-:~~p(1r·l\~~ to t!H~:.et-refiected radiation fro_g1 a n.atun!lly urcur .. 
ri ·o;; .sc:Hcc, tk' sp::ctral char;:ct<= ristics of the i!.htniin:~:t ~,;·c 

kLO\'tn :md it is e~isy to s0n;;e target-produced ch:tn;;cs in tb:­
.1·i: ;-i; .. cte..i t8-diai'i:)n. A.s line 5 £1V.J\~is,. such systerns: ~re u:.. ... tul 
[,,, t:-::l;:.t idi;ntification and the dct1.,ct\on of c:imo•:fh;e. 
l;~ J_iri'J 6 '.YC i1ave irn;~zing systc!ilS that result from s~.n:-;3ng the 
('.C-.:i:1frfri:Jl arc! spati:tl dist;-ibntion of the reJLcrcd flux. It i~ 
io thic: 1.,t<.;g01;.', that \VC find photrJ~raphic sy0:~·~rr~; usin'; 
illif~·.I'°iJ •.if false: Color fiJm for tactical <t:!d strJl.C;)C r.:.:G!)ol·­

f,'.:i·;~Jl'lCC. 

r~~n1c't'::.!· r;'.ez:1 s.urcme~ts of t\:;1nrera :u :·c:. /'.! tcn1HU\vl;/. Ut~.: y:/lth ~1.;:·: !·,ri.~ systerns, Lt:·., tho~~..:! in \Vhie:h the scEsor ~--f...3f)0.:.11:-.: 

•:11,11 :,.-u:'.i '_!~;-._.; of\'p'pt'oveti,1 FbrR~te'2is~. 20~:2/0f/02-~. CIA-'RDP1:14\11001 i44ROOOOSOG.~OO.t.'lH3~0r t~ ·~t iu; ·~-,; 
r~1 ~.:·r:-:::--Y. ).J '.Id:· h:.· ,,"-;.1 ~·,j_1u f: __ :;):Jn t\:~s c!c::,·~c:_)c•:•., .-~ <"!-~ i:·~>- ..:>";:~ p:-=-rt of th.s :..;~r.s:.:>r ~r~t~-~i'n., tr:.e:-e Hr~~ fil!\'"\~~ l;!·,.);:-.>n.;:.:_;: 
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.. 
of the rcflecA.;LSf'bv~'Cf'FtH"tRe1Ehts .. ~P2'9G210tm.~r~t~DP-1!M001t44R()0031lil,Oih09M';-&atured in:o 
energy can be d'Cfockd, tk· rn ·;~·r-ce ol a t2r,:-:t can b-:: mfcrrl'u, busmcss. ·-• . 
its di.::ectio:1 can be deti.:rmi.;1~d with rtsp::;ct to the s·~mor, cd:d 
any target motion can be nott::.i. System::- ;:uch as p:cse ue 
shown on line 7 <:nd they ar,; liscd for nig!tt rende;-,vo' .. !_:.;)!l)._fi 
coUision prevention. The g\!ometric.:il <end sp:1tial di:;t~ibuti~n 
of the reflected r::di:ition can, of course, be sensed ar,d used 
to produce some sort.' of im;;~ay (line 8). Rcpres::ntative 
systems include tho:;e to 'permit srnap arms fire at night (like 
the sniperscope of World War II) <ind night drivinr, ~ystrms. 
Finally, as shown on line 9, we cm sense amplitud.:, fn.:quer1cy, 
or phase variatious and use them for rangefinding, target 
designation, or communic::tio:i. The most common communi­
cation system us~s a voice-mod~ilatcd sc;iucc at botlt ends of 
the circuit and the system use~ not reflected radia ~ion lrnt, 
instead, the radiation from cooperatill! sources. Some com­
munication ~ystems in which cover,tness is p..:rticularly de­
sirable, use a source ct one terminal t(J illuminate a reflective 
modulator at the other terminal. 

The reader may have noticed th>.:.t l>Ome applications appear 
in more than one element of th;; mat1ix. This is not surprising 
because there are m:::ay times when it is desirable to use 
several of the remotely scnst.:d ch:uactcristics in order to in­
crease the probabilitr of a positi 1e tr1n;et idc.1tificati.on. Who 
among us has not, at some timt:, cncow1tered someone whose 
face was familiar but whose name we could not recall ur.til 
we heard their voice? With the exceptions of lines l ;::nd 5, 
the appEcations shown in the m:.:trix either require, or imply, 
both detection and identificaticn1. In the case of an irnaging 
system, po3itive identification often tesLllts from recogy:jsion 
of a characteristic shape. Is it a truck? No, it is a ~n!:.' But 
other situations are not so easy. Is the crop iii that field 
wheat or is it alfalfa? To answer this question by !emote 
seming requires the recognition of I! target signatzm:. A 
siinature is any un:que combi:ntion of spatiJ.!, t1:mpori!l, or 
spectral charactcristi..:s of the unitted or rdiccted r~diation 
that is peculiar to a specific t<irt:ct. Once a sii,nature ha:. bt:en 
identified it must be cataloGUC:u and n:adl.! readily retrkvab!e 
so that it can be used to recogr.ize a similar target at another 
time and place, i.e., wheat in Kansas tod::y ;;nd in the Ukraine 
next month.. One currently po11ular technique of s;:ard1ing 
for signatures is mullispectral analysis in which a scnsoi, or 
sensors, record in a number of nnro~v spectral intcrvais the 
iadiation reflected or cmitte,l by a target. 

B. The Dollar Value of the U.S. Market for Military Jn;i·(nd 

C. Sources of Information for this Paper 

The reader will, we hop•.::, r::aiize. th:1t much of the inft.ri·id 
tion about military infrar~d S!.':nsors is protect~d by ::,-c., iL; 
clz.,~sification and cannot be discu~.:d here!. The lii;z i>e~ ·.'.c•ra 
what is clussified and Y1h,1t i;; not is often blurred ;.nJ r'-• :rl; 
defined. Our criterion is that pr;blic·1tion of en item i.; r!:. 
readily available oper1 litcrawre of the world is a de·;;:- i.:.i:<\j 

tion that the i!em is no:, or, perhaps, is 110 lo::ger, classt,:_;:?d 
By repeating such informition we do not no:cessarily j;,0;1i.: 

anyU1i!1g about its crt,dibility. The source of c:d1 ~~<c:• ::, .. ; 1 
mz:ticulously cited so tlut foe reader, if he so desirl!s, ::-. ' ' 
to the original source and judr,e its validity for himse!.!.. · t 

personal files, which were used extensively for tl1is pap~', ·r, 
culie<l from the open literature and they reflect m0re:: ,;, • 
years of world wide "infrared watching." We find iaY«L: · 
much of the intelligence-like information that a~~J':·-.;: 
Aviation Week and Space Technafogy. This sonce i' :, 
often cited in technical journals, but we b;;ti.!Ye it L 

eminently proper for this paper. If the readt!r notb:'l 
in this paper, they merely reflect our i.n<;bieity to k.: ., 
source for the desired information in i!te op:m ii:ni!t:.::r,~ 

In the remaind.::r of this paper we will disc!;.~:S so;w~ -
major military applications of ir:frared remote scn:,~!:q,. t 

applications include the detection and early w'"rninc ' 
intercontinental ballistic missile (ICBM) !:i.uncl:es, tht: 
tion of atmospheric contarnin:~nL'., such a:; poiw;: f;~.s. o:· 
battlefield, aids for the prncision deli,;ery of \n;;ponry, 
sel'lsor systems for reconnaissanc.::: and surveillance. 

V. STRATEGIC SYSTE:'.-!S FOR EARLY WARNING 
OF ICBM LAUNCHES 

The detection of ICm,1 lnunchcs :ippi:::>rs t0 b<.: ~. F' · · 
application for infrared scnsois. l n the: United St"'k> t: .. :~ '· 
is )1andkd by the Early Warni:tg Satclli~e·Syst0m (i:.Ws~:; : 
The infrared sensor on board the satellite (rnnc;~t!y sair:. ; · 
in synchronous orbit) detects _!he radiation fror1; tlie hei: :. 
of the exhaust plume during tf1e mi;;sile's boost, or po·:1 · - ' 
phase. Information about the motion of the s:>te!i.itr. :: . 
d:::rived from the sensor is fod to a high-spce:.l grL,l'.!1~ .. 

computer that calculate:; the point of impact of t!:e l'. ' 

within about one minute frorn the initi;:.1 <l;:·~~c~;.J;: 

Althou;:;h the system was desi;>,m~d for the dekct!l•n of '., : 
launch.:,s it abu app<:ars to h<<>'<' a considernbb C;)p::t>ih_. ' 
the detection of ship-l:rnndted ballistic missiies (SLBiA). ii ... 

Sensors c:ipacity of the EWSS to dckct and tr::ick muLiplc bi.' ... : 
As infrared matt;•cd i;1to a r,:cognizc:d terhnob;;y, the is S]id to be high e11o:i:;l1 r,o that sy:;tem s:1ti:rati0n »'.: 1;;_;, 

anHual sales of inf1:,red sensors ::~~umed s;~;nific::nt prr•;)(,·:·· indicate a full ~cak att:;.ck ~f:a!nst the U.S. (8). 
tions. The exact dvlbr value of the U.S. m:1d:ct for miI:tary Very fow mea:mrement.> of ICBM rnC:iJ.ti•_in h;.ve bt:<~;; ;, 
infrared sensors is, of coursG, Op(·;; to co;1siclt;~: .• L specuhJic•n fohtd. Seymour [91 nwd::,b the radiati<)ll frnr:l t 1 '.~ L 

but there uc some 1.:uidcli!1·~s that make it P'J:,:;ib'.c to prcvi.J;: plume as beir.<( equivale.nt to tl1:it from a bb<;\;;-,,, __ i.y : ' 
at least an order-of-nH\t'.Hitudc cstimak l l, pp. 9, 10]. F,,r temperature of2000 IC with a T:'di:rnt inkmity' 0; i(J' ,;;;. 
this estimate, we ch' fin:: the: m;irkd su th: t H iaclwle:; a.JI U.S. Ile estirn<;tes that actual rnis<'.ih:~ emit v.-ith!n ::.n ''l'J':·· ._.;. 
military expenditures for the J cosearcl1, dcvdcpn;eut, te5t, nitudc either side of this v~lli;e. Ros·:mb•:;-g et a!. i ! Ci 1 : ,:: 
enr,Lneerin~, procurement, and Ldd f,L:fV ';~ of tlw infrared me.cisur,~me11ts of tile emission l>µectrnm of a ke~···.<:'' ~-· 
sensors that arc implied by the ;ipplic'1ti,l: ,; \,:'.:\rix of Fig. 5. missile (no! folllter id<:ntified). Th.:.ir me~~ureu1•~T,s ,;,,-, · 
Notice that by thi, definitiz•n \'-''·' luve incl '"'';d 13--~:r infnre·.I fairly ron~intwus emission ;,irnihr to Hnt (•fa bL-.'~·.!~.-:-/. 
dr:vices a Ion.:; witl1 the more c!:;;,i;:al inf1 <:r .. J ~:en:.ors. Ca th•; kmpcmture of 2000 K. The p,_eak crnissioa from <'. :w <; 

basis of thi:; nwr>~d ctefinitim~ we cs;im 2 ~h·l\'lot ,tl~ :v:;li'.A-RDP77M00144R000300010017-3 _ . 
of the mar~t.:t~P~'BM~slf9~~ ~~J~~~~ ~ .. i~ . .,~~~ n;;l'ti(-)1l "f:.:cfa.1i h:-·n;;ity i.~ a nwlsuM M ihe flux L,"""'· e i;.;_;",-1t '• 
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Jo:1ccr t;: •n 1.1;5 run, or:e·h:.;~f :it wavckngths loi::.~c:r ti!an 
2.06 p1~, ;wd one-fourth at wavt:lcng:hs longl.'f than 3.08 J.l!n. 
L;tcrt'. r:n;st)' CJ1011i~h, J.:c;s than 0.0 perCC!tt ]j,;s in th.: vio;ibJc. 
Vic cc:ic:ude from our calc11l:ttion that the detection of a 
po;nr•:d !CiJM is po~.o;;b]y k~t done in tlt~~ near infrnrcd, but 
we h·_<d the r-:·scrv,d ion that there may b<: a problem due to 
com;1eting si[11:.:i!s c:iused by the rcfkction of sunliS',ht from 
clouds and o~her tcrr::slrial b,1ck~J,rounds. Further information 
on th~' modeling of a variety of targets has been published 
{ l, ch. 3). 

A. System Development 

In 1953, the U.S. Air Force initiated Project MIDAS (an 
acronym derived from missile detection and surveillance) 
[l, pp. <171-474), [11}, (12]. By the fall of 1961, MiDAS 
s~r.sor!: Jud npparently Jcrnonstratcd, from orbit, the ability 
to detect tile launch of a Titan JCBM [ 1, pp. 4 71-474 J. But 

atmosphere. This senscn was sJid to use a 20QQ,,,~t;1,1·.:nt de­
tector operatil!g in the 3- to 5-pm atmospheric window. Tlw 
second sensor was thouiht to oc a television-camera type of 
device. The tdevision camera was apparently inclt!(!cd to 
ddect false: ;darms caused by sunlizht refkc~ect off of hip;h 
altitude clouds that mi:::;ht tri;:.;::c:r the infrJ1ed scnsC;r [I 5]. 
On };lat·ch l, 1972 an additional satellite was pbced in a 
geosynchronou;> orbit and stationed over the Panama C:mal to 
warn of SLBM launches from surrounding Atl:.intic, Pacifk, 
and Caribbca.n areas [ 17]. 

!' 
11 
I :!- the S'!nsors. were reported to be plagued by an inability to 

·differentiate between missile exhaust plumes and sunlight 
r~fk:ctcd from high-altitude c:!_ouds [8], [ 13 J. The roots of 
the 'problem appeared to stem from ins11Hicient <lat~ on the 
characteristics of the radiation from targets and b<ickgrou:1ds 
when they are viewed through the earth's <:tmosphere <md to a 

lac\: of do1ta on the transmission characteristics of the atmo­
sphe-;e. Because of these troubles, the pro~rarn was redticcd to 
an exp~rimcntal st:itus early Ln 1963 [ 1, pp. 4 71-4 74), [ 12]. 
Prozrun elforts owr the next several ye:ns seem to have been 
d~voted to me:asurements of the infrared signaLures of ballistic 

It was l;:tcr revealed that the EWSS succc:ssfully orhiteu in 
1971 arn!. 1972 W<~re dcvdopmental modeb _ir.t,:nded for test 
and measureme.nt purposes. Since their ptrfo:-mance was 
excdlent, they were not replaced. In early 1973 it b~came 
known that the infrared sensor in the satellite orbitvl on 
May 5, 19 '/I had suffered a i:;rndual loss of sensitivity [ 18 J • 
No explanation has been offered for this degradation. 1J 
February 197 3 the first of an improved model (phase 2) early 
warning satellite was delivered to the Air Force .. On June 12, 
1973 an early warning satellite was successfully orbi~ed and 
stationed o\·er the f ndian Ocean. Although no confi.rnn!~on 
hos been given it is thought th:tt this was .1 phase 2 system 
cm placed so as to supplement, or replace, the original system 
whose sensors had begnn to Jose sensitil-ity [ 19). A total 
of 8 phase 2 systems were to be ddivered on a sched~tle ex-­
tending throu;::h 1974. 

,-: .. missUcs in the boost phase and to improvement::: in sensor 
reiiabilit>' [12). 

Appr;:er,tly these efforts were ;;uccessful becaus:e in June 
1966 the Air Fore~ 2\Sked for Lids ori the cievelopmei:t of <rn 
ope"·~:ior;;J EV/SS [ 12]. Dy the end of l 9Ci6, satellite and 
8er,;:or ::;0;1tractors h?,d been sdected for what was, by then, 

· knc.":c•:; ii;: code number 949. The ~ensor p:ick::ige, estimated 
to '::;:.!~)1 ~tout 45 0 kg, was t0 contain both an infrared g(:nsor 
and i: c;:r'.;,e.ra for surveill:mce purposes. It was estimated that 
the ir:~:·:;-;-;;rl G;'!t~cto: would be cookd ~)y li11uid hydro3en and 

·that ~:-!;) ,_,:;jc':tJv:~ k;;s of the sensor would be about 1 m in 
di.'.Vi'.!~iC'r ! J <']. 1t '.'laS cxp~ctcd that tbe first opera110ml 
s.at<;i\ii;e covld be hunched bGfor,' tiH~ end of 1968. 

E;~;.i~ .. ~~.i·-r:'-;2.~~! s~:1te1.~itc hn1ncl1_·~s, beginnin.z in August 1968, 

w:::--, J.3'.::: ~<) test system pro'.otypes. In March 1971, th~ 
~e~.:·~),~-~r:{ of th~ /dr Foret.: te~t"i:-~..:-J b(~forc Congress that ihc 
syst<;; ~ ... b:i.d rroven it!; cap,:h.ility to detect missi!e kP!nchcs 
[ 151. ~:.:y .tiuw tl:c systl'm \·;a.'; !:nown by tltc cod:.: 1tumbcr 
C4'f. -;·:.~ fir:;t !Fmn·2h of «H (,v..i:\tional ~:'.ilcl!itc is r·~.;;mkd 
to h;;v,_ O<;(:Urrcd in !"'!JVCrn\o;;r 1 (J'lfi. hall~ WCfC to put it in <i 

sy;1chrcin.cJLJS orbit but thi~. l;::i~ l;Cit ~ichie~.'~::d Ccc~~.n~->-~ or ;'! 

b\.'O:.:.tcr ; .. ir"~J!:.dcnL I-Iacl ti-· .. ; ~:.1tcEit\.' r\.!,iched c:rbit, the pL.'.H v1;1s 

to k·.:~p il ever the U.S. f:Jr h'ri!icdion tcsL:1z i•ncl thc~t shift 
it to ["'. }i-;r::)tudc f.r(Jtti v .. ·l~i ... ~.h jf ccnlld tlbS2".rYt rnis·;ik~ t;:.·)ts in 
tl1,._: l'~·lf!l''<: l:::pub!ic; of ct:::• [ 11,]. On til.ay 5, J::i7t a 
satclJi:c \.'::·; ;.:.1cce5~;frdly p!:•.::·c~ in :.: near synchroHO!,:: orbit 
owr th: Incli:·.n Occ2n, <ii:d t~;,: 0-i'/ Sf~:\em was considc'fi:cl to 
l- 1 \:' CP'-~!J .i,J!L1l. };;-( .. l}j nds ~;1tc·L~,,~ p~i.:.ition t}Jc infrarc(.1 ~ensors 
we;-;~ s:;\; to h: d:k io cLlc;t ::~iy m<:':si»c l:w11chi11i.; <,f Sovid 
ICD~·.1·.3;:; '":d. i··~ V/a.s al::o pn<;:-;i~)]_;:. to get c.cc~~';ioual verifi( :1.tions 

As yet, wry little information has appeared in the likrature 
about t~e. causes of performance degradations in spaccbonte 
scnws~ One dctaikd report has appeared and it discusses in­
ort:'it degradation of the multispectral scanner (MSS) that was 
Iauncl.\:d in July 1972 on the farth Resources Technolozy 
S1tcllitc (ERTS-1) [20). This ~ystcm works in the vislb!e and 
the near infr<\red whcre110 the 64 '/ sensor i~ reported to work 
on the 3- to 5-µm region [ 15), so that one should i'fObajly not 
place tc'O much reliance on effects extrapolat·~d from one to 
the other. In the MSS, c3JilJration ~cignals genern.tect dll.-in~ the 
scan retrace interval have showa a decrease from t!tcir ,:xp.:cted 

values. The decrease is a function of both time in orbit and 
spectral interval. It is known that during spacecraft thermal 
vacuum test some Mylar insuLltine tape was overheated ~nd 
this caused a milky deposit to appear on sorne of the MSS 
optic~! clem•·nts. Sine'; ths1c seemed to be 110 dcgradc.tion of 
sensor p8rformancc, t:·te opti<.:'> w:~re not cleaned before !:.\inch. 
It is rostuktcd that this C(•ating was polymcriz<.;d by cxpo~ure 
tu soL:r ultn;violet while i:1 orbit, Such a mcd!~:nisrn coi•Jd 
cxpLiiu bo~ii a SJJC'Clral!y sd~ctivc and a timc-dtpeident 
sensor ~f.i::~~r~d ati:>n [ 20 J. Sjnc·:. n1o:>t organic. nl~:ti;rials ~~lHY'N 
cl1;;r;:ckri:;ti.;; ;cbsorption b;;nds in the 2- to 5 pm regi('J1, a 
~;jffdl~tr ctJnt:nnin;Jtion 'Nouid prob;:tbly h:1ve ~n ob~~e~-yal;h.~­

dL~ct en syster:is opcr~ting in tile :.iitlcllc irtfff1ed. 
Th~ E\'/SS h:is been opcrati«n::l. for several yei~'S imd the 

c:<:>nccpt of l>oclSt-ph:1s:: detection from synchro1 ous crts<.f 

s::ems to h:\1·e bc;;n prown. TJi,, Air Fen:'.: h,:<; n:.:r·;;;tcd 
fo~cal y,,;z;r 197 5 fonJs for the pm ch as~ ,,f an 1ddi<i0n~tl 

8~)~(:~tr~~~ft, t-~chniC~tl 5-Uppf)ft:- and the COITlpl.~~ti-:)T~ OJ 2. ~1· p;j•,:­

~\.>i!ity r-.::troiit o:. ihrt't: :<1tcllites [21]. h OllDbc:r '::72, '-'«: 
Air Furce contracted for the c!cvdoprnent of ~; i t;d.1iliz::-J 
>:itcllite to c:::rry sc·.'l:ral sp::cfal defen.'..: e;;p'C'.riments. Ar111.>n3 

of sy~t--~i ! p~~rfcrrn:~.nce by {let·.~cti,-1~ 1nis,.ile ]aunr~~h·:\; frorn tl::~~~e c;:pc-ri:i·;1:.:~nts v1~1s a tt~~t of r\ll infrtu~~d ''st:"!I·irigD ::-~'.1l~).01 

P. 1.is~hn ' · · ::·-bt ri1c·:,App·rtov.edTForuRell!a:Se 20021(i)t/021t:,C!AtREi>~77iJ\JIOGCl-44R9001l.00£>t001l17c3v:r.:Gr:s oi' ti:·" 
l!·:iH~~v.~-.;_ t~.«"i~ ttds initi~1 ~-::~·.t·>Ii 1.:; c.~LI"f'~~·d t\vo type;~ cf ~-:c.n~_;or:\. ()·~·'! ~'.y: .. 1~.:rn t1;~1, i23J. r";. '\;J~1rin~.,, seusnr t~.·~-,~5 2 t\'/Ci·-:E1~~~1~-
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Approved For Release 2002/01/02: CIA-RDP77M00144R000300010017-3 · 
siooal array, or mos.lie, of Jctcctors to stu..: cor.,:LJ:iily '<<.t Ls infrar<.'.Cl ra<liation from lCDf,~'s during. rai:'.c,mr.;··, fligllL · .. ". 
tota,l fiekt of view. As a rcSl!lt, no ~:caruing muti".'n i3 F· unu:nl'.l.! a,,pect was that th: test vd1ick wou:;.I i::e c: 
quited, The "starirlg" sensor to bt: tc.;t~d uses a mosaic l'f r.bo:inl th.: ICB'.IL lt would b..! \:jecteu aft;:r I:n::u;h :;o i.: ... : .. 
about· 1000 ler\d sulfide detector:; combii:ed with compJcl would fly ?iong with the lCB~·! <:.nd make mea3ur.:in..::nto> o: i.~ 
me(:\l-oxide-semii::onductor U•fOS) circuitry. Ap1•ng_n..tlY~- infr.11c..! raJfo.:ion throughout the ballistic portion of its f:'!'.,.·.: 
other rlctcctor materials, sud1 3S mercury cadmium (.;!lurid.:, [ 29] . Such me:.isurements would be l'.~eftJ. for foe dl'<;:1. ". 
can also be used so that t,he teci1ni4ue can h;~ upplied :it lor.;::<'r rnidco;.;;·;;e detectic>n, tra.:k;ng, or int•~rcept sy:-tem>. 
wavelen3ths. The ilbsence of the movin:_: parts us1div found The Jong-wavele.1gth inf'1 ared s;;nsor:; envdone<l for u~:c .'.ti a. 
in me~hanical scanners m~y incre~sc sy~:tcm rcliavility. but the midcour:;c srstc;n would he rchtively immune to rr.:'l-~:.:'''d 
use of a mosaic puts a much g.reatcr i:rcmium on achi<!•riit<b s~inli~):i, but they would h1ve to contend with tL:- lt~ ,., 

reliability in the ddcctor. As a fin;il vote of confidem:e in the prol ;::m of possible sensor saturntion if tile earth ente;.··;d t!:~ 

use of infrared scmors for early warning, we not<;; that th:~ s~r.1 s::.ir'::; field of view. The v::i;ious m;:;xsnremcnt ~.nci ;;~r:u 
Air Force is seeking industry ideas for a new multimod·; ;ifacu:>sed u~d iock-up me::surem~nts maC.c! , ;aii~:;i 

ballistic missile E'.'iSS that cou!J rcp~ace thi:: 1nes:nt 6,n , .. c .::<svl:r~d of outer <;pace. The implic;;:ioi! w~5 ~i1;,t 

system in about 1980. Tlle new system would be equippe .. ! 'Ii''.: · .. •·:;~ <vstem wou~rJ re·.iuire a low-altitt.d<: s t~G'.!ik 
with infrared fensors for the detection of ICJ3t,1 l.::unch\.s ::~ '.i . . !ii.}·: 11\COVi;nc~lJ!e with th~ 647 sys~crn · ,,; .. '.·::!~ 
well as other sensors for dettcting nuclear explosions ~;1.! · ·}~:wonous ;Jtitudes. Apparently th::. ;; . .:~.~ 

space tracking {24]. '. . . ':lt~: c~!5!n;0 f~~::b!1::~~1 o<~n & c;,;;:~;~,~~,:~~','. 
- B,, New System Concepts :~:.· ~~-~-~f~.-{.~ a n1idcourse ICBNi be-fore tf!e· !.:;1;"'.~-,: 

With the succes!> of the EWSS, it has been evident for some . .. · .. ,m· ,;-..:: earth intruding ii:. to hs field r:f 

time tl).at improve.d infrared sensor:; will be developed :1nd th:it '' ;, .. ~ !~ir F0rcc announced plans for ab:~:::.;;.:-.:.,.· 
they may, in turn, open the door to 11ew sy.,tern cunc.::pL. ... 0 ;c:l!ite. M~~wr~ments were to b~ !'1'~•.:;;; : .. _· · 
One o{ the most important trends in i!ifrareJ technol0gy, o[ J,;, •,,;::;.it irotr..tr.:•.i rccd.L1rion 11ear the ea.·<~1':; .'.' •. ~~ ;. 
the past decade qr two, is the introduLlion of new and im- ~,n c_:, ' ii.nb s~nsor [301. Two earth-limb ti~:';~:m··,:··::; . .; 

proved lorig-wavekngth infrared detectors [3). l\foving to s:i.td'.i:cs (EL\1S) are scllcdubd to be J::unched i::~.- ·:·: .. -•. '. ,, 
longerwavelengthsofferstwoadv~ntagcs: l)arcductionofthe circu:ar orbits during 1975 an<l 1976 [3iJ. Ar:i<lk.::e<~r1D.'' 
interference by sunlight rt:ffocted from the bad:::;rnund, and ine:isuring the radi~nce3 of th.:: earth's l.imb fro.'_;., ::. :,:.v .• ~ :: · 
2) tlle ability to detect cooler targets. Jt would app<:ar that logical satellite has been cles:::ribed [32j. H u:::.;:.:; <U· ,,:_i;; 
one of the principle changes in the 647 sensor between t~63 of 4 mercury cadrnium tdluricle detector:.; cool;;;d to 65 I~~>)-' r. 
and its r~appearance in 1968 may have bicen the sh-:.ft "'to a two-stage solid ammonia-meth:me cryo~enic> ur.i.t. 
detector operating in the 3- to 5-pm atmo.;pheric window [ J 5 J. Long-wavelength infrared sensors for sp::ce use will :.'rnT>~ 
Such a shift could have been one of the principal 11~asons for certainly use detectors oper:i.tillg in a bacl:r.rouotdc:i;••i,::::~; 

the ne\I( sensor's reduced sus-:eptibility to faLe alanm t; ig'.jcred condition_ In this condition foe noiS<.~ from the detector i~. 

by i,unlight reflected from high clouds. clue to fluctualions in the rate at which carriers arc ~~n~~:::i c' '. 

As early as 1969, the Air Force asked for propos:t"ls for the by photons from the backg;ound and subsequemiy r.~c;:;,;: 

development of a midcours::! survcillan.;e system ns!ng a low-. bincd. Tht• design principles for back!;7ound-limit~·d &~'',1.; ··.:; 

altitude satellite with infrared sensors to track ballistic missUes are well known [ l, pp. 1f2 l -423], [ 33 J. In •~ddition to c, 10;;;• ,. 

after bwnout [ 25]. Such st:nsors were to use infrared ddectors the detector and providing it with radiation sh id di:·::,, t::e 
operating in the l 0-µm region i11 order to detect relatively entire optical teks.cope assembly is usu~lly coo!cd. Sor;,~ i~e:; 
cold bodies, such as sat.::lli~cs and ICB'.\1's, during the mid- of the complexity that this introduces ;'.1to sensor d·~;;i::;:: o·-: 
cour;se phase of tlleir flight [26]. The developrm:nt of such be gkartcd from r. dcscriptiun of a liquid-ltelium-cook( ini,'.•i•::· 
a mb:lcourse detection and, p:csurr:ably, tr;.ickir.6 syskm would tclescop~ as-:embly desig;:ed for rocktt-bor;'.·~ <lstic·r:<.·m~_-:: 

be of great signific41nce for an imp1 oved d~fcnsive ,;ysto..0m. measur.cments [ 34]. 
O:ae of the most usdul methods for rnonitorini.: ll1c tr:sting 

of long rar.ge missiles is to observe the miocsile rcentiy from 
ships or aircraft located nrar the impa;:i poiat. U.S. ship~ 
have reportedly monitored l\.ussian ru:ssil·! r.hot~ into the 
Pacific since ! 961 [ 13]. Su-.:h observation; sbut1~d h:~n~ 

provldcd an extensi\e collection of H:l ntry sigu:xt mes. In 
mid 1970, it was rcrorted th:it !cots of S:lvict bullis!:c lilis~ih.:~ 
in the South I'adfic w,:re h~ing. ob:>eJVd from hi[;li-dtitudc 
aircraft using s;icci;:l long-wavekiiglh inirarcJ sc:ri::or.> { 2 '/}. 
The sensors w,:re said to he abk to t:ac'.; t:ic missiL.; :ii.:::iHst 
the cool sky backgwund after the IH·a: rcsultinr. from tb' 
powered portion of the t1i~i:t h::hi di;;,ipit.::<l. rn r.'. :,y 1971, 
the Air Force condt:cted :i space flighi cvallnti~>n e:f long 

C. Addition;1./ System Applications 

An intcre.sting aclditio:1:il 1i;~ that h:i:> been prop:1~;;•.l fw 
the E 1VSS is to Yerify Soviet compk.ince vi th th.:: :,rr-:; 
co,1t:d ::£,;1,.t,ments sig:led a-; ~1 result oi 1;1;; first rqu'.1d i.:·f ~;;, 
:;trategic·Drrns-limitation Ll:cs (SAi ,T 1) [ 13 J. T;1c :i:_:;,:c1 ·:c!:t 
contain secr}ons de:iling with the probka:s of v•.; ;f:t:. .: 'c,ri. ; 
In A1 tide XI! of the tw·iltY !i.:1i!i~!'.~ a'lti-1nl:i;~:~ rn:/> i 
(AD:.f) system,;;, it si 1tcs: "J. For tht purpose of pl<:<". i,".l:,·: 
~:-;~un·.n~c of c,_1~11;.;!ia·1-~e \'/itb t:1,:~ provi~ions of thi-:~ 'J.r"·;:.~y, 

t>cic:h p,;.rty sh:ill u·»-·.n~t oa:tl kcl~nicd me<t'.i., of •:nifi'.<:::.k:; - · ·. 
2. Each Party und.:rt. kes not to i:1tcrferc wich t!v: n; ti~l:::.:' 
t1,chnic:1l m.:·rns o: v,,r::ic3~ian of 1:1<! otl1er Party···." l .. · ;.-

\Va'..'(j:ength infrart:d detcciors or~~r~1ting in tl!C 8·· to l·'.~ /..ic1 t1.L· "nat~oL-tl iei.:hnjc~ ffL:Jns 1.)f ,·e-rific~1tl0i1H cv1i'.·i·:;~-~ i.·> f. 

region. The rcporkd purpri:;.: W<>S to furth,·r tt.:sl t',:.: ab;lity U.S. are the i:ifr;m::d .·cmors of the EWSS. l•.:::10_,,'.'~·,_ tiJ~: 

0
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i1nfraArcd sben1rp~i~J~!ffi~1.~~ll'!d::1~~~1 '.?6(j~j(f11itl?fl:i~fA-RDPl'7:M9Q1441iOD6l3QOO~ OOt1e-3-1 " , ;,rn r:>'nt. '.11 _, 

~·· . t ~1· om rrrc. 3':1TM! t .•. d . .1 J" crnr.. aet ,~ .. \~-~ .t'.t"ttr tia; din·-:i·)!;. ~\~~·:·~-~nit :,nhd 2...1~·.k, :•n:.l p~·r llnit <_Jf !,•:rf:'.v;' .:1.f-:!J _.,:~,:-' 
dev:.!lop;nent o!' {\VO sp~ ... :i;_tl tes': vr:-.lii:.:·h·s for H~e: .. '.~)nri~ig 1-:1.::. or::!_.·1i·;('~:iJ: ct, t~1:..!~ di.t"f·c~i...>a. 
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. p(imary rn\:. 0:,Jn is tc• r, ... :~J?!'~2rY)~~efe<?fi~~lfrcf~,~r~9i~~fOJf021~ trJfitri~9~7~JYIHR~a1~f.PcR19l~PR0Jr~R!l~-~ :icro~s the rm:a 
ICBM <:t\::c':, t'icy a~.·,ri p101it'.i: a c::pr:t>ility to monitor Sovi·~t under survc~ilbncc and is returned by a retr0refiect0r. Tiu; 3 
missile ksts [ 13]. ,\,.:ditio1d S:\LT J,:recmcnts rnay cxkr:d chosen wavebnr:;th intervals arc· sqnrated out of lh'~ return 
to a limi;, on th;: nu1nt> .. r of rnissik le'.,b allc,wcd per yc~.r [35 I. beam, by a ditfr<:ction r,rating or narrow b:inL!p~·->s filter>, ai~d 
[Cccpi::;; tr~cL of SC!ch l;:undics would Le simple for tltc scqu.::nti:i.Uy delivered to an :-.ppropriate infrared clctec:tor. 
satellite borne infrared sensors. Sincl' the i:1frarc•d sensors, in The ratios of the thn>~ signals are noted for a cll'a «tmo-
conjnnction w:th a t.roLmd-b.tsed high-speed compntcr arc sphere, i.e., one in which ~here is no Sarin alcm1; the li1v;-of-
s1id to pml'ide mi5sik tujectory idormation it St?.ems p0~sible sisht. If S<irin is subsequently introduced in the area, thc ~!:1nal 
that the ~cnso:-s could also detect the de> el0pment and testing ratios will chrwge, tri;;gering an :rntomatic alarm. Co::ccntra­
of terminal maneuvering systems [ ·;], [ 13]. tions of Sarin as small as l 0-2 mg/m3 could be detected wi\h 

VI. THE DETI:CTI0;-1 OF POISON GAS UNDER 

FIELD CONDITIONS 

One of tlie most fri~;ht..:ning aspects of \nr is the possibility 
that an enemy may U~(; poison r:·s. Gas w:ts us-~d extemively 
by both sides during World War I. It has be-en noted that in 
1918, German factulies were producing equal quantities of 
chemic;.! <.ncl high-explosive munitions and that by 1919 the 
war ·;·1cd~ ht:{c b:::~n pre<lom:nantly a chemical one [36). 

The ~:·.i.1.:<'.?i\l chemical a:;etJts of that era were chlorine, 
p~,:<·:;:r:: J;, <-,?;:i m~>tard r,as. Their g-:neral physiological action 
\(~s ::.::.:·~.~'.::-:;; o;< ';h•'! respiratory tract and lungs after inh::ilation 
?.:10 :~,;,~~:'.':~ ci thP, 5\in and eyes upon contact. 

rL·>~ ;·~:. :;~ ::;oi:;on gc:s is prohibit.:cl by th<?. Geneva Proto~ol 
th:::~ ·."::-z .;---~:).".re-:! by the Lcagu,,; of Nations in 1925. Not all 
Ti'.'.~'-'~·:?. r.;;. ~:.::·rntories to this protocol and it has, unfor­
t'.1.:--.~::·;:~·, ; :''.; ind the desired r,~rnlt of co,npktely banning the 

;;;- i:;.:: ;:'- :-:; 0~ 'o'.1cdd V!".r II 2.C:vances in ch~ rnical technology 
hw:; ·::,·· '::) syJt(:mic poisons which would affect the entire 
t'.'.:'~y. ':1:'1Jr;;:'-; ::ys·::~rnlc poisons became known as the nerve 
ra~5:, />.~h"; f1rst o; the nerve ~cses> Tabun) \Vas dis,~over~d in 
r:;,,.:;:;a.y;: !,\ '.'..137 during a search for more potent insecticides. 
Od:~~[" :~;·~ . .-.~bcrs of th.; family, S:irin and Soman, were dis­
co'.·):~:. s;1ortly thr'°after. Ta bun was put into production in 
G~rrn~:·,y · i~1 the spring of 1942 :ind by April 1945 a total 
of .. li OvJ tons had been produced. After World \V;\r lI a 
d't·/:,~:~.: T~'oun p!:mt was dismantled and moved to Russia. 
S~b~e~n:ent work in the United States concentrated oa Sarin 
be('.,1'{:; 0: 'i: is seyeral times more lethal th;in Tabun. Jn the 
. \" ..•. ~. i 
U.S. ntrve p~;.~s <:re f)ven the prefix "G". Tabun is 0esiunated 
as ''GA", Sa1inas "GB", ;,nrl Som•m as "GC'' [36], (:\7]. 
Th~ :;,2ses .of Worl(; V!<:r I ~'.'~ni:rally gave some: w3rn.inz of 

their prcs:::-nce by s1n~.ll or irritation but the nerve £'.:_:::~s 2re 
co10l1_,::ss, 0Jorl 1~·~s, snd t2.sti:less. An r.ntidvte for th:.:': inha.la-­
tion Of? ~.rr:dll qF~intity of 1!r~rv~ S?S is '10 j!ljection uf ntropi.t1c 
tntrnte. It !:<.ts b.:e11 rq:.•:.;rl·.'.c: Unt ;i]) U.S. '".0!diers ii' r; b.,ttlc 
a~t:;i v.rr)' a 2-n~g tu:x:: of th:: ~ub',tancc t'r~·t Cdl be injeckd 
2·.itc11:1r,:\c,~lly by pic:>H:.(~ L :~·1j;;~;t a ]2;;~·:· nrn:;'.:L [37]. 
:.:2:;)~5 G~l"..:r a;i t,,;ffi..3\.~tiv~ d:·~·~r- : r:~~.::-!iJ1:~.~: J:t.rve [':.t~t'S bld. til~~re 

r~·i.u'..'.l'.t b~) ~om:: ffl:...:~~:-1s of p:c; .. j~dnt~ a 5'-li~·1cic-11tly .. ~arly v.-: n1in!-f, 
so th~tt th-~-l c~:E h::. don11~~--.l ;:::'i-·.~..- t~' r;::s i;1h:~.l':1Uon. 

A. r:12:tl'.c1~l -fen the b::::.ld!..~fi.:lc~ (1(~t'.;(:tio~;. o: v:.:ly srf1 dl airiu·c:!its 

of [:>~i:;_,: ~~:;·J~;~rtd soF1e ye::._-:·.~~··::·:_) jr! the µ2:~·:it liter ttnn~ l3?:]. 
TIE.~ ci:'teci ~i}~l m~thod in\'r)1v'.::s t1H; s-:r1s:n[, of cha 1~·;es in th.~ 
S}.1ectni1 ch~1····~tcri: .. tic.s of r3cJi::ti::..)n tb~t h,:_..; been t ·;tnsn1itt:.:d 
thro"J;:l: '~n <·~ ::!osph~re ro;"lt:.i!!i•1~~ the r:~s. '-~:.i.rin -'.:xJ~~~.,1~,_, ~i 

c~~0r~1Ctt.;~·i.-,l~C c..hsorplio~1 h2r~d ;it :\ ~n·av:..:1 .. ~::~~·,ih o: ~-' .. :S 11.1:i. 

1 h:~· p6;;( .. i;.d.e u~t.:d for it~; dt:·t~ction is to n1c-)11ito:- ~i1c: tr'.1.n'_;-

the sensor described in the patent. The median li:thal dose for 

active men is ""bout 25 mg/m3 (an inhalation close Jasti:)S one 
minute). A single inward brt:ath at a concentr:ition of 
250 mg/m 3 is fatal [36J, [37]. 

This detection equipment is called LOP AH~ (an acronym for 
!onz path infrared). A comparison of tlte numbers given in the 
pn,ccding shows that it can detect Sr1rin concentrations that 
me more than 3 orJers-of-magnilndc below ·lethal doses. The'\ 
LOP AIR scn~or described in the patent was not us<:d over 
path lengths longer than 200 m. The limitations imposd by 
such a short path and the need for a retroreflectormake the 
equipment m1suitable for any tactical situation. lfowcver, 
there seems to be no re:ison ·why an improvt~cl version should 
be subject to the s:ime limitations. The dctcctivity of a modem 
cooled photon clc.tector, such as mercury cadmium tdlmidc, 
is about 2 orders-of-ma£!'!itude t\igher than that of the tht:rmo­
coup!e used in LOPAIR. With this change, it should be 
possible to eliminate the retrorcflector and sourcl: <::nd replace 
them with a naturally occmring terrestrial source, such as a 
cli>tant hillside or bluff. With these improvements, several 
LOP

0
.';l R sensors suitably dcpbycd should be cap:tb);} of 

mobitoring an entire bntt!efield. 
The general principle described for the operation of LOPAlR, 

comparison of the transmission in two or more narrow spec~rnl 
intenals, one of which contains an absorption band of t!1c 
substance to be detected, is u:;ed wirleiy for ind1utrial prnce~s 
control and for the precision determination of water vapor 
in air [ l, pp. 524-527, 596-598]. 

VII. Ams FOR THE PREClSlON DELIVERY OF WEAPONRY 

The military system designer is constantly on the alert for 
new technique~ to rnhiince the precision and speed with which 
wco;)ons can be ddivercd. Not too long ago it could take 
mou1hs, or even yea~s, to crrrry firepo·wer to <lll objective. 
l.i'ta delivery, additional days or week,; Wert: oftc!l needed 
\() :::prily tlw firepower in sufi'icient quantity to achieve tile 
dc:;ired rrsidt>. Introduction of the c.irp!a:le compresserl the 

· rL1i·,,o:;y tirnc: to homs. Missiks 11<'.Yt'" comprr.~;:-ed th::: time to 
rr.L":'~~·j~ er ~·· .. ·conds. A. ~:teady incrc .. ase in th-.; pr~~cision ·cf 
di:l.>;,:;y h;);, :1cc0mp:<ni.~cl this time cumpre~sicm. Tnfrnred 
g1:\:i::nc1~ kci;,1iques L;vc phyctl an importc:nt rol:~ i:1 thi~ 

improv;:d d·. ::-r"1y accur:J..:;y. Thcr,: lrnve b;:ea three quit,;! 
i.~1d.:.·Jh~n(!~;nt :-.t:J::.c::; in t:1c utiliz;.Ltiop of i:ifra~-~\.l for this t~.sk~ 
T;1;>:;:2 ~~3gc·s included infrared guid~!nce fc.r srn;iH ci: ... to·~?ir 
1ris~;i~:.::s; b;;tth·:fi:::·.Jd support H~issilc~~ 'that lL)~ infr.:~.red iJj ~:n 

ch-:rn~:Ttt of their con•rn;-1nd_1~uic!~H1ce sy~te1ns, <~nd lT;er !;Ui03nC\! 
f~)-i~t!":~--d~~t~:cry of ~i varjety c,f '.V~~tponry. 

A. Passive !11/icretl·Gufd;v:ce for Air-to-Air .Missiles 

mi~sion in l!1r·.:e n:;rrow sp:c'.ral i:.tcrvcls, one i~ crntcrc·Ll in Of al! the military a;~•iilkatious of infrared, probzbly non-:: 

ti:,: ~::,ri'1 ~-' :.c:.-ptioll L:App'rn'Ved"ForrRefeasij;~0021011102 1 : €;1Ai:.ROP.77MO\l>114.ltR000300040017i.i3 L1frard -:c:ni1_L·;i 
';; ,.:tt~:.- .. l i-1 ab:::~r;.·· ~ 1Y::"fr-..>:- .:-1~-:~:c;r: ... ~1.r 9.25 '-)-~HI 1 (i ... ~· pi1l. L ~·~:r· .. ,~.~~ki11~: l!1is.::.;Jlr:-.. 1\:Ij.:;,t} ... »:: t\0~1g1-~i. to p~)e p:~~.:}iv·:; i!!f-:,r.;.:.:d 
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! j .. ;(r,s,)n for ~.::dance ;i~~R,~~~~~ lfi~.r 6R~111~~i~c~ ~?~~~{,~ 1t~02 ~8!~;~?,~!~1~~~i~~~J~?1~?re0~?;?i~c~"'~red from Lrndi 
ve active ir ii.'.LTd r.uiJ2·!·:·.: kc1i:1i :ut> will be di:"cuss,•d Liter). F-:'; airc·u.ft ['1-9]. The Shafrir is an infr:nc:c:-z;u~\b.l rnboi::.: 
s:nce;; 1.ot:d of 10 cou:•:ri''' :ire Ji_:ted in hg. 6, it is ckar tlic1.t devclopl:'(l and produced entirdy in Israel. Pevdr.,p1~1ent of th; 
na co·.mtrj' enjoys a m">:w;·ioly on infrared guidanct: tech- mi~>ib st;irtcd in the early 19C10's and it w.~s declared op~ra-
niqucs [ J, p. 4~0) , [ 39] -f ,13] . tion::l in 19 69. The firing seq ucnce is do:scrib~d as hd:1g ex­

. ' 
'!: 

Tlk b3sic concq1t of lite i:·Jr<::<d-~1)id<'.cl rnissE,• w;1s explored 
C:cniJ1;; World \'.'•,r II ol;t lk' s;,·.t.~-of-the-art in \Ltectors <mci 
o~her compor:ei1tS was not cap:iblc of s\tpporting production 
of such a rni:.'.;Llc [ 1, pp. ·~ GS-t.69). Whik only lirni.tcil nppli­
c=tioJ~3 of i11frared tcc:1niques ap;iea{-ed on the L::ttlefields 
of World Wc.r II (and these were almost entirely active 
sy:cb;:i;·:s) ['.rC<:t prozres:. 1·;~;c; made in the dc\'cloprnent of pho­

ton r' dectors. Th:: thi:11rrns ~ulfalc <lcte;;tor, responding to 
1 A µm, was put into production. Thi3, for the: first time, gave 
tlt1;: 1:1ijjtary system dcsig_ner an infr<:rcd detector witb a re­
spc1ns0 tilne short enough to permit its use for missUe 
gi:id:.>.11-.:~. By the end of the wsr the lead sulfiJc Jetrclor, 
resporidi_ng to beyond 3 /lm, h;;d 1'·?<''1 de,vdoped to the point 

-v:~;:-~. it too was ready for production { 3], [ 44] . 
l -. By th~ late l 940's, the development of infrar<.:d r,uided air­

tc,,,·::· . ._,~~2iJ,;s had started in the Ueited Staks, France, United 
'~:ir1e;.~;m1, ar.d the USSR[!, pp, 479-466], [45). By the 
L:~( ! 950's, these pror,'..f:!t11> fwd borne fruit; the U.S. had its 
Si<l;;wi:<d.::t .:nd Falcon, tl;e U.K. h::d i.ts Firc:>tr,~ak, Fram'e 
h2d it:: Matrn 511, and the USSR h<d its Atoll (i.vhich, it has 
t'J:.n ;;c';cd, bears a striking resernbl;rnce to the Sidcwindc:r 
Ii, pp. 479....t'.86], [ 46j ). Tiie effrctivwess of these new 
mi:·E!!c~ could only be assumed until a tr::ir;ic accident in 
AFi! l >·51 in which a U ,S. Air force 13-52 borubcr \V:l5 shot 

J dcl\-'l!i by.:. Sidewinder mi~!l;; inadvertently fired from an F-J 00 t ·, · curin_s '' trruning night. The typical behavi0r of heat-scekin~' 
rais!Llcs w;1s, for the fir~t time, revealed in the pub!ic: press 
w~;~n it was reported th:JI: the rni~dle entered the t·xh<1ust 

scr:tio:,1 cf an enFjne, C:<l'Siri:; it to explode and buckle the 
wiri;:, ~ <7]. ·It i3 not ccrt:)in tllat tJ:c: missile cont~ined a li·;c 
w;:.~: . .:,nC: out, whether or not it did, the high speed entry of 
il:;; 1n:>silc directi;' into th'.'. engine .exhaust was sufficient to 
b.-i-;:; ~t:c:•.t the kill (a Sidi::windcr I A 1nissik has an overall 
.Jeri;;lh of 2.ln m, a body di:Jmetcr of 0.13 m, a fin sp:m of 
0,56 m, a 1'-;nnch weir,!-tt oi '/2 kg, ancl attains a maximum 
spe;.'·1! of !.Jr;d1 1.8 [39], [42], [45]), The rewlting cr::sl1 
kiiled 3 o> t:·.c crew mcrnb<'F'> 0f tllc D-52 while the other~ wen: 

. able to p2.r.<:r.ure to s:ifety [ ·r 7 j. 
Infr~.rc(i--:~~!idt::d 2jr-to-~:i:: rni:~,~:!L~s fiiJ.dt; Rn early, Lnd effc-c-­

·!:iV:";~ 2;1t:.:·.~·• .='.:;cc in VicL<:Jn. 111e first !·,iiG~21 to b(~ <l()\'.'11<'.':d 

by '" U.S. r;Jrcrztft in cc-r::I:::• C»:cr r·!otth Vietnam v;:1_s r~~r.")rkt~ 
t-:·· b( ... _ !iv"~ victirn of .a Si~\:.:··.vinl~·.'.r 1nl~·:::i)e fired fro-:'1. an F-<:C~. 
T~~,.:: !·/i/.; ;·~;1:-?.d a p3.jr of /\.~ell r.d~~ik:s hut app~:d\·.t1dy H~:.v~·~.r 

cot in > y~ t:J: fire tl:-:-ru I ·is]. >~ ~i~·~·l';reus ::irnr):f '"Cl't.)1I.nts 
l'~"'' <';Ji';(•:;j,(l 11, i'P· <7'),-.;;:6]. !n June 1967, (]1•rin1: th·: 
~·~::.-dJ.~/ /'Lr::b--!~,r~ieE Y/rL~, Ato:J L1i~··it.::.; \«'Cr¢ used. ~:11•~1..:>::~.~fui_:y 

b~· t;~.- Ar:.:}1~;. ()a the si.::(.·0,Ll d:1:' of the v/~--:.r, an Ir.1qi ~\ii_,~-2 i 
!ir·::d ~' . .n },.::_ .. ~~ :lt an isr:,::;~ .-~ll'~: .. ~: :~C~J. 'lhe A.toH·chzt.rc!.CU~~ .. -
L;,.·> .. :~l:y 1sr:n-i..l·.;.,i. on ;:.'!.d <\:.lc.:l'~'>.·J p~;i1 tile tailpi1 11~~. i\Hb()Uzh 
t;·1·_;; Ci.-;:.!·);·;_:.o:. 1n:--111r,L:.d. L~~L~ i 1\·'t (:ild of U!C r,Ijr,is•~ ~~Pd d3.!~1.:·,ged 

i:s en~ ii1:·, i!:e pilot w:ts ~-hte to ]!Y':~ t;;c ~.liG by di-,·i1n into a 
L~:::-;'.·;. {).:· (~<;~..i·-~~~ 0·1cr th~· S·-~·1 cf r~~:}:~;~ and LYClltt11.iljy Ltnd 

tr,~;: 1c \y sim1k:. An automatic technic;ue is used for ;:cl:i:::vi;-,g 
Llrgd ac'<-J.U\~,Hbn. A b!inkin~ signal li::.ht alerts ti1~ pilot to :m 
irripending acquisition anrl an acc.oustic signal in his h.::'.ds~t 
<mrwunces its ac:tkwrnent. Tlie Shrrfrir cJn be fir~d at :ilti· 
tudes up to 18 km and 113.s a maximum range of about 2.0 km 
[39]. 

D2:;pitc th1~H:: successes, infrared-gllidcd missiles wtrc r.ot 
without their problems. It somdimes happened tbt the n•i3sik 
seekers were decoyed by ~i.inlir,ht rcflectc~d from clouds in the 
backgrmmd. In addition, tl.1e app~!rent !imitation to a U1il 
attack bec<:tme 3n increasi.ngly seri::n1s factor in their tactic<1l 
usz:gc ( 45 J, [ 50], [ 51 J. Botlt of these problems were a con­
sequence of seeker operation in the neu infrared. At the tiF;~ 
these missiles were developed, lead sulfide (uncooled) w<'s the 
obvious choice for a detector [ 52}. As shown in flg. 4, th~·sc 
detectors do not respond much beyond 3 µm. For this reason, 
the. s;;ckers were <lcsigncc! to use the 2- to 2.5-µm atmosphtri:; 

wimiow. Since there is no emission from the exh1\1';t plume in 
tli is window, thc::.e seeker~ c011ld only home on the hot rneti!l 
tailpipe of jet aircraft [I, ch. 3]. Hence, the limitation to a 
tuil <it tack. Interference by reflected sunlight ha<> ::lw:<ys beer. 
a probkm in th1~ near infr3rcd. Many of the infri',r;-;d sen:-;or~ 

tk~t were developed dtiri'tg the 19!,0's and 1950\ we:·.: S~) 
phgued by sunlight that they we.re used only at night. For a 
while it looked as if infrared sensors would be perr;ianently 
rek.".:if·M to nighttime-only operation [ 1, pp. 8, 9, 464-510 L 
[ &'(° Most missile seekers used a re tide (optical modi_1!ator) to 
gr.n~ra~e- the error ~;ignal•; t!1at f:_~d th~:it~ truL'.king lc:OP3~ Rrtic~,:-.~~ 

ere an effective means of clirni1iating nl'.:ch of tl,e irrt~rftr•~FC'! 
from backuounds because they discriminate z;;;;insi so;1rc1~;;. 

such as clouL:s, that subtend large Gngle.s [ l, ch. 6 l. Eve;J t}«: 

bc'st reticle tt>dmology, lmwn-cr, could not guanmtce back­
ground immunity for these eo.rl;- seekers. 

Tliese seeker pi0blems we;e allevi:ited by the acoption of 
improved phornn detectors, suc!1 as indium 11ntimcmid~ and 
lead sdenide, that appeared in foe hte 19SO's [52}. The 
response of tbes~' detectors extends to beyond 5 /.!m so t'.nL 
scet:cts ('.quiprcd with th·~m can use the 3-to 5-:im :.trnt•'.;µhcric 
winckiw [ 3]. The price p:iid for the lon~;cr-'Nasc],.'.;;:;;t!, r..·­
f:runs; i-; tl:e ncccs~ity to cool tlte~c' detectors to Ci.' t·:omper:.,~ 
t1lfG <•f liquid nit.ro;;en (Tl K). When one cx:crnir:·:s th:· effect 
nf ti:::; .:;hift b longer wa;·,:·k:ngths, he finds tL;t tl•-:r;; is H1~•:"­
t:•r_':.::.; r:itiiiJiDn i\rnl Jc,-; iatc:rft';-encc from soka- -.-,;d:dion. T.~";; 

f<C\i]i1!ion from tt<.: hot rnGccil of :tj.::t aircr;;ft t:c::;,ipc ;,, s;r:1!J:,-,_­
to tlLd frorn a blac~zhouy at a tc1np("r:tture of :ib!;:rt 900 j.: ... 
hl>m cq1.1at:·:;n (2), the: r,nxirnum of th:.:: raclin.tion d;,,::·il:mtfrq 
!~c~; ;d. abc>nt J.2 /J.HL A n1c·rc cor;:1pleL; an~Jysis of t~t~·~ t::iti..11::1-:.:. 
1~:(~~~1·~1(.in ~:h<YY~~ that nearly:~ tifnes ES n1~!c!1 (;nc~·i:;:r' j;., r~<~>.tt-:. ... ~~ 

i;1 tL~~. 3- to 5·)11n ;vinc!ov,r ~i.s in iliC ?- tet 2.5-/:r,·i \~:J11<:0;:1. !n 
. ~t1i:Ji.t~l:,n, the c,~~:·gy in the ~ i;nH3l1t refii2cted f;u;--:t t~.:~~ b:i.~k­

gnr1 :._] i:; lower by .-:t k2.st a f.lctor of two for tL~ lon~;cr ·we.':':­
. i-=~i~~iil \'./hHlo·N [ 1, pp. 8S-~9S 1 ::-9-136) t~3.~~~~·f:)2}. ~i'h~~s 1-_!i_G 

:-.t p.·Ai f,~·11c.t~<:l1l·y b'-·. :;..., ()n :.~·;c1:L;;r occ~!~·it_)_1_·1 ~~.~-·1 E1:ypti:.1n ~;v;·::;:J.-i.'.lj(y cf d.;~tcc.:lcr'.i for tii' 3- to 5-/-:n1 V11 iudo\"' offc-:1-:J 1:~~~ 

~:ii(j-21 fired a :;:1\\:0 of ,'\tc~l 1nis--:1'.-.~ that p8.S~l~d A.u b,r:<·-~i sy.s~T~.1::.; r.~,~,::;i,'._,ncr ;1n order-of..rn~-:;nitud~ i-Qcr:-:.~~1.se in the-rr~Uo of 
;;.ircr.~ft y:i~i-dil \Vhat v':'·.· .. s t:~·J:~~~l~t ti:1 be noru1al kilJ r~:n~~;:;, J·~~~.ir·~~c_l t~1rr~:~l) to u:1dcsircd bit.:l~ground radiation. 

b''' u-,:/ f<k.~ in C''.":~pprp~ed For Release 2002/01/02: otA-tRIDP:71-MG0144R00030QG~iliiM7...S:n a ~<1ift to t;,,, 
Ll ~·-·:;··~: ·_r;;\.:;-:r J~1'7:~ 1 
~~- -: \:.:·,·it \'/..-~.) n-~-:~J~-L 
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that cxter:d dcApprmtectl-diior.-.~1~_$&200WG:1/Q2·j~~li\-RDPi7,7MQ.Q~!fltl~Qi9q~QP.Pi9Jl~l-(rci::ems r;::'i~·~;,,J <: ~~- ,,:; 
proceo:~c:. res::lt in the fo1 m::tion of carl1on <lio~;ide <.iid v:akr 
vapor. Hcat;:1 carbon dic·xide r:idi:!tts ~trongly ir; a nauow 
region near 4.4 J!m which is, in turn, convcnkutly locateJ 
within the 3- to 5-11rn aimosphciic window. Siace an exhau:;t 
pl1-1me lnay extend for 0.1 km, or more, b.::hind tl1e airc:i=~{i(a­
seek':'.r that can ceme plm,1~ radiation will not be limited to a 
tail attack but w)JI, inste\1d, have r.n all-aspect att&ck c<:p;:'Jility 
[l, pp. 85-98, 129-136, 433-452). Mi-;siles believed to have 
plume-homu~g cn1nhility are so noted in Fig. 6. Another ck~ 
to such a capability is, of course, the us-:: of a cooled detector 
[53]. 

The next group of probkms cncountcr~~d with infr~1rcd­

guided missiles were more fundamc:nta! in nalm<: and required 
considerably more effort for their solution. The probl::m was, 
in short, that the missile> were not being used in th~ typ~: of 

· war for which they had been des!g.ned. [54). The missih:s, 
developed as they were in the 19 SO's, were designed for th.;: 
deterrence-and-massive-retaliation scenario in vogue at that 
time. Under tr-Js scenario, interceptor aircraft carrying long­
ranze missiles would be match~d one-on-one with single 
bombers that had been programmed to hit specific targets. 
When these missiles were finally used it was in the closc-ord1:r 
combat of li:nited war. Such combat r~quircd a missile that 
could be fired at short ranges from a violently maneuverin~ 
aircraft and one that could not be eluded by targd maneuvers 
[45 J. 

The Sidewinder 1 A probably c:ime closest to meeting the 
demands of the tirr.cs in which it was used. It w.1<:> develojl~d 

by the U.S. Navy for use by fighters providing air supcriorjtY 
for fleet protection. The NaYy scenario envisioned en:.i;:\ge­
ments between two fighters, rather than between JI1 inter­
ceptor and a bomber. Tactically this meant a continuation of 
the dogfight tactics l!sed in prcviotis wars. Doz,h;ht tuctics call 
for short-range we:-iponry and hi};1Jy maneuverable ~ircofL 
TI1e prime tactic in any dogfight is to maneuver into 11- posilion 
on the tail of a target. What, then, makes more sense thaH the 
development of a missile that will home on the engine ltc:lt so 
copiously available at the rear of a jet aircraft [ 45), [ 51]? 

In order to launch a Sidewinder properly, the bunch aircraft 
had to be pointing at the t~rget at the tin1e the mi&Sile was 
fired. There were times in a dogfight when this requirement 
could not be met. If the missile w:is firrd while the launch <'.ir· 
Claft was mamuvering, the high-g lo:iding cotild s~riously de­
g-rad~ the performance of the missile. A lateral loadin2 of 
3 g's at l:mllch would, it 1·;:13 ~J.id, have made the mio;:.ile worth­
less [SI), [ 5 5]. 
Sidewind~r had a minimum launch r;,np.e of about I km 

p!orin3 the de.;i~~ of dogfi~~tt mi5silr:;s .. '11H.;~e n1i:..:s!.!-~~ ',\·.;~·-~ LJ 
be i11fr~red guided t-y see:;ers having an all-aspect ;.ttnc'.( c.tr1· 
bility, th.:y w~rc to have a short minimun:-firinz. l.~n:,;.'., ;,.,,: 
they v:~-re to be capable of ~ .. ;;:.ry l:.ir;h Il'.1:.:ueuvc:rU1~; r,;_t~:s {I,. ;.i. 
479--486}, [56]. The cuurnt result of t::;:;~e po:;:.:.~u:; io; .«i-'· :, 
a thrust-vectored missile c;.:pllbk of tu;;1in.; l8C- in ks.; t;::,1 
1.5 s •;,·hile traveling at a spc·ed of ne;·,dy l km/:; [ 57 j. ·; ;, • 
seeker i> said to be housed in a pillbox-shaped rio~<-'< ~c~bH 

which enables if to look "over-the '$lwultler" for t~ :k:_~. ;; 
to.rgets that are maneuvering at high a::_;;'-ll::r ;rr!.!c;,; ~;,;;. ;, .. 
evident from Fi::;. 6 that the U.S. is not a!0rre ia the c.,: <i:;, -

ment of this type of h.igh cap:.1biiity mis::.tle. 
Among the surface-to-air missil::s thJ.t a:ce shovn1 .=1.~ l '- ."• 

are Redcye, its probable rc:piacement Sti:1ge;-, an•:l G;·•.i~. '~.,.__._ ~ 

mis.:;ile5 will have a radkll effect on dos~. ai: ~u;1iJ;..,-, -_,,:, 
tactics of the future. For t!ie first ti_m-~. tl":~s:: r:i . .::::'.-~; .~:· 

the individual foot soldier a foc.hul maicii ic• zrn:::;c ,.~;_:.;: -~ 

and close support aircraft. TI\c Redeyc co11c.::pt i.• ~o 1:1;:.":-:.: .: 

infrared guided missile smaU enough to oe carried cy 011 : 1.~ 

and light enough so that he ci...-1 fire it fro:n his ~,l:o-u'.c'._,; c 
very short notice. The first public firin;~ 1fomon,,:.1a::•, ·,:, -­
held in October 1964. Target3 included a drone l.'~)F );;:TL 

at 750 km/h across the line of sight and a dro:u:: O::.>; ..\ 
helicopter. Average firing ranges were about LS i<ru ( ~, ,: . 
479-486]. Stinger is an improved version of Reckye rfi.:: _ 
said to have a plume·seek1ng e<li)ability [39]. 

Very little is known about the Soviet pro3fam th:: Li: , 
the development of the SA-7 Grail mis.sile. Ith po)~._.._ 
descendent of the Samovar missile, wJ1\ch was d>>d·.\'.: .:,' 
-1959 a:; an infrarnd-guide<l surface-to-air missile for us'!~:­
low-altitude supc,rsonic aircraft. The useful ra:r.;e of ScL' 
was s::id to be about 4.8 ha [ 1, pp. 479-486}. The ::_-.;.i,'.: .. 
of Grail has been known ~i.:ice 1969 and it was, until rec~,-:. 
called Strella. It was given t~J the Egyptian Armt'.d Fore:·. 
1970 and introduced into Vietnam in the $.prins of i 972. 
remains to be seen wl1ether it will be generally de;i!oyed \'::tL ...• 
the Waisaw Pact countries [ 431:--

Both the Redeye ~nd the Grail system consist of .tile <~·:;• · 
missile ~nd an e){pendabl~ b1.mcher. Initial alml·t1;4 i:~ ,:. ... . 
•risually and it is b~Lcwd th,;t i.mth systcr'.1s ~ign:tt th;: 0i,•- .~'. 

wbtn there is sufiicien t en'.:1·[:.}' to permit mi5silc trnd;i;'i'- ';' .: 
operator must determine vi:c.u;1lly \vhcth:r the i::::r&t!t !; \ T '. 
the flight c11velupc of the r:fr.';ili:. !Ff:\ is a major pro'_;;:· 
During !ht: Octokr Middle h1stern We!!" in I 973, the .·-. . .: 
forces buJl(;hed the SA-7 G; din b1tterit;,; from rni.::r<·q•.•:·:·, 

which is aho about the maximum linit for accurate £,'1.lnfire tracbn3 vi:: hides (which rt:pl"c'sents an intt>u~t.i;t::, cv<0l _: · 

[5 J). Pilots in the heat of a doh;i(~tt haJ to mah~ <he cliffict1it from the orii):d :;houJ,\er-faed cun·~qn). Hum;,.,.;, 
estimation of targd rnnge bt"fo:-e they could p·wt:~ a choice rnissiJcs w<:rc launched \Vifoii1 :;hort p::riod:; of ti:;~i b .-.t c: 
between firing a gun or launching a ro1issik. At Ion;·; ran;~e, in a rcl:ttive!y few Isrneli aircraft v::;t• clc• H:: ·J, ,~v~:n t11.)cl'·:i1 r' 

standoff situation, jJ,~nUfication, frieil<l, foe, or 1;::utral (IFI1N) of the rnis.>ih:s scmcd di;::;,::t l~i.i:;,ip:: hit·;. "ii1i:; u::rf in .. :,,,, 
probl"~tns arose bec?use pi1o~s Vi~re n~·-tL~raUy 11~'.sitr.nt to l:.unch that tl1c v;arhc-H1

: Ciuricd by c;-1aH is to~·-· srr1::H tn c;.-t~L·'-~ : .. ~-

a mis>ile without a po~itiY<' t:irgd ilkntification, ·n-,e :>pp~ar- !am:1;;..: in nwst »tH'(1untcn \;·itltj~t a.her:. ft [58}. 
w1ce of N for neutral in IFF?-; sym~iolizes 3HOlher new The I~t,d<:yc ~tu:)' has a h$cinating se.q,,;::;; h h.::s b~'''li < '.,_ 
problem th:it h:l'i been h~nded the pilot. With th.:: permi:,~ive 1 o thc :n;:e.ll::.tl of \ve;~pons used to r;uanl i'.·.e Wl:i.tc: Eou'.~ ~ 5''; 
<:n~'ironr11cnt:; often fc.~..:Ld jn lia;it•:"~ v:~ns it i'_; r.;J~ :tt L~H 1 ti.rly in 197!}) t·)v() ;tltt.;!-:i 1.pts, one c,f th..!!11 .st.1 _.c.:~:::.·~;, ",: .. _ · 
uncornn1on for co:11l,·at piJot.;; to c:~cet~ -1(t~r CtL1nrL.:rcial ::ir... r. ~~c:~ to perH~L·:110 the f,;,::$tric:tcd air szx:~~:e :>u 1:1:T'"·;~~-:-l? :, .. -.:., 

liners. Visual identification of t:Hf:-,ts i;. S:licl to be dft:f'.tive p 11.ili.:: bnildings in the \Vashin[;tO!l, D.C., nrea. h' tli::: ~u,:.; ,_ 

out to 2 or 2.5 Y.m. In the ,i1b~;t1fi~ of JLY ~Lh 1:~}l'TJ~~r,o~- _ f•.J. '.ilJ.iilfnfl .fl44~ljRn5';J(f6~(f6 1"f:3 acltnlly 12.r,ck;_[ O:'. 1 
· 

durcs, it w;;s thiAIBRfPJY~~ ffi.'?f ~aj~~n~9f.irli't..!Y~1rn't1\A ~iy,'ft! ft.~kg !::wn. 'me ~i:ow:t p:-cscuc;.\ of :-'.~,k, ~ '" 1:/ ·. 

r<•i:g:; for Sidcwinc::::: [ 5 i], futl'.r~ Lnltling ~ttcmpto: lrnt ii r~:;;-;in:; l<• b::! s·.:..:~-; ,_.,;. ;,}; 
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....... 

offici~I vill d:ire to approve its firing oycr the heavily popu­
lat<-~cl rn.:t::opolitan area. 

B. A-::•i·;~ Infrared Guidance for Jhttlefield Support Missiles 

· Combi.'.t troops h~ve their ovm grnup of battlefield support 
'.'.'?F .. ?~10:'.~. l·.m')n~ these are rcl;!tiYely short range missile> th:it 
r,~;-1 7;.<c ·'.:c:~:~ 23ainst tanks and other armor, fixed objectives, 
r.ne k-.·;-fJyl.Z!J iii:rcri:ft. As shown in Fig. 7, ma11y of these 
tr:'.":<3 ·-~--s ~::~ inf;.·t:reci techniques for n·1is£ilL track.inp,> corn­
:1>·.,_: ::--_+~~_;--::::::\ and b·:.am riding. An e~rly forerunnc~r of a 
::;' . ·'{;;:' V·J'):•);r.;d tocky used a.n Oi"I ical sight to acquire 

~!;,<; tari;O't, after which the missile was fired 
,._ ·\> :;·::;..:; 1 0}, [t-.1). Whentht.:missilecnkredtheficld·c,f 

' {;': c)r;,h~, t:io o~erator, usinG a miniature job stick, 

tl 7 

"'· :.~ / c·>~-~rbg r.i[;nals that would direct U;c rnissib 
1°;· ~ '"::··: ~:he ~nxr-~·t. Tlw str0rin3 signc;Js were, in tnrn, trans­

[·:- 'Y0:'.~t~'·'. t-: ~-h~: 1.-,i2s;J0 over a trailing wire or via a ia<lio com­
·~ 'i i1i:l\1( ;~;~>.. b ,~ffect, the operator became part of a s~rvo 

War II. Such systems use a laser tnreet designator to illurnin:1te 
it specific target while a sen5or on the weapon home~ on the 
reflected laser illumination. Apparently, most dcsignato;-s use 
a neodymium yttrium aluminum garnet (Nd:YAG) l:iser tbt 
r.mits in it very narrow infrared band at a waveiengfa of 1.05 
Jlm [ 62], [ 63]. At this wavelength the sy:;tc:-n can L:: con­
s[d,~rcd only p:irtdly covert.4 In addition to po:,~'ibh: 
de~ytl~~1! by the eye, the infrared ima~~e converters ir: the night 
dr'iving vbwers found on many military vehicies respond 11t 

I.OS ;'m as do.:s the M;;t;iscope [ l, pp. 2')6-:rno, 493-502]. 
Of course, rhcse methods. of detection :>..re far too c:!'F~~l to!-,~ 
considered adequate for warning purposes. It ha'i h.:en re­
porL:d that a rnicrorniniature infr<tred ahrm lrns been developed 
that will alert. the b<rnrer when he has been illurriinalcd. The 
c\evice is ~aid to be small cnou:_'.h to be <ctt!?.chcd to a wkEe;'s 
uniform. Estimates are that it will provide rm ''urnl w2rning as 
v1ell <'l.S indic;:tion of the direction to the illumin:.tor [ 65}. 

The ~!ddiiion of a receiver to the basic 13.~?r tk~i3na1or <>liows 
the cleter!11ln3tion of sla1:t rt11~ge to the t~HECt to be d'.>nc 
~imult:>..ncovsly with the designJtion function. Il::ci\t:S'; it is 
\;:;u:Jly ck',i•-abk to know sl:mt range, the 1iiultifand:icn h~er 
C~f_'si,:w:Hor/t<'t'.gefindcr, ot illuini!iator/r;w~:.::finder, }!"'' \J(:,.o:;ie 
j,;::rc:1sirwly popular. Sorne of the newer dcsi:-;nalor/i.3r;..'.'!· 
fin1~!.;r r:~·;i~s. <.:re progr~unrned t..J c.a1('ttL1tc n~ngc on f;-::~r:'/' ,~r;1 

[';:;-;,;. I.a))t<.l cl<:signators W',.\;)Jinr, only 4 kg J1a;·e t;,';,n Q'!­

r'..'.·_r:1..'-d fur l.~s;;; hy r..rou.nd trool;:... A.n ortic~n:::.l c\ip .. nn._ .t\·.·,::':>1 ::.· .. ~ 

c:c!(~'; a 1'1.'.f 1 '"~'•,finding CZ\p~~-hHity \1/h(~n desited .. rrh~ r!~~v:.;:C; };: 
c.:::H1n~:;·~ 1 :·--~d 00 it 1:3.:ndies Eke on ~,i16 Jifle. /;,.photo c--f tl~t·~ 

ck·-vic~ ir~ actjc-111 irdicJ.h~s a11 effcctiYe r~use of s::.ver;:~ 

}.;1cif,Ekrs [ 63 J. 

1 lo:->:.:. :~':c~~ r-. 1•yst,~m h3.s B nnrnber of human cnj::·~ni11z. 
,; ·,p!;Jr..:~~~~:S ~s~<)':iated Y.rith it ::s V'Cll as the fact th':1t ~.:i bad 
j 

: ~ r:"6~~~;-,_ .. ~.-(, u-t~e,i:;:~; r.dvcr:;e ljf)1th?~; coa<litions, or ?t p:irrl1.1:, it nL1y 
b:'.!, (J;~·f:_··~ 1 lt er irn1~1 o?sible to. s~·.e E~ld follov1 the ni.i'-::;.it~. The 
}j-t_;'iJ·~~ ·,chlti0n to thi:> probkrn is to mount a pyrnkchnic 
fl2-i-c C'.l th•~, ro.'8r of th:: uu~~sj1e to in1provc~ its visjb_i_Hty. S\pce 
r,1:):;t ;·~:.,,ft)~.f·.ci~:~!:.:: f!;~n-~-s C!nit r:1orc er:~-~rgy jn th0 i-nfL:.r~.~.:.! ~~~dl 
tL·~'Y · (~:'J ir·. th':: vLibh,.~ th·:.~ r 1 :::.:·::.t s~:-;p ·.~,a~ to H(~d .sn ~nfr.~ti\~d 
··:;~··,o:- f;::f· WO~lJd ~·UtC>t:nl.ic,Jly <:Cqt:irc ~Hd (1~1dc tic,_, 'hr> 

t:~.-1Lt, l::.Jt tl1.i.:"i: oper:-:Jor\ 0;11/ fu11cliCJn is to l;'-·:cp t-11·: i:1tD(;t 

c>:1t"".r-~·-J C.'.1 lts cro~::; hair;. Stt:e1i:)~;: ~i~~:n:-tl:: are gcr~',-:. . .r:dc:rl 1Yy a 
£~.1r~r~e c:j:· .. ')uti.:::r thJJ C·:-.;: 1_;_ 1 ~n:~> H.a~ 1.L1;.:; of sight v:· i . .'.'> 2 lfr:~ ... 

L:1 1r.'.c\f·r \vj1}1 1;.3.t of tl~: c;1b;.,:2! s:.t:hL A fln-th\~1 L.~-Hnc-­

fl~£~nt Js (c· · >:i) the. fLtre it:~. 0\1•'11 r.},~>11:1lL1rc~ a uniqn.; srJL:.f:l.Li.l er 
k:1~·lpc1:-J •.:! .:·.!.'~1ctcrL::tir., tL::-:i c:u1 be~ iccor . .niz,;:.:d hy tf::::~ inf~c1 ... 
r·~d a•·;\,,,- l l, pp. ::;,:r;-;; ;Ci., [·11 I, [42]. lh: :,p;,;ysi:; <.nd 

airborne dcsig.i1.;.~t;:}f 1nay h~!a~~ ~:~·i_u~. it t1u.~ 

re 1.J nir l~1-..~t;J ft fur a s:abiliz<.:d mo·,i11t. Om: of th~ f,~-.,-

- ---~·Vi';'y.·t°[-.1// r(~op1i: Hre awa1e th:.i1 the 1~spo11s~ of t:1e hu~1-: .. :n {-y.::- e·-:;: .. 
t::-~H.~~ 10 'r_icynn=) l ,..~rn. GriHj!l ct •;!. [ 6·1 J n·: .. :-~~ ·1• .. r, .. .:.1 t'.v-: ~<·:.:<:· ..:t r-·~ 

!<."::nL;e Of i.:l'.~ <.t'(\~(}Ut to (1 \':l1:.,.d,:-u:th of 1.05 ::ff;., \~-.i:"'l :·: t~l:' (".._·~>;·;. 
r~ ~~'~J:.:;':~ ;~ ~:. X iO"i.3 tiraes ~h p·.: .. ::c Y:1fv~. T~i-..:.y '>°'it:.:i.~'.1.:<:.:'ti \~;::!~ =-~­
\';·:1v,'~·:n~:~h:i beyond l. l 5 :,t!'n t:L~ rt·sp(jHse of th~ cyC' v..-1.td:J. 1.-':. ... l·;---; t-;.:~_·1 
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Jd; Force e11nships. It 1;;;cs a Nd:Y/,G b;er an~ produ·~CS JO 
pulses p~r second. Each pulse hao. a tlur:~tion of 10 ns. Tht~ 

beam v1id\l1 is only 0.6 r:uad, i.e., at a llist.:ncc of 1_ lq:,1_ U1e 
<lbmeter of the hemn rnd, J1ence, of the illum;n,~teu sp:A is 
only 60 C!il. It s~em::; ,evident tliat me of suc!t 3. naaov; b~am 
from an .:ircra ft would be nearly impossibfo without a 
~tabilized mounting. - -

To furth:::r enh2;icc the yersatility of tLe la5er dcsignato:- it is 
often packaged in cc.njunction with a low-light-level television 
camera or a forward looking infrared (FUR) imaging sensor 
(v.'hich will be discuss'.Od in a lJtcr se-.:ti0zi). L-t such arran2~­
ments the dc>it'.aator and the senscr g"nerally share th.:. s:•me 
optics and st~bilizati0n. The opcr;,:tor can ic.kntify targets 
~een on the sensor display, select the desired one, illuminate it 
with the dcs!JJl'.ltor, and t:unch tht: lasu-guided weapon. One 
such system, the Pave Knife, is said to he ab!'~ to detect tnt,ets 
and achieve acquisition at ranges of from 5 toll km [62}. In 
the Pave Spot System, which is intended for use by a !orvnrd 
air controller, it has been report..:d that an illuminator/n:nge­
finder fa com!Jined with an imar;c intcr.sifo:r for the nigMtirne 
acquisition of targets. The N<l:Y AG illuminator \;Ti;;.'1s 12 kg 
and its ::ssociatec! rani;efinder can r;:n:;e on t:ir,;.~ts ~.s far ;::\1ay 

8$ 20 km [ 62}. ·n1e Lon:; Knife s~'otem coi:sists, of a pod­
mounted laser designator and a low-ligllt-kvel tekvision 
camera, both of which share a stahiliud mountin3. \Vith t:-iis 
system, it is reported tbt ground t:.irgds can be dt~ignatet! at 
str-mdoff n.i~_;,~s of up to 1,3 km, with twice tlw accur:.icy of the 
e-arlier Pz:ve Knife syskrn that was used extensively _;Her 
Vietnam [ 66]. Excellent photogr,1phs have bcc:n ~nt'O'lished 
showing a por:l-mountcd targeting :.nd l<iser design,;itibn system 
rrwunted on the wing !;tub of an attack helicopter. The pod is 
said to contdn a precision st<.bilized ~!f:h!, a fa:»::r c::si37lator/ 
rans.::find:::r, a l<Jser spot trac!;cr, a FLIH, anC: ::!. te!c;ision 
camera. The la3cr spot track.er is Said to l1e able to <lekct and 
track ground tar,;~ts that have been Lbsignatcd for helicopter 
ait~d: by virtue of being iEumimted by a forward air or ground 
controller [67]. It has also been n'port::d that l:lscr designators 
can be used successfully f1 cm unm:.nn d drones. In one such 
demonstration, the drone was fitted wHh a special nose s~ction 
th::t cont;-dr.ed 3 windows. One window was for a daytime 
tc!evisior, ..-:aniera or a nighttime FLIR, one for the designator, 
and one for a laser 1ectiver [ 68). 

The des:.:;,-icr of a laser seeker s!wu1t'. b'~ abk to use much of 
th~· technolot,y that <:11;.·~dy cx!sts fer the lon::n- Yi::vd,~r.'.:th 

passive illf Pr~d seekl'!:; that were discussed e.:ulier. SJicon 
photodiod<:s (;;-e one po'.~ciulc cho::c for a <lct:;,:t0r. lh1-
fortunat~ly, their quantu;·; cfficic:r:c;cs drop r·ath~r :-harply ;;t 
al.iot:t l .O µm ::nd 1h,:ir pc:-fornnnce at 1.06 prn ka,·c.s much 
to be deYil'i.:d. Cooli11g (to d;o~1t I 50 r:) in.:rc:'.sc:; th,:;ir 
d~ccctivity hut it is doubtful that the incrca<;: is worth the 
crfort rcqnir~d to provlde the t:oo!in!:'.~ f .. 11.1uch bcr ~ ::r choice 
is the silicon er gennrmiun1 uval::mch·:: pl10trJdio::lc. Substc.nti::I 
current [:3in c~n u~ .. ~cld~::.v~d in solid-~tar-:~·pholot:iodes tl!.1·ou~;h 
~''~'-171:iche ctrricr n1u!ti111icc.tion. 1\ltho~Jfh exc,:.:;:; nois(': j) 

introduced by thi~ mullip!i.:z.tion Pl"'JCco.'.i, :i:;;1ificant i!DFi"OH"· 

ments in c.1''.tcctivity r.::su!t [6CJ]. Or·L"\\ ;;•:,,:,:rd:: pie·;~d r•;i 

PROCEEDINGS OF T!IE 12!.::.;:, J.'.!·a.:.\Z·Ci' 

of foe Air Force has rt~Ye:·.kd that tL; laser-3uideJ hl:nt::,. 
available r:s eariy as 1967 !net thi:y fai!ed to excite ,,:1y n• 
inlezcst l 71]. It was :lftcr the b ·~n1~'ing l•alt of ;,L;;·,;h l '.:J(.; 

when the prime focus '.'las oa the interdiction of s•1pp;.y nc:t,. 
th<it pilots fot!nd the 11ew "f;man: bo;):'..>s'' were s11pert•l;', cie 
at hitting trucks and other :.;ndl t;i;-g;-ts. 

The idea of a guided liomb has bee:-. explored, h~n v,•ir.;;, t 
many years, Ccntervall [ 72] patente,l a /;t!idd a.:1fai t<~.;,-.;. 

in 1921 (applied for iri 1916) and others, indu;ilq u ~·1·:>· 
from Sweden [ 73], have tried to <\d~pt infrared s'msc:-s ~G ~ 
guid·c1ncc of b')mbs [1, p. 4661, l74i. Non;'. offo·;,~1: i.;::i<.~', 
t:!rnpt~ rn~t with much suc1:ess. 111c perform:wc~~ uf , :c : . 
guided bombs has been phenomenal. (Jf the first Fto .. . :c. 

that wen:~ dropped in Vktnam, more than 70 pc:;".:..:.. '. .. 
reported to have struck their intentl::d ta:r;,et'> ( 62L. T .; 
capability for precision i.klivery made ii pcs;;ibk to (e, .. :, 
military targets, such as Lridge:;, petroleum tanks, al)~ 11 .. 
defended point targ«ts, with "surgic;u n~atne:,s," aJ!d y · ··; 
significant reduction in inadvertent clamag.;· ro ,,ei1d)}' c~" 
activiti:)S. Kits, designed in 1966, were ·11sed · to r·~ 

COIWCntional iron bombs into the "smGrt" Varie'.y .. (\., · 
invoJv,:d mounting a Lscr s;:eh~r on the l;.J;!:'.,':; . 

movable steering vanes on its body. ThC'. td, . .i ,_~i2t : . 
verting a bomb w:is said to be ::bout $3500 {71] .'·' · I': 

The ba;;ic c0ncept of tl::sign:.:tion t.nd r.~ida::cc."';,. ·'. 
laser has opened a host of new opport1.u..iii~.:; iG1 ·,:/~' · 

of bombs, mi~siles, antl gi.>.n-fired p;ojectile;;. ;~·:·:;; · : · 
p:oitation of the concept has only ;,1;;z;_&n a;,:'..,.,·/ 
ri;ading about additional new developFJed:: fo! :.:·:, ;,·; : · 
cor;;e. 

... '~ \ 

VIII. IMAGING S:::Nsoi:~s Fon. l~:::::::~,::.->· .. :s.~ 
AND S~J~: .. './E!L..'..../'..~ :::,;~~ 

Tactical miEta1y forces :..re comtanc:; fo.c(;:: · ._,;. ·. ::h: 
Jem of finding the enemy <!;id keepfr,;; t.'.';;:.c:: ~: :.1:': ~, ., 
Tl1i; remote sensing sy~t.::ms we have 'l:sc~1 s::e;.: :;.·:w I-.: 
relatiYely little use for sud1 reconnai~3a:ic;; '"'~-:i . ;:: ! • :. : 

because they ar-.~ non im~·.gt' forming. Th.:.y, i:;. <.::. ::;~,,.-. ... 2 

the centroid of the energy er,1ittcct by :-.;;- r.:~1,.~.tc:.:'. ;, .... · 
tar~;et. This i<; all that is r:eeded for del~cti0n <.,:i :;,".!c~, '. •. 
it h rcxelr adequate for reco:.;.1ition :rnd i'kn~iiic~.: . .!o,~. 
tnsks require an i1naging $~ns·or, Le~~ c·i~e th.it p;:-o-~J:i~·~· :.~. 

o;>erator an indication of th:; p~oml!tri2al ar~d ;'t::.'1':.l .-:.~ .. 
tion of tllc c;1crgy from tile targ:;t. 

A. A r:rial Photogmphy with J:br:k ar:d Whit<: l!!fmreJ r..: 
Reconn1iss:mcc by m'~"lh of ;1erbi phot,),;r<.::-•i•/ l: .. > . 

:'lr:;.,:ticed by tile milit;-:r; ~ill CC th~ tin;~ of fr.c: Civil Vi:.··. 
fir~.t l~corclcd USiJ})'! '.VG.<.:. in Jt1ne lSU:! \'-:hen the Uf:icn ;.··. 
ur:(:;:r G.!ner:!I l\kCidlan, u.,~.ci th~ tethered ln~:iqur "L,::. 
as an aerial photography pl;.;tfo:n. Pi::,~o:: L'':'-,1 f:u:, ,., 
t1u.-Ic of 450 rn v1cre used t·) '\.:.;,.:e~s tht: d(: fi.~::.:·,£:; of~·:_~.-~:.:­
Carne:-~.~~ clc-si£~ned s_rJec~~ict~J.ly fJr t<~~ tn :-.i~·(·~.-~f·r ~- £ 

proJuct~or: by Ht.c encl of I 915 rrnc'. :;~ w e!;•;;n: ;·;;: 11· · 

Wodd War l. ·rJtc story of aeri:il :phCJto;p :>;ihy h:;; k: '.! : 

clse•vL('re [ '? 5 !. ['JG] ar,(\ (Jt\! cor,..;.-·rn in th:S p_.,,c:r .' ;· 
pro~)Jt:ms for J I .o(;·pt:l ~.~:.:ker sin·:.:c ;• \',i·~!;~· Y~ii·'"~!y of s~~ita~>l..; 1irn;terl to th 1.-· n:v:· ofinfr;ircd fil~n in <1i.:!""i;1.i r h::.>~t'.":t;<"'-~-~:-~. 

glaS$C~ lire available. l• \'rry good <:.:cm:nt c•f i:fi'cds to c;·> A pl:otui;raph;c fitm Of phle con:;;,:ts if :; t;)ll-..~~·;.: 

v,~]0;1 a tri~·:·1vice s,:;;kcr fur w.~ with cL1s .. ' air ~llf•p01i. mi•;':ik,; ernul::icm co:.ited on a s~ii:ablc 'tr:ies;·i:crr.nt S!l'.'PO: t (r·y 

l:as ken p-.l!'ift.lilfW~d For Release 2002/01/02: CIA-RDP'11M.00'1i4i4R600~G.E)(l.10G.11,i~:m ::i n. xi 1':~ ~-',~~ ·,. 

T!i~ L1"c1-;.:~·.:fcIT •·,mad bowb", int;c:t:Hccd int'.J Vi~t;·; r:i ;:1 pro.lw:~ i:: c,dkd af;lm, if :!1e 0>t:;:iron hi~,;,,_'-:»:~'".'· 
196t), j3 ~4id to lL~·:1..~ d~·nH)n:.L:-r'»l·I :~:1 .::~.;tc):ti1d;1i:_~ in-:r:_'.~-::-..:..· in ca:1:-d a pl"ztt). The crn:~l:,i(1:1 cnn.-~i::ts ofv~·ry ii.('.-:. t,y~·: ~::; 



llUDSOi'< 1-,Nll HUDSON: ~.lJL!TARY ;u'Pl.TCAT!O:-:'; OF l<I:~h)TE SENS!NG I 1 ') 
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G~1)T!S Jill•.lc \Vilh tht~El L.:v~; ~ 1c-ng v.:J.v('lensth cutoff at about -----· cONlH~uus 
' 

' J 

0.5 ,u.rn. R~,.pons;c to b:\<_;·:r \';:n·1.:'.:.:n~.ths is <!ccomp1isl1c<l by 40 -l 
1 

. ' 
I 
i 
l 

th·:: ~dijit.ion of ~f!~·siti~~ing dyes that r,T<:: ~~dsc.rbed 3t the surfa,--:e 
of t:·~·~ silver j1allde gr2ir-). 'J ht~ princi{-1le of dye ~ensitlz~ttion 
w&; t'.L'.::ov.::rd in 1873 ~.y Vn::;el l>,Jt its ;:p;ilic<:lion to lvng 

\i~·,;el~n£;th s"';1sitization w,,, slow vn'il major advances in dye 
syni.h,,,;_, occmred in the 1930's. The n11jo~"ity of modern day 
bhck and r1!1ite aerial reconnc;iss:m;,c photcc.raphy L done with 
pancluomatic fJm that h~ an extended-red rc>ponse [ 77]. 
Tilis filra respcincis fairly mdform!y to :~ll colors of th~ visible 
spcctnmi nnd h'ls a lon;; ,._.:,;,c']1:n2th cutoff at 0.7 pm (:xin­
chrnr:ntic fih,:s sold for g~ne1":c1 pictorial use do not have the 
e;;t01:0•od··n:ci response and their lonz wavekngth cutoff oc­
cl:;'c~ >-~ O.GS µm). 

I:;.~;;;i~-:c1-:::~n~itive black <'.nd white film for aerial n~con­

. r:d:,·~:· '::; '.s ~:;nsitized so «.s to have a long w:iveJ...:ngtll cutoff 
'!···· 

. ~ I \ . ,., ...... .,,. 
vi:!~·'.:: ,-.:·;:;·:7".n:\ ~s well as to the w!travic•let, it is normally 
\,;~·/. "<;: «.· .,.·.,, .<;t•p- t>1nt ~b·:o~b .. al' wavel ·ne·lh" ·"1ortcr t1wu ~::~·I; i l · . ~,,, .. •·. -• - .... ~ .,J. - l ,.. ._. ., ~ .1 t..:; i.> :) .'.'Jl 

o>s .. :~~: :~<J ','.:•;, Dy the PTOR~_r choice of sensitizing dye it i:: 
po;.:.l~l0 to prcduce cnrnlsiof'> having a cutoff as long as 1.35 
pr,-;, !";·;r' .. \ r1rr•;.lsiom· ;;re u'd in spectroscopy and other labora­
.ton1 · r;:iiii~c!:!t:i~rJ.S ... They have a n:latively short lifetime itnd 
,fll\·.5t· l'S .s•o•~d at dry_ ice temperatures until used. It seems 

uAEkc·i/ tk:t be photogr?phic iong wavelength cutoff will be 
.f. · ex~'.:!n'.'.~fl,hcyor,~ l .?.5 µm. As shown in Fig. 3, atmo~;pheric 

·::;~';::'::·i~~)r iSso:\'ls stron:;.1y brween 1.3 and 1.5 pm. lkyond 
1.5 µw the· transmission is quite good until 1.8 /llll is re:ichcd. 
k :::-:<.:\::/ 11.roblem, however, arises because at these wavelengths 

~ . V1';r'' ::~ .rnfficient radiation from tht: norr.i:il 300 K ambient 
tT·;-;:'. :'d).>.;:;s t0 fog the film rnd render it useless in a very 

. ~~~C'.;t ,l 1 !.~~ e ... 
·~ :;·;,,, !~i:: ':or1is was cxpc1cn:;;ntin:; with the me of bl,1ck <"<id 

!:.·.·.·... v:hi.tc :.nfanecl film for rtd:;i reconnai:,s3.nce as early ?.s 1936 
P.c:1 =:~-~·:-~ 00quired con~~ic.L;L.' .. blc ex;,ert1.:nce \Vith it before the 

····.!· .. · ~-:::.:·: ,~:·: '.-/,°rlc\. \'/:a
1
- II [_70f'• p. 1~~3f~] .5"lf-ilere <:re

1 
two rca~ons for 

. Vi::~} ,_ ,,:c< :rnd w lite in r~i'::' um or a en a rcconnru3sance. 
T::.: .:;:;:;:;~ irnpo;:tant re2:.or, i.s its unu:;ual tonal n:mkring of 

:~ sc</r:es cont::in~nz gi·r;m foU: .. )'.e ancl W3ter. The second reason, 
·~ ·?.it irnpovcc\ <.1.>ility to p,·r•ccr:'tl' h:.;cce lrns bc'.en .:11uch over­
p ei<.ph·eiz·~d. On " posifr, ,: print m<:de from a [lc!ncl:lumaiic 
!i 

r, 1::<':::fv::,6 JL'iL:~~ i'.; 1<!1'\~:·:d :·c; 8 lhnk sk:de of gr:1y while: 

L-::~!t ~Ci~~e~ :;o !i~j:~t, in f3c..t 1 ~: 1 it (iften ~1f'i1~'"a!·s tci h:::: c,y:~·rt.~d 
v<·~th s:.-:r..)\!/, -L~>\t:~ ~~11 1J ~:t!·~<:<!:; ;:Tc ~-~"·.n.,.L:f~d c1 deep l:l:.1c!-~-. Ti1c 
r;?::c1_"·.: fur t~i; un;J~~:·:·l ~r:r·.~i :::;_~L-1.·i~!!~. :tr~.?. (:('In~ ('(}U.:11ce of 
tJ11-..: ·~,;-·~·ctrJ.1 r1:Jivcf ,.Jnci:: .._'.}:·_.--,·.ct~:ri~l~C"':_ of \'<';n;· .. r JnJ of 

\·::; .. ·rc.tio:1 is dc:t to ti'..' pr.<!;·> of clllorn;,hyll. U:l:irophy!l 
i' a p!;" m ~ ~t t !mt pl:'.ys ::n r: :c-, 1 ri 'tl rok in tii e Ji fo of ! he plant 
by f::ci:it:1~:1<. the ab::.ori'::"."' oi' c .:L".>il di:ixick from the ~·.ir 

·I 
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WAVElfNCTH, ,,m 
Fi:;. 8. Typical reflectance spectra of l\)aves from deciduous and conlf· 

emus trees [7 SJ, [ 80], l f./.j. 

and the sub:;!x111cnt formation of a starch from it. Other ;ii:;­
ments, notably carotene and xanthophyil, which ue y::'.l!ow in 
color, gcner~•.lly accompany chlorophyll. Wh,~n the gT~<:n 

chlorophyll is cko:t10yecl by, for instance, a ch:inge in dL"Ilat" 
or r;oil chcmistly, it is these other pigments that cau~e the r.olor 
of ti1c foil;tge to cknge from peen to yellow or or:m;_;;c [78J . 
C11lorop~1yl! s~wws strong ah~orption b:inds i:: th<: bb'.c zt 
abol!t OA4 pm :rnd in the red d about 0.66 JLm. Ther<' is a 
slight rs,<:idu81 absorption between these two bands tut ther~: 
is vi<~ually no ;ibsorption iu the near infrared beyond 0.7 t(m 
psi, [79J. 
Wil~n light is inci<len t on a leaf, part of it is rdkcted, p:!!.·t i~ 

absorkrl, and part is transmitted into the body of the kci. 
From 2 to 15 percent of tlie light is reflected directly front 1h~ 
surface (the reflectance of the lower smface may b!: twic·:: thic; 
amount). The rc~Oectance is g;eatest in the green re)on of the 
spectrum and considerably kss in the blue and re.d \vhere th:: 
absorption of the chlorophyll is high. Li~~1t transmitted into 
the leaf encounters a w1y co:nplex structure and it L ;:cattered 

.by multiple reflections 11nd refr~1ctions at the m:iny structure.! 
ckrnents. TI1c long path kngths that result rive ampk op­
portll11ity for absorption by the pigments of the k<:.f 2nd any 
of L';, 1:;.~ht th:.Jt uJtirnJtcly escapes from the kaf !s quik r:ee.u 
in co1ol'. As a result, the hum'.tn eye rcrc:;lv<:s th.· l '.3f ;;s '' 
strong ~;had,'. (Jf t;re,'.n. Enn thougJ1 the toUu rcJl;.:ct~nc<: uf 
1h~ h~:~f in the rrec11 rarely exceeds l S percent,. it is thc~.:c 

'v;:-.ivr~i::.n~:th~ tL~.t the. hu1nan eye is 1no:;t s-~n,itiv~ to ?_:·~d Y/~· 

p-::rc<vc lt;,1,:c,; :>~ brightly cctmcd ob,!;:ct;; tita1 h<:vi:' a s\r,;;;~; 

cc1.nt.L~'.·:t v.;ith their :;11rroundings~ 
Bl'yooi·I 0.7 Jim, in the m·ar i:ifrarecl, fac, sitiuti(in i:; qcJite 

di!'fe;·:~.~lt bt~c;:nlse at tl:.t~sc \VJVelen~,ths chl·-)~-t\;hyE t·a~; n~:.li'.~~;­

bk :d;:;:irptioH. As a result, these w"·;cknr;ths ar~ r.: '.ui!./ 
rcfkcte.\ fro;n the ;,vrfacc of ihe k~). B:c::\1~;e of tln it;!m:­
Pi\Tt'r;cy of t!w chlorophyH, uny light'tr::n,,;m\ii:'.:'.J irr(<J ~i1e L'·:.f 
scc·~~t~:; l. itle nbs.orption ruut a si:;c..ific::nt fr:-'._~~t!cJn i3 sc~Jtt~rcd 

li.:,~;,:: 'c)l1! of tile h:af. The JG~:u!t is focit the refkct:::1ct' 0i t>~ 
h>Jf j~.; ve·,-y high,~~fn.Jin •10 to 60 Ft~n.~ent; i!l lht: L~;iu· i:-:L:~:.r~J. 

Tllis, 1 hc1 is the l-.:-;1~;an for the extrc,mdy li;;ht to<;al 1 ca;.L:ri>.::; 
~JJerc!f~"r:. \\':_• v,..:;~ rr::-fe_r ~1,.1 t:·i:. ~.i~;1pty ;;:: ir:fr~~ .. >i f1!m. ~n orr~~:r to f f··
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1

_._. rc.·;>res~nts foliag.: that w::s .".-·.·•t ;:op;;:i;oxi~l''..H·.::y. on'~. ,;·;·r ::;io·.'.L. --- n~:~.g~u> I h:iving its refJectauce IU'-';::<;1:.:1'.il. The <h:ne:1s.:d ;·dl':c'.Jncc0 :-. 
1 / --··-- ti1e near infrareJ and the bi:r:;:i,:,ed NG~ct~r'.O::l in ih.: y,.·:: ·. ,,_...-- I and reel (due to foe carotr.·.n.~ ar-,:l xanthOi":l;·lU :;:;.; r_:,V.io·,,·;; ! : 

/ , it ·is unlikdy that l'.:-:e of tr·;'.1 foiia;e wo•.:ltl fo'.)! <;;:;\~r t. :. 

/ / ----·- -- -1 eye or. r.:1 infrar<"d.· photo. '.''!:;:n fo!i:.:[.;~. is.· cut it mar J:':~.;:::.; ~.-
/ ' .. ..?- green color for S!Vcni.l d.:ys h;,1t foe cl:..:crc:is'-' b i:ifn:;:,; 

/ ,, reflectance occurs very qF!.r:Uy. In so1<:!} c?.:sc.~ it can be <le· 

10 1~ .L , ' tcctcdv.·ithin2hon:;..ni.:i.f::·::.2(iphoto;_..r-:"~1[f.Qj. I.~:::~:::.:, 
ii',.--'~ ~/ ·· folia 0 e i~ a l'oor choice . ., ~ c~·,·,10 .. r-.~.-.~ .,,,,, .. ·i··l ,, .. , · • · ··-. 

~ / - J . " . . .... -'· -. '"' '"'- ··-·•"'--'·- '-·-·-··· ... ·" --
-~ ... / prep.arcd to replace it every fev" hours' ;nd has, in c£Li~i:..~,,; 

secure place to ht de the ttllk\e med m-.itc;-i;:;l. 
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Fig. 9. Spectral reflectance of fc.!iuge and paint~ [ 78], ( lJfJ J, f 81}. 

difference in reflectance that en.:bles a pl10tointerpreter to 
differentiate between the two on an lnfra<t:d photo. Here, 
then, is a simple exampie of multispccual analy;o.is. Ori a 
panchrornatic photo, deciduous and coniferous trees aru 
rendered in similar shades of gray and an interpreter t.rying to 
differentiate between the two must fall bock on such sub­
sidiary clm·s as texture and shape. On an infrared photo the 
two types are re::di!y sep:trat~d on the bc~is of their different 
tonal_ reudering. A side-by-side comparison of the twG v~J.vs 
makes the differences even more apparent. . ie> 

Camouflage is used in a military situation to confuse or de­
ceive an observer. Th•:. techniques of camoufl::i;;e indude com­
plete concealment, dummies, nonfunctional stmctural i:lddi­
tion:; to make the object Joo}~ ll.ke s );nething eb.;:, ~rnd 

coverings to blend the object with it::; surrnundings.'1 Among 
the means used to bh:nd an object with its surroundiiigs a.re 
the direct application of paints, the use of overlyin~~ nets 
'upporting strips of variously painted fabrics, :.nd simply 
coYering the object with foli?ge cut from the surroundings. 
The camoufl:iger works on the th·::sis tl~at the more clo~;ely 
an object can be made to re~ernbk its environment, foe mcJie 
difficult it will be to detect and identify it. Tite introduction 
of infrnred film for aeri:tl rrconna.is~anct m:!de the ?tt~.inment 
of this go:J..l mnch more diffr::ult b;:;cause it forced the 
camouffa~'.er to r.':hicve a reocrnblance in foe ncu i,1fr:,red :1s 
well as in the visible portior: of t~ic spl'ctmrn. Fi~~. 9 sho-;/o. 
the ~pcctral n-:f:c,~t~nce of ci::C'idlwus foE::<:.e, beth Jh·;''8 and 
dying, onlina:-y r;rcen paint, ~md a spcci.il ir:fr:,rcd-r,~' .:eti11g 
r;rcen paint. If the obje-::t to b.~ co1;ce:'.l<~•l j; p. i:r:·:<l 1;',\h Le 
ordi.n[!ry r~cct>n paint it is unH~~eiy that th,; rye \·:~;: p~·ri::\-:is~·: n 
difference h::tvn~~n it and a b:>.c L•;ro trnd fo, ::< .. d b~' tl;e 
deciduous lc~.-.-~s. On an infr:i;·~d 1ilwtci the ckcq1l;on Y1ill be 
obviou;;. The object, bc·:ausJ of the loY1 rcfJ.:ct::;:cf of the 
J>aint in the n:r.r infrared, will :ipi::ca;- 2~ a !ark ~'1 ::l; <:! ~:r::y 
in front of a very E;;:''' b3ckgroun.J. Thi~ p1 :>bl:·~;: \·;ith p::ii;~~s 
W8$ rccoznized (l\ufr1.; Wedd \'/:i.r !l and it 1 ~d t0 th~ ti.evdop­
ment of camo,.·fl:.~;-~ pil:nts h2vi:1s a i,:~,h rc~tlc ;iaJtcc h t1)~ r:c ::r 

detected hy examin:ition in u ;1ar10\v src:ctrd iHt::::-:~[\ ·;-:.-.'. 
refkct<ince of high-infrnrcd-rcllocting pai.r:.t iG, fo:· r .:::..;up'.•', 
noticeably different from th£l-t of the k:.ves .in th.~ 0.6i>-,µ.i;; 
chlorophyll absorptio!l ban•:1.. :::rid bctw::i'.;1 0.7 ;;r;a 0.7'.i f',;• 

where the leaf rd1ccta1w,~ i'1cn:<:$t!S r~br•.::>'1}', Li1:;;:· .. ~ 
ohs::rr:ition to either of t:•c:;:>: !'p-:ctr:.-J :cz::oc:<; ' ::1 .. · · 
show tlin mismatch. We m'.~i:fr:i.G~d carl!,~f tt:::t i>::::~1:·-:~ 
film for z.erial reconmi.issai;~e h:1s r~r: ext:r.d:,d-;-,;;J r .:;:: 
Jt is evident now that this is dorr, $0 vs to cxtc;l':! :·,_~· '· 
rcspome into the c!-ilorophyll al.isoQtioa i.:md. I:ec2::~;-cf ,:, ..... 
extended-red respome; panclirornatic fil:n with a r.o{' f.';-:o ::·;1 

detect some of the commc.mly used c<>Inoufl.a;:;~ ;:,..,:_,,,; __ , 
(78, ch. 13], [82]. · 

Water is ienrlered as a deep hbck ton:! on infrnr,~·i ~::,,;~,.­
traphs because \Vater ::ibsorhs str.ongly in Ute ne::ir h.f:«r:::.·.l. ,\ 
V.'ater·fillcd stre:1m or ditch need b~ no 1I•.0rt! than ?-Jc::; .:· .' 
to record as conip1etely b1r.ck or~ an L1f;-~red p:~0~~). 

charac~cristic enhances the co;itra.st bctr?;~~~::. gr~r~n 1/e-~_:-~t·· ::'. 
and. water on infr:ire<l photo". whereas t::::y o:t-~D r, :;,,,< i , 
quite similar tones on panchron11tic ph11tos. if. a :;~r,;; ;.: '; 
carryinp, a ht"avy lo:1d f1f ~:t~dhner:t it r;-.ay be s~wv;.'.l q;.._; 
<lr:unatic;:Uy on an infrared photo. .: . ·( . h, . 

The ability of infrared f~;rn to penetr::~e haz~_i:> 1 6;, ;:;1; ;;:! 
understood and ovctst3ted. Brn(;k { 83] an:l Chrk [7~, ' ~i,. '. S · 
hHe reported detaiL~d an:±ly';cs of rhoto:.~;iphic hi,'.·:: .;:;-,-:i r > 

lion. Frcm1 their analyses, it is po:;sible to st;·t~ ~~r·:-f' :-,; '--:~, 
' ,. " 

concltd.ons ;;.b::lut the pos:-:lhlity of P<~mt~Ji;~g l:::o,.\ r-< ": 
afld fo~:; Ly infra.rd phct0gr:-1>·hy. . · . · 

1) J:1 the cz.:;c of z h:i::~~ CG~1:,i!::t1.n2 cf srn2~i 1-'"~rti~~ 1~:·>~ r:~·>i't>.::<y 
1.:~ti .. :c gai1:.; ct: ab~ achi,·;vt:ct ~;~,~ch haze.~ ::catt~r p1lr:";; ·.;)_:~· i~; 

the b1.ec cud Of t}~e Spe,;t;-::.~n ;~:P.d., h~nce} ap:peax ~:·~~~:·. t::. ;:1~ 

t:ye. 

2) The lower the visibi!H:,· in kize, th-.: ~mall~ fa the cb;;,.: 
of lncre;::..:ing it by infrared photo;.ra;Jhy .. 

3) In the cas-:: of n11~ts, foz:;, or clo~!0-: v.·hi(:h ;.:.F~ \·-~Li~: .. er 
nent-r,~! r;:·~1y in (;O~or» r~a u:-;:_:;=\;.\ .i:i;..~e2.sc j11 pcn~t::J·{~_ .. );1 r::,1:: t·"~ 

exp,~ckd. 

4) !\fur:h of t:·~(: o!)~~~~IV~tl nj_;_2_:~.-~ pcnetlc,tionH Li, in L . ..:: ::, t;;~>! 

~;i;1p!y tu t!:1.~ cn~t:::r'!CTd cfr0.'."t.1~;t c1u:,eJ by tL ~ u~:;• _-J ·f 
J~·n(:,~ring of fGil:':~c .HJ.(i ~n.:~ .... n ,-.e:;ct~Lun ii! tl:.~; L·!f. .. ~::~:--.: 

'Numerot•s; r":1 i11pks of tlH"S':" t•:c'hniqu~-.~ c~n b1. fu;.1nd i:1 ... ~v!r.tr'Fvrz pi-otu~-.r~i,:_;h. 
JYet:k and ~s·p~ac:..: !'(>:'llno.!_·~.::>': It, i: ~_ir.t;:r~-:'.t1n~ ~:) n:lt·~ t'.1:··t l:u:-]ng the inf1_;:,red filr~t rJJ'ely fir:c~:- .:\tlY .. rt~:n.;::.-. .n·y (;ppE~~a~>-;.·:' h". (·. 
Oc!oh~r ~-lufole "·'.A!'"'A(;.t'te,...f. Fwr•Re1ea. el'?'f\M/{)1JfJ'Y''· '~lA ionn:7·~Moo1.A.AO.OQO'>QO . .·. . . ., .. 
of ply\~·oor1 an.:: cir·~tf:::~'lu~ri:i~ o: .. n 1 :";~.l!·i-!~~:6.::· .. F, 1 ,~.·t·.~ ~Ll'C1. (Ji .,..,,...B. "' Ort·OO~i'll-3.~r::;S~lU~L 1.·!·.: !:~··"···.: 
~jrcr~1ft. t·_:l_·:r::r;1tvn ... blr-:ck.!:c.(!y !.;,_:·.r L'~~:1 b~ lh;L·\...t.:~d vtiL-~ ~---f,---~-~. 
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'fi.l!n i.• on·.) it:t"n·l:0 d tc;n:r,~r3-ture of 250°C (~~-S2°F) [34]. paint ?.ppears bh1c \Vhi1e the high~infrar~:~-·rcflccting r,r~(l11 
A.t th:; ~:ource t~..::11:1cr~.~it~r-~~ tt::..~ ;e<.~uir-.::-,J cxposur0 tjnL~ n1:iy be paint ~~9pe~u-s. pLHT~ll:;h. 
from l 0 mi1:utcs to ;::::-,c;:d h0ms.

8 
Durinz V/orid War H, fabe-color infrare<t fih:1 r~·H~«;e•J, for 

B . .t1t'tid r;;c•!Oi;fll!JhY V/ii!J Fr;/se Color Infrared Film 

r~s c. T~/ ?:\ 1926 z.nd by 1)39, \'/h(::1 Y.'c•rld Viar II ~tarted, 
the v: he CJf color film foi aeri::l n.;c0;1naissancc h~d been 
wdl c1.:;<.,lish:cd [761. l'.:d, but l'•)t ;di, color fi!.ms for 
reconnai~:;};ice \1se yield a p0sitiv~ color transparency. They 
r.re a trih)'er type of film consistinE; of 3 cnrnbic'n layer;; 
co:jtt·'.J OD.:~ C 1J~·,1r{10n ba::e. rf!:·~) CHlU]sivn next to th-c fHrn l)[~Se 

is Een.>ii i.ve to r•,,d li2;ht, tb middle emulsion is sc11>:itive to 
µcen li::ht, rend the top c1m1lsion is sensitive to blue Up,ht. 
E~cl! hyer contnins a dye ccn1plcr which, during d<::velopmeat 
of the: film, reacts witi1 components of tile d·;veloper to form 
_an a.r,:'·:·o;.).d:~t~!y co1;:>:t.~d dyc.9 

In 1 ~no, a m'x!ifr!d co'.or film v,ras produced for the detec­
tion of c2,,.101Jfh:gc [ 85 J, [ 86]. It is a trilayer film consisting 
of,iii;:; ~:~rmd green- and xcd-sensitive layers b\lt the blue­
tt~m~)::o i.::ycr hc,,s been replaced with a layer sensitive t::i the 
·r.~i'.~ ;.oc:1~~:;··~:; (0.7 to 0.9 pm}, Because all three layers show 
sonie t·:-~p :-a~;~ to blue light, v;hich is not to be recorded, µ 
Y"''.!o\-! fYer j:; used ewer the kns to absorb the unwanted blue 
lizht. Un.like normal color film, the dyes formed in each 
bF·r c'.o ;iot produce the col·::>r to vrhich the byer rcspc1nds. 
Gr~en cbjects ~ppear blt;~" r::J obj::cts appear r.reen, and 
obje·~t:; }:nving <\ hir.h rcflcct:nce; in the nc.ir infr<1red appear 
;:ed. I: ls this combination of infr:m:d response and false 

the first time, th~ cxtcr.s\ve camouflage system over tll:: 
Gern1;m V-1 prqlaration area north of /, rras, Fr;mct!, by 
metki'\i~ it ;;hlcar as a l~uge ult!,~ fan. This ccr:;pbx lnci c~capcJ 
th:tcction for many weeks dt':;pitc i11tc1:sive n:co:u!;,issanc~ 

with r:inchro1r.;1tic film [ 85}. 
There is also a Russian-protluc•::d false-color film. It is a 

two-layer type and is referred to as spcctrazonal film. One 
layer has a p;mchrnmatic-type respom~ extend!n~~ to 0.65 µin. 
The 1.~Sll\•nst' of the second Lycr extend> to 0.80 11.n. D.i.ffor­
ent dye coiors 8rc produced in spectrnz.o:d film th~m are 
produced in the pnwiou.:;ly described false-color film. On Dec 
spectrazon~.l film, conifers arJpear green, deciduous fo!i:~g:o 

appe.1rs yellow, orang'~, or 1ed, and hig.11-infr:ired-tc:ficctln\; 
camouflage paints nppear nearly white [ 80], [ 87]. ' 

The re:1dcr who wishes to see exarnpks of tll(; truly bc:lntifo.l 
photog •. ·aphs that can be made with false color film, is urged 
to examine those found in [7'1], [85], and [88]. Brock [831 
shows a series of i:xcellent a;.,rial phot03 taken with a twin 
can1cra c;rraneement in order to allow di.r~ct cornp:!ri.mn of 
panchromatic znd black and white infoired imagery Y' 

C. Image Converters for Nighc Vision 

,! ·.. color ;·;::~dition that gives the film its designation of false 

The image converter was developed 011 the .:vc of World 
War If, first in Germany and somewhat later in the United 
SL1tes. It was of prime interest to the military becaus~ it 
offered a~1 effective means for man to see ir.. the dark. Aa 
ima$~ c0rivertcr tube .is a photocmmisive device that convert:> 
nv"lnfrared image into a visible image. An optical sy,:;t"'m h 
used to foun an image of the scepc onto the c;;.thu~le c•f th<: 
tu\Je. The cathode is a semi tr;~ nsparc>nt si!vcr-·;:esit:m-oxidi~­
cesivm film wlth a maximum rc~:;ponse at 0.85 pm <:in•] a long 

w::ivekn[;th cutoff at about 1.3 µm. Photoeiectror.c' !·.:;w~ng 
the catitodc form an e!ectro;i image of the scene tbt i:> 
reinu:;ed onto a fluorescent &creen. Wh.)n strnd: lJy <'.'.1 

electron, this screen emits visible light. In this way the or!;;inaJ 
infr:.ired image is converted into a visible ima;;c. A m;Lniiyinf'. 
eyepiece incre::ses the app:i.rent size of th~. ima;;r>- vriti10ut 
~ppr0ciable lo~;~; in its brightnc~s [ 1, pp. 296-297, .~~\)f;-~J02~ 
531--s:n, 547-548), [89], (90]. Becan::;e vcr;· fc',; mi!i:ary 
t<tr;y:ts are hot enough to r;~•fr•te H.pp;;~ciably ir~ t!te "f'';·:tr<J! 
fi.!C-.ion covcrt:d by irnage tub;;s it is necc:.;:-;.::.:y to pr(:vldt~ 5,)-rne 
1nz::1ns of iJ.!urnin~:.tin;·3 the t2rt:::t. ·rhe rnosi Cl)_;~1ii~~H1 iHn1n!·· 
n~t0r is thi tuq'.sl0n lamp fiti'cd with a filrer th;:t p":,3c3 fr;,: 
n~ar lu_;·~~:i,·:;:<l v:hilr.. bloc.kjng t•,u~ vi~.ibie sn :'":::: t::> i'.-~s 1.~~· .. _; cc</~:t .. 
n-;~-~~. ~;ht·:.:~ n1.;, ... )t n~l!ilary \~i:~:1ict~:s arc t<tuipp~-".d \V~?h t1:;i•·-_-;.ttr~ 

ht~<:rl L'tt:1r1:;, the ~i.ffif11(~ ;~d(tition of a SniiiJ·Oil fi1t~r cr_~nvt~.n:'.') 

~ .. col'Jr i!:fiarcd. 
::· 
:.1; 

~ 
l 
:,1 

• 

f';,i,_,., cc1or infrared film is valuable for the same reasons 
th~). i:~v;:; '.'.lr<;<!<ly been descriud for \.-hck and white infrared 
.C>:·:.. ~:::·:,·:·:0.u:)~S folia:i:e und grassk!iid~~ a.pp2ar as bri[:ht red. 

Co,::iZ.;.,·3, '.•·hich lu:ve g lowc.·r rdlectance in the ne~.r i:lirarnd, 
.. i.p°,J.~n· '.J; purplish red ton.;s. Dyinr, foli~1ge appears bluio:h or 
. c: .... '.'l:"::. ~- :b.e r,;d :~i~h Lc;:_Hhy foliogc. Dis0ased veget2.tion 
'.1~r :» ·:;.;'.' ':.:";r] nJ'":;t2.cce in the near infran:d and it shows as a 
~'.ai·: .. -,-. :,;;•:.".!·.~ of r•;C: or, somctirr;cs, cv;;:n black. Plants stressed 
:·:·;· ~:'.::<:t;;::;: !.c'~~ r;~'.'Y~! up rs z. light red or white. In many 
1-:. '. :: , ><; .-.'. (c:- ;:';:-;:~s s~1c7; up on false col.or before the 

1·;.:- 1.r t.~·: -. .rJ.fbon1::. cr'..n::::.-r:t, \Vh_~r:h iT13.y b;,; rnilcg ~:\".-'?.\" > c~;n 

','","; · .. ·;''·'·;::.'..:en tt~.:;t !Le: ::ro1.::1d ho1s('>d obsen~:r cmnot 
p<:/'.i 1!:: ')'.'V' if h~ :rn.s the p.!::nt in hi~ lt::,nd. Ordinary f:t"f:?;J 

,, ~-·. ~.=-~~_-.;·.,.•:.ting t(~ v:::;-r~;i:HC n--,l3 ter:o;~'L~fi'!.tUre \'.'tth tJ1_; r ::-:-ifrrnl!~l 

ri~ ~·~·.' ·~ :."~ i ;. ;\·:~. r.i·~::~ i'~ '.::~~::;-~· ··!:'.~' .•. \.: :·:: >:1 c~t·:~ :,•;~~ :r :~~ :~~ I;{-r:' ;,'.;':J~~::~c:I 
:,,>·;1 ~::d:·;; t-y t;;~ (.i~i~.:.('!'d.';'. /. c_:~;.-;.·>;c~;-·iy ·:~.~;k :-•;l.•pl:...•C cZ''.°-~':'f'lCf (pfl 

~·-::~"- •'; ·: r.t :: ·' c>-j,·ct r·_t ;.~ ttL· ) ... r:;.t·1~-·~ cf rt:;(;° C ("J.:-::.f\" l;J. l-..t fr1l:~_!~~v:-J 
1; .-. -,' '. :~Si (\.1!td ~':>-'}. 

"-;,·.;.:\·; '"::c . d~vc;~0}·-~~d ti·· r.. rY.~.r' ·:I fl"(l;-:-?: .... .; flr'.d the coic>n -:,f 0·-~ 
(•.-•.';. ~-.~-~ CiJ:·i1,·--~-~r1·:;·;Hr.;y !fj ('«~ l(< ;·; ;_:, ,,,~Lich th~ v:::d--::~·-; l~:.y:.:·~·-; 

r.:~r!(\·•·;; 1 i.~:., t: ·t·; t~ c ~-·;_,_i:ti-,"· ~:: .. ;.::i-• ..,i r.~;·:: i::·usc in the l\f·_!('·:·.rn:Ji•.J.re 
l::.)',~r, :• · .. y-:.i~:.v-:.· -.'·u:~~ut·.•. c'-y.; =cF~ 1 :~ i'.-... .!,1: ~ \'~:...·11 .... ..;;~n~Hi·r~~ 1.\:;\.·r, a:i;J 
{\ ; ... -,_::.,~·. CYtiil l.!yc irr!~-.-~~ j,1 t!;_,~· r.-r: __ , ··r.·-.·i.i·_-,_; L'iycr. The r:n:-·1 ir0Q1_'.f"3 

i;e f.,·:,·1-:i·· th•: a ~llbtt~-.c~i,,·r~ <:~\'·:_-.~ ·-.,·\_.c;:.:,s \d1·.~-1 1 lH· tr?:1r:1·.:c.r~~nc!'~ 

i( \-;~·-r.· "l 1, ~ ···'· ;·.;l."d ))·_. t:~· .·-, .:..( ,-:t. L~y l:!·:~ :-·r~.).>.:;-_ o.n ir.::·<·-~ 
cf n J:~: ... ; ·-·t, ~-~ .. ,-ex~'.\·.-,·- .. ·.·, i. :-,-.; :\ ! · i:iv;.' :~~:·:1,-,\._. ::y~· i; ·· · '.;., ~>--.: 

t::J.~-SCii.~-~~ c.'..: h)'tt, a r•:_;j._J•Je L":'· yn.t:-1. \~ye ir1.1.agt!' 111 t~u: t;.re~Jl·_,.;r;:~itive 

~h~~!-!l i;·1t 1~1 covt~rt in~::rt1.inators for n]~lt driving. 
l· .. lil~Z~icy op;:dic:ltI0r~3 for ir.n;_~.f,._C C 1:>nverte~·s inclt!.ic 

flFinr.; (tl:~~ s11i;>"~rsco1li:o), ::;tn-;1eiU:.'flC(; (H1e sr:·.eopi~r;~cq.~:··.:.~), r~.:;):it 

dti\•inn of jC-!.-;JS> t1 ucks, and f :~1;fr·,~, th~l·:~ctio;1 Cr b-~-~­
bc'._:('1;,)'.~::) ;:_h··-to·2ir lFF, s}:.-~p do(.::-d11~~ 1 aircr~_f( l-~·11 ~'.,~'!'1:_:, fi·~,-! 

Fi'":r, l 0 sl·1~lV/S th,:': p~/for~:n.~~r1cc cl:;;: ;_::~:lcr: ~ti_.:~~;; i:-!~:~·: 

b~:".'C t::..:.:~1 r(~;io:rte·J fur t:,'pic~~l F!~~.ht viG\vL1f..'.. t~· ... r:.1..~ . .r.1~;.·?-.~!t t>~ ;· 
'-.. 

hy·;r, ::'lf11i in l'f(.~ct 1 no t.: 1~-.. _,.i-.:\·-~ t;y~·;·-l ;:_ye, i!n·1~.c i:1 tbc r::d-~;t_·n:;.!i.:·.,.,e · -, _ "' 
J..;cr t·c· ,, .,. <'.; c'•:Psi~y 'A-,: .. ·(,.,,. ;'3_,.,, hi::i;•'f;•,·is .. P!A)' --~ffi-l .• '."...l.]it')60P17' iiii,Q'ijiir.li54~do~~'i':Pl"b1ft~ii;, ,;;t:;~; ,_.; Ht•C?: 
:o 1:- -, · ,:,· ,,f i.:c i·:sr" p,pr;o\t,~aJf,Qfm,~t,~~::i~AO.Q"''"'JIOZ -}~.,,~J1 I[).. :.1 ., 1Yk uh'\'i [\,,,,,".{"fiW~..i'r! .. , 1.:."fw u.~1 t!:.:y 2·•! 

j'~ >it, ~~t'": ·, -. :1:_.-,... ·,·:1 ·1 1•:,. i·r -: ·:.::·; <i.U>" '"l !-<'.;"':;:al 
,.-,-·_· \':. ·u t'.·1. l:r;,}:. :;. ; er··-":. ~ ... r· 

;..,.~ ·· ;..;:;,\ ;i1!~-~-:.~ f•'c), ;~ :'•?" •'• .'i.. l~.~·;;·~;·1•l:·kd hJ l~ t'.; (·;,;::.. 

n·r:~iio' - ' :~ F;_·~ 1 ·.-c nf i'>;;: b:o-;:-...·r .t:!t:r.·1 _: ~;tt';L·-s. Th.: c).::.c· ;·c;·;; :, '.·.~ :; 

f :·: ·· 1• . .";·.;. ~-"·'·-:~,'.r-'. i·~:-'>:, ~)p..:l'"li h.;··:. :· .. ~ ~-j::;i ~::~.-:cj ~~,_.;,~;, '.· ~.: .. ;-1::·.o.:-.; 
J;·.:·1,:r·)iJ j.-~_; .. ~ fti·}], 
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Mf..,XP~1U.~ , .. .JF'UT TO Sp.~,. \I" ·1 l l • d . ,. . - .. 
ust.FuL n.LllMINA_Tod. . t.t . ..iuni. 1 ... , ... 1 .. : co LHs t11e l\·J:1111:: l1 .l 1.! bct·.ve~;: rn1ht: •. 

-~~~~-~-- n:~: ... , wAi 1 :s c1v1haa a);;h~JtlO!lS t.ecot-n~3 in ·t""'S'·"1r•ly h--:.r.J tn ~ 1 ~fi ... 
--·---- milil;:ry r.iratcg..st inter,t on d..,;~~:i~::Js1.,.fl: "; ~ ... -'"'!.~ '."-· 

10 :io _... .t:...~ • c.• >I ~ ... c.a .. t~ ..... 

----·-- cn;p failure in another country 1miy use the v~ry s:In . .:. v .Xi 
niques as th0 cocuity agric:1!t ur::..l a;;;::.nt intent Oil <'»: t~~:l. :~, 
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Fig. 10. Report2d p~rforrn3nce for typic;;l ni[.lit viewia.;; cqu:j.lmrnt 
using Image cJnver!er tubes ( 1, pp. 296-297, 498-502, 531-Sc\2, 
547-548). 

uses image converter tubes [ l, pp. 296-297, 498-502, 531-
532, 547-5481. 

In 1943, when the Gemians introdpccd their first tank fire~ 

control systems incorponting image converkr tubes, they 
were clearly a case of the t«ctician's dream come truc--a 
weapon possesseJ by one side and not the other! In numerous 
instanct:s, German t<mk crews badly rnauk<l Russian tan~<. units 
during r.ighttimc strikes on the east~rn front in 19-l4. The 
Germ'~.n success was simply due to the foct that they could sec 
at night and the n.ussians could not. lt has not been cxpLlined 
to this day why the German;; did n0t use this cquip:ncnt 

_ against the Allies on the western front. Gi1derian, the br'!lfant 
. German tank tactician, however, has Vtr}' few cornp'irri'~~tary 

things to say about inrnge convtirl er equipment in his 
autobio2raphy [91]. 

One mii;ht assume that the presence of the easil~, detected 
illuminator wi~h each im1ge converter system would make 
these systems so vulnerable to count:rcttt.ack that their use 
-would be abuni;loned. The Mctascope, in fact, was developed 
expre~sly for det0cting these sources. It was a small hand­
held device that used an infrared-sei~~itiv~ phosphor. It was 
simple to use, weighed less than 0.25 kg, could be pocketed 
by any soldier, ~nd cost about $40 to pt·>duce [ l, pp. 296-297, 
498-502, 531-532, 547-5,'tS], [5], [6). But sun·ive they 
did and image con\'crtcr systems are aliv.:: and well today. An 
examination of cne of the >.tGndard 1cft:reuccs on rnilit::r; 

. equipment [4lj ~1iows more than 50 n:.cnpks cf irna[(e con­
verter devices on t:tt~b, armoured p<.'rsqnncl carri;;r::, and scout 
cars. lne appllcatio:is include viewer,s for t;rn:, c(•mm .. rndcrs, 
sights for gunn~rs, and viewers for ;i\,i:Lt driving (rnme bcii!g 
Rf.fixed to the. vehicle and s;.;1:"! bc;;,g Ldr;iet mounictl). 
Among thi:'. countries listed ~.s U:',;;1g this rquipr:ie11t :>.1t· FrJ1i~:~'. 

India, th~ Nethcrl:mds, S\'/e,;cn, lJnitcd Kingdom, Ur,ited 
States, aH<l the USSR. lt i> '-'-~;o signif:c:mt to not.; thc,t two 
exccllt.nt books on ni'.:ht vision de\·icv~. written by and for 
the military, have been published and w;1:c!y distributed i!l O:o: 
Warsaw Pact cotrn~ri:::s [80], ['I~]. Tl:i;; b;ok by Kapellcr [F:O] 
is unu::;m,l for its trc"tment of cJmoufl~+£.~ d~tection ·.vith i:n:,!-~ 
convertc:rs. The author was :i c~;pt:cill i,; lhe ll1,.n~i!ri:,n /,;·!"\ 

fungus in r:eighboring citrns groves. 
An early mu!tispcctr.:i.I S(:mor u:>ctl a special 9-1\:a~ ;:,.~ria; 

camera to make 9 si1m~ltan:-cm~ bhck ;ind white p1wt)f~r.rpl::c 
in r.auow spectral b.:.nds ex~e11ding from 0.40 ~o O.~·c ;1r1 
[93), [94J. A't about the same tirne, :i 4-leils cam~,·.:. w2· 

dcwloped but it differed in that additive col.or tcc~•:'.i ~i;e! 
were used to produce. a cn!or po:,ifr;e f••->m the~ bl..~'- :·:·,' 
\vhite JH::z,atjves~ In e;:::-ence, 4 nec:)iiv~s \-V~re niaci;.; ·>~­

taneousl_I', one c~.ch in the blue, green, red, and nt:ar },· 
Each rq;:.ative was printed to yldd a posidv.:; hhdc .;::r:. , 
transp:ircr..,;y. The four positives w~re then ;:.la·:::.:d ii~ <:.. -.. 

viewer that illuminated .:ach tr;;mspar~<:cy wifo, cci!!\, .; . 
and optically supcrim;>o::;(;d th~~ foar l°O'Yi;.~ict.n cc·.~or .. ~ :~ 
Photo inkrpreters often find that it is ·"~-'>~f-r·~:>i·'.:.u·t:. -· 
color rather than a black and white p~10tograpr~·:i''-~i· · 
subject. The d:osigners of thi!'. L'..Je;1s ::;c:::1sc::r sy:~o::'.· 1,,._· ;' · ., 
that the eye can perceh":: :ibout 200 ~:!lac!·~> cf ,,,_,: _, ·.-· ; 
over a million color diffon:ncc:s (bfa:;L <'.nd ,.::...;;_ , .. _ 
vary in bri::;htness only while color p:·oc.~s~":' ·,r:~:·;,,· ;,, J'~:_. 
hue, ;;nd saturation [9.i ]). The Sk::;L::b O;bf~- - ;,..~· "" 
carried a multispectral photogrnphi\: faci]i:_y .;.:_· · . 

matched cameras. Two of tli<" camern u:hci i-'":;:;'.·: ;, 

film, two u:;<.'.d black and whit,: infra.;;.::! fi'.1n, o,:. '-"" 
color infrared film, and Ci1e u~er.l color filr.i l96)-i9:'.:~ . 

The multispectral sensors that w.: have bcoe>i (c.~:;:,;c .. 
limited in their cm·a~.£:,c of tile sp~-ctr1'm by ti',;;' , :. 
respu~1sc of nvail2bL~ filrn.~. "fv r·-::i.101-~. this Hr:1i;a~! J~~ u. 

us~~ a 5::.?nnin~ sensor \v?·:ich COLtl>incs ~ n1<:c·~..,~:-1~c:) r:Y:_· ( 
scr:nning inec1ianis1n ·\1/ilh i.'.1\ }!'lfr.·in.:" 1.l cL . .:tector.. T~., 

many ways of g·~nerating a desired scan pattern [ l, r:··. 
209], [ 99]. In cs:,encc one t:ikc~ a s.onscr y;itl1 ~ :,,., 
o{ view and aJT~rngcs t? move t:1e fielrl of view in ~orn: 
priate manner so as to cover a much L1rger s~a.-c:1 fid::. 
time rcqi..;ircd for one compR,.~e scan of thL' sc:.:rd~ L. 
called the frame time. ~fony infrared sc;inn~rs r;~:'.: ': .. 
n::ctangnlar scan p3ttern or raster simil:::r to th;;: ·~ · 
television. for spcci::ll applications, ho·.vcver, cc.r1!,:~l. 'i .·· 
ro::C"ttc. and circular sc~n patwras may \><;: teed . 

~fh,~ ~in1pJcst \vay of ~1..:.n~:ri~tln~ a sc~~~1 p3"ttera is. t,) r~ir~, 
e11tice scnc;or ~o J> to crt:1tc thJ desife,1 p:,Hem. If C'..' ~:.: 

?_nd it<; 1nuu:1tiEt~ an: clcsit1 n.c.d e·:-=pr·.:~·3ly for th:-·-: 1~:·~~ ; ... ~, 
ansuL~r scG1~ning ratr.s ~:s hir~1 as 258° /s c·1n be :_,,~~--- · 
For tilc:;:c ~p;']i,':iti0:1:; wh::;:·e it is r,c't pr:1ct!c:;J f•) s·~-"-1 t" 

cnti:c ~~r.:.~ n~;or, v~:rjouE~ optic:::.l t~chn.iq '..l~S niu:;t b<~ 'J~-:-L:. 

rotril~.n:~~ 8·~::~1ndng 1nfrro1 i·: a food ~xaa1t<,~ of' 11~~·~·: f >~->·;:.:-; 

,\.~s·.lnl(; t!tat we v:i5h h> 1Je>;2i: 11 s~~n~( rt:; rJ;._,,,~~~;; ;~; -·'-"; 

ii1l3f;~ C'f th~ t~:rrilL1 h·~:r:~: :_:th 2a ~-;~rcr;:ft. /'i. s.i:I1;~L: sf.4.;.~1 \·i_.. ~ 
co;i~i-':;t of a l~ns ::u1 .t ~-l ~.iy,~):; ~ .. ,~.:~Jl d:·t,~ct:Jr. 

thi.-; _:,l~!!S(Jf S<.) n-13.t i'.:; ;;;_;·d:; (th~ Enf~ jc)ini~if{ the °kL\ ·.<(~ 

deto"·:.tor) i; p<>i.:!lcl to It • .:. di:·cction of fli;;;[,1.. A ,-.. , 
fr1(.:lined a~ an a:·.?Jc :if A~5(\ to the !~en\t>r a>j:."", :~:!~:I~!.;·:::: 
fiont of t!:.•;; J-:..~ns, \'~·i l ~no\\~ tL:-; s;:n:-;.:_~r to Hs.:.:.:.'·· l-: ~, ·_~, .-~·~ 

advi~~.;; the irn~ividual suldlcr un rn 1.:.:.:n:) or ~~voidin 6 dcte;..~ticn Il tf 1 .::.~ rnL·?i._lf is. rota ed '1boui th·~ ax~s of c~~~ s--:r1;.~;·;· ,: 
by image converters. c;rn,r: tl•,· s·.:n-:01 to .'::; lt1 a Jir··.~ r}a the •cut;1··s surL1_,::_: tc ·.~ · 
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6f \if\'' :.1H! r;:.; ;·!titt;rle ot \'.::: ::li\·;;:ft Y.'e can dctc:rmir,,, tl:::; Six scan lines :>,re ilmit;cd in each spectral b:mcl \•.·ith ca-:h 
li.:::;::r ~:;:: (,; th·o p«.tch 0;1 the rro~\nd tl1:it jnst fi.lh tlL: swc~p of the 5canning mirror. The scan Fnes 111~ clr,fi::ie'l by 
senso;"' :', 'j of view. Since th:: detector intc?,rates tin the end:; of fiber optic b1mdies arrayed in a G X 4 elcmeiH 
w~iat:·x1 fr cm; «H <·bjats \\ jfojn tl:;', :;-ound p:\tcit it dcter­
ni;,~,, t~;c f:iO!'Yi:l rcJo!ution of tltc s~n$OL S\!Ccessiv~ ~can 

Lr.~> ?.;·e dispkc<;c! alon['. fr:• snrfac·e of tile e~•rth by virtue 
of th::: ;orw:,c:1l r;:.o:ic;n of fo,; drcr3ft. A Yisu~l reco;(l of tJ:c 
;:;:;;·~ k:;;;:;:t!1 the r.ircraft c:.:1 b~ reconstmct..:d if the ontpnt 
of tJ11, r~"i·'·'dor is us·~d to P1:ic:'ubtc the 0rightness of a small 
hrnp r.uti the lamp is, in tu:~i. ira:ig';d onto a photo~raphic 
fi.lm v!4 a scannin[; mirror synchronized with that of the 
sen:::or. /.,lt2rMtively, the rntput of t!1,~ detector can be w>ed 
to rnoc;uL1tc a cathode ny tl::-i.:: so '"'> tci form a television-li'~c 
picture. lf the ~;canning \I.'!., done in the in tcrm~diiite or far 
intr<.r·~,: :l·~ i<esulting image is often calkd a th•nmol irn~z;e. 

TheL: 2re rn;rny w;\ys of c:o::troHing :ind changitii; the spcctrol 
region l•~ili.:>:ed hy the scanner 'V:~ h:r;e just dcscribt'd. A filler 
p!ar."!d in f\'.)nt of the detector can be used to ~ckct any 
i1c:ie,'.: ~y.s~;?J i:itcrval. Gross chan2.c'.S ill spectral cover::ge 
er;:~-~'~'"''~ by c;:,e:nging the type of detector. In m8ny cases 
it,:';, . ·--'~:r.0:,~ to provide simnltaneol'.S scanning in several 
sp:x';-·-- ·:_._.,~c;:vds.. This c2n bQ_accornplishc-d by replacing the 
~J~.--'., '':;:·•."(~: \-1ith a nu'.nh~r of fibu optic b1wcl)es, ench 
-:;7 '.--;'<1 :.~.:".'.'.~ •c. '-'- different detector.- Alternatively, tht~ 

~-'.:·~ · ·. ·'.-,:;~ -~;·-: . ..- c?:1 lrn repli'LTCT with :i spectrometer C•r other 
~i'>.>~~r~~~:;·::;· ::\i:~i:--l~t;. St·Ui anoth2r \Vay is to rt:.rlace the singi~! 

<l·~, .. --~ :.·." :y;t;, nn ur:>.y of c\.etectors, ea;;h with a different 
J:_"'-·;i1r •. r·:.:';°c''•?·~- ?<';ther :!1formati·.::i on the l~csicn and 
;-.:H·:c,;.•·~:~_;·- r;f scwners c:u1 be found in [ !, pp. 428-432, 
49.1.-:;.;7' ::2,;..531, 511-547' 599-607], [ 100) --[ 105 J. 
.•.f; p;-.;-;/•;:·~c-.::ly versatile design of a multispectrnl scanner hi!s 
::;',:c','i r.>::criht'd. It uses a sr~ctrometer to define the various 
-.f Py.::;:,:;;'. ;'>•~':'Ll3 _(cliar.ncls) that <!re cov"'rcd. A J 5-clwnnd 
y.;; )<r,1, }::'':"·;fl-g t,pectral cov~r:';;e from 0.4 to 13 .5 µm, forms 
·' . . ' l ' .. , ' ' t ' l . I ,);~·;f..:..:~~r,~-~-?·n~;, ua_i;a acqu1sn1on su :vsys ·cn1 ot a cornp c:;.~ ~tgnct! ... 
tu::'l,1 r.)_11((1.e se;1~ine system [ l 06). AU data are handled by a 
<:•_i~:,r;''·'•. ~r compkx [ 107). /u1 13-ch?nnd version h~s been 

•. "j" I • 0 0 A • 0 •• 

flo·-.;•;,, exf,~ns:vdy in aucr2.~t for v::no11s ecolog.tc2l sturues. 
Its. sp:.ctr;;l covcr.:t:;c extends fror11 0.32 to I :J. µm [ l 08). 
A /:'.-.o:.:1;~;1nel v-~rsi·:in has bt>.en dt>sigJ1?d for use in a NASA 
e;;.rfl-:·,;s0·.;rce:; survey aircraft, Its spectnl c:oven•::;e ext<onds 
~i0'.1l G,J.'.'. to 13 /.'Pl ~;«cl tlw :cr";nibr resolution of e:cd.1 c]1;:nnd 

[:: 2 n1::d. Dmin:; th:: irncfr:,~ S·~an time. the miri·-I wratcs 
th.ro~l;~1 :'ri nngle c,f :-~80°. ·.u-:'.:; tirnt; is us~d for J ol.l C(Hnp~n­
~:·11ion ~;.nd !') ir:.: :·~ t caEL-- ;· .. ti:)~! si;~~-:-;ls fro1n tv.:o O··('.frno­
elC"ctr!.r..:2Jiy control.led b1:::.·~-:-.bc1c~ies ~· ... !~o:.e tcrnpe1;,.ti1r~~s arc 
kno-~·.:1~ t0 Y,·)thlr; 0.:~5 K. Th;~. v!~ .. ~b1c clt:J:·~:i.··.t.~ls are r.-:11!br:tted 
Ly a «-'n;>.t-?n hzlo~.(;n L·.j•·.:, or L-.y r; !<tylir}llz-il!ur;,i:ntell 
(~~;f P~L:~~ :;~·;·c .. ·n in a hu;" t~::,_:i.\gh t'.:~ top of th.-.: fn~;;,.:Llf/~ 

llCU]. 
t.1til~j'·> ·:_·tr.J SCZi!·iners l!HY:"' ?.}~:J \::.('.:{; l;_s~~d. fro1n ~;pgc:e. 

rr1otri:{ in the ima~e pla.nc of the S(:artner's 0;11 ics. Daring ~can 
retrace the scene is blanked out by a rotatir.z drnttt'r and the 
output of itn internal calibrafrJn farnp is swept "'~ross the 
fiber optic bur.dies. The optic2J system is a tv:o-miac:r typ;; 
with <: 23-cm diar.i<:ter prirrary mirror. Ground res.oiution is 
abol:t 70 rn, The entire SC<UlrH;r wdghs aho'.1t S 5 kt~ [ 113 J, 
[ 114). Many ~ptctacular cxarnples of ERTS imo.gc1y have 
appeared in the liternture. An especially fine colo; portfolio 
ap)JGmi:-d in [ 114). 

The Skyhb Orbital Worbhop also carried th~ S-192 rnulti­
spectral scoanner. It provides 13 channets of imagery over 
two spectral intervals extending from 0.41 to 2.35 <!nd 10.2 
to 12.5 pm. The all rcfkctive optical system employs a 60-cm 
diameter, nickel-coated, aluminum prima1y miuor. A conical 
scan is g:,nerntcd but only the front 120° arc u:~~d for S;!nsi..'1:~' 
radiation from the earth. The rer.iaining 240° are u:;ed fo< 

sensor calibration. The use of a conic::il scan has the advantage 
that the frngth of the line-of-sight path is essentially c:on:riant 
throur)1out the full length of the scan line. Hence, vciriations 
in atmosphGric tnnsmission, due to varying knf'lhs of tl.t<.; 

line-of-sight path, do not occur. An un'1sual dichroi~: beam 
splitter that provides 80-pcrcent rr.f!ed<mce from 0.4 tc• 
2.5 Jlm and 80-perccnt !r:msmitt:mce for lon;;er wavelengths is 
used to divide the incoming radiation into two bro'td bands. 
The sho;t wavelength band i,:; fed to a prism spectrometer th::tt 
i.•rnvides the dispersion necessnry to separate the 12 spectral 
b~~nds before they reach a 12-detector array [32], [96], [97}. 
All ,rl:;;ttctors arc cooled to cryogenic temperatures by a 
Stii'ii;1g cycle cooler. The ground resolution is 80 km. A colN 
portfoliu of im3gc1y from fois sc,mner appe1!cd in [93]. 

Obscuration by clo\ld cover k::~ been :> 1:roblcm ~free the 
very beginnings of rrcrial reconnaissance and t!1e prctk.:a !.> 
even more critic;:! for reconnaissance f10m space. No long~r 
is it rnfficient to <'TGU<: that since the average cloud covcr of 
the earth is alJClut 40 percent, about 60 percent of all earth 
obs~:rvations will be free of clouds. What i3 :~ec:dr.d by th·~ 
military or earth resource user is a statcrnent of the probability 
that a p:Hticular <:>rca will b~ ck~r enough for ob<;~rvation at a 
pz;rticul~r time. A large body of woridwidc cloud si;1tisfr:s 
exist and corn.idcr.tblc work h:t~ been don;:: in ap;'ilyi,1~; i'l1cm 
lo pl;,nnin~; ior optimum satellite applicatlo:t [ 1JS1-l l i 7 J. 

E. Thermal Marping Se•JSors 

Thcnn . .d C~'tppint: seusors \\/t~fc orig_in:!lly dt:veJ01»~d lo pro­
<~.u~;(~ thl~11ual irr:2gGry of th~ terr~~in bcn~~:tlh (l~11 ::irc-r~::_t ~-. ~.:r.1~~t 

th:::rrn(il rnz.).pp:~rs ~-tc sc.;inne.fs 211d th~it or!;ration ar~~i i!q;,1·.;­

mc1:t:ction is simi!:ir to that already cl~scribcd for rn:;Ui­
::;pec.'.trJI S(.~:~nners. 

1\::~in ~ :·., 111·:c het\v,,:-.;;n ;1:.:; ;~ · .. y ?r1 .. :l L'..:.v:t r:.pp 1ic.:-: :· ~.::i:·1 i::; not ·r11crn1 . .J 1napp~1 s \VCI"<~ (liS('USled dtujng \Vor!d Y/ar II, b~~r 
t··:··:y tn .:~~fi;1i.:~. (.("~··.~rv~ng fr·.- ~-il Sj 1 ;L"f', for \vhatt Y>:r r;;~;~.;011, it \-/,i:-:: n:··t un~-j.l li\·~ 1950>~ th.=!t any_v;ere fio\vn. ~fh:-:~~ vt:ry 

vfr·L~t,.~·; no i!1t·?1I:::ii!o1:J:~1 J:-: · ~-,.'.:ii i:itd!~r.e~ on n( 1 ~cr1·;tod1l c04·l/ Ir~~:.ppt·i's U'.~ed a ''pus!1bro:_11n,, s<:Linitinc~ tcc.hnJ..-1~.:e~ ·r11~~ 

toun:> ri·-':,,. !d~·1.n;' effort~; ··: -.: .. ~ h~.-~n L·la( 1.t~ to L. ~·,:c ~::\::ch ~) S!.:n~.·~E- con~d~.J~_.,J of optic:·~ ~nd ~• En~J.r1array of dc~ccto:--s ~~nd it 
c-01:c.ept fonn:: 1i-:ed for in·:l 0

: .:on in C'c rrco<::nizc .l bocly of '.>'.'!'.> rnotnJtecl \Trt[c:diy in th.': ;:olrcraH, sci thJt it po!!1~cd 
i:ttcrn;;.t'.f 1 ;~··d L;tv bl~.t, l~nfc; .>· "·t~.l:;'~ E:tL~ pr(l~~(1._::~~s !>: '.~vjc~,_~n.t f()\:.:~;~<T" t>:e. t:ro~~nd. 'ThJ. d..:-lcctt.r array \Vas ~~11~: .. n.~.~;:J ~:c:i tl~_.::t 
Ill cq ~ [ 111 j. Th·~~ !~'-~];;"~1 ,·J ~ of ob~·:'_~f','~.: !_.ti".:_.! frotn jt~; ,:_'>:i·; \/?~ ;\t. J i . .J1t ~0P1.~l;~·~ to tt-:~· f!i~;J1t d~.n:~;tjG.L ;_fl t! 1.i."-i ;·,'~t/' 

~p?,·c:c 1~':v;~ bc.;:·n p~\rticvl1rly 1:i:':l t\~2::-:c.1:t:·:d ia { 112.]. each ch~.t(~\."'tor dcfi·~:f'"d a scan lin0 t.lt:lt was rno~:cd forv:?:rrJ ove.r 
'The L:~·! ~;__: carries a Tnt:li.;_=.;_·,:.:.-ct·~d scan~1i.:.-r th:·d providi..·.s the c~~rth\: s~H"fr=.ct~ by t·h~ fQr\vnrd nJoi.iorl of the ::-tirci:·:ft~ The 
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most s·:a;~,,,.r cl"sir•h f1om the l:•tn 19 ';O's OH 1':,vd t!:.r.~ cros.~- altit•Jdcs wou!J be iiival1.;~.r_,;.~ in tl:c d;~is11.1tio;:· ~fret,: 
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f 5 J. 
111 l 959, it was rqioned thc.t a U.S. :\avy j1:!trnl rime wac; 

sr.ot dov.·n ov~r int,·rn:itioMil w;Jers whik carryin~ iafrnn:,1 
erpipment desi,:ned to Llete·:t submc•.rincs [ l J 8]. l..c;,q than::: 
year later, ~n i!rticlc in a Rus;'.:i1\ joura.J, by a rn:1jr,,- i.: t]1,, 
Soviet Fn~'.intcring Cc•rps. described th~ cldec~i:rn. k~hniquc: 
{I J 9). The: a1tick st:ited that rnod~rn 2irbnrne infr:ired 
senso1s could detect subn1arinc3 sub1n·.:1·b0d ;·.:~ \.L::cp ~-;s i~O 1n 
by the tcmperatur~ difference of o.o:, to o.s"c tlrnt exists 
between the surface wake and th(; surrou:din'?. w;-,ter. Tn I 967 
it was claimed that infr:ned sensois for liie ddcction of sub­
marines had the capability of detecting a t·~-mpcrntmc differ­
ence of 0.005°C bcit further development of tl:t) cqui.pi:ieut 
was unccrtaia because of the way its ope;·~'.tion was affc.:tcd 
by high seas, rain, ar.d fog [ 120] . Othn similar rcpo;·ts hnve 
continued to appe<ir [ 1, pp. 49-1-497}. A nxu1t artide on 
the U.S. Navy S-3A Vikirtg Jnti-subm~.rine W['1L·;e <:ircraH L::;ts 
an infrared sensor among the OI~bo~rd quiplTICt>t fl 21 J. 

lt has been speculated that an infrarc:cl sc:i1u::;r should be 
able to detect buri:!d objects, citlwr by sliglt! thermal patterns 
evident at the surface or by some sort of pcrs.dcnt t bnm:.11 
scar left by tile excavation and sc1bscqucnt backfillir:~~ rcq1.•!n:d 
to bury the -object. In 1963, it was clainwd tb:t an inf•.«.red 
sensor had been developed for the detection of buric:d land 
mines [ 122). Tests were described in wl:id: a ~-imubtd min~, 
buried at a depth of ~S cm, was rc~dily rrtcct>:d by the scusor 
for at least a week after burial. In 1970, it 1,•,;;:; n:port:::d rhJ.t 
an infrared scanner being flown uHJcr contract to the K.-" :'las 
State Highway Deparlm;:nt had '!ttectcd abJndone(:,. i~i:dcr­
ground mines down to support piliars. Th,;: purpose of this 
pro(,rarn wns to deterr.Jine tLe un:k~lying stni,:'urc c,f potclitial 
inter:.tate highway rc•utes { J 23] . A short ti:ne bte r, it W?.o; 

reported th3t t:L:: Wc:;t German No\")' in test fli(1t:; of h!i;-Jrcd 
scanners had been able to dekct bunkers bucid dctp in the 
ground [ l ?4] . 

From numerous reports it appc<1rs that thernrnl nnppcrs 
were used in Vietnam and tliat they dem.Jnstr2t,;d a capability 
to detect Viet Cong cooking fires and truck cngi;1es I J, pp. 
494-1',97}. {125]. 

Satellite borne tlwrmal imaging systems for rndeoro!cr.ical 
observations have been in use for about a decad.;, [ 1, pp. 603--
605]. It '13s, howe\'~r, nnt b~('ll so well k110\vn that the 
U.S. Air Fore~ has opcr;;ted the Defoi;sc M i'.leorulo;;ical 
Satellite Progr;:m for nearly as J,rng. In r-.I«rc:1 197 3, the 
UIH~.er s~crctary of the 1\il Fc;J('t ~!•.:kn<.)\~~!:d~.::d the l)i-Gf:r::n1. 

and ;tl'ted th?t it \··:n ... dJ b::: med to sq1poil ~.Jl of 1>e /,ir 

visib]e and infr:!~-ed sc:1T";D'.::rs c~p:tL:L~ of pt~.,vi(l:~f: jzJ~t! 1 ;CI)~ ", ·ith 
a ground rr.:;obEo:i of either 3.'i or 0.6 bn. 'C!1i twJ ''· L:·or:~, 

thus, provide both 1: d~iy ancl 11i:3ht cap;.:liility for dctLk:o·;~r 
survcilla!;.~c. An adc\j ti(inal in fr ~i ··~,,d ~vnsur rr·£-:1 Lc.::: Hil'~'!-~1re­

ments of the verlic.il tc.rap~rntur.;. profik of tLe ;:LT'.ti.;p',12.re 

[126),[127]. 

of about 9500 km an :l are pi3c::·J !0 as tu p•.::.iv;d.;, '"orH v1jdc 

data sens~d at 'i:CO A.:.'.., nou-1, 7:00 l'.\L, ::;::l niid:,: .:ii_ 

(loc~:.l ti;;h;~) [ l 2G1 ~ i i·."l~/]. "fhc Und~_i :<·· .. .:t..~· / d.~_,:·.;--;;-"'.:d 

cst-i1nating area.; wherein si;ri~~e r.Jrct:J.ft 1~~.i.;_~1t be cs.r··~ .. ~~ 
vulnerable to attack by surfac;:·to-air rn:.;:;i.L.; { l 20 j. 

Further ;cport:> indicate th:,t a 2--cha:mel scmnu b u::•~.,i ti:. r , 
has a 20-cm diameter prim:uy mirror. A t't:Jm SF;;::. - , 
&('p'.'.• ctcs the 0.4- to 1-ttrn l.>:iat! from the 8- t<; JJ-;r::: (i,:.:. 

A cookd mercury c::dnii1.:rn h::llurid~ C.:kctor is u.· .:d fDr , 

lonz w:ivcbngth b:t:1ci ai:d :~ !:iJicon photo:Jiod:: i~ tb:J \ .. r ck 
vi>ibL: 3,id near infrared iJdnd [ 128 J. Jn the mu: tis-;.,·-:" ,' 
scanner that we described previously, the g.f!:nmd reo;0hfv:• 
w:u; :i.t its best at a po.ir.t directly bcl0w the S<~!un :c:,! it 
&r:rnti:1Jly wors<:'.ned as the ground p.ttd: <:p;iro1d~cc: .... 
horizon. In· the defrnse meteorolog.ical sateni;.c s..::i.n:t ;z: .:,; 
almo~t constant ground resolution i3 ac;uev·;d by iimitL-:; t~;e 

scan an:;le to 53° either !:iJe of the .v.:rtical and by J,_:-,,''6 
the scanning mirror at a nonlinear rate [ 114]. 

An excdlent survey has ken pltb!i .. hed th~t dG~.:l!:: !::·: 
chi":r;::.·:tcristics of infrar.:-,cJ ar,l •;i:;ibk im::g;:ry th~t . ..::"i [. -

obtained from orbit!ng meteorological sa<ellite:; f 129].' 
Th(: sensor that mcasmes the \•ertkal ~emper:itu;-;} ln:>fi;.~ 

in the atmosphere is de:;cribed as a 16-channel miilti·;~»:\::t · ' 
cross-track scanner. Irr addition to th:: atmo~~Jh:..:ric t~:c:~,· ·· 
true profile it :dso measmes prcfil::!s of water vapor ::::2. •LC~ .. 

The temperature. me;;snrcmems are accurate to ± O.:S~ ·;: -,,; 
arc derived from scanning the <~dge or the ca~·bcn ri'.c;:;i:'." 

ab:;m:ition bam1 from 14 to 16 µm. Water v;:,p.;r con~u•.:.:.: 
measured to an accumcy of ± 2 percent by sca:;;1i:· ·~ i~ ·, . ~ 
water vapor absorptio:t band at 25 J.1111. Ozone C<l!h, ··t :. 
detc:rnincd to an accurncy of ± 4 percent by sc;;nni:;,4 t::.·: 

ozone absorption band at 9.6 µm. The entire ij1:;·Unr.;r~;1: ; . 
rcpcr•ed to weigh I 4 k~ [ 128). Another te;.:hni.1Lc; '.".:.;­
mca:;i:rir,g :'!tmosphcric temperature profiles fr0zn d L', '-·; :. 
has b~i.'n Jcsaikd [ 130). 

Ck:r a:r turbulence (CAT) is often associated ·.':itL : .. ,;. 
zo.:ital tcrnpaature gr.?dicIJts in the atmospil-:!•~- ;·:i:,::':i .1", .· ;­
ent_ type:s of sensors have been tested for th::i!- '::o:J·:::-c/.<·'.; 
detect CAT but only infrared sensors h;>.ve shc,)i: e;J:~1 ·t, ) 
promise[!, pp. 524-·527}. Th~ infrared kchniq\.h'~:··;.~f.~d'i:.i 
dctc.::tion of CAT are, in essence, the s:>:me "s <rvx~ t•\ ,\ t; 
determine the v1;:rtical temperature profi.i;; in the ::·:-::·.:::' /;;,;;: 
Sensors were installed in Uu-ee commcrcL>l j.;t ·r'..:.'£L:.:::·J· :.~'. 

rcy,ulu p:.tsscnge.r seivice roi:d over 600 h of Ei:;.';.\: ~::"2; •. "J!".f! 

acquii.::d. No severe turbuknce occurrecl 0u:·i1.:; (•.;; ::,·_t 
pericJd but r.:Dny light tu;·buknc~ cncour..t•:r::; v:t~.-e {;:.:,.:;-tc.d 
~s Ii1c~d1 :1s J J'"l km in advance, This i; cquin>::.t l•) :::>'.:: · 
t!1i..: pilot n-> 1~1uch as. 8 ndnutes adv::nc,:;:. \va~·nL·t:·: {_.~ t.:_·, 
con11t.:;r. /\. high ft{l~-e-~Ja1rn r:~te wa~ e:~:Jelie;-,(:t:\·; 1-~.~>-~.;J.~·:: ·-~ 

:itn~o·.;;br:•ric tcmpr-rature p,radicnts that were not ~·:.:n.;_;_·!·. • 
with i c:;-bu)t'rlcc ( 131 ] . 

1Jorizo:1tal a.ttr~os9lu:ric teiaperature !;raJicnts '--·£!n a~:; _1 t-.· 
HH'-:t:>;ired by th~ infrar~d S<.:~nr;cr;; OH m1:t;;Of<)l·'.>·'i.::.i r '(,::.;-. 

A rc·cc11t s~~vdy r~!:1ted te1npc:r~ture gr:Idlent n!~.:-.!St~J·-;:c:..~~r:. 

from [,;ir:1bu;; mctcorolu;:.ic:.1! : .. 1~el.1ites lo foe:. p!"o:.-:_L:i:'.. · 
of C/i,._,._ •.. cs infcn·~ .. d fl01n re;.:.~:·~·- pllot re1'.1nrts ... rL..~- HLJ~,t ~>,: 

hori.?.u11t;;_l te1n~'-~i:-J.L1.:rc gr:.J_i.-:!titi wer'>:. found. tot.(: 1,~:.17e~.~ t·­

;;a;~~ CJf brrc-:;::i'c Vdtical v.riwl shear. Th~ I .. :Hit'.. ,)[ t~· · .: 
stt:dr :ir1di 1::~1:~·'.'" r~~at n1.~~tcorolo;'ic.:d satellite d:.:.~-~-~ c::t\ C:· ~: 

~C· l;'.<!.::a n1~'.'.1t i1:_,t:ts ::o t:~;!;t Ule p:o0~;~,~v:-y o: ::·;~:~~(:::...;.;~ - .-:·; -
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ri:r-nl·i,,~!1-,,\ i·-·~· ·_:.ry L1 rt'"'' it··~:·. '"j !i;_: F'LIE is suc1i i·. s··~_;, 1 :;or. 

rt 0; 1' ... :.:~;, j.-~ t:l·:~ lc:.i~:.:1 t.-.--~iv~~l,__::f1·J\ pnrt~0:1 of~~!·: L:.fr<:U."d
1 

Sf:~i.~·;t:g tl:.t l:'.diatiOi.l e:c~;i~.tt.~:-1 (:y L.-:~-~·:..'.L; ~ruJ fHc-.. -'._ri~.1<~ hi:_)1-
1es .... "'!l~tii'..' .• ~ r~·:._'_ thrh~ t1'.\·.rr-.1?J l~·:-·L·:-~,-.. • . .i-y. Ihc L.;puty (J;_i'_·.f of 
~;,_~;·ff fc.r ;( '-~<· .0 nf th~·· U.S. ;-\)i· 1·')I\X', in i.·-·~tifyi:!g b-?[(J~·;: 

vin· in:~ dnvicc; };Cn'-'f'h'r, it is p:ii·ticvl«~'ly effcdive in Joc::iti;':·~ 
1~!.: :~:~t:::. t}~{.t h:·.i·~·t~ C1 .. tc;p·!p~~;·:ctUJT Si.?1;~jfic;..11tly ·~i°Li~fCtt~!'t fHJf!l 

t1: _i:· ~~n:·0~HH:;n~::s, such as hot tfuck eneints, l~ot r:nn b;:~'"·-.::Ll, 

L\..~r1~T~:tt .. );·:::, r::.i su fcrth.'~ FurtLer st:.tt.i.::n:en~·~:~ ;ndieated th:.:.t 
FU I.: s::>::.or> i:,';t0lh:ll on ;-;u:;.~hips in Vi~tlli\f'l \'!Cl'(' i:l~tc_i .. 

r.:H.~n~al .ia (h,:·i·ccting the 1:no\'l:;u~:r~·~. of supph:·s du\ill the 

l 
·r;1(· c··~rJy frn 1.· c . .! 11u;-_;r..:; uf 1~ t.r ii~ se11sors v:,rerc t:h.·<;;~ned f-:r .. · 

fi;~.<;c:wc>l n: «ml nsueilly ct:d not provide im:i.::;cry. 'J.h.:y 
b~~:Jn to npp.:~1r i1i ti·c; ce;rly 1 )(;O's tl!Hl si3nific~.nt llU2.t~!-~.t>~~~ 

\\':·"·-·;·-·: P"tlJ(:;.n.ccd [ ·f~ cJL 1~1, pp. -!77~--~791. l:ut t li'~-'~ the !rif:i:~:--

1 ... -:;.~- :;·i_1iJ-;d nt!:.,._·J~~s, t}:(:y._\vcrc ildt ch~signed for ~!:e typ~::. of ,,-,·;1r 

they -,,.,~~p~ u1ti1n}t ... :J~r used in. Lii1.dted ... ·,1:lir pL~c12tl a r..·~\V 

pr-:"1·:i~~.'P 0:1 ~-·~ .. 1:;c1rs \c:1sc~ui.:.~ CI ou~_:h to d~tccl not c'n!y ~~r-
r.:;'.·-:i.)r.:: to Ci.i :'-::-~~:.· frorr1 Icc·:·2:.t lJ.S.. ~-i..'Cli'.·~r.1!0~-r:: 11 JJ]. l'.°' !U3 

tf~;t.;n}u.-1y l~:.~ 1\·::~c~...1 tL:··.t '-i~:: i·-·j __ ~ .. ~. i.;.~::;;\""'rY ;J,_·,~il·~t,;!~ 'i..:.)d;·-y 
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cha1len_g1~ bq;an to ::ppear in 1968 and we,e, of cours~. im· 
mediately t(:~ted ii1 Vietn:im [ 1, ch; 14 and pp. 4 77-179 J, 
[ 134 J • ', 

Fig. 11 pres.~nts informaLion on a wide \'crbty of FLIR 
sensors that were operational, in p:oduction, or under de«dop­
ment in mid J 97 3 for the U.S. military scrvice;;. 11 P(!rhaps the 
mo3t striking foatwe of: Fi;;. I I is the indication tlut a totd 
of nearly 60:) FLIP. >ensc;r~ :ire under contract with m.oN than 
half of this number being in prod nction cir already operatio;rnl. 
It is reported that U.S. Army planners project army ner.:ds zt 
7000 to I 0 000 fL!Rs for use as night vision devices on 
tanks, armored vehicles, crew-s:.>1 vo::d weapons, and r,;motely 
piloted surveillance vehid~s [ 133]. Many of the FLJ R varbnts 
dc~igned for the Army are hand-hdd or tripod-mounted devices 
that have their own builr-in di;pfays [ 133], [ 135]. 

IX. CO:-iCLUS!ONS 

Jn this rev!ew we have tried to provide a perspective from 
which the reader c:~n view the full extent of mo~crn-day 
military involvement with the techniques of infrarcu remote 
sensing. Of necessity, we have been selective in our choice 
of topics to be covered. The choice of some topics w~:s 

tempered by the necessary cor:straints of military st."curity 
classification. Om choices run the full gamut fro'm night 
viewing to missile euidance to reconn::iiss:mce from space. 
We hope that these topics, aud our treatment of them, will 
_help to convey some of the sense of ex...:itcm:~nt that pcrndes 
the infrared field tod;c.y. Even a casual perusal of the litcrntur:: 
of the idrared ~hows that the military communities of th-:: 
world share a com1non awareness of tlle value of inf1 :'.''-'d 
techniqu.es in accomplishing their assigned missions ..• ~ntr;.red 
is no longer on trial. It is a heaithy, growing field with a fim: 
lieritage, a strong present, and a bright future. 
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_ t!f Invited Paper 

Abnro.:t-Ti:~cmi. iufrned ima;;es provi1:c infvrm.idon ~.bot:t the 
nt:U-Surface pl:yfr:-d :;tate of .~~o'cgic matr;rG:ils, p.ir!icuk.:lr, fac ckn· 
sity, water content. an·:l heat t(an;fu. No11tt-;r::>;;'1hl pbn;:\~ry ,,rndirs, 
condt:ctcd <t fairly co~;r:;e 1e·:olcitic11, h:ive b~rn ue.•ofui p1i.:-n:·.tily in 
detenninbg the di:;t;ibulion ur r0ck fragrr.ca1t~. 'fcw:dr'·.:.I stud.if~;, 
conducted from SJ.ti•lli~e and :i~rcraft at cuu:c: iu fine. r•:,,du'io.ns, h«Ye 
been sl!Ce<:-5Sful for r.10!1i~orin6 t:ffu~_:ve vol¢i.t1L-:;L1, dt.iilh:.'.aU:.:~ ar-~as of 
tte::.mln3 alkred g:o:!nd and hct ~.,-,,;ng :ictivity, dct~ctin:· fn::tmes 
ex~.ct'sscd bydrolog.'c::liy P.H'.I tor·~:;:api1~f2!~y, r.ad di~iin::uis'.;i~r, :i 

v'.,:':3\y of gco!oz1c mat;;ngJs wrtn pitys,2~1 and compn:;,,,oHal 
dEii.!!CllC~. 

lntcr;1rett11lon of tl:·~r'Id ima3~s i; comp!'\ c:t•.":! by tile v;1i(1w; tYr": 
of pl1rsh:~'!I p..:o-:-~·t:~~ i_:_~-rcdi·e:d nnd C"<;1nn1or~)· rc-q:~h--~:; f . .:~ t:::r~ :>mi::.nt. ( 1 f 
r.·n .• ny dit.:"'.:-r . ..:nt f~CH;:·:·-· A d:·r:p!e tiH..c,l·c~ic~J J~1( .. ::!e1 ,,..~-·.; ~- .. din r>is 
analy~h to p;o·/~dc c;u"ntll;·.th.-.1 ?.~1-:-:);:.~~n..Jont :o.f ~'):~e of Uiz·:•(" i~:clors, to 
p~~;.,v~ict {1pC:,-:i_:;r1 tirH·~ h> f.cqnL:•.; fL::':l'!lt<~ <>~t~~~ t.'-td f·J d~!:·ni~!:-;o;:, 
G lVi·l1ti~t~~L·3 \- ~ _l;.;,.,_-~; \' r '{, ,··i ,') ~1~ pro:':·:·t~~' .:. ef H:rr::.7 a. 

Tv,io r:c,~(·~:.:r;: :it;JJ~i:.~;:·~n; \1'~;·\: ,q~\;i~:d l'~ ~--·:;.;~·::-;; 0 .. ;,\J;~.'. .~~':0::1: •. J~n:-~1 
r1lC•i)r.;r:g r-iiti 0;•_ .. ~;.1~J i· ... ';_~: l l(; -~:.i.· .. "', rn~~bi .h":;i_.Jl~ j:~i:::;:'.:~: thr.t l~t:;,!~ 
1t·ehn~qt!2~ I':'.-.: c.y~~.:~-;;?711~ r::~i','f·.: ._{, ... ~$p~·ciatly i:1 1'<-->.::''~:~:····:inte 
stt~C:;..cs~ Ti1.:.:~-c r'J.t:."?. v·c;-~~'. ;.·cqnJ::~d t;tH1·~r O?lfr~1: l p:_·:t·>~~t(,~; jc_:-\ cc~n­
dH~?n~ h;1d r.t !.~ i·.!-~ v:'.~.':r -~ (~1.'? ,c:•::{l].t1::·ic: l4i'J.i':'t.;<.:; \r-o..~h~ _v; .~J~ r.:.;:·Li:.-.:::1.. ~" 
r.: :::!•:- ~1_ 1:: r~.-~·-:,·..:~;1i•-::1 t o! tLe 1.L"f ~ ··"'.tVJ;ls vf i;~<' ;: · ti:'i.:n.::1ique:; ri;~Vi .1\f'tJJt 

ft;.~u.r~ studies. 

lt•\T!ZOll 7.f':~TIO N 

O
PTICAL-?1~ECHANiC.--".L sc;rncr;o pru\'i.Jc tb.e J11egrn_; 1ri 

111~.nitar the ttj1'.p~ra1 ~,.i"·.~ s;1~,~i,ll v(ir}.1ti~·1:·; i:1 if1::_'.1:~~L1-
tal t11,:·11n·t} c:n1'-~:1on fr'Jrn ~,t·nc1:.uy ~u~-• ._:c;.;_:.::; l f~(-\8 

v:irbtioru, ob~"T'''J i'.t " r;ot v:.>.1i·:ly of altittHk.:i from lo•.v-

._--.;<. j .... ~- {. 

: -~ .~' - I 

flying aircraft to orbiting satellite~, cs.~· b<: ·;,.f;;,:'.) .. 
physicai pro;ierties of tcrr<:ln mz<~rl:::c; ;::: .. .::: · • ' 
z~~'->logic procc:;ses which have oi:CU.i...,,:ed. ';(fl.; ....,,~:. _; ~J.t ~ . 

f ']'« d't·· . ·- v; fr l di.-·c· ... ,.,; ,,.-.,.,;,.: .. o i: ,_,e (. ~ c.tn raL.,"'. on "-"" ~ VJ.!,:.I.-.. ~ ...... ., __ "·". _. 
photogn:pltic rcc:m!ing& of t!!e nl!'<l$m::d :~'.:·:i:i .. ., : _-'" 
niques dcvefo;Jed in photo;,colcgy) to s.:Jp;;~:,,~;: ·;·_ 
processing ming modeling analysis and r-~~t.':~~ ·:,:-~:-­

tr)chni:1ue,s. 1'.b.ese investJgation:> a.re JirLit;;.::.~\ : .. c .. \ ... ,j.,·~~:-. 
complexity of tht; prot-lem, in term3 of br;~;-i ;;~-~ c" 

phenomena ~nd thi:; n•Jm~'cr of C.Hfc;·ent fact::rs fr 1 .~ !, 
t!1e resuH. Of nt:::ccssity, tht~ ·intt~rpn;tcf~ion of t1"\;;,r!~~,;~ ~ .. - ... 
d:;ia h:.:'.; k·r.:n based ori quit.; ~;mp le tl;.::oretj,:;il lr!c;_; ·' . 

V(•lvin::; vny Jimitia;; a~:;um;nion.: and f.:irly itic,,l c;,­
s~ '.tnc~';~ (t,c.1h n1~.t~orolo?icaUy <lnd geoJo;.ic~!iy). Fc~~}~·',-1"~ ~ 

ri•·, ::"lC!'tS in oh:>·:rVi!norJ tc;<;_J,njr(U~ and th";)f~t::~";l .. 
wi.11 b.'J rc:qtlh~d in :m:k• i:o :oipp!y tlle ~e;;h,:,;_:.:::: ro, :'- · ~ 
tft~~ t!h·-:.'.,S~ tc1r2ill t..'OndH.i0ns fcriJ.·,-._.1: i~·! r:.~~ture. 

'Jf 1 i_~ f~~pt::r dGs.cri~:-.~s ~~:~ r1C-;'CJ.opr;1~r.t of C'i:~ ~t.~.-

nHldt;} for analy.sf.::: of tl!e :.:urf:::.ce te,;;1p~·r~t1J< di'':t•> 
*"fhc t{-:.:.ti1ts r1~n-..1 iG~_: a q0:inti~.::.t:v:~ r.:;tir:·~ . .:~·:.: of ~.·~!~ ~ff ·-· 
v~:dou~; g(-'e!c~~; c, rnctt;·Jr· .. ~lc:,,,ic-, ar:d top'.1. :r i1pr~!c f.. ·:t 
lwnce on b~ u··.·;d a~: a b:B['.: f0r dirl"lt ir t::.r;>r,::.~fr."" 
th~:·r:i<J i""'i:·"''· In ;;.ch\!tic:n, the mo Jc! 1 L'Z'Y~J c::. -
tJ pn:(lict o~--d:.i'Tt:.n'i. tir:'\.;S to ~'.cq 1J;rc the 0.-~.i:.::. ~:---- .... 
en11~nv.: Sflt'i..itic ~ff-:::-:;t.7~ (:··;.;_1 L"'P:tut~:;. r~·j_n;i ~y, 1~;-; !.~~:"", 

be." U'.;~d iO dl•ter:ni;1C fil:·~;:f}t:~{ ~~1 t..! \"2.lU-..\'~ Of :'-Cl.:"i:)!.: \ ;: ~ 


