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IS AL DETECTION IN ATR INTERCEPTION:
A SCHPLAS s OF THECORY WITH TRIAL HESULTS
(Revigad april 1952)
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of Visual Detectlon in

o 'f [ Qo.rnt ?.1. Yoy ]r r‘u’_‘

l\. 371 The Problew of Viscal and Radar

Sinsoi Hiphe=Spwed, Blgh-Aititcde Inberception

Seoret oo 1948

Lo Ul sV aR UC~‘JRA : ; Gosbn L Jwe 1947

(1) CO-VAVAER BEng naep;r ; Beporn No, DE-30L Cheracber-
lesfes Snmary U.S. Mavr Alecralt  Sacret L5 Oct
pAIY

L. INTRODUCTI(GIH

In aplte of tha lmprovemsnts thab heve been mads in
other dehsction nauhkdg, visuzl sighting of ensmy alrerafi
remaing vilal I aly Inkoerceptlon, (C.I1.C. Infoimatlon gen-~
arally is Jlasufficlent to guide an aircraf* iato firing po-
sition, Conasgquenily, iLLal detasstion mus) ofSen be by
visual muans.

Intoprsan In visual detboohion was gtimulated by the
failure te sight Japansse Kwnibaze atbackers ab ranges suf-
fielent 5o <dcived Yhelr misaslon md by fhe dif*ic ltles in

q [

conducting ~lr- - sacue operaslinu. omobe were made
to obhtain informerion en detectuion probah‘lities Tfrom de=-
tections ol = i lz-ondsl sircrafh Tnasd srlals proved in-

concluslve, and ;i» parmament Ie: ﬁrd G fham was kept, Some
experimenta_ datz on vislon wers avillable, however, and
from them a buuale Shaoary of visual datsclilon was constructed
(reference (a)).

Rafersnce (a) mads speclal spplication of this theory
to the gighting of surfuce ships from alrcrart, Referencse
(h) applled sihri:z thecry Ho she visuaal debection of airborne -,
vargeta, and roferance (e} progentad g mebhed that enatled
ore bo scoioclube the probabilibr of viaunl detectlon of A
targcht albceal, b an ulrhorne Larene Lor a large number

of eonditdonsz. Dulsroncs (4) artosk gpeclal treatment of

&
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This cquatlon defines a detection lobe,
which can be thought

of revolution con-
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D. DETECT [OIl RAIGE

Meximam range of 40 eetlon will bs obtainsd when the
target is lmaged on tne v ren, This will ocour whien 6 1is
leas than or equal t- 2,% t-pree, which is thes approximate
angular radins of £tk f(cves. This substitution In equation
(1) yields

as an ~xpression for maximum rangs Ry. The maxlmum range
in tbe abhsence of havs, Re, aimilarly bacomes

Ry = 0.1455 (G, - 1.565)A. (5)

\n

E. COMPUTATION OF DETECTION LOBE

Equat ions (3) and {5) conneet visual psrception
angle © with A, Cn, V. ani Re 1If, Instesd of thease, the
variables R/Rgy, Ro/V. and G, are employed, ths numbsr of
variahles i3z reduced from 4 to 3. When rhis 3s done, the
following expression iz obtalned for O:

—— 2
o = FZ.‘!G/F RE= 1} , (6)
where
F = 0.49 (B/R)/iC, - 1.565)7
and

2]
i

= 0040 ¢, .:fxp.';}ouhﬁ/v)(RQ/R)E/(CC, - 1.565).

~otalla of a similar substvliution involwing Ry instead of
Ry can be found In refersncs {ai.

Baquaticn (6) ra: pbeon uz:d 1o refarones (k) to com=
pute detection labs. {or & widr varieny of renditiona., Two
typical lotses ars plostsed 1o Pipgurs 1. Jurvs A 2hows the

7
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probabllity per unit time then is integratad over time to
give

|
By = 1 - 55 [( SN (L - gpat (10)
i A '
which 1is more ccnvenient L 1t 1. oxpreaszed in Germs of
distance
]
P,= 1~ uxp[j(l/vT) in{l - gq)dy|, (11)
&

whers v 1s the relative veloeliy in knnts,
For the speclal case in which the interceptor 13 on

a collision course with the attacking alrecraft, thig equation
reduces to

P =1~ axp(-R L/v) (12)

auhere I 1s the integral

R1/R,
I= 221 (103) 1n(1 - g;) d(R/R,).
RE/Y'C)
Here Ry 1s bthe range at uhiich sewreel beging and Rp 1s the
range at which the interceptrr has nlosed #o obbalin the proba-

bility of detection P. This spmcial gsibtuatlon corresponds to
the one existing during the trials. (See Sectlon III).

H. METHOD OF DETERMINING PROBABILITY

From tthe formulas plven in the preceding paragraphs,
it 1s possible to determine the theoretical probabllity of H
detecting an alr target ' ths necossary paranehbers ars known,.

L. i————
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4v. DETERMINATION OF THEORETICAL DETECTION PROBABILITIES

A. DE(usRMINAUICON OF PARAMETERS

Quantitiez necessary for caluclation of the theareti-
sal probabliities of detechblion can be detsrmined from the
results ol trials described in Section IZI, From these same
betsl results 1t 1s also possible to determine the obgsryed
srobn Tiitiloa of detsction. (See Sectlon V below.) The
thieory ~an be ctested by comparison of these theoretical and
dnuerved probabliities.

“his sectien of the study describes the manner ¢
desermining the quantities needed for calculating the tl.ec-
rztical probabilities of detection. The method of using
36 yvalues to determine these probabilitiesg ig described
in Scection II-H.

3. DEIERMINATION OF SCAN ANGLES (@ anD §)

iz the number of degrees that the observer scans
Lo bhe left or right of the expected position of the target.
@ L3 the number of degrees that the observer scans above
ov nelow the expected position of the target. These quanti-
~ i3 were specified as 30 degrees for QE) and 3 degrees for
¢ £ 211 detection runs in these trials.,

C. DETERMINATION OF INTRINSIC CONTRAST (Cq)

Reference (b) gives 27 percent as the intrinsic con-
hrast egainst a sky background ¢f an unpainted aluminum air-
cralt (T0-1) and 97 percent for the intrinsic contrast of
an alreraft that was puinted Navy blue. These wvalues cf C,
are usged for the alreraflt employed during these trials,

D. DETERMINATION OF MAXIMUM RANGE (Rg,o¢ )

Rysoc is the maximum range in the absence of laze at
which the target can be detected 1f it is headed at an angle
o of'f the line from observer to tarcet. There are two
msbhods of debermining it. An "exact" method determines bow-
auspect area A, and beam-aspect area A90 Tfrom scale drawlngs

17

CONFIDENTTIAL
SECURITY INFORMAPTION




CONFEDENLTAL (L0)1548~52
SECURIFEY--J-WHORMALTC: 15 August 1952

of the target aircraft and uses these figures in the following
equatlionss

L1655 (Co-1.565)A, (euation (5), Section II)

Ro’o =

Rysex = Rysg \Hcosoﬂl l "‘(AO/Ago) l sinzl

This ascumes that Ag, o » the apparent area at aspect angle
X , i8 the sum of the projections of the bow and beam aress.

In btue "approximate" method, the maximum range. at zero
degress aspect angle is assumed to be proportlonal to the cube
rcot of the gross welght of the alrcraft. (See Section II-I.)
Then Ra.,, lor any contrast can be found in Figure 3, and Ry,
con be determined from

Rlow = (,\”coso&_l "'&L;-i sin |)Rc:o

Here the addlitional assumptlon that Ao/Ago = 2.4 also is made.

Calculations of Ry,, and Ry,120 have been made using
betl: of these methods, ')q.he results of these calculatlons are
showin in Tables I and IT. Justifilcation of the two methods
can be found in Section II and in reference (b). Welghts and
areas ror the F8F=2 and the F7F-3N were obtained from refer-
ence (u)., For the TO=-1l, these were determined from reference

(£).

TABLE I
MAXIMUM RANGES DETERMINED BY "EXACT" METHOD

Kreraft | Go(#)H &al£5%) | Ago(£t°) | Roso | Ros120

F8F-2 97 62.5 1%7.5 12.8| 20.5
F7F-3N 97 132 280 18.5 | 28.4
TO-1 27 53 158,.6 6.1 | 10w7
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TABLE II
MAXIMUM RANGES DETERMINED BY "APPROXIMATE'" METHOD

Atrerart | Co(B)| W(ib) | w3 | Ry, o | Rys 100
FOF-2 97 | 11,500 | 2245 | 17 2742
F7F-3N | 97 |23,5001 29 " 22,5 36.0

E. DETERMINATION OF METEOROLOGICAL VISIBILITY (V)

Meteorological visibility, the r nge at which large
Largets can bé detected in the absence of haze, is not as
directly determinable as the other vitual detection para-
meters. It is a property of the atmosphere and not of the
particular alrcrafts Its commection with the range at
which a target can be detected was given in equation (2),
which may be rewritten in the following form:

V = (31l Rpys09)/(log Cy = Llog Cpsvop)s

where C, 18 the intrinsic contrast in absence of haze and
Cm»120 is the actual centrast of the oLject at a maximum
range and agpect angle 1209. This latter can be obtained
frem Rpy,120 by ecuations (L) and (5), which comtine to give

2
Cmo120 = (G, = 1.565) (Rys100/Ros120)

Rys100s the maximum range at which a target with an
aspec  angle of 120 degrees can be detected, is fumisted
by the trial data., It was noticed that the values thus de-
termined during each of the two periods 17 January -~ 8
Aagust 1949 and 16-31 August 1949 fluctuated very little.
T+ was therefore decided to consider the meteorclogical
visibility constant within eachk period. The value cf
%\’120 tzel to determine V for each of the two pericds was
the Iargest Rp,120 of the period. The justificaticn for
this ¢hclice is that tlie observers were also acting as pilots,
and cousequently were forced to make their observations of

2
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maxdinour renge vith less efficiency than could have been ex-
noctod if they had been acting as observers only. Disturbing
Yactors such as the need Tor looking at flight instrumentg,
the absency of reference poiul: bto facilitate relocaticir ol
the target after glancing away Irom it, and the Irregular
motlon of the aireraft carrying the obgerver caused the ob=-
server to lose sight of the harget sooner than he would

un i normal conditions. Consequently it was [elt that the
ilon wui range at which tho btarget was visible was close to
vne valus bhat would in fact obtain under normal operating
oA AT 5

Valuaes of Rm’}éﬂ that were used in the computations
arc - lvan in Table ITI. Values ¢f V are also given in that

15 s e,

TABLE III
RANGES AND METEOROLOGICAL VISIBILITIES

i . Crr120 v
roraft | Porlod |By,p09 Exact | Approximate| Exact |Approximate
¥gF-2 | 17 Jan-| 17 €5.5 37.3 7.7 60.7
& Aug
FgF-2 16 Aug- | 20.3 95.1 53,2 3535.4 116.4
31 Aug
F{F-38 | 17 Jan-| 18.5 | 42,0 4o.5 76.5 7302
8 Aug
TO-1 16 Avg- | 14.3 27.0 21.9 ® 176.3
31 Aug

F. GROUPING OF PARAMETERS

Examination of the reaw test data disclosed that the
visual detectlon parameters would be constant over each of
e! “ht eroups of trials. ZEach group may be characterized bty
the p..1lod during which the runs of the group took place,
the target aircraft, and the speed with which the target
alircralt closed toward the observer, The ~ignt groups are

)y

[
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Data Target Closing
Group Number Perlods AMrcraft| Speed
i 17 Jen - & Aug 1949 | FgF-2 300 knots
2 17 Jan - 8 Aug 1949 | FgF-2 | 500 knots
3 16 Aug - 31 Aug 1949 FgF-2 500 knots
4 16 Aug -~ 31 Aug 1949 FgF-2 700 kmots
5 17 Jan - 8 Aug 1949 | F7P-3N | 300 knots
6 17 Jan - & Aug 1949 | F7F-3¥ | 500 knots
7 16 Aug - 31 Aug 1949 | T0-1 500 knots
8 16 Aug - 31 Aug 1949 | TO-1 700 knots

Certain trials were excluded from these groups, as explained
in Appendix A. Values of the various parameters, determined
for the different perlods as described in this section, are

sumarized in Table IV,

These values were used in computing

thie theoretical cumulative probabilities of detection. (See
Section II-H and Section VI.)
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V. DETERMINATION OF OBSERVED CUMULATIVE
DETECTION PROBABILITIES

Section IV described the method of ohtalning theoreti-
cal probablliltisg of detection from the trial resulit=s. The
present section giwes mesna of calculating the curmlatlve
probabiliiiles of debsctlon that achuclly were observed in
the trisla. Secblon VI will cowpare ths 4we sevs of vroba-
bilities.

Ovzerved cwmilatlve probabillities of detention fox
sach group ot trials (Seection IV-F) are determlnod from thw
detection ranges that occur during Lhe detectlon runs
(Secbion III). The n runz of the group are arracped end
numbersd ln decreasing order ol the dehontlon rag e o=
sarved on each yan, 3o bhnt

R1>’32>R3> e 3R> e = E
l

i
whoos Ry ls the detection raige obsservsd on bhae ihh run.
Pailurss Lo debsct are recorded ab i.wwse zZersn.

Then the observed cummlatlve precbablilby of visual
dotection assoclated with the ith mun is 1/n at range Ry.

25
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VI. CGMPARISON OF OBSERVED AND THEORETICAL
PROBABILITIES OF DETECTION

The validity of Lthe theory of visual detection that
was outlined in Section II can be assessed by comparing the
cumulative probabilities of detection that were observed
during the Patuxent trisls with the corresponding probabili-
tles that were determined by the theory.

To make the comparison, an &60-percent cumulative fre-
quency belt was drawn around the curve of theoretical proba-
bility that had been determined from each group. These belts
are defined as those within which 80 percent of the observa-
tions can be expected to lie. They ware determined with the
agsistance of the thecry of bilnomiel digtributions, as de-
scribed in Appendix B, A sample curve with its belt is shown
in Figure 6.

After these belts were drawn, the observed probabill-
ties of detection for each group of trials were plotted on
the corresponding graphs of the theoretical probabllitises
and 80-percent belts. For each graph, a count was made of
the number of observed cumilative probabilitles plotted
abeve the B0-percent belt, within the belt, and below the
belt, PFaillures were counted as occurring below the belt.

If the theory adequately described the detection
proceas, 10 percent of the observed probabllities should lie
above the theoretical 80-percent belts, and 10 percent of
them should lile below the 80-percent belts. The actual per-
centages in each hel’ are shown in Table V.

TABLE V
PERCENTAGES TN FREQUENCY BELTS

Percentage of Observed Probabilities

Abo;e ngthin Bgl;w
- 80% O/o belt 0%

Method belt [upper lower | belt Total
half half

Exact 19 M'Q"*"g,?g"“aa 3 13 100
3

[a
-

Approximate | Ll 35 0 R | 100
79 55 il

27
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Table V demonstrates the close agreement between the
results of the exact theoretical method and the observed
test rocults. Agreement is not as close for the results of
tho approximate theoretical method. It was not expected,
of course, that it would be. It is unlikely that the ap-
proximate method will be used if the required information
(size of the alrcraft (See Section IV-D)) 1ls available. In
many achbual cases, nnfortunately, the gize and shape of the
target alreraft will not ve known. Then the approximabte
method, which utillzes the gross weight of the alrcraft will
be useful.

28
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VII. CONCLUSIONS

On the basis cf the trial results, it can be concluded
that the visual detsction theory presented in reference (b)
satisfactorily predicts cwmlative probablilities of detectlion
vhien the so-called "exact" method is used. In this method
the maximum range Iin absence of haze 1s determined from the
aspect area of the target., However, when this range 1is de-
termined from considerations of the welght of the airplane,
Lhe so=-called "approximats" method, agreement between theory
und exoeriment is not as satist'actory.

Exaniination of the relatively small number of triszis
analyend in this study reveals that the "exact" method givss
31ightly amaller detsection probabilifies than are observed
in practice., Thig conservatism i1s not extreme, and may be
ancounted lor by two ~onditions:

(1) Specular reflection aids detection, and 1s not
congldered In the theory. Although detections that obvli-
onaly were facllitated by sunflash have been excluded from
the computationa,; it is possible that some detections mighb
have been assisted by sun reflections that were not recog-
nizable as such, This would give a large detectlon rangs
and so increase the observed detection probability.

(2) Since there were no reference points, it was
difficult to enforce the scamning procedure. A tendency
Tor observers to scan the center of the field more thoroughly
than the edges was noted on the data sheets, This would re-
duce the horizontal scamning engle, which would tend to pro-
duce detwctlons w.. greater ranges than those predicted by
a theory using the erronecus larger horizontal scanning angle.

Submitted by:

J.H, ENGEL
Operations Bvaluation Group

*-uroved byl

D.L. BROOKS
Deputy Director
Operatlons Evaluation Group
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APPENDIX A

TRIAL DATA AND REASONS FOR OMISSION OF CERTAIN TRIALS

Tables A-l to A=5 prosent the data Irom trials con-
ducted at the Naval Air Test Center, Patuxent River, Maryland,
from 17 December 1918 to 20 September 1949. These trials
were conducted to determine the probabilities of visually de-
tocting alrcraft under operaticnal conditions, and from the
hasic data from which the worth of the visual debtection theory
was assessed., Certain of the data ligted in these tablea vere
ot used in making this aemalysis. Enumeration of the rejected
datia and reasons for their omission follow.

Data taken on 17 Dscember 1948 and 1 and 6 Sepsember
949 were not used. On 17 December 1948 no tracking turns
wors made, and no experimental determination of meteorologi-
cal visibility was possible, Consequently there existed no
basis for making a comparison with the results obtained on
the detection runs.

On 1 and 6 September 1949, seven sets of observations
of a P2B-15 were made, Because this aircraft was painted
black on the underside and was of unpainted aluminum above,
1t was not possible to determine a logical value of Cg for
use in calculating the thecoretical probabilities of deteztlon.
Galenlations with Cp = 97 percent have been made. These glve
a good it of observed and theoretical probabilities of de=-
tection (all points fall within the 80-percent frequency
belts) and also give close agreement between observed and
theoretical haze~fres maximuwn ranges. However, the results
are not considere. significant and have not been used.

In each of the perlods, 17 January - 8 August 179,
end 16 - 31 August 1949, the observed values of Rpy,100 fov
sach alrcraft fluctuated in general bstween falrly narrow
limits independent of the closing speed, It was decided
thercfore to consider that the meteorological vislbility
was constant within seach perind., On this basis, the result:
of the runs made on 17 May have not been included in this
amalysis, since for bothi participating aircraft the observed

-uies of Ry,ipp0 were all considerably lower than the walues
gensrally ogserved on the other runs made during the same
period,

A=l
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Results of tracking run L.(T0-1) on 17 August 1949 and
tracking runs 10 and 12 on 31 August 1949 are attributed to
sunflash and hence are not included since they represent
maxlmum visual ranges obtained under atypleal conditions.

The results of detection runs made on 17 May have not
been included, since, as has been pointed cut earlier, they
wore conducted under different visibility condltions than
the other runs in that peried, and there were not enough of
these runs to warrant their separate analysis.

During the detection runs made on 17, 18 May, 29 July
and 3 August, instead of being vectored directly toward each
vther (as was the case in all other detectilon runs) the par-
fticipating sircraft were vectored on anti-parallel courses
passing some small distance (called flight-path separation)
abeam of one another. Although, under such condltions, de-
tections would ordinarily occur at slightly smaller ranges
than on head-on detection runs, the data from these runs
have been handled in the same manner as the data obtailned
from the other detection runs (except runs on 17 May which
have already been excluded from consideration for reasons
discussed earlier). The inclusion or exclusion of these
runs should not materially affect any of the results since
in most cases the flight-path separation was quite small.

Detection runs 5 and 6 on 23 August have not been in-
cluded, On these runs detections were reported as having
occurred at an unspecified range and outside the field of
scan, Since the manner of handl ing such data is highly
questlonable, these results have been excluded from further
consideration,
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CONFIDENYI AL (LO)15,B8=52
SECURITY INFORMATIOW 15 Aupust 1952

the probability of not less than . nor mor: than b occurrences
of the event on n trials (o g & =L b < n) 1is

b b

P(i,nn) = A (1. = p)r-d
: o S R T ‘
l=& i=a

The 1limits of the J0-pesvuent frequency bell for a glven proba~
bility p, and a given number of brlals, n, are obtainad by
choosing v2lves of a and b locates as symmetrically uss possible
sbont np (the expected number of cccurrencsos) in such a manner
a. ! yleld a valus for Pla « X < b, 1) as close to .80 as

poo. ible.,

It 18 by this procedure (or approximations to i%, iu
whicoi bhe inapmplete Beitia FPunction is used) that the curves
in Fimure 10.14 of refercnce (a) have been obtaiued.
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(LO) Lol=t2 CONPEPENTTAL
15 Aweat 19Le SECURITY - THRORMASTION

COMBINING STAIISTICS PROM RUNS MADE UNDER
DIFFERENY ZONDITIONS

OMe os bhe o asasirablic charecteriacicr of o wrefal
' vimol deteotian theory 1o v abllity of the thacry o
' gombine iy reosoios o0 wns made und:r dirferent conainions,
Ir this sppendlx o wethnd o daegeeit 5 Ter anmbinding vesults
iv bnegne sy dasostblon b oy thel predicts wumlaiive
prob el LBy oI deboatvion by any gliven ranize as a funchtleon of
Yo gardous condition: wnder wilsh bha devsstlicn was made,
roocvnsafie referenes o the ¢ wach nabure wf the theory need
i ¥ uhoguen s ppocedars for comeining dsta from runs
w0 ander differeut ronditlions, the nperastional validsetion
i a rlven tlwnry may be made rore quiskly and economdoally
than r.ugh bp poesaiole, 1 it were neceszary Lo run largs
rumners of cartfully controllsd wrlals and vary the verblnent
rarametoly ons by onG.

Lot Py be the theoretical cumulatlve pr u‘r-ab”vty of
detectlon obtaineld during rot 1, and rumber the runs in such
a mame . thab

By < P whenevar  f < A (LK 1< n)

.
d

Lot

2 L a der-urien ocecurred by ths end of mn i
1
T2 N L0 e denastion oenurred durlng mnp L

Then ~,:,~ obs:: Vel wumulative prongbillty of detectlon
corrapandin: the rhpurmt.:q_ LocummLaslve probabllity of
detent i
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CONF-IDENLAL
SECURITY LNFORMALLON

(LO)1548=52
15 Au (R K] L l':)Sa

i

FIOE ;n( N R VT TR 7L R T I oL et et Lon (P,;,‘l:,'».i)
versua Ghecvotical provabd (ivy o e ecion (Prp) s gshown in
Fienre C-1 togother with the e arcent Trequency helns fap
13L s .

Latt 3 Y R O LRI Feom bhe
oririn RS wlogio o) alang ot s (nhe
graph Lo ... : . RS B A SR T B SO T ST B (S
sultably Jonep ) ez el T e,

Tt sl e 0T e e s frem thes opigin
l‘upr't:..e SO a0 Aalemg i d 0 GasTyad P L-ab*.lj‘nltsa in
protses oo ool wlith Gl copponp. alng, haeoretlcal probablli-

wlailined,

Tt e mn g B Tar s and lnsermedd ury p"’()ba--
(S BPLREE. PRCS, | - ST alisntly passmistie, l.c., yislide
gl e IR ST G are ovaeryad Lo practice, and

thet cox hish picoaoiiities bho theeryv g siightly optimistic.
The proapte sbhowm dn Planpes O-2 e an additionsl property
viieh aan he uselu . A si:;:r'al_r;,h.., Lins theouph the origin which
providas o sood HE Lo bhe plonked ~tacooennions shown has s
slope ool “houpghit ot s w0 s et Pasrar b be ape
rlied o T, o0 N hehweer mrsa;'..-:«.'s‘;\')-:\ polimpacd ataved in

ol nee e shoope o) such o a

30 {u) beo Uv LeB neennd:
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