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SUMMARY

The proliferation of thermal imaging sensors to most major weapon platforms has
broadened the need for FLIR performance analysis capability throughout the Army. To
date, the Army analysis capability has been concentrated within the Visionics Division of
the Night Vision and Electro-Optics Laboratory except for the target acquisition ,itje.

that have been incorporated within the Army Wargames. This report describes one of
several activities of NV&EOL to disseminate analysis capability to a broad spectrum of
Army elements so that each may undertake independently routine FLIR pIerformance
calculations as required. Although these analytical models are incorporated entirely
within a handheld calculator (HHC) and designed for simplicity in their use. they provide
a comprehensive performance analysis capability. This capability stems from unique
analytical fits to higher level models and front the remarkable capacity of the new liP
41CV programmable handheld calculator.

This report provides a complete user's guide in the application of HllC programs to
FLIR analysis problems for requirements frequently encountered by FLIR and weapon
platform designers, applications analysis, tacticians. and battlefield commanders. Opera-
tion of the HHC requires minimal instruction and all actions of the operator are
prompted by displayed alphanumeric inquiries. Target acquisition analysis under
adverse weather are routinely computed using this HHiC model, providing ranges for
detection, classification, recognition ani identification for a variety of US and Warsaw
Pact Armor vehicles. The model enables the user to quickly determine search times for a
given search sector as well as target acquisition probabilities for weather and signature
conditions specified. Atmospheric transmission in the 8-12 /Am and visual spectral region
can be routinely determined for any specified range based in an abbreviated form of
LOWTRAN V, EO SAEL and G/AP atmospheric models.

A companion report' now in progress provides a technical description of the ItttC
algorithms used as well as the technical genesis of the analytical forms. In general. the
performance model is based on the Johnson Criteria,2 as applied to analytical equations
similar to those described by Ratches et al.- for static range performance. and by Lawson.

I G. Kormfeld and J. R. Moulton. Technical ID*wription of HHC Target 
4
cqaisition Program MTf,7 4CQt in I' O rc.i.

2 J. Johnon. .4nalvsis of Image Farming Svqtems. Preedings (if the Image Intensifier S.ml-ium 'lMI.

3 J. A. Raorhm. 1'. HI. LIawson. .. P. O(ber. H. J. Bergmann. T. %. Ca.,id,. and J. M. Sen-,,n. Night I ,ion

Laboratorv Static Performance Watdel for Thermal I'ieoing Systems. UiS4 Elecironic'% Cnnman Hlmrl EC(OM-7O

lApril 1975).



(asidN and Batches' for search tim~e perfotrmtauce. The lhasis for the atmosp~heric atiali s
stemns fronm analytical fits to IAJWTIAN V.' by~ Kornfel1 6 and the NVL WIAP .Aerosol
Dl~aa Base' lIt Shields.' All atmospheric algorithin tised in the 1111C program are lIt(-
lieveil to be Simzilar ito those in the current %ersion of E0 SA EL' The thermal ilmagers
listedl it this uwer's guide as sensours I through t are identified iii the Visionies Perfor-
miance Hlandbook"t byi M lert et al.

4W. R. Lawssn. T. S. Cassidy and J. A. Hatches. .4 Search Votiel. IRIS Specialty Group on Inmaging. Naval

Academy. Annapoli6. MD. June 78 (Confidentiall.

5I. X. Knejass. 4tmtnpheric Trwinqmistance/Rladiance: Computer Code LO N rTR.4X 5. AF(;,TR-8 -0067,. Febiruary 1984).

6 C. Komnfetd. .4 LON THAN Equiralent Computer Program. NV& E)L. internal report. FebruarY 1981.

IJ. H. Moulton. R. J. Flergemann. and M. C. Sola. (S) European IFinter Atmospheric Environment (Il. IRIS

Procrrdings I August 1976).

8IF. J. Shield,. Internal NV&k4)t. t)F. subject: NV&EOl. ClAP A4erosol Atmospheric Models 17 September 1978).

9lIoui. I). lNnean. editor. EOSAEI. 80. P'ol. 1: Technical Documentation. Atmo.spheric Sciences Lalsuratun Report h.Sl.TR.48172.

January 1981.

I. . P. Olser. J. T. Wood. C. J. Nash. (C) I isionics E4) Sensor Performance Ilandbook 11,1. I tatural

European Env'ironments) (U. June 1981.
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METRIC CONVERSION FACTORS
Approximate Conversion, to Metric Measures

Symbol When YU know Mlullipkl I)v To Find Sy'mbol
LENGTH

in inches 2.5 centimeters cm
ft feet 30 centimeters cm
yd yards 0.9 meters m
mi miles 1.6 kilometers km

AREA
in square inches 6.5 ,4quare centimeters cm"

ft2  square feet 0.09 square meters m
vd; square yards 0.8 square meters m.

mi, square miles 2.6 square kilometers km-'
acres 0.4 hectares ha

MASS iweight)
oz ounces 28 grams,,
lb pounds 0.45 kilograms kg

short tons 0.9 metric ton t
(2000 lb)

VOLUME
tsp teaspoons 5 milliliters ml.
Tbsp tablespoons 1 milliliters ml.
in' cubic inches 16 milliliters mL
fl oz fluid ounces 30 milliliters inL
c cups 0.24 liters L
pt pints 0.47 liters L
qt quarts 0.95 liters L
gal gallons 3.8 liters L
ft, cubic feet 0.03 cubic meters m
vd3  cubic yards 0.76 cubic meters m

TEMPER ATURE i exact)
F degrees 3 9 (after degrees :C

Fahrenheit subtracting Celsius
32)

32 9.6 2
212

-40 0 ~40 so 120 160 2001
T . i l , t jig I' T I ,

-40 -20 0 20 140 60 so 10
'C 37 oC
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Approximate Conversions
from Meric Measures

Symbol When You know Multiply by To Find SymboL
LENGTH

mm millimeters 0.04 inches in
Cm centimeters 0.4 inches in
m meters 3.3 feet ft
m meters 1.1 yards yd
km kilometers 0.6 miles mi

AREA
cm2  square centimeters 0.16 square inches in'

m3 square meters 1.2 square yards yd'
km 2  square kilometers 0.4 square miles mi 2

ha hectares 2.5 acres
(10 000 m2 )

MASS ( weight)
9 grams 0.035 ounces oz
kg kilograms 2.2 pounds lb
t metric ton 1.1 short tons

(1000 kg)
VOLUME

mL milliliters 0.03 fluid ounces fl oz
mL milliliters 0.06 cubic inches in'
L liters 2.1 pints Pt
L }iters 1.06 quarts qt
L liters 0.26 gallons gal
m cubic meters 35 cubic feet ft3

ma cubic meters 1.3 cubic yards vd5
TEMPERATURE (exact)

aC degrees 9/5 (then degrees OF
Celsius add 32) Fahrenheit

ix



A IIANIHHEI CALCULATOR (1111( P'ROGRAM1 FORT'HERMAI. IMAGINC

TARGET ACQUISITION ANALYSIS~ - A USiER'S GIDIE

Iherial liiaiu n'4 'isor.. oftif ret'rr-o tt it - FLIR- art' iiitorjttratetl into lo-I liajttr

Xrm% %eapoii 1 latt'oriii to pro; idi' target act'qii-itioli t'apalpilit% iiinder da; bight. t'iii-

ati; tr-t' %eatlitr anid tiiiri battlefield coiiiljitimi. liii atii-itionl i'aoabtilit.% poro;id

I) thI eriiialIi ima ger - i ej p'ienwt ii t n mii fiica ti ir-: ixe.. -teii- r pia ramrieters. target raii gi

Iar~wt IN lot-. target 164t1 r%. %% eaitlier INpe. i ntell.'tIN lit1I iItiiraItiti. o It'rator training. terrailit

-trtittiri'. lacliedi eiiplo init. etc. Tht t'a ltilt ittii it tli- tar':t't avqi 'qititti i'apaltihitN
li&. bteen. lierettiltirt. pttrf'oriled loI atial;.t. hiilN trained't ini thermial irlagilig. eni-

Si roi ien ta I aind I ominputter Ielinolii i,.. Th 'le t iljetti~e of*' thi- effort i- ii pro; ide flte

t~ pieat ti-r oIi tlilrnial irnager aualii. whiter leitlt' ilu- tli';lon o-eltojir. 3 JADI(W4

tlt'jtt'itttIit at li- tle~k after at ft';S liiitht' tiittrial.THit anial %-i- e(itlipmnti 1111(C. a i

Ilt'e lt'tt P~ackardl 4 lA Itaiiilhehl Calculatoir Nitli (or '% itlitit a 11i) 821 13 % pirinter that

ha- bieeni programmiied Nwith uiniqueli lertioriiail't algitriliiii- dl'elped tl m lte Night

Xi-itt iiad Elet'tro-( pties Labtirattir 'N. Tllit'-t ;tt'rftiriiaiit'At' agtritlii art ' br fll-i iiiti,.

tart- io nt t'et er (oi- f large ct alte ii mtiter in igram cu eirre ut I; nel I wit Ii aiti iiiipiiter

main 1'raiie. Xlthough the lIIC p1 rograml i. tuirreni; liied to theriiial imaging wtel-ttr-.

future ; er-ltin %%ill addtress targevt actii!itiii al% of' flaiit opie anid tele; i-ioii w-e

-or- a %sell.

kithttigh lilt- MiIf etjuijnliu and algotrithmiii arte uiiieasifivdt. jintigralil art ' ih

It'- im githiat w Iten ij. e I in conjunitition viih il assifivot I-il ir fparatieter!. ii a.- i iedt Ia rgt

acqumil-tion anasi aii be perftrmedt a well. D iscrtetitn iiii req ujired . lii t'er. on thet
part tif filie tiser to ins~ure that aiialvsi, re!-tilt . art' 1trtijerl% pirotectedt ulient'wtr 'la, i fit'tl
!twi iNr are ' tiidered.

[in addliition to this Introduetitin sectimii. this~ report v-tntaiii- wetitons that dlescribet thet

des'ign and appjlit'atitn of this atialsi- totl f'or i aniet; l itt' r, clisiinpoln.

TIa ken in their en t irety . thlese wettit ii servt a i ' mr- goit e ftor tittitictt iii g Ilieriini mag-

iog aiila;sis ntiim the Ill l( target act'tjisiition nutltl. sjtetifit'allk. Stectti II gi;e, at

d~escriptiotn (o it( h P 1Ii 11( hardiNare andt an o ttr% ie% ile-ripiit iof I' program. ks

desc ribedtu . fte pron gra m% are exec'ttet in ttrat t i ;t'IN '%ith Iiel'I 1(1 olperatoir using flit- (till

knoin lyv te opierator arte li-tedill in tlii- tIituii. % motre' detailedt desc~triptttion ot the fi l(C



I tart I% art, is ;iroN idel I~ Ptt v titniufa Itirer.' 'Itn a(I (Iit ion. at full techni aaI descriI t ioun of

the algorithi is poro% opipp.' 'i wion III giNes iIlustrati~e exampijles (if using the 1HhI1 to
obtaini the target aet iui-itioii capabilit% for a IN ivial thieriiial imnager as %ell as perfor-

miatie N ariatioin- one coutld expect for it arivt% of' %ieathier ipuiditipins. ITle examp~les tised

eia ienie tot ealtiplate the range ilepe-iitleit target acolkiiitioii capiability oif dletection.

elassifivatipin. reeogilitioui and ilent ifivatiopI for the thiernial sights Finder the( weather
conlditioiis considlered. Fuarthier. tite examiple- illiastate thle irobiabilitN of aceomp ish inFg
this range depenideint target acquisitioit and the search time reijuied for a gi~erI search
field (if N it-% IIn addition. examinjie, are gi~eii that enables (one( to ealetilate atmiospheric

propaga tion inI the 8- to I 2-j in spiectral b a nd h r iffe rent %~eat her cond i Hu itio an raniges.

The atmosi.phieric propagation valctilat ions al lo'. the us~er to better understand the at-
inp ~iI ierip inifiluence on targevt av. ni-it iol performncpe.

11h11CFi hiardhiare i- shov~ui in Figutre I. ilustrating the 111) 1(C HIltdhelpl
.iltor Ai th div nagiieo pard reader 111) 82 It) k and aljphanuimeric printer 111)

821 HIt~ 1oitiu-iii 11i4)(111l. 1110t -1ipvsIi) vaIiId at SlAT Pk c anl lie 11-1(1 for input data

prp1 paratiopt-.

Figure 1. HP 41CV HHC hardware used for thermal imager performance analysis.

I i ', .r~. I t- M, 11 1 III "I l ,r '.-f,-man- ' ~ (huaur nr fIun.Ih,-' ind



TII,. 1'tl( N* is it c1ommferciall4 l~LI~ li~alll aiiei1 caiiltir thiat lirmliie- eon-

,iileralile c4)11 it i it1aIa I pit. Ili it% too I t us~er ee (-t itluitt ft- Target Aiiis~ititm
Model. Tisj viliallilit% is hill diesrihiefil ite- IIP II A O 14in r- Ilanlowi~4k mid rIm-
grainim ug(idne that is pros iled %%th the validatuir. hieie %till nhot lote repeated ill thi
repoort. - sholl n inl Figure 1. flte printer is 4i-iieortiito flit- valcilatiir %ia at imule eall.
viv area, flt-e niagefir varei reader is attachied Ito thle caIlijlatfor it it johiiiii attariiiii.

Tte Target Xceqiisitiota Model i- written ton inaa''efic vard- that are read intoi the ItIllC
taiig, the eardt reailer. Ihe lIP M (A ha lit l~oa (.111141smllfiir tI atrre that Im-ee f it- gmra il

eien after the li i~ Ilhseeurnedot ite he read. iiiost ia-er- %%ill rarely' rtimi-v
aiIIitonl trdreali~g.I aitreading- willilI ie required 14 heii tile arget Avuiitii

%leel lilta- len cleared flr'-to flie 111WC.

Thle priniter and the 11111: each crontaiui reehar-ealile batters loac k-: lietie, * operaltim illi

renlte field site., 44itliotit d.c. pomer is no lorolileiai. X loalters chiarc'im, element is po-
%ie t flt-e calenlatiir and fit- printer th~at enabiles operation fromi I' s tandard 4Ilx. ctir-

renits a-meit.

A elo0t~tnp 4of the I~j I 4PI ( N I IlRl( kv% lward is -Illil. iil Figure 2. (hiu the pograin 1,

loaded in ft-e fill li theoerator tses onti thet (ith. I mer. A. nuimber keN Ito 9. amid flit-
Runt Kei identified as HIS. V %%ill hel dlescribed il flte fiI 1444 ig paragraphs. flt-e retjIlmiv

reqiji remlents by1 the tse r are- genera1 llIimanited to nui ncal ke's 0 Ito 9. eeiia I d1 I. a id

HI/S kei- (pnee the O n. I -en. aund letter ke~s him-e been execuatedl.

Figure 2. Closeup of HHC hardware keyboard.
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Thie tiamr of [lteI ll HC for target aequlisitoo aimalv-i- -114111 fir-t acqluaint hitmieif % itli
tli a. je kel 1mar1 fuion4'i 4 and4 11 diil. mode, t. [livt kel ha ard ha- 14 olr c*iliiet- a -

AbIit 14' I el A erm B-g - NomialII e f miin. at IIatem I Im% kv' -Ie'e lvctii.

G41 N I [lIAtern ig - 2nd Ic le e i c n 41 aet11atem IP I i r-t -t ri king,
gold kel, i-hilt p then hittimg dl4'irem kv4'.

hiline Kv-, I Letern ii - .A I ilan 11n14rie fition' 11 am t i at4'4 Io f i r-t qri k-

ilig %I4I % ke%. th~en Iiittiiig dle-iro'm ke%. For

timinmloer- antd -inall letter-. -trike goIld 4hilt kel
1% Iit'ii ill ALPH~ IA ititime.

Whilte IModf. Kv I'mop - ()i n tltri icaclatomr oni.

P Hnre :1) 01i a-aiii turn- 4'a1lia r miof.

I -r -elem't- ti-er mode414.

ver a-g.iii r4 11141 t~i-n'r 1114114.

PFI(;I velevt- ;mrmmranl limmm'.

It ot v~it-vt IPIU ; 11iiu tnom- ecelf4 )',r varmJ

11 rIling: mmitherm i-in. niitmulilicaimii 14f I 1 -%_ 1 .4_)

'rmmrain iima% re-nit. lRGItA agaiii romeImmm-

IPhl( .1 i4mt4': -rqihr4's4'ilt a .4 .

%III % v'4+-'4, allmiantimerin limmin'.

%II'11% iwaili reilmem X' 1 l,l14I %.

Figure 3. Mode keys with display (insufficient registers).
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talitilmitir t(atliht(~ fm% visri fittiig of il' II 111 HTidata reti uret I an aljill top fit-

IT( ;1 T__ ~(:_ Iir~

PIu'leriphecral P'rimietr ke- lit tard i. tI-'uj latr Nornial modite (of tlage.. is (lit.
D~ark. anti \oiii - 11%tvb 1 mi-litt. Papecr oi atct- t% i, trik itig Piaper AtIam ante

%%heitn ill tht l'RGA 'ii itit. iilt't thee- kt,% irt-crt lrint o)r aghanc dit imltitin il flit-
Ti( A' ___t I rtrii

If. 4 )\EI~ I FA (* iiF MU: T' AM ;E A( * :Q1 MISTI )N N( )DEL~i

'Ilii' target act 1 ii titinm aligtt d~ escribedtt inl th? ml- etit in hiaw beIeen dele~ tyqet ft ir nt'

inl t'oij(ll-iftil vo itli the le lt Packartd MJ N liandhield ( cuato fo~r flt- puiriitie o~f
1eliaaiding flti- ier 14) ca rr t 'it thenrmialI imna ger perft inice anal' ,k indein ilenftly at Ili i
oie-k oir rrenot fieldt !.itt % itli a- little its miile- ii in-triletitili. Target acuanitinl

aa'--cajiahtilit\ pros itlt' incitittl range. itrtilailiti. and -arth time fior fin' i-itin

ta--ai tot letect it i. ti a- ifit atitm. ret 'twit i mi. ain I it ent ifi tat i t. UTe a I g4tniimin are 1tnt-

Irantu ilie th ~ t HA ill a mannier It) -iloiplik waer-rvI iv be Ia taking hill ath ha tage

,if If)i' alpahanumenric caiaiiIit tof the Il'P t C. l'tr titflita- pm1art tit- wwtr nteed tiiil,
a il-n tr lilht1-j kiia. it' I tn r 4 itn 1iiC w hihlt' e d-. I b t'- iime irita ke' . thl

Ilki atlt'ititi (til tlit- anai!-is 1&-k insteadid oflt tinntechanic., idi tioat'ratirig flte iili. lit titer
itth I- ilft.' kel t ratck (of fii' nau 'hla nit '-tf anal .i Iii tat fit usen-tr cal 'teellCnet ralte

t1 illdeittr-ftniir i t-t anah -i-

Sll' it(: C~tahitiattir andt Peripiheral, liardlnaret.

TaIdrgtI %ttiiaisitii ail %titosphiii c Prtigrama Itiflutare til llagilttit' eartli.

Th I wrtn', (,itit'k (li' r'jitrt. hieied mfrhrvpaitt.'io ihrt

t'tllt'lt \%ill lit- t I't'ribeI it'tI ft ti t :



HP 41CV C:ALCUJLATOR AND) PERIPHERALS

The liP 41ICV hardware conists of the follhinig:

" liP 41CV Ilandheld Calculator.

* HIP U2143A Periphecral Printer.

* lip 82104A Card Reader.

" 11P 00041. - 14001l (150X)2) STAT1 PIA(.

0 lIP W0097 - 131413 120 Blank Card,.

The 11 IIC Target Acq~uisition Program is votledl i 7 magnet ic card-. ider the title (11'

T(;T-ACQ.

PROGRAM TGT-ACQ LOAD)ING

As mnentionled prev iously. the Target Acvjujition 1rograiii cutitii.4 (r;Tr-ACQ: is ntri-

ten on 7 magnetic cards. These vardI- are read into, the II a, fodhiws:

* Alloc-ate 30) data registers XEQ A [P11 %'IF i/-; III % P1 030.

0 Check for availability of at least 207 program regi-ter- PR( ; M (;T().. lI Idt~ed
likumber is available regvisters.

If insufficient prograin reg'isters are- available, clear exi~t iig proigranii. as- f~llois :

Catalog I display's existing 1irogramin names XE IA I .I I % (:11' %1,1'1 % . X itI A ike%

in programn name) A [iYIA.

0 Without being in the P)R ;N NlotIiie. insert each card ti- icetto thle card reader.
nce in each d i rectin. iTie di spla% i ,i I jt. RI) 111 of I 3 each ltme V61 it it-ill"ii thle

lowest nimniM'red card yet t lm- read . Repeat vardside I if erro r mie-age is. oii 1pia~ e,. I, poll~

41011i1pletion (of last card. woirkinig is di-1 layceI.

* Test execution of T __A(I)-.

Usecr MIote. E- (ixe.. strike -Shift- Ke.% then V Kt-%: 'ritite r? i: oeiisjlai eo if pro-
grrain i6 proi~wrly loadedl.).

0.



EXECIJ1'iN(, rT.'A(Q PROGRXAM

lice fetiIC 14 iii e fe-rill ii a-cl fe- tile, w% eni m ag elic carek v- ilt a iii iiig I le Tia rget %t-
4 iisiIim it it I% i reegramc T4 ;T I m__ I4 itP le -eii read iiitepI t- II114:l ace tirieI epic. hir-

h~er I te 11114: ha, bteenc I m, il Ile It," w- i itpeOr. aced I -PR4 'I (or" %I,1'i1 V" ite %~a, tole

.ec'ted. I pooni .trikiieg flt- e ifi aced "' kei . ft-e 11114: take, ecpicciaill and1 iprmniel

fle er -teac ieIeeiiciittw it, tt ial eplic tire ccc Ii iierav ii e iliii nei-i, Thce timer rel m I- te

flit- citctirnie t ke .trikiieg all alileorecciate imeeereivaI I clm thii exeeietv- le% .trikillg flit-
Rami/Stepjc v Iide w eiifiedi a- R/S.* her e-aeccloie. after -trikiceg shcift- amd It.' flite ice-
elieen "IPri tit-er!? i. iicIaw ei. Hive tc-er resleceicek fiiikieg ftc I kei anee (fit HIS Keif'
thce prnter k itweeekee tee teflit- IIP 4C . If ieep. thee ic-er !.tnikes 0. IS. Ileie I = e!. amd
0 = III Wadee HIS imeejeieeue.

ThIe -i ec ific ieee1 ci ri es cremectee ip ltee t lee .114:ceer are e eriloi il Te c ablpe I.

lie cetn~ cele 4iiI1 ieecccrIc eleaje ic trgt ceicl i ne i- enhrittcae foer each iof

fcelit- e i~ ii-n ccciie4 t i ta-k - F a-i Ieteetclie. 4:1 it e nec )eteetii etc. 4:1a..ificat jmee Rvcec pgcei-

teemee. aced liewcifieatimi It% t'cceritcg eitleer 20 -317cr **to.' dcin -R/S. If mcilt, ceie
la ret ace ice i-it Ic cieerfi rmice e i. e ei ree . -aN e Reegmi i e leI 'e i li i . tIbe ccir m-lv fliet, c

atlelrcelcniate mcatrix ceele. ixe.. 3M fier Heeecgiiec 1)rebabiliti . Wirfilre Apklm
Iecnfecrcccance ~~~ ~V Trh~.caeI h fI(:rtci- e ie~lace' heeil ie mrc~ix vtoile

target cc acui .fis jperfc uuca dee a a fuc it i et d fit- eI attiefieldc eiciire imeict.

Thcere ik tice# iditiceical resleceile Ite ft- nal-i- Nqi.? imcetiir . lceig 97.

97 1. pollc keiiieg ilc 9I7 qcr ii iie Il1ie kv.~s. ccceaccinig t rmccciceis ic pi.

ice 1111: &.6k flic- racice feer Kii-li flite lrnacccsiiou i. lt lee-
Raiwcce? eiectilcieo. I wr resleccedl itic racege iii kucc. ten IS.



Table I. TGL-A('Q Program Responses

No. 111C )isplay User Response Options

Printer? I = Yes, 0 = No

I Sensor? I = NFOV 12

2 = WFOV 12

3 = NFOV 12

4 = WFOV
12

= New FLIR (See MR F Data preparations using
STAT PA(" instructions later in this section)

IIORZ FOV? Key in v'alue for New FLIR in degrees
a value? Key in a value of MRI curve fit
1 value? Key in 1 value of NI RI curve fit

2 DtF*LTA '? Key in value of target A T in 0C

3 Target No.'? I = M1 13
2 = MOOAI, 3 MOAI Hulidown

4 = MI09. 5 = M109 fluildown
0 = M551. 7 = M551 Hulldown
8 = l)IVAI). 9 = DIVAD Hulldown

10 =T-02. II = T-62 Hulldown
12 = 1-72, 13 = T-72 Huldown

14 = 1-64, 15 T-04 Hluldown

l6 = ZSU. 17 = ZSU Hulldown

4 A('Q PROB? Value of probability of acquisition desired (0.0 to 1.0)

5 Weather? I = ('lear, Hazy or Foggy

2 = Rain with Ilaze or Fog

6 Visual RG? Value Ot visual range desired in km (0.0 to 50.0 kin)

7 Re[ Humid? Value of Relative Humidity desired (0.0 to 1.0)

M Air Temp? Value ,f air temperature desired in degrees Celsius (°C)

Rain Rate'? Rain rate desired in mm/h (1.0 to 50 ram/w)

t.. P. Obert. Jl'. 1' . ( I NaIh. W) I rmoinics f.0 Sensor Performance Handbook 01. I (Natural E.iroln an

Fnv'irnments. Pages 5-2/4 md 5-h I I). June" 1981.

ii , -- .. . ., .8



Table 1. TG1..ACQ Program Responses (('ont'dI

No. HHC Display User Response Options

Changes? One number I to 8 if any of the above responses need
changed. If no changes are necessary, press R/S.

Analysis No.? There are a variety of target acqdlisition analysis
possible that can be selected by number. The specific

analysis is requested using tile matrix code in Table 2.

Search FOV? Upon selection of the Matrix ('ode 40-45. the inquiries

Range? are generated for the user to answer in sequence.
What PROB? For tile search FOV, the user enters tile horizontal

search field in degreesthen depresses 'R/S." The

range inquiry is answered by keying in the target
range in ki. Tile target acquisition probability for
unlimited time (MAX PROB) is then displayed
followed by what PROW? The user then selects a

detection probability less than the value of MAX
PROB shown in decimal fraction. Upon depressing the

"R/S" Key, the IIHC then gives the time to accomplish
the target acquisition function for the search FOV and
level of certainty (probability ) requested.

Range? User selection of Matrix Codes 30 to 35 generates this
inquiry. The user enters the range in km (nearest
tenth) to the target for which the probability is to be
detennined. and depresses 'R/S."

9



Table 2. TGLrACQ Analysis Number Responses

Matrix
Codes 21 22 23 24 25

20 Easy Cluttered Classification Recognition Identification
Detection D~etection Range Range Range
Range Range

31 32 33 34 35

30 Easy Cluttered Classification Recognition Identification
Detection Detection Probability Probability Probability
Probability Probability

41 42 43 44 45

40 Time to Time to 'I inic to Time to Time to
Easy Clutter Classify Recognize Identifv
Detection Detection

ANALYSIS OF NEW FURS

If the miser selecteel 5 as his response it) the I *eminsor? inqftir% lhe nieed, to elteriie thme

it and 1) valuies that art, reqeseteel liv the fillC. Thmese a amid lo ialtme are feetmiel fromi the(
new. FLIR NI WI data tisimlg the Ill l(C with the( STAT P.%( inw~rteel 1)% kei% ing the 11 I(:a

XEQ . Cli~tl, E E X P) *IPIIA

% C'liitie' sotittels % the' IillI I( Cs reatd% for the NIlWI'odata. The NlI TI is entered in pairs
eef i a te. The first ia I te is the -; mial freole mN %ich isjl kei ee in a ie I fe lloed ee I t ri k-
ina thle Fitter ke%. The seee mi ialt e keie in is~ thle A TI fo r thIiat mpat ialI freeiivniie feel im-i
eel1 It% trikiu-, the V Keip. ( emmmim ie tis- pmroesse vit the niext NlR'l' la poit eol spatial
free liti' itid ( I H %i I e. antIi t-e niest. elm'.. mitil al II RT dIata is eniterede. \hen eemmoi -

;leteel. Imrt.~ -L- midl the IIII Il( jms oui the a mide 1m valuies. lIn addeitioni tee the a mttd I,
%aloie. tihe ecorrelatiomn veefieim emf I-it. R'2. is lmre~iflede the tiser. \lsem. thie IIII ll( oremi ees

the I %I alme leer amli NI lmal free ji te e lshi thle ise'r kt'-.% ini the imat ial frele ItN me'iie aI.,1
emml%~ tli -trikiiw the' h/S Kei . The NIR WI aime eisllaieel is for tihe emirw fitlede NIRlT

lihe aimee a amne Im %alties are used tee reslpmem l ite tie inquftiries %%iim time tmwr hast se'l'etede
a ml'it#- PT11: ixe.. amii e'rede tihe e4ie'-t mi Seiisemr? f Ste'j I i %itI i..

10



Ill. IlL I H T ATIN L APPICATIO'l~ NS (IF 1111; A~N AL) SIS

'['lie If If P~rog~rami nae T(;T-__~A)Q is listedt, ilt'e %I?1.e-ndii ill it- eitirets. ,,e-%ral

exanjdpes ofi t appiitatitoii of 'Y' TX( V: A)to larget acqilitioli amal is are- p~ro\ itlet ill
tisl -tti na. The examnple-. art:

(Case I lIR Range Performncie (lTable 31.

:Cla 11 Search 'lime anid Reogiititii lPrtolalbili (I'abe 1-1.

( ;i-s L, II Petrfotrmne %, M~R'l- andt lraim i-.'.itill (Falie 5 .

(aise 1. FuAR Runge P~erformance.

Thle range paerformiancte for emitmir Iit a-. functtioni of*' %istal raiat %as. calcuilatedi andt
thle resuts suniniarizt.I ili Table 31. \ vojt of tilt disjola~ .is a- rinittil andi is iprtovitet ill
Tlable 0. Th'Ie -imiaar table isi i(-th degradhing p.art of FlAR ltarget acquisition jperfor-
Ilative ats Ole %i-iiliti dimiis~ihe-. Nt(teis exampl.e tiled lit-e Natri\ Cotdte 20 to obtain
ti1lt ahlie of* vac it'f tile- (ie target at'quiliitasIak-.

T ii exanIleI - il Iititie %% it tlhII eit' laile sensor t iitvat her vo m itit ins us-.tI ini ( :ase I. b tit
dlua,ralv.i lt- w - #J' 1Jari-, I 1got-N 3.1 anti 11. Hlad one tied tilt- NIatri\ Code 30 and to .
Iliv -earth lime and rettiltioli 1 ,robialilit% wtaialt hiawe heeti tdtainail f'or all 5 target av-

tlmlisitili ta-k- as ill ( a-e I. 'The aiiitN tta seleti. till specifi l arget acqulaisitio~n task o, ill-
Werest saw cons 11itdIerable it im l it o t t is %eat i er pa ramoeteri zinlg ariou ni ta rgtt at lii
tion task pterfoirmnces. T h l ti mlari of' tlic resuilts (if C ase 11 is giveni in Table t andt the

p~~~li1 rintot i-l istted ill 'Tablte 6. Tht search timne remiainil at acotnstanlt iiIlt for thet

itroaiit% d~ropa froim I for tile lo" i iiiilitN oaf 0.5 kill. tim- ilea-ilig tilt -earth time

(:use III. Recoguiltnamu lerrorninte V'ersus~ NRT amid Transnis.ioai.

%wj .iaaim I il 'Tables 7 antd 8. tii cast, illiatrat-e, Ii Hl(l; Programsa aitilit\ tta alah ze

differen VIVhu- iitug data ai ailaitt tlo tlie i-er. li.'hll NI t la is ke~iet 11. as

alt-ariiet inl Sitcli i iw litlt- ST'\T p W for llt'i F1.11 amtalvii-. Ill addtititon. iw t'a-e
stet'tatl linali- No.. 9)7: 6% thet maitit thlat iprttiles tilt- 8- tto I2-pm traiimi--itti fotr all\

ranuge reqt ed't. 'lei 5 pro~''itit- a mmnlliari tof tilt- data talitaimaeel f'or tile- %%emtier titmti

titan- giitil.

Thie alittst tirte tas-- serie it) ilhimtrate lile, hrtati of1 atii- 1 at,-ihb' tiiil- lite I I114;
T(' ;'T- It( I inrtiralllt. NtIan llither anld liltire ibtlet i -1 trgel t at'aI i its it i t iamitl -e- are

I 1 ,i ilt-e. Ifif't Ilie jtraat't. (if' smtch ana 1 i tit% njrtgrama errtors art, ti~tui eret. tIit mser it

andh Fvttr-( )jatit- Lalaarattari at (70)) 601-5813 tar \lttttn :15 t-58 t3.



Table 3. Predicted Range Performance

Visual Easy Clut
Range (kin) Det Det ('lass Rec 11)

7.0 20.96 8.96 5.10 2.74 1.43

3.0 18.45 8.47 4.94 2.,9 1.41

1.0 6.89 4.80 3.41 2.17 1.25

0.5 2.06 1.82 1.58 1.25 0.88

Conditions

Sensor = 1.0 Weather = 1.0
Delta T = 5.0 Rel Humid = 0.90
Target . 12.0 Air Temp = 10.0
ACQ PROB 0.5 Visual Range = as indicated

Table 4. Predicted Search Time and Recognition Probability

Visual
Range (kin) 2 km REC PROB. 2 kin Searcl Time (s)

7.0 0.78 30.74

3.0 0.77 30.74

1.0 0.59 30.74

0.5 0.002 40.94

Conditions

Sensor= 1.0 Weather 1.0
Delta T = 5.0 Rel Humid = 0.90

Target # = 12.0 Air Temp = 10.0
ACQ PROB 0.5 Visual Range = as indicated

Search FOV 30 deg

Range 2.0 km

12



Table 5. Predicted Recognition Performance Versus MR] s and Transmission

MRT #1 MRT #2
Visual R -C REC 0.5 km I ransmission

Range (kin) (W/O Rain) (W/O Rain) (W/Rain) 8-12 km Visual

7.0 3.74 2.74 1.88 .59 .50

3.0 3.65 2.69 1.80 .56 .34

1.0 2.74 2.17 1.14 .25 .09

0.5 1.42 1.25 0.60 .03 .01

Conditions

Sensor = I and 5 Weather = 1.0
Delta T - :70 Rel Humid = 0.90

Target#= 12.0 Air Temp = 10.0
ACQ PROB = 0.5 Visual Range as indicated
Rain Rate 5 mm/h

13
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D)ISTRIBIUTION FOR NV&EOL REPORT DULNV-TR-0030

No. Copies Addressee No. Copies Addressee

10 Commainder I Project Manrager
ER ADCOM MO6O Tank SN-atem
ATTN DRI)IL-AI'O.\ Waien. MI 4809)0

N. ,e isle I
Adelphi. MD ) 7f''; I PtoiecU Manager

MIICV
I Diicctoi 'Aairen, MI 48~01)0

Atmospheric Sciences Lab
ATTN: 1)1LAS-I) I I'oject Manager
White Sands Missile Rang-_% NMi TOW/DRA(;ON

880,02 Redstone Arsenal. Ai- 35S0-

l IDirector I P'roject Manager
CS&TA taborator\ (iLL)! Lit)
ATTN: I)ILCS-I) Redstone Arsenal, AL _3581)
Fort Monmouth, NJ 07703

1 Project Manager
I Director VIPER AIIAMS

Electronic Wart-are Lab) Redstone Arsenal. AL Ss~
ATTNi I)LLW-[)
For( M~onmoucflth, NJ 07703 1 Project !Managet

AAti

I Director AVARAIX'OM
Electronics, Technology and St. Lo~uis. MO 63166

Devices Lab
ATTN: DFLET-D I Project Manager
Fort Monmo~uth, NJ 07703 TADS/PNVS

AVARADUOM
I (Comninder St. Louis. MO 0 1I66

I larry D~iamnond Labs
ATTN: DIAI)-AC( I Commander
Adelphi. MID 207S3 ARRCOM

ATTN: DRSAR-CPI.
I Director Ro ck I sland. I L 61 299)

Signal Warfare Lib
ATTN: DFLSW-I) I Project Manager
Vint Hill Station. VA 22186 RPV

AV ARADCOM
I Project Manager St. Louis. MO 63166

XM-l Tank System
Warren. MI 48090 I Commander

ARRADCOM
ATTN: DRDAR-SFC
Dover, NJ 07801
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Fort Monmouth, NJ 07703

Commandant
Commander US Army Infantry School
MERAIX'OM Ft. Benning, GA 31905
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3 ATTN. I)RI)IMWP Director

Fort Belvour, VA 220W0 I)elense Advanced Research
Projects Agency

I Commander Rosslyn, VA 22209
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ATTN I)Ri)MI-IXK ('ommander

Redstmie Arsenal, A[ 3, St) US Naval Research Lab
Washington. DC 20375

1 ('ommiriander
MIRCOM I (ommander
A ITN I)RSMI-F() IQ DAR(OM
Redsttie Arsenal. Al 35hO) ArTN DRC('P-

Alexandria, VA 22333
(t llinlunder
AVARAIXOM I ('ommandant
AFTN DR(AV-B( Defense Systems Management
St. A uls, MO IA I hi) S'hool
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(omuiander
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( otmmander I Cormmander
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TARCOM USACSC
ATTN: DRSTA-NC Fort Belvolr. V A 22060
Warren, MI 48090
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ISD/ACC I Commander
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