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• NO. 326

P i Y ~’orr .1AT7c E OF A1/AT’S-20 LAD~J1 AGAI!~ST AIR Tt .~OET
AT ALYSIS OF CO IOPDEVVOR DATA

• Reference: (a) ComOpDevFor.Sevonth Partial Re’ort on• Project Op/cr26/F42-l: “flva luation of t 1ie
Capabilities and Linitatlons of Airborne
Early TIarnir~g Equipment (Dctection and

• 
. Trac~-ing of Aircraft)” , Confidential,

dated 7 July 1947.
(b) OEG Study T~o. 313, “Methods of Evaluatingthe Operati~na1 Perforn~anca of Radar”,• Confidential, dated 4 April l947~(c) OEG Study To. 256, “Search and Screening:

Target Detection”, Re!tricted,
dated 18 ‘larch 1946.

(d) OEG Study flo. 265, “Search ard Screening:
Radar Detection” Restricted,
dated 19 April 1 46.

(e) ComOpDev?or FIfth Partial Report on
Project Op/V26/F92—1 and Ariendri~nts to
Project Op/’131/A16—3(17): “~vc~luatIon ofthe Capabilities and Limitat ions of
Airborne Early lYarrtng Equlpnent (Detection
of Caioutlaged Zc~a:or’~cl)”, ~ocre t,
dated 10 Februr~ry 1947.(f) or~c Stud~ N~. 307, “Performance of A~/APS-20Airborn e Radar in 3~arch for CamouflaCod Sch..

— Analysis of Cori OpDevFor Data ” ,
• Secret , dated 20 January 1947.

(g) OEG fleport ‘~o. ~~ “Search an.i Screenir.~ ” ,
Confidential , ,~~t :~’ 20 Feb ’uary 1947.

A13STP.ACT
• 

• ‘
~~oth trackinc rni detection r’ns na’ie by SquadronVX—4 a~ai~ st conven tiona! f ighter  aircraft have bccn nnz ~lyzed

• to Cive the r irobability of detection in each of teo tactical
situations direct approach er~d ~~~~~~~ cour~~ . On direct
approach, nrobabi lity of detecti:~ ; a sirwlo fir,hter is

• attained at 4~~ ~i1cs; the Breop “1~th for e pa~F5ng co~rse
is about 130 mIles. The t~e facto~~ ~*~I~h u nit the

: . .
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,probabillt of detection and , therefore, both warning radius
~~~~~~~~~~ and Sween ‘~idth , are sea return and relative speed. The

data are extrapolated to predict restits for high speed
targets, i.e., 60C to 1500 1~nots, and the limitations on
scanning radar are discussed.

1. 1n.~r~o1uctioJl

In evnluatIng the ~erforrianco of an airborneradar in search for a given target, ono Is interested in
estimating the chance of detectin g the target with the
equipment in q.iestion in each of the tactical situations
of operational interest. Those tactical search situations
can usunily be treated as one of t~o types, direct annroachor area search. In direct anmroach we are interested in
detecting the target’ by the tine the range has closed to
any given value, F, i.e., in detection probability as a

f function of z~~~
rTe . On any F~iven track of an area search,

• we are intcre~t~~ in the ~,robability of detection whiletar~ct and search craft a~e nassing each other at any givc-ndistance of closest approa&t, or tc~r r n e, i.e., in
detection probabIlity as a function o a r ran e.
These cases arc discussed in reference b

The tnst~ wore r~a1e by Squndron VX— 4 of the 
-

Operational Dev’?l nent !?or~e. They ~ere designed to provide
data fro~ which these probabilities of detectIon could bedetermined ; the details of these tests, and the results and
conclusions obtained from ther~ are described in detail inreference (a). The primary concern of this stud y is the
i~,cthc~~ of analysis emnloyoi in obtaining tho results, ani
the Influence w~- ich these met”ods had on the design of the
tests; the trials themselves, the re~u1ts and conc1u~1onsare described only briefly here .

The trial runs, In general , were of two types:
tTeCki!tJ~ run s to determIne the perfor’ianee of the radcr

• itself ; and ~~~~~~~~~~ ~une~ to determine the performance Of
radar and onerator to~~~~er (see rofc:ence (a~). 

Ts~~re
were two main sets of trac’~img runs differing chiefly in
emphasis. In the first set, the ob3ect was to tr~c! a target
consisting of 2’? or 2VA aircraft over as great a distar.~~
as ~ossib1e bet,een a minimx~ and a r~aximum range, using
variois combinations of A~ ? aM target altitudes. In the
soc,nd set the object was to study the effect of one
variable a~ a tI~ e en the per for~ianc~ of the radar , with &11
other variables held as nearly const~:~t as possible. On all

2 
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tracking runs, 9’~ 
the blip/scan ratio, i.e., the fraction

of the radar scans on v~hIch blips appeared ~as ta 1~en as a
measure of tho performance of the radar. +his quantity,
.JI was measured for various ranges between viInIi~um and

r(ax6um under each of a number of operational conditions.

The detection runs were made using 2VF’s, 2VJt~~,
or equivalent as tarpets. The AE~7 planes maintained 

a short
patrol, fro~i ~0 to 50 mIles long, 

parallel to shore. The
tar gOt3 wore vectored away fz r m land until they were beyond
radar range . The planes were Instructed then to attempt
undetected ‘,assage of the short patrol line.

2. ~eDendence of Bliw/Scan TiatIQ on AE~7 an~ Tarc et A~~j~1deJ.

The original data presented as enclosure (C) to
reference (a), show that wh ile large f luctuations are observed
from run to run within a iange band little or no systematic
trend is apparent. VTithir: the accuracy of the tests, 4here is
no denendence of blip/scar ratio upon either A or tar ~et
altitudes over the range cf alt: tu& s investigated .

For the lo~est alt itu le c4-~rbinatIc-r~ sho~r:, AL
aircraft at 1,000 feet and target at  500 feot, the radar :ange,
as limited by radar horizon , Is only 68 miles; yet the average
blip/scan ratio Is above zero out to 320 miles. F\irthez i~~’e,the blip/scan ratio for te~ ~iIle range bands above 63 ~Iles
does not differ from those for other altitude corbii~~t1on~• within the accuracy of the measure~-~ents. The reason fo~ t~is
rather surprising result is believed to have been the occurr-
ence at low altitudes of “anomalous transmissio i” dur ing a

• large enough fraction of these runs to bring the ave ’agE UP

(see reference (a), page 22 , para~raph 5) .

The variation of the fraction ~•f effective 
scans,

/1, ~-iIth range Is cotr,utod from all the traching runs
rOcc rded in enclosure (C) of reference (a), Indicated by the
solid line in Figure 1. This Is the curve or. t~Lieh the
various analyses presentec~ in this report are based .

:
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Figure 1. BLIP/SCAN RATIO

Two Aircraft (Uaasurod)

~ 
_ _

On~eM r ~ra~t ( ComT~1tt?d ) \ .

3. ~~ndonc ’: of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
In a given ta~ tica ’ sl.tuatic:~ th~ t:~~~

; to l’c
detected ~iay co:~~ist of one •~r nanv craft. If ti~~~
aircrart come in ft-on po~ Lti ~~s nidely ~eparatec~ I’. ~range or azimuth , they -~~1i z~pnear as ~epLtrs’~~, 51~:ii~~
aircraft targets . On the ot-~or ~~~~~ If t~~ y a:e f1~ ing ~
a formation , th’~ total extent of ~hith i•~ any direct Ic~I ~s
less than 1 or 2 ~nIle s , th~~ v?fl l an~ c~ r ~s a e~ ng 1.e •~~ ; .

To determine ~ fcr each of th~ varIc ’~ p~~~i~ 1o :uri ’:-c~ s ~~
aircraft making ~p the tar~ e~ by dir~c~ tezt  t~ u1d re~u~rc- 5.
prohibitive a’r~,rr~t of f~ yinc~ offo~ t. It i~ dE~ ir:):i~~,therefore , to & velop ar o~~~ t 1cr~ by ne~ r~s of ~~~~~~~~ ~i

for any given nu~be.’ of a~.rc: sit ccr~ t :  p~- ~dIct~1 fr ~:’. the.

data obtained ~‘~ th a single aircraft . Thia e4~:a1;i~ -n is
develowed as fo~2.ows :

The b:i~ p/~can ratl for a tavgot cor s~ :t•n~ ~~ o - -

single aircraft ~s 
~~, • : ‘~~

‘ is tha t for t.~~rc~:consisting of n ~I~ ex’aft .  ry - ar e into~o~ tod ir. ~~~~
~p ’ in terris c” anC~ n The c~ a:~~e that r~

aireraft will rn~~-iiv~o a h ; .i~ or ~.rz y ~‘I-~’cn ~ cay . Is ~f, ~
the chance t a t  -~ 

r ,thg1 .~ ~1r:ra ~ t ~iil r~ t ~.‘o ’uc~ ~
is i — y ~ . If the’~e are: r: eircraf; , tho p~ o ~~i1~~y ‘

~
‘
~~~~~
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~~~~~~ 
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none of the, n aircraft will produce a blip on a given scan
Is (1— ~j ) .1 . Finally , the chance that at least one of the
n alrcl’aft will produce a b u n  is

(1) 9’ =
This equation can be rearranred to give 9/ in terms of
as 

- -(1 -

Consequently pIv~n the blip/scan ratio for a target
consisting o~ a g 4 ven number of aircraft , the blip/scan ra t io
for a targ et cons .sting of any other number of aircraft can
be co~puted.

in the VX—4 tests, runs were made to cor~jiare the
blip/scan ratio for one aircraft with that for two. These
data can be used to test Equation (1) . The two aircraft flew
in formation with the thIrd sufficiently separ ated ~~om tne tio
to produce indeoenderit hli~s on the screen, yet not so faraway as to bo uneseorted . Both targets were tracked
simultaneDusly. The blip/scan curves obtained are presented
in FIgure 2. The •~ken line Is the blip/scan curve for tw~
~1anes co~ put e4 fr ~11, r~quati Ofl (1). Except for one point
which seems to be off, this cor’puted curve is In reasonably
good agreement with the two plane curve obtained directly.
The dItferen~es observed are those to be expected from the• averaging procedurosemployed. This i~ discussed in theA~pendIx.

u
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4. Do’,endence of 1/, c-n Bnte of ( can.

Corrn arative run s were made to determine the
difference between the blip/scan ratio obtained with the
norna~ ~cannIng rate of 6 sweeps per minute and that with
3 s’~e.ps per minute . The comparatIve result s from
reference (a) are reprinted in FIgure 3. iTo theoretical
relat~onshin between these two curves is proposed . It Is
clear from the curves that at long ranges the blip/scan
ratio is hIgher for the slower scanning rate. The weaker
signals tend to build up during the added time allowed by
the slower scan.

Figure 3. COUP4ABISON BETWEEN NORMA L AM) CLO~ SCAN

Blip/Scan Ratio vs. Range

• Slow Scan (3 r. p.m. )
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5. ~~ penr lenee of ~a flac1iu~’ of the ~ec eturn .

Since the tra& ing rune were viade under “tra&’ir.g
conlitions ” , s”ecIal circuits were used freely to trac~
t’~roup,h the sea return . Therefore , the dependence of
o~ sea return , to he e::nected under detection conditions ,
was not measured directly . The effect  of sea return on
detection will be considered later in connect ion with
detection .

6. Penendenc~e. of y.i o~ Sneclal Circ u~• t s .

The A’T/APS—20 has a number of sne~ia1 ‘lrcuits
for the sunnre~u~ion o’~ sea return ar;d other ~~~ .. ces of noise.
1~ms were made to compare the blip/rcan ratio at various
rr~nres, uslnp any one of a t~umber of circuit combinations ,pith that usinr the receiver In a standard con’Ution (71’i
gain and ro sn.~cial eireul ’s) .  The number of circuit
combinations testel was so large tha t It was po~sIb1e to
mate only a sm~i1l number oz runs with each conbination ,five rune wIth the r~!ven cIrcuit co~binatior antI five under
the stu vlard coniltion . r3ecause 0 ” smallness Of the date
sa--~?1es obtain vi, n, de f ini t ~~~ clu~Iori c ol~ b~ d rawn.
The jn 1cat1on 3 ~xere Vat all the circuit5 t~st -d were
usef il for tr~4c ’ inr t~rou -h clutter, but that onl:i one ,
STC (serteitivi~~r ti’e cont:ol), was useful for detectioi~.Thi s  results fr o  t~~ fact that tha  i- -~ rr.vem~nt In
aer ~’or ’ance i~i~Id~ th:~ ~ee ret ’rn I~ obtain er ]  only at tL~
expen~e of the hlir-/s’~an r~itio out~I~ie the 5CC return in
all except the one case. ?or ‘io’-~ Thteil see reference (r.).

7. ~f~ect of Altitude on C1,~~~~~~~~~ _~~~a Fotui.~~

Duririr the detec~Ioi~ run s , the sea return was
alwa:’s recorde~ under the ~ar~e stand~ri s~

t of : tior.s~
70~ gain and no special ant 1— clut t cn~- i c n it ~~. O~ e nun~or
of f l ight s , the son retur n w~s ~~a~~ red nt ~itn-c than one
altitude . It was n~ ssihle , therefore , te &~tert i ine  th~
extent to which the sea ro~mri~ depends upon U~~ altit~1~C of
the Ai~7 aircraft .  7t was concluded that, with ’i: the eri’o;’s
to be exne~te~ in the test .~, t :~~ sea return vnri es with the
square root of the AF .7 a i rc ra f t  altitude. TLIs noint  Is
d1sc~ssad more fully In roforence (a).

8
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8, 7~ftect or ~ea~~tat e ~~ Sea r~etuyr.~

i:avin -•’ c1etnrnIr~ei the denervience of sea return on
alti tude, it was possible to elI ii n~te the a l t itude  vari&~le ,
and tO detornino the ext ent to whI ch the sea return derends
upon the sea state as estI~at~ l from the air and recorded
aecorlinr to the Beaufort Coale . Then several aircraft - -

estimated the sane sea , t~wy seldom differed by more than
one unit. It can be ~ssumed , therefore , that these
estimates are consistent t~ withIn  one un~.t.

In Firure 4 , ror r~nted iron reference (a) , the
sea return -~;Ith the AI~ nircrsft at l,C’OO feet Is presented
for various se-i states . The ~catte~ Ir t~~ points Is rroater
than that to be expected or t’ e assu~ptioii of errors in
estimatiriC the sea state. ~t is eon~l~id~

’1 that while there
Is t one carrelation betwoe~ s~ a ~tete and cesi return , the
‘3eaufort Scale ~loes not de~~-r~be si’ t~ e c ;aractoristics of
the see nhlch contribute t-’ t~e sea returit for s—band radar.

FIgure 4. DEPEI~DENC E O~’ SEA RETORN ON 8~ A STATE

AEW Altitude 1,000 Peat
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9. Detection run.~
V 

The individua l detection run s arc listed in
enclosure (1~) of reference ( a ) .  They pero all risde using
2VF’s, 2”A ’s, or eiuivalent , as target . The taLt ical •

situation selected for test was that of direct spproaoh of
the target toward the A~ 7 air craft. The L~~ ai;craft
could not stand still 1 :~or could It -use Its rader effectively
~h1~ e orbIting . Therefore , it patrolled a short line,
4C or •50 rtiles in length , while the target attenpted
undetected passage across this line . The analysis considered
each run as a direct apnroach of the target to ~o~ie
ree resentative or average position of the A~ J a~reraft. The
de tails of this ‘rocedur e are described In reference (a) ;
the ~ustifieatIon for it is given in the Appendix of the
‘r esent renort .

• The three operational variables consic.ered in the
analysis of the detection data were altitude, target speed,
and the radial extent of the sea return . The traching runs
shoued that altitude of either AE’~’! or target aircraft as - • -

such had no consistent effect on the blip/scan ratio arid ,
hence, co’~ld not be exnocted to :.fL’ect detection over the
altitudes include’1 j n the tests. The rango of target speeds
~as not great enough to permit an~ lycis of the effect of
target s’eed ; the average speed of l~ 5 ~Q V O t S  wa~ usod in
the analysis . The data were ana lyzed in three groups -

according to the extent of the sea return : runs for which
the sea return ~as between 0 and 25 miles , 2~ and 50, and
~0 and 75 niles. In o3c’-~ of the first two groups , the
probability of detection by ran a, 3, was t&~en as the
quotient of the riw’ibcr of detections at and beyor~ •~ and V

the total numb3r of runs in the group. For the th ird  group,
an effectivo, rather than the actual~ riizmber or runs In the
group was used . This effective mumbor of runs an’~ tie reason
for using it are described belo;~.

On a nunbor of the flights Ir. which the sc~a return
vas between 5C~ and 75 r~ile 2 , the f irst  fe~ runs resnlted V

V in no detections. flatl’.or them ~-,estc f lying c ffort  with no
detections under tho~c conditIon s, th c f l i~ht wss us~;a1iy

V continued at a wore fevoraWe ~lt itude  (sm-~Ucr sea retvrn).
V On a nunber of si’iilar fli~~ tr , the firct few rw1s resulted

in some detec t ions , and •th~ 1li~ t ~c~s contirued at ~hc
hIgher altitude. rhile this ‘ir .v~edure was con!°rvative Of
flying effort , It t-en~~’i tc h~as the re --~lts ~n favor of
j~ea~ portor~iancc of b~ th e ~~~~~~ and p~r~~ : nel. To tet

31
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- around thi’s bias, the following procedure was emDloyed in
analyzing the data , For each flight with sea return between

• 50 and 75 ru les , the fraction of the runs which were
successful was computed . An average traction of runs V

• successful was then computed , giving each flight the same
statistical weight, regardless of the number of runs made.
The total number of detection s for the whole group was then

• divided by this average traction of runs successful to give
an effective number of runs . This effective numbers of runs,
greater than the actual, can be thought of as including these
runs which would have been made had flight been continued
when conditions were unfavorable. There was no evidence of
any bias for the runs in the other trio sea return groups.

The detection results obtained for the three sea
return groups are reprinted from reference (a) in Figures 5,• 6, and 7. The solid line in each of these figures was
computed , using the bli~/scan ratio, yi , and Po, the chance
that an operator will see a given blip presented on a given
scan by the method described in reference (b) . The argunent s
on which the calculation is based are given briefly in
reference (b) and in more detail in references (c) and (d) .
The blip/scan data used are presented in Figure 1, A va lue
of 0.05 was selected for Pc as giv ing the best f i t  of the• detection data for sea return 0 to 25 miles. The details of
fitting these i articular data are given in the Appendix.

Figure 5. ffiOBABILIT1~ OF DETECTION BY RANGE R

Sea Return 0 to 25 Mil.~ Avera ge Speed 155 m ote

Number of Runs 49
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Figure 6. ffi( ~ ABILITY OF DETECTION BY RANGE B
S.a Return 2 5 — 5 O MilU
Avira ge Speeá — 155 Knots 
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- Exam~iat Ior of Figures 5, 6, and 7 shows fe~
• detections in the sea returr-. Furthernore, there Is

• evidence , part icu3arly I” FIr~’re 7, that nore detections
are nab at gror 4- ranpos then are ,rcdicted from co’nnutatlons

• • bncod on th~ hlip/scan curve of Figure 2. ThIs is not
surprlsirg ‘ihon we re-~onhor t ’at the calculations assumeu~iform s’-arch effort over the entire scofle. It the sea

• return is cxtens~ve, the search effort Is no longer unifcrm
but is concentrated in the lonp—ronge region. The value of

• 
~~ whi ch hr~st ~‘its the data , 0.C5, is about twice that for
the sr~ r~e:!. tarret , as described In references (e) and (f ~.

• ?h~s agreo~ ~i:~t o~eratIo~al oxper~ence indicating that an
air t~irr~et i r  e:islor t~ ~1tstinguIsh on the ~‘PI scone than a
snor ’:eling sn’r~arIne .

10. Pro i ii,~~~~~ of etc~ctI on~Qp Direct /t’r~roach — Lnf1u~zi~~,fl:~~~tive S~eed.

ft~ stated In ’ Section 9, the sprea d in target
5--eel s In t ’~,e sctue i tests v.’as not ,~reat enough to warrant
anc1~~is by target steed . Ho iever 3 th e direct ap~roach
curves can be conputGd for vai’Iot.s relative speeds from the
blip/scan r&tic’ usI!g the b1ir,/sc~r, theory. outlined In

• 
- reference (b) .  The resulting curves for one and trio

aircraft  tarpet3 are pres-mted In ?igure 8. The first tlwee
• pa:~.rs of v~r’~s , for 200 . 4C’) and 600 i~nots are reprinted
- fro~ ~eforenoo ~a). T:’iese are useful operetlonal]y for

deter ’ilning t~i o probability of bei ’~g Intercepted without
• warn1’~~. Th~ fourth r~~iT o�~ curve s , for 1500 knots

• r elat Iv~ speod , hz.s been ~ec1 ii~ order to provide a glirunsein t i  the fu t l Vire .

• 13
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Figure 8 , ffi (EABILITY OP DETECTION ON DD~ECT APPROACH

F~~ VARIOUS REU~TIVE SPI~~)S

• 
• Computed from Blip/Scan Ratio

-—— Two Plane Tar get— —— ~ Single Plane Tar get
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• - The decrease in probability of detection with
• increase in relative speed arises froi t~e decreasing• nuruhor of radar scans mar mile of relative trao!~, as can beseen fron iquation (

~~.) of the Anpondix. At first sight,
one night hone to Irrnrove the situation by incroasing the
radar scanning—rate. Tn this connection there are two
serious dirriculties which could not easily have been fore-
seen. Peference to Figure 3 show s that a reduction in

• scanning rate below the standard 6 r.p.m., leads at long ranges
to an imnrovenent in the blip/scan ratio, i.e., the fraction

• of the scans on which bu ns appear. !Ience, an increase in
radar scanning rate beyond the standard 6 r.p.m. can be

• - expected to lead to a reduction in the blip/scan ratio. At
first sight this does not anpear serious if the total
number of blips ~resented eh-o~~ a net increase. flowever,
the low value of 0.05 for n~ the probability that the
operator will see a b u n it it appears on any given radar
scan , indicates that even t’ a ten seconds between scans
al1o~ed by the standard rate of 6 r.p .m . does not per’iit the
operator to search the ?co~e thorourhly. Increasing the
scanning rate will further decrease the tine per radar scan
per !Itted for visual search , so that p0 nay well decrea se

V In proportion to the reciprocal of the scanninC—rato. In
• vie , of the evidence of scanning loss even at 6 r.p.m., and

the physiological limitations of the radar operator, it• would anmoar that there is little or no hope for any great
gain in detection probability to be realized through an
increase in radar scan~ing—rate.

11. frobabilltv of Detection on n Pas~ inc~ Course ~
Lateral }snr•e Curves.

In nest of the tactical air—search situations which
arise in actual oneratlons , one is interested , not in direct

• apnroac~’ of the target to~ard the search plane , but in cases
• in which the target nassas at some rilnirmm distance or

lateral range. T~e cumulative prohahility of detec~ion for
each lateral range cannot be obtained directly fron the
detection rune because these runs were designed for a different
tactical situation, that of’ direct apnroach . It can be

• computed however, using the blip/scan theory and the valne
of 

~~ 
obtained f r om the direct approach runs (Leo e~’eie~co (b)).

‘Thile the result obtained is a computed one, sufficient
• con f’idence can be plaped In It to eliminate the need for

laborious detection run s to determine it directly . The
details of the comp’it.ations and the raw materials from which

• this ~rcbability can be cor~puted for cases other than those
given here are presented in the Appendix.

15
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The commutation s to be discussed assume the 
V

validity of the blip/scan theory and the value of p0
obtained tro~n the direct ayrnr oeeh runs. Three othei

V assu’rntior s are made to yield conservative estimates.
• First, the wrinary data of Figure 1, while tal’en under

• trac’cing conditions, do not renresent zero sea return
conditions. It is aseu ,ed that they db; this assumntlon
is conservative. It is assumed that no detections can be
expected in the Bea rot~i’n 1 and this aosumntion is believed
to be very nearly true; in any ovent, it is conservative.

• It is further assumed that i~ the sea return is extensive,
there Is no innrovemont due to concentration of search
effort at long ranges. In viow of the evidence of

• im~rovenent shown, particularly In Figure 7, this assumption
is definitely conservative. 

V

On the basis just described, lateral range curves
have been computed as examples to show the effocts of the
two nain variables, sea. return and relative speed, i.e.,
the goeed of the target considering the A~ aircr aft as
fixed in space. In Figure 9, a typical rolative speed of
200 knots has been selected and the curves computed for
various sea returns. In Figure 10, a typical sea return
of 20 m Iles has been selected and curves commuted for
various relative sneods. Curves for other cases of
interest can be computed by the methods outlined in the
Anpendix. • 

V
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• Figtir. 9. ffi~~ABILIT! OF DETECTION - SINGlE AIRCRAFT TARGET
-• comput d from Blip/Scan i.iativ. Bpe.d - 200 Theta
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Figure 10. ffiCBADILITT OP D~T~CTI0N - SINGLE AIRCRAFT TARGETS

Computed fror Blip/Scan Sea Return - 20 Miles
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- - 1r search situations in which there Is no over—

lapping of search effort on auecessivo tracks of the search
• aircraft, one is not Interested in the detailed etr ct’i~~of the lateral range - curve, but in the width of the strip

- on both sides of the aircraft, which Is effectively
searched complotoly. The width of’ this strip is “mown as
the ~weem ~idth. Its value is given by twice the area under
the lateral range curve, once for each side of track. A
brief liscusslon of Sweep Vlidth is given in reference (b),
and in more detail in Chapter 5 of reference (g). To show

- the effect of sea return and relative sneed on Sweep riath,
this t uantity has been conmuted from the curves of Figures 9
and 10 and is presented in Figures 11 and 12. V

- V Figure fl V 

~~~~~~~~~~ WIDTH - SINGlE AIRCRAFT TARGETS

Relative Speed — 200 Knots
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• I I (Computed from Bli:i/Eoaxi)
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Figure 22. ~w~EP WIDTH - SINGLE AIRCRAFT TARGETS
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• It Is quite clear fror~ Fir~res 11 and 12 that
increases In sea return an’~t relative a~eed greatly reduce
the S~ee~ fldth and, hence the effectiveness of search.
For single aircraft it viouid appear that sea return
extending out to 40 miles will not seriously affect the
Sweem ‘~idth; 1~eycnd this point sea roturn becomes extreme

ly
Important, Little can be done with scanning radar against
high snoed fighters. The effect of speed on Sweep Width,
shown In Figure 12, do~onvtrates the a’~vantage to our own
forces of using t-’irh speec~ a~.rcraft against an enemy who
em’~loys scanning radar tom’ detecting aircraft.
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• 1. Tracicing runs show that neither AEW nor target
r altitude influences the nercentage of scans effective i.e., V

the hUt/scan ratio over the range of altitudes inclu&ed
in the tests (target altitudes 500—4,000 feet, AEW altitt~desr 1,000—10,000 feet).

2. Comparison of trac~1ng results for targets cnx:slstingof one and two aircraft permits the ‘rediction of the ~lin/scariratio for any nunber of aircraft ma1~ing up a formation, V

nrovided the formation does not extend raore than one or two
• “tiles in either direction.

- 3. There is evidence of scanning loss even at the low
scanning rate of 6 r.p.m. as shown by the fact that the
blip/scan ratio for 3 r.p.m. is greater than that for six.

4.

4. 111 ~pecial anti—clutter circuits tested are
• useful for trac~’ing through the sea return. V

• 5. Only one of the nntl-clutter circ’~its, STC
(sensitivity time control) , appears useful for detecti~n.

6. The detection probabilities determined directly
from detection runs are in good agree’ient with those computed

• from the blip/scan ratio.

• 7. The detection probability for both direct amnroa-h
and a massing course is reduced if mart of the track masses

V 
through the sea return.

• 8. The detection nrobability decreases as the speed
of the target increases, keeping the AEV! speed constant.

• ~ub~itted by*

E. S. LA4’tAB
• - 

V Operations f~vaiuation Group.

• 

.

• (~~~
- _ . ~~~~~~~~~~~~~~~

B. MARCUSE
• Operations Evaluation Group .

• 
V 21
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APPE~DIX

• 1. ~1in/Scan Ratio — One and_Two Aircraft.

• 
- In Section 3 reasonably good agreement ‘was shown

between the measured blip/scan ratio for a two plane target
and tha t computed frcri~ the measurements for one aircraft.
However , the computed values were higher at every point
than the measured one (FIgur e 2) . It is believed that this
discrepancy arose because of the averaging procedure
employed. Assuming for the norient that EquatIon (1) holds
exactly for any given run in which hoth targets ‘were tracked
simultaneously, then

• 4

• ~~2 . y _ ip Z . .
The averar~e value of (p ’ obtained from all the runs,
•hon ld be 1 -

1= a~~-r.1~ather than co’ipnting as 
Inlicated by Equation (1) for each

• run and thon averaging the results, we have averaged end
• then made the computation; consequently, the computed value

of If” plotted in Figure 2 Is

• 

•

• The differer.ce between t!4p.and the expression above 1
~1~L

in the last term. Since ~~ Is always greater than ~~
‘

the computed va lue of ~“ is always greater than the
measured value. However, the discrepancy seems too small to
j ustify the use of the more elaborate averaging procedure.

• 2. J~~t~~~içatIçr~ for Direct Amproach Treatment of
~jte ction Da~ca.

The j ustification proposed here for treating each
detection rtm as a direct approach to some ave ra ge mosition

• of the AE~7 aircraft makes no clai~t to mathe~~t~~z l  r~~ :r.
It is simply employed to indicate that , for the patrol line
used in the tests the errors Introduced are not large .
If it were possible to maintain the AE~! aircraft 

stationary,

• 23
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the target could a~proach directly . Because of the tact
that the A1~7 alrcrart is oatrolling back and for th , the

• 
track of the target relative to the search craft is not
direct, but is broken into a zig-zag line. ¶le ~ropose to
show that the probability of detection for this zig—zag

• track is not appreciably different fron tha t for the direct
anproach.’ The direct approach track will be ~movin as the
equivalent track in the following discussion.

• The two quantities which determine the probability
of detection are the blip/scan ratio and the number of
radar scans. In order to commare the probabilities of
detection for the direct &nd the zig~zi~..g tracks, the blip/scanratios for the two tracks at points correspandi;.g in t ine
and,hence, in number of radar scans,will be compared . I t for
these corresponding times the blip/scan ratios are equal,
it will be assumed that the nrobabilities of dotec~t~on are
also equal. The blip/scan ratio data used are thoac for a two
plane target, obtained from Figure l. • V -

• 
V There are availab]e for comparison mani pcssible

pairs of tracks, from ‘which critical ones will be a :lected.
In order to deter~ine ‘which pnirs of tracks are critical , the
various methods by which the target might approach the patrol
line must be considered first. He can approach anyvihere betwc!en

V normal and grazing incidence. For normal incidence , it nay
• be discerned that , for any two corresponding points, one on

the actua l track and one of~ the equivalent , the range to the
AEW plane from the point on the actual track is always equal
to,or greater than, that from the corresponding point on the
equivalent track. I~ the equtvalent rather than the actual
track is usod, there will al~

,ays be a Systinatic error. Por
grazing incidence, the range to the AE~ plane from the pointon the actual track may be either greater than,or less than,

• • the range fro”~ the corresponding point on the equivalenttrac k. If the equlialent rather than the actual track Is
used, the errors t~hIch occur in the Individual run s ‘will
tend to average out. Therefore, the critical situation,
examined In the £~llowing ~.ar~~raphs, is that of normalIncidence in which there is a definite systematic error.

The !ltc,st nro’~ablo normal incidence case Is one in• w’~ich the target ctterints undetected passage acrcss thecenter of the matro:L line. r~~ure 13 prosentp the two• limiting cases (a1om~i ~ith that of equivalent track) where:(1) the AT~ m1an~ is at the center of the patrol line when
the target crosses , and (2) the A1~ mla ie is at the end of
the patrol li~., !~eyond 23 miles , there is little difference

V betweer, the”~, and t~’e systematic error does not seen serious ;
the ranges within 2C rdles OT~~ of little Interest.
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C4
The least probable situation for normal incidence V

is one in which the target attempts passage across the end of
the patrol line, Figure 14 presents two limiting cases
(together with that of equivalent ‘track), whore: (1) the 

V

AE~7 plane is at the same end of the patr ol line as the target
at time of crossing, and (2) the AE~7 olane is at the opposite

V end. For the fir~t instance, there is little 
difference

between t’ie actual m d  the equivalent path böyond 20 miles;
for the second case , there is considerable difference in the
blip/scan ratio, the maximum difr~rence which odburs at 50 miles
bei~ig 40% of the blip/scan ratio for the equivalent track.

It each of the four ~cases were equally probible,
the average error ‘which has its maximum at 50 miles would be
12%. Actually, the two latter cases are much less probable
than the former ; consequently , this error is considerably
less than l2~ at 50 miles. ’ As the angle of Incidence changes
from 9O~ ~~~ 30, the error tends to divide Into two parts:
a systematic error which -becomes 0 L.t 00, and a random error
‘which reaches its maximum at 0’. This random error tends to

• average out over the variO~s runs.

It nay be ~oncluded that any systematic error
which occurs over all runs, regsrdless of angle of

p incidence, point of crossing the patrol line , or position of
the AE~7 ~1ane at time of crossing, ‘will 

have an average
value considerably less than 12~ and that the random errors
will tend to average out. ThereI~ore , the use of an equivalent
tar at track is j ustIfied for the accuracy required in this
ana ysis. 
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3. Basic Co’inutatior~s from the BljvlScan Theo?y . V

The blip/scan theory of detection is described 
a

.

• 
. fully in the references given in the text. For present
purposes we shall select the following frame of reference.

~mt ~~. be the distance of nearest anproach, known as the
lateral range , and lot y be the other orthogonal

• coordinate, measured parallel to the relati ve track and
from the point of nearest approach . In this frame of
reference , for any given value of , the probabilit y
of detect ion P is given by

p —~rof~ ’d~ — - — (
~~~~~~~)

where n is the number of radar scans per m ile of relatI7e
track, Po l.a the operator factor described in the text, and
1/’ is the blip/scan ratio.

The integral , y~~c1~j , is presented for

va?i oua distances of closest approach or lateral range, x,
in Figur e 15 for a two plan e ta rget and in Figur e 16 for a
single plane tar get (Figure 1 gives blip/scdn ra tio data
fro~i which these integrals were computed.) Since the
blip/scan ratio is symmetrical about y ~ 0, only positive
values of y have been included in the two figures . V

4 
4. Determination of the Operator Factor, po.

The actual fitting of the experimental curve to
give a value of the chance , Po, tha t the operato r will see
any given blip, ‘was done in the logarithm. Log Q log (1—P)
was computed from the direct ar~proach detection data of
Figur e 5, and the negative of this was plotted in Figure 17.
The ordinates of the curve for Z . 0, (.~‘1gure ~~~

5) I .e. ,  dir ect appr oach,
V ‘were then multiplied by a constant to give the best fit in the

intermediate range bamd ;thI~ ‘roceas is represented by the
solid line of Figure 1?. The factor required was o.1i6 — rip0.
The avera ge speed was 155 knots; accordi~tgly there were 0.3ö7
minutes per nile. The scannir~ rate was 6 r.p.m.; therefoi’e,n ,
the number of scans per mile, ‘v as 2.32 . Solving for p0 gives
0,05. Except in the region uhere sea return can be expected to
reduce the re:ults belot~ those computed from the blip/scan
ratio , the fit is q’iite satisfactory . The one point oft the curve

• at 29 miles can not be t&:ei too seriously because of random
fluct’ations to be ex’~ected in such a small 

samplo of data .
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5. Probability of Detection_on Direct Acnroach . •

The various cur ves pr esented in Figure 8 were
computed for each target speed by determin ing first the pro —
duct of p0 and the number of scans per mile. This pr oduct
was then multi plied by each of a number of valuss of the
blip/scan integral for x 0, i.e.,  for direct approach , as
obtained from Figures 15 and 16. The result of each computation
gives a value for — log Q. Frgm this, Q was found and sub-
tracted from unity to give P, the probability of detection.
For th . particular value of lateral ran ge , x 0, 7 becomes
equal to B, the range. The curves of Figure 8 are plotted as
function, of ran ge , 1~. 

V

6. J~robabjli ty of Detection on a Passing Course V Lateral
• Ban2e Curves._ _ _ _ _ _  V

If the target is passing the search plane , the
probabilit y of detection as a function of the distance of
closest approach , or lateral ran ge , z , is of interest. To
find this for any lateral range , z we must first find the
blip/scan integral for use in E~uatlon (2a). Assume that there
are no detections in the sea return so that the integral •xtend s
from infinity to the value of y at the edge of the sea return,
yo , and from minus y0 to minus infinity. bince the blip/scan
ratio Is symmetrical in range, B, this can be f ound by doubi—
Ing th. integral from infinity to y0. These integrals have
been arrived at directly from Figures 15 and 16, and the results
are given in Figures 18 and 19 for various values of sea return.
These are the basic curves from which the lateral range curves
for any relative speed can be obtained .

The value of — log Q, for any given relative speed ,
can be found by multiplying the blip/scan integral for the
appropr iate lateral range and sea return by the product of
Po and n~ the number of scans per mile. Finall y, the pro-
bability of detection , P, i~ obtained by find ing Q and sub-
tracting from unity. Th. method just outlined was employed
to provide the examples given In Figures 9 and 10. 

*

V Submitted bys

- 

a

• L8. LAUAB
• Opera t iom.s Evalua tiom Group

Compute
32 

V V • ~p.gastjØfl$ Evaluation Oroup

V — V — —— —- V V -~~ -

V 

V V ~~~~VV 
- .-~~~~~~~~~ - - _ _ _— -. V

V _VV~ —~~~— - ~~~— —-- ———- .——-V



(LO)919-47 
V 

• ~~~~~~~~~~~~~~

- 

-
• 

- 

Figure 3.8 • P LIP/SCkN INT~?V~0~*L&I,

- - Two £Lrci’..f t Tar get 
• . V~~ V

V • . - (~~~be~s gi~~ Bet ~~~~~~~~~~~~~~~~~~~~ 
- 

V

~~ . • 
o - 

- 

• 

V

V 
-

~~~~~~~~~
V

V • -

1~ — V

V  : :

2.~~~ 
- - “ H~. -- -----

~ 
V V V V V V ;~~~ 

- V V 

- V

- 

V . 

•

~~~~~~~~ V V 
- 

•
• • 

• V~~~~~~~~ •~~~~~~
•

V 
- 

V 
- $~V - - - V 

•

V V V -~~ 

- 
V
. ’  • 

V

- 
a - VV ~~ - . -

- 

- 40 • 
-

. 
•~~~~ V

- . • • 

V

•
V

I... ~
V V .

/ V • V V

I - 
• - 

- -  -

- 
~~~~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~ • 

- - -

•



-

. - - 
V 

V

- .~~~~~~~
. V

• 

V 

PIgur. 19, BLIP/SCAN VITEGItAL ‘ 

- 
, V

• - V 
V V• - - V V V - 

V
V 

- - 
- Single Aircraft Target - 

V

.

~

. . :

- - - - 
(Numbers give Sea Return) 

- 

V

— -  - V

- -

. 

~~~~~ 
__VH:V - VI V V *  : .: ~~~~ . :V .V . 

. V

_ _
~~~~~~~~~~ ‘ • .  _ :

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V 

-

4D i
~j I~o ‘v-V- .-- • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

• 

~~~~~~~~~ 

V - A 
V - 

H .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 7 ~~\ 

-

2~ ~ _4O~_ V V~~~ V V ~~~~~~~~ 
V

V~ V V ~~ :~~~ 
• V 

V

- I - 
VV


