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ABSTRACT 

• \< • 
This nddomlun Is an extonslon of worît previously 

prosontod in roferonco (a),'and is tobe used In con¬ 
junction with the theory contained therein. It presents 
a method and associated working graphs which enable one 
to ralculate the probability of visual detection of a 
target aircraft by an airborne observer, undor daylight 

• conditions of illumination, for n wide range of the § 
parameters Involved. 

■'v\ 

INTRODUCTION 

i 

» 

In reference (a) a theory of visual detection 
of target aircraft by an airborne observer under day¬ 
light conditions of illumination was developed. In 
addition, a method was presented for computing the 
probability of visually detecting the target by the 
time the observer had closed on a collision course to 
any given range. Working graphs obtained by this method 
were presented and were applicable in a limited number 
of specific cases. Since the publication of reference 
(a), the computational method has been Improved and 
graphs hove been obtained which apply under a much 
wider variety of operational conditions. This later work 
Is presonted In this addendum; the theory and assumptions 
on which It is based are presentad In detail In reflsrence (a). 
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TEH!* INOLOGY 

r ►V, ^rf sf9clflcally. the desired probabilité la a function 
of the following parameters: 

Cq - intrinsic contrast of the target (^) 

V - meteorological visibility (mi.) 

n0 - ~>aximum range in absence of haze (mi.) 

’.V - gross weight of tr.rget (lbs.) 

o( - aspect angle of the target (degrees) 

¿ - elevation scannU^g angle (dogrees) 

¢1) - azimuth scanning angle (degrees) 

A - presented area of the target (sq. ft.) 

Rß - maximum range at which detection is possible, under 
given conditions (mi.) 

V - relative velocity (kts.) 

nl " range at which search is begun (mi.) 
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?ho of "r-r’i*:-Ir..-* f "ns pnhnhLlIti ts »ill w<* 
illviatmtoi h- »rr>,r.,r out n aoocifls «xnrirl». Zureóse th« 
enor.y in naarned to bo a nadi'.sn bo-.bap wai^-.irwç aporoxl- 
nataly >15,000 Iba., unmintnd aluni nur;, and la heading due 
north at n npaed of 400 kmta. 7!".e interceptor la on a 
collln'.on courno, 135' true .aadin^^ travelling at 500 
!:notn, arid th.e pilot Í3 acnr.nlnç 20" on either aide of the 
axroctod ponitien cl’ the target and 3° ahoi’e and below the 
expected relativo altitude (i.e., (j) - 20°, S>* 3° Î. The 
notoorolooical viaibilltr at fli.'ht altitude ia about 20 
nilea., ~ 20 ni.). Tho pilot -oar.3 in a rerular and 
ne-'’.'’'1 ice] Pnnhion i’r^n the tine aearoh herina until he 
nii-htn the target. The conpntntlon of detection protibill- 
ti o o will he illuatrotod firat f:r the caae in which the 
pilot b'^inn hi3 search while atill outside viounl ranre 
of t!:o tarrot, (i.e., and secondly, for the case 

in which search ia not borun until the pilot ia within visual 
ran.*e ( i.e., R. ¿ R„ ). 

1 i 

The probability of havinr detected tho tar-et by 
ran.^e R if search v.as ber;un at ran,3e R, *3 ,riven by the 
equation 

whe^e I(R) ia a quantity obtained graphically (fron 
Figure A2 ) and is a function of the parameters (p) , p , 
C0, and • I* search io begun at or btyond the maxin'm 

possible detection range, i.e., R. sR_, then KR^) = 0 

and the probability can be written as 

P(R) s 1 
-üa KR) 

a V 

t 

i 
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fio. i 
(2) In reference (a), the Intrinsic contrast, 

of unpainted aluminum is given as 27^. For the accura'7 

desired, It will be sufficient to use = 30^ and avoid 

interpolation for CQ. 

Using the nrmoftraph, Figure Al, and entering 
the known values C0 « Sd and u = 45,000 lbs., one finds 

that the corresponding value of 200 (maximum ranre for how 

aspect) is 15.0 miles, and that for aspect anrle at = 82.5°, 
the value of ^oa( Is 24.0 miles. (H0Ä will now be referred 

to simply as R0). 

(3) Thus, Ro/V = 24/20 = 1.2; R0/v = 24/356 = .0674. 

(4) In Figure A2. choore the graph corresoonding to 
the parameters 0= 20°; / - 3°; C0 = 3(/¾. 
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i 3 3--1 *■' ‘.ï , 1 i'll tíl», 

(6) 9**rch ’.a b#.—;n o’jts'.i* 7'.s¿«1 r*»r«?a cf 
t*-.« tarr^t, It is r.ncaasary to th» vai .» o;’ **., 

V»|| «■ <|«j ifi'i*c^I''n ^^ .i s 
ve ohtnioad fr'" ‘.-’l rip« A.\ ai-;*» 7-. 13 t s 7*1.» z! 

, nt which I * o. TV.» vii-iws of T.,*9, f^r th» 
= 1.0 and 7_,/V » 1.3 curvas can b» r»*d ii'r«ctl’7 r.-rc 

ti.» .traph, and ar» rospactivalv, ?./7 * .43 and % s • 

"»ir.it linaar lnt«rpolation (surriclcnt ."□r th» accuracv 
in t-.ia rr°bl"n) th» valu» of 'V., \ for ” '■' - i.3 ■> , ' 

is found to V» .40. Pane« = 7 : 34 .4., - 0. j -.i 

■» ç 

l^S. 

(7) It is row cosir»d t' find values of the d»t»c- 
tlrn probability, PÍH5» Tor several values of 7,7^ within 
the ranpo .03^7/7^^.40 so that a ?r»ph of F Í7) vs. 7 
can bo c.rnwn. For any particular value of 7/7^, 3*y . 
7/Hg 3 .03, the corroaponair.^ probability is found as follows: 

(a) 1(7) is found by usi:..t linear interpolation. 
V.Tien 7/70 = .25, the values of I!H) for 
70/V = 1.0 and Ry'V = 1.5 as read fren th» 
rtraph are rasnectively I s 14.5 and I - 5.0 
(ilote: The ordinate of Figure A2 is I ♦ 13; 
.*. subtract 10 fren the ordinate to reea I). 
Tharoi'ore, for 7^/7 : 1.2, one ootains 

I * 14.5 - .4(14.5-5.0) = 10.7. 

(b) ^ 1(7) * •C674 (10.7) = .72 

(c) .*. P(R) = 1 - a“*72 ’ .51 

(d) The absoluta ran^e Is 7a(7/7i,) = 24 x .25 8 5 al. 
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■U. ('f-v>r -"H '-rr,3*.ant. 

? :'r’ 'f t;'° ' r. sn;: v.-?:?. 

r.-.o r--. **» .-Jf n-,?.' 13 ".'W r«n*ri3ln'J 
alne« ? s \»:v»n 3/7.5.::5 7*0 rl.' 

--33 t' ha authnctad fr-Tt'nll V-.o ■•; l‘?\ : 7.'. 
'.3 th« viluo af : f>r 7, 7 ? • .33' in.i • na :•*■*.-.•! 
to ua l"'.". 

; -•'ri;- ?(3) V3. « ta then rbtil.-.od nlrjlitlr..* 
P(H) s 1 . r3n aovortl va’^aa of 3.7., within 

the ih:ve nn.-o. Stars in the cilsnlitlrn ire •'-buli-ad :al?w. 
* .235 wna included to --'t a valúa of ? ''atraen 3 and .5. 
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. . ».. . ■ 4 t A 4JI 
i * ^ ' 
' • r> — •' a ^ 

n 

r 'r? \ * V ♦» / 

ICI) - T (Hi ' !! 0 

R, 
■V 

: ; r } - : { r ! ) 

?(R) 

L1 

16.4 

5.7 

.30 

.32 

5.4 

13 

. ao 

.53 

4.0 

43 

:.3C 

.34 

3.6 

.13 

114 

103 

6.3 

1.0 

2.4 

240 

223 

15 

1.2 

P(R) va. R for this case Is srcwn In (b) Figure 2. 
It shows, for example, that a probnblllt? of detection of 
."S io reached at a ranro of 4.4 ni. when search is berun 
nt 6 mi. 

Submitted t o Director: 

’»La. 

E. ’TARCrSE 
Kathematical Services Section 
Operations Evaluation Group 

Approved by: 

e. s. laî,:ar 
Deputy Director 
Operations Evaluation Group 
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^ALC'XATIO IJ . j di. rt A^ 

olnr«» tho ¡:robnbll 1 ty of tío Motion P U 'í^r^r.-iont on 
tho vnlue' of R0, the imxiñur. nn^e In t .e ehsenoe of hnzo, 
our fLnt rrohlo,,i La to dotonine T!,, '’o n fur.otlor» of Plven 
pnrn-iotoro. 'f tho proo^ntod nroT of tho torpet, A, lo 
Vnorn, uao oon ho -lade of f.c roiotlon 

(1) n0 = .16557c0 . i.565) A, which Í3 pro- 
3entod Ln ncnc.prpphic form in Figure B of reference fa). 
Tr-v;dvor, tho iron Í3 aciden riven in aircraft specifi- 
entima, ao that it ia doairoblo to oetomino oa 
a function of proaa weipht of target. In reference (a), 
tho anaimption that for a pi ven aapect, aquare root of 
presented nren ia proportional to cube root of proas 
woipht, V. an tooted for a variety of aircraft, and 
appeared to be a sufficiently accurate aaaunption for 
purpoaoa of conputation. (fee Fi.puro 7, reference (a)). 
For bow aspect, t la approximation is plven by 

(2) A- = .4733 Vi1^3. 

Substitution of (8Ï in (7) will ^ive ua the naxln'xn 
rantje at bow aspect, HQ0» in tens of prosa welrht 

and intrinsic contrast, namely, 

(3) noo : .0733 v/C0 - 1.565 V.1^3 

The effect of tarpet aspect on the maximize ranpe is 
defined in reference (a) by the relationship 

(4) noat = R00 /cos a 4 2.4 sin a , where 
R00C is the value of R0 for aspect anple o; . 

The nomograph, Figure Al, combines equations (3) 
and (4) and thus enables us to solve for RQ (■ R0(X ), 

given C0, W, and oc . This replaces the use of Figures 

6 and 8 of reference (a). 
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An ¡»rlvort In rof^ronco ( >1 ), the probnblllty of vlanal 
'f1 :11 'n if 'i ‘•Ttet by nn Intorco; tor on a collision course 

w - ‘ 1 tho tnr.’ot, which hns boon aonrchinp, fror! rani?o to 
*. 

H:, 13 r.lvon by 

KHi.^o) 
(5) Pín^.Hr,) = 1 - 0 , whcro 

;Ô' I (H-, ,n0) : J -2.21(10)° ln(l - r,) d(n/nQ), 

Wo 
HL SRg < Rn 

r t 

í") Z - ' m^w m . and 
C<St->] t?o] 

-1.75 i 
(3) e 

^3.0075 4.006 C„ (C_-1.565 ) o"'i,44‘?/V(R/R0 )2 

2.408 (C0-1.565) (R/Ro)“ 

« 

< 

« 

Tho detection lobo In dlr.onslonleoa for*n ia descrlbod by f va. 
n/no, 9 balnp tho polar anpla. Tho nrobabllity of detection in 
one rrllrpse is g. and RL aro solutions of tho transendontal 

equations obtained by se^tinrç 0 s .0°, 90° respectively in the 
equation of the detection lobe (which applies only between these 
values). These equations are respectively, 

^-(3.44^)3,,/^.505 

C0 - 1.565 

Coe"^3*44Ro//7^I-/ao -16.602 

112.4 (C0 - 1.565) 

and 

The integral I (R^R) was computed for a set of values of the 

parameters C0,R0/V, II, and Por Ri<Ra» It is a simple 
matter to obtain I'R^.R) by using the relation 
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*-7o~nor i 

Cl) KH^m = 1(^,,H) - KR-.Ri 

Tho vnlu-js of tho Inter^rnl I wero obtnlned In the fallowing 
wny: 

1) 7or onch cov.bl int Ion of tho ^nranctors R^/V nnd 

C0, the trenacendantal onuetlonn (J) nnd (10) were nolved, 

nolnp; tho Nowton-Raphaon nothod of auri'«''«*'approxlmatlona, 
to hot err.‘no tho values of Rn/Ro and ^L^o* 

7) 7or each case, the rnn*e hand ',7a3 

divided Into ton equal Intervals, the lent three of these beinq 
subdivided In two. 

3) For each set of 13 values of R/R0 obtained In this 

way, correspondlnr, values of 9 were computed, usln.q equation (3). 

4) For every combination of velues of (3) and usln? the 
values of 9 computed above, ¿ was computed, usIn- e^uftlcn (V) 

5) For each value of r, -ln(l-g) was obtained. 

6) Integration was d ine numerically, using Simpson's rule. 

7) Multiplication by an appropriate constant was performed 
to obtain I. 

(Steps 4,5,6, and 7 were done on IBM equipment) 

8) Graphs wore plotted on semi-log paper of I + 10 vs. 
R/H0, each page containing one combination of the parameters 

^0» ® * anc* ^ , and the complete range of R /V. \ 
0 \ 

îîote: 1 + 10 was chosen as the ordinate rather than I 
In order that the whole range of values could be Included on 
the semi-log scale. 
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Z -ntontn : 

(I) "if.uro Al, p n ' o IP: P -n p on.',«Mr. • P.-i 
p-n-.-P-rn ., X, ?^n, -..: ^ 

do tern l’ll the vnlue oC ccrrenrTr.PLr.r to • 1 v e r 

values of C0, V., and oC . Corraapond 1¾ values of 

P0, and1 Hno ar" tollnonr; llkcv.Lao, crrrtopor.d 1...* 

values of ex , V 
“OO 1 and P.0Ä. 

(IT) Fl.pure AP, pares 15 to 69: Iraphs to be used 
* n PoPcmLninp f'o value of the Intwpral I, used In 
Gopjat'on (5) for ccnputlnp the probability of visual 
detection of a slnple tarpot by an interae-'tor on a 
ao'’lalan course. There -rapha are pivon for the foil art nr 
r .n*o o'’ raranetor values: 

(i) Azirmth scan -nplea !i: IP0, r» r> V ; O r ' f 

(li) Elovatlon. scan anples: '1°, d:3, 5 r 0 

(ill) Intrinsic contrast of tarpet, 

50, lOOCi 

^ ^ O > 

(iv) n0/V: 0, .1,.2,.4,.0,.0,1.0,1.5,2.0 

Tl’.o Units of integration are fron the variable lov;er 
Unit R/R0 to the fixed upper limit ?._/no. The ordinate 

plotted is I ♦ 10 in order to include the conplata range 
of I on the logarithmic acnle. 
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