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OPTREATIONE EVALUATION GL:OUP STUDY
No. 326

PLETORIANICE OF AN/APS-20 EADAR AGAINST AIR TARCET
AUALYSIS OF CO'1OPDEVFOR DATA

Reference: (a) ComOpDevFor-Seventh Partial Renort on
3 Project Op/V26/F42-1: "Nvaluation of the
Capabilities and Linitations of Airborne
Early Verning Equipment (Dectection and
Tracl-ing of Aircraft)", Confidential,
dated 7 July 1947.

(b) OEG Stuvdy o, 313, "Methods of Evaluating
the Operational Perfornance of Radar",
Confidential, dated 4 April 1947.

(e) OEG Study l'o. 256, "Search and Screening:
Target Detection", Restrlicted,
dated 18 'larch 1946,

(d) OEG Study l'o. 265, "Search and Screening:
Radar Detection”, Restricted,
dated 19 April 194e.

(e) ComOpDevFor Fifth Partial Report on
Project Op/Vz6/F92-1 and Amendmants to
Project On/V31/A1€-3(17): "Rvaluation of
the Capabilities and Limitations of
Airborne Early Varring Equipnent (Detection
of Camouflaged Sclitoriicl)", Ceeret,
dated 10 Fehruary 1947,

(f) ORG Study No, 307, "Performance of Al/AP5-20
Airhorne Padar in Scarch for Camouflapged Sche
Lo:vcl = Analysis of ComOphevFor Data',
Secret, dated 20 January 1947.

(g) ORG neport ''o. &6 "Search ani Screening",
Confidential, ~2t«l 20 February 1947.

ARSTRACT

YRBoth trackine cnd detection runs made by Squadron

VX-4 apainst conventional firhter eircraft have bcen analyzed

to pive the rrobabliity of detoction in each of two tactical
situations, direct approach end nacoinpg course, On direct
approach, %cz nrohability of detecti ¢ a sinpgle fiphter is
attained at 495 milecy the Sveep Midth for e passing course

is ahout 130 miles, The two factors vhich linit the
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(,ﬂprobabiiiti of detection and, therefore, both warning radius
"7 and Sweev Width, are sea return and relative speed. The
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data are extrapolated to prodict resvlts for high spced
targets, 1.e., 60C to 1500 krots, anid the linitations on
scanning radar are discussed.r '

b 4 Introducticn I\

In evaluating the nerformance of an airborne
radar in search for a given target, onc is interested in
estimating the chance of detecting the target with the
equipnent in question in each of the tactical situations
of operational interest. These tactical search situations
can usually be treated as one of two tynes, direct annroach
or area search, In direct annroach we are interested in
detecting the target by the tinme the range has closed to
any given value, R, i.e., in detcction probability as a
function of ranre. On any fiven track of ar area search,
we are interested in the nrobatility of detection while
targct an? secaren creft are nassing cach other at any given
distance of closest annroach, or latcral range, i.e., in
detection probability es a function of lateral range
These cases are discusscd in reference (b

The tests were nade by Squadron VX-4 of the .
Operational Dev:lopment Force, They wvere designed to provide
data fro~ which thase probabilities of detection could be
determined; the detalls of these tests, and the results and
conclusions obtzirad Trom them are described in detall in
reference (a). The primary concern cf this study is the
geghodg of analysis emnloyedi in obtaining the results, ani

e influence which these met-ods haé¢ on the design o} the
tests; the triazls themselves, the results and conclusjons
are described only bdbriefly here.

-3

The trial runs, ir general, were of two types:
tracking runs to daternine the performance of the rader
i¥self; ana detaction runsx to deternine the performance of
radar and onerator to-ether (see refcrence (a)). Thare
vere two main sets of tracking runs, differing chiefly in
enphasis. In the first set, the object was to trac! a target
consisting of 2'F or 2VA aircraft over as preat a distance
as nossible be4veen a minimam and a maximum range, using
various combinations of AR ani tarpet altitudes, 1In the
sceoni set, the object was to study the cffect of one
variable al a ti=e on the performance of the radar, with &ll
other variahles held as nearly constznt as nossihle. Cn all

5.' ;.r
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tracking runs, \, the blip/scan ratio, i.e., the fraction
of the radar scans on which blipc appcared, was talen as a
measure of the performancc of the radar, *his quantity,
A’ was ncasured for various ranges between minirmum and
axiuum under each of a number of operational conditiorns,

The detcction runs were made using 2VF's, 2V4's,
or cquivalent, as tarpets. The AEV planes maintained a short
natrol, from 40 to 50 miles long, parallel to shore. The
targots were vectored away frrnm {and until they were beyond
radar range. The planes were instructed then to attempt
undetected nassage of the short patrol line.

2. Dependence of Blivn/Scan Ratio on AFV and Targesy Altitudes.

The original data, presanted as enclosure (C) to
refercnce (a), show that while large fluctuations are obscrved
from run to run within a range band little or no systematic
trend is apparent, Vithir the accuracy of the tests, *aere is
no devnendence of blip/scar ratioc upon either AT or tarzet
altitudes over the range cf alt:tudcs investigated.

For the lowest aliitule cormbinaticn showr, AL’
aircraft at 1,000 feet and target 2% 900 fect, the radar .ange,
as 1imited by radar horizon, is only 68 miles; yet the average
blip/scan ratio is above zero out to 120 miles. Furthcrasre,
the blip/scan ratio for ten mile range bands above 63 nmiles
does not differ from thosc for other altitude cormbinations
wituin the accuracy of the measurerents, The rezson for this
rather surprising result 1s believed to have becen tae occurr=-
ence at low altitudes of "anomalous trans—mission” during a
larre enoush fraction of these runs to bring the average up
(see reference (a), vage 22, parazraph 9).

The variation of the fraction :f effective scars,
Zu, with rance 1s comnuted from all the tracking rune
récorded in enclosure (C) of reference (a), indicated by the
s0lid linc in Pipure 1, This 1s the curve on thich the
various analyses presentec in thic report are bhased,
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Figure 1. BLIP/SCAN RATIO
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3. Devcndencr of Bl4:/Zaar Patjig on wmnar of firverifh,

In a given tastica® situaticn the Toiget to be
detecta2d may con:ist of one .:r many aitrcrafit., If thez:2
aircraft come in from »osltisus widely separated 4 ollior
range or azinmtli, they will apaesar as sepurafe, sizgls
aircraft tarpgets, On the otier hand, if they are llring 1
a formation, the total extent of wnich 1. any 6irectica is
less than 1 or 2 miles, they will annesr g3 a single tearpe®
To determine ¢ fecr each c¢f ths varicue possisle munters
aircraft making up the targe: by dirzct test would requ.rc
prchibitive amovnt of fiying effort., Il s desiruvle,
therefore, to devalon arn esu-tica by moznz of aniel ¥
for any piven ~waber of aircraft cern btz pradicted frof <he
data obtained with e sincle airceraft., This eguauisn i§

develoned as fo iovss
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The bliip/sean rati for a terget corsisting ol o
single airecraft : s ’ =, w48 that for a-target
consgisting of n zircdaft, ' are interested in coltalning

' 4n terrns c¢” ané n  The chance that &4 sinctle
gircraft will nraiuze a viln o uny civen scar ls W
the chanca t-at a singls afr:ralt wiil mot nro'ucs 2 “I1in
is 1-y; . If there arc r  eirerafi, the p-ohunilivy 4rat
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none of the, n aircraft will produce a blip on a given scan
is (1~ 11 ) . Finally, the chance that at least one of the
n airecraft will proiuce & blip is

 ¢'= - (- )"

This equation can be rearranred to give ?ﬁ in terms of qﬂ

p= 1-0I- LP,)"w.

Consequently, riv:n the blip/scan ratio for a target
consisting of & £‘ven number of aircraft, the blip/scan ratio
for a target consisting of any other number of aircraflt can

be conmputed.

in the VX-4 tests, runs were made to cormpare 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 tie third sufficiently separated Jlrom tre two
to produce independent blins on the screen, yet not so far
away as to be unescorted. Both targets were tracked
simultanesusly. The blip/scan curves obtained are presented
in Figire 2. The .croken line is the blip/scan curve for two
nlanes comnuted fruw nquation (1). Except for one point
which seems to be off, this corputed curve is in reasonably
pood arreement with the two plane curve obtained directly.
The Aifferences observed are those to be expected fronm the
averaging procedurssemployed. This is discussed in the

Anpendix,
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4, Denendcence of ¥/ cn Rate of Scan.,

Comnarative runs were made to determine the
difference between the bhlip/scan ratio obtained with the
normal scanning rate of 6 sweeps per minute and that with
3 sweeps per minute. The comparative results from
reference (a) are reprinted in Figure 3., 1lo theoretical
relationshin between these two curves is proposed., It 1is
clear from the curves that at long ranges the blip/scan
ratio is hipher for the slower scanning rate. The mealker
signals tend to build up during the added time allowed by

the slower scan,

Figure 3. COMPARISON BETWEEN NORMAL AND ELOW SCAN
Blip/Scan Ratio vs. Range
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Slow Sean (3 r.p.m.)
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5. Dependence of & _on Radius of the Sez !eturn.
[

Since the trac’ing runcs were nade under "tracing
coniitions", sneclal circuits were ussd frecly to trac'
through the sea return. Therefore, the denendence of
om sea roturn, to heo eunected under detection conditions,
was not nmeasured Airectly, The effect of sea return on
dcteoction mill be considered later in connection with
Aetection.

6. Depender.ce of %g or Snecial Circuits.

The A'/APS-2C has a nunmber of snecial ~ircuite
for the sunnression o sea return and other <. .ces of nouise.
Iinns were made to compare the blip/scan ratio at various
ranpes, using any one cf a number of circuit conbinations,
vith that usinr the receiver in a standard condition (70
gain and ro sn2cial circuirs), The number of circuit
combinations tested was so larre that it was possible to
malzc only a small nunner ot runs with each combination,
five runs 7ith the miven sircuit combinatin: and five under
the staniard conlition., 3Because o” smallness of the data
sanles obtainz2d, no definite conclusion co-14 be dravn,

The 1irniications ware that all the circuits tast -4 were
usefal for ¢rac’-ine throuri clutter, bot that only one,

SIC (sensitivity time contsol), was useful for detectio:n.
This results fro. the faet that the i-vrovensnt in
varforance insid: thz sea ret rn is ohtained only at the
expence of the blir/scan ratio outzide the sea return in
all excevt the one case, For move dataill sec reference (=),

7. EZffect of Altitude on Standard Cea Fetwrn,

During the deteciici. runs, the sea return was
aliavs recorde? under the same standard set of corditions,
70% rain and ro special anti-clutter circeuits, O & nunter
of flirhts, te sea return was neasured at =ore than one
altitnde, It was nessible, thzrefore, tc deternine the
extent to whie'i the sea roiuriy depends vron the altitudc of
the AT alrera’t, 7Tt was concluded that, withinr the error
to> be exneste? in the tests, tho sea return varies with the
square root of the AF” aircraft altitude. This noint is
disess2d more fully in referance (a).

e A T —————— ——
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8. FEffect of Tea State on Ses Jeturr,

. Vavin~ deternirei the denendence of sea return on
altitude, it was possible to elidnate the altitude variahle,
and to deternine the extent to which the sea return derends

' unon the sea state as estinate? fron tlie air and recorded
according to the Beaufort Ocale, “hen several sircraft -
estimated the sume sea, they seldon d4iffered by more than
one unit. It can be assumei, therefore, that these
estimatec are concistent to mithin one unit,

« 2T

In Fipure 4, rerrinted fron reference (a), the
sea return with the ARXY aireraft at 1,000 feet is presented
for various sea states., The =zceiftesr ir thz points 4s rreater i
than that to be expected on t'e assumption of errors in
estinating the sca state. Tt is conclude? that while there i
1s come correlation betwnen sca state and csea return, the
Yecaufort Scale deoes not dc-crite all the ch:aracteristics of
the sea =iich contribute tn the cea return for S-hand radar.

-

Figure 4. DEPENDENCE OF SEA RETURN OK SZA STATE
AFW Altitvde 1,000 Fest

i

e | S 3 1o
3 € 1
(3
- v s 0
e file & ] € €
< i .
. ¢ .
¢ - . |
@/\ (13 ) |
1
@
R
- — W A




NI ¢ e R NN ¢ e -~

AR

DECLASSIFIED.... | (10)919-47

30 Jnly 1047

9. Detection Nuns.

The 1ndividual detectior. rune arec listied in

‘enclosure (D) of reference (a). They vere all rade using 5

2VF's, 2"A's, or emivalent, as tarpet, The tactical
situation seiccted for test was that of dirsct epproach of
the tarret toward the AW eircraft, The AE” aircraft

could not stend still, wor could it use i1ts rader effectively
whije o¥biting. Thercfore, it patrolled a short line,

4C or .50 miles 4in length, while the target attenpted
undetected passare across this line., The analycics coneidered
each run as a direct annroach of the target to come
renresentative or averare positior of the AFRW aircraft, The
detalls of this nrocedurc are described in referance (a)j

the justification for 1t 4s given in the Arpendix of the
nresent renort,

The threc operatioral variables consiCered in the
analysis of the detection data were altitude, tarpget speed,
and the radial extent of the sea return, The tracl:ing runs
showed that altitude of either AL cr target aircraft as
such had no consistent effect on the tlip/scan ratic and,
hencé, conld not be exnected to :.ffoct detection over the
altitudes include? in the tests. The ranprc of target speeds
was not great enourh to permit andlycis of the effect of ~
target sneed; the average speed of 155 lcots was used in
the analvsis., The data ware enalyzed in three groups
according to the extent of the sea return: rvns for vwhich
the sea return as betmeen O and 29 niles, 25 ard 50, and
50 and 75 miles. In cac of the first two groups, the
probability of detection by ran-ce, &, was taten as the

‘quotient of the number of detections at and beyord .¢y, and

the total numbar of runs in the group. For the third group,
an effective, rather than the actualy number of runs in the
group wae used, This effective nunber of runs gn? the reason
for using it are described dbeclow.

On a nunber of the flirhts ir which the sca return
was betwacn 50 end 75 milez, the first fow runs resulted
ir no detections. Ratier then weste flying effort with no
detections under these concitiore, <he flicht was ustally
eontinued at a more favoralle siijtude (cmaller sea return).
On a nuiher of sidlar fiirhte, the firct few runs resulted
in sone dctoctionsJ and .the flin 4 wue contirued at tae
hicher aititude, ':ile thie nronedure was coneorvative of
flying effert, it tenicd tc bias tie results In favor of
peaz performance of buth equlvmest and poraountiel, To get

g
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around this bias, the following procedure was emnloyed in
analyzing thc data, For each flipght with sea return between
50 and 75 miles, the fraction of the runs which were
successful was computed, An average fraction of runs
successful was then computed, giving each flight the same
statistical weight, regardless of the number of runs made,
The total nunber of detections for the whole group was then
divided by this average fraction of runs successful to give
an effective number of runs, This effcctive 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 two 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 ecach of these figures was
computed, using the blin/scan ratio, Y , and po, the chance
that an operator will see a given hiip presented on a given
scan by the method described in reference (b). The arguments
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 value
of 0.05 was selected for pp as giving the best fit of the
detection data for sea return O to 25 miles., The details of
fitting these narticular data are given in the Anpendix,

Figure 5. PROBABILITY OF DETECTION BY RANGE R
Sea Return O to 25 Miles Average Speed ~ 155 Knots

Mumber of Runs - 49
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Figure 6 PROBABILITY OF DETECTION BY RAME R
Sea Return 25 = 50 Miles
Avsrage spoed - 155 Knots

llumber of Runa 174

Pigure 7. FROBABILITY OF DETECTION BY RANGE R
8ea Return 50 -~ 75 Miles
Avsrage Spead - 159 Knots

mmber of nu:l n
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Exaninatior of Figures 5, 6, and 7 shows few
detections in the sea returr, Furthernmore, there 1s
evidence, narticularly i» Figure 7, that more detections
are naie at rrect ranges then are nrcdicted from comnutations
baced on thz Wlip/scan curve of Figure 2, This is not
surprisirg her we re~criher that the calenlations assume
uniform s~arch cffort over the entire scove, If the sea
return is extensive, the search effort is no longer unifcrm
but is concecntrated in the long-ranpe region. The value of
no vhich hnst {its the data, 0,C9, is about twice that for
the sror™el tarret, ac Adescribed in references (e) and (),
This aprees it omeratioral exnericnce indicating that an
air tarpet 17 easier to distinguicsh on the “PI scone than a
snor':eling sumdmarine, g

10, Pro-ahility of Detection on Direcct An-roach = Influence

5f Jolative Sneed.

As stated in Section 9, the spread in target
eneeds in t*e asctuel tests was not srecat enough to warrant
anelveis by target sveed, Howvever, the direct aprroach
curves can be conputed for various reclative speeds from the
blip/scan retio usirg the blin/scer theory outlined in
reforence (h), The resulting curves for orc and two
aircraft tarrets arc presanted in idgure 8, The first three
pa’rs of cuivag, for 200, 402 and 600 ¥nots are reprinted
from ~eferenca 'a), Tacese are useful operationally for
determining thc probability of being intercepted without
warninzg, Th2 fourth rair of curves, for 1500 knots
relative spesd, hes dbesn adided in order to provide a glimnse
intn the futare.

13
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Figure 8, PROBABILITY OF DETECTION ON DIRECT APPROACH
FOR VARIOUS RCLATIVE SPEEDS

" Computed from Blip/Scan Ratio

emmens== Two Plane Target
=w e=.== Sirigle Plane Target
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The decrease in prohability of detection with
increase in relative speed arises fro tre decreasing
nunmher of radar scans oer mile of relative track, as can he
scen fron Tquation (0¢) of the Anpendix. At first sight,
one nirht hone to imnrove the situation by incrcasing the
radar scanning-rate. -Tn this connection trere arc two
serious difficulties which could not easily have been fore-
scen, leference to Fipure 3 shows that a reduction in
scannirg rate below the standard 6 r.p.m., leads at long ranges
to an imnrovenent 4n the blip/scan ratio, i.e., the fraction
of tre scans on which blins appear. !ence, an increase in
radar scanning rate beyond the standard 6 r.p.n. can be
expected to lead to a reduction in the blip/scan ratio. At
first sight t»is does not avpear serious if the total
number of blips wresented shows a net increase, THowever,
the low value of 0,05 for ny, the probability that the
operator will see a blin if It appears on any given radar
scan, irdicates that even t'e ter seconds between scans
allovedi by the standard rate of 6 r.p.m. does not pernit the
operator to scarch the rcone thorourhly. Increasing the
scanning rate will further decrease the time per radar scan
pertitted for visual search, so that p, may well decrease
in nroportion to the reciprocal of the scanning-rate. 1In
vien of the evidence of scanning loss even at 6 r.p.m., and
the physiological limitations of the radar operator, 1%
wonld annear that there is little or no hope for any great
gain in detection probability to be realized throuch an
increase in radar scan-ing-rate,

11, obabllity of Detection on a Passing Courge =
terzl Iz2npe Curves.

In most of the tactical air-search situations vhich
arise in actual onerations, one is interested, not in direct
annroach of the target tovward the search plane, but in cases
ir vhich the target nasses at some minimum dis%ance or
lateral range. The cunulative prohahllity of detecéion for
each lateral rango cannot be obtained directly from the
detection runs because these runs were designed for a different
tactical situation, that of direct apnroach. It can be
comnuted, however, using thoe blip/scan theory and the valve
of Po ohtained from the direct approach runs (iec weiersace (b)).
"hile the result obtained is a computed one, sufficicnt
confidence can be placed in it to eliminate the need for
laborious detection runs to determine it directly. The
details of the computations and the raw materials fronm which
this nrchability can be corputed for cases other than those
given here are presented in the Aprerdix, -
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The comnutations to be Aiscussed assume the
validity of the blip/scan theory and the valuc of p,
obtained from the direct apnroach runs, Three othel
assunntions arc made to yleld conservative ostimates,
First, the nrimary data of Fipure 1, while talen under
trackinc conditions, do not renresent gero sea return
conditions., It is assnmed that they dd; this assunntion
4s conservative. It is assuned that no detoctions can be
expccted in the 8ea return, and this assumtion is believed
to he vory nearly true; in any event, it is conservative.
It 1s further assuned that 1T the sea return is extensive,
there is no imnroverment due to concentration of search
offort at long ranges. In view of the evidence of :
innrovenent shown, narticularly in Firure 7, this assunption
is definitely conservative,

On the basis just described, lateral range curves
have been computed as examples to shom the effects of the
two nain variables, sea return and relative speed, i,e.,
the sveed of the tarpget considering the AE” aircraflt as
fixed in space., In Fipure 9, a typical relative speed of
200 ¥mots has bcen selected and the curves computed for
various sea returns., In Fipure 10, a typical sea return
of 20 miles has been selected and curves comnuted for
varions reletive snecds. Curves for other cases of
interest can be conmputed by the methods outlined in the
Anpendix. - P
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Figure 9. PFPROBABILITY OF DETECTION - S8INGLE AIRCRAFT TARGET
Computed from Blip/Scan Relative Bpeed - 200 Knots
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Figure 10, PROBABILITY OF DETNCTION - SINGLE AIRCRAFT TARGETS
Computed from Blip/Scen  Sea Return - 20 Miles
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y In soarch situations ir which there is no over-
lapping of search effort on successive tracks of the search
aircraft, one 15 not interested in the detailedi structwuc
of the lateral ranre curve, but in the width of the strip
on bdoth sides of the aircratt vhich is effectively
searched completely. The widéh of this strip is !movn as
the Eween 15&!1- Its value is given by ¢wice the arca under
the lateral range curve, once for each side of track, A
brief 4Aiscussion of Bweep 1/4dth 4s given in reference (b),
and in more detail in Chapter 5 of reference (g). To show
the effect of sea return and relative sveed on Sweep T'idth,
this cuantity has been comnuted from the curves of Fipures 9
and 10 and is nresented in Figures 1l and 12,

nmro 11. 'BWEEP WIDTH -~ EINGLE Amcnm TARGETS
Relative Speed - 200 mots
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Figure 12, SWEEP WIDTH - SINGLE AIRCRAFT TARGETS
; * 8ea Return - 20 Miles :
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It 1c quite clear rrom Figires 11 and 12 that
increases in sea return and relative sneed grecatly reduce
the Sween Tidth and, hence, the effectiveness of search.
For single aircraft it wouid appear that sea return
extending out to 40 niles will not seriously affect the
Sween 7idthj teyond this point sca roturn becormes extremely
important, Iittle can be done with scanning radar against

" high sneed fiphters. The effect of speed on Sweep Width,

shown in Figure 12, denonstretes the aivantage to our own
forces of using hirh spee? aircraft against an enemy who
emnloys ecanning rader for detccting aircraft.
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1, Tracking runs show that neither AEW nor target
altitude influences the nercentage of scans effective, i.e.,
the hliv/scan ratio over the range of altitudes 1ncluﬁed
in the tests (target altitudes 500-4,000 feet, AEW altitudes
. 1,000-10,000 feet).

2. Conparison of tracking results for targets consisting
of one and two aircraft permits the nrediction of the %1lin/scan
ratio for any number of aircraft mak%ing up a formation,
nrovided the formation does not extend nore than one or two
miles in either direction.

. 3. There 1s evidence‘of scanning loss even ht the low
scanning rate of 6 r.p.m, as shovn by the fact that the
blip/scan ratio for 3 r.p.m, is greater than that for six.

4, All 2pecial anti-clutter circuits tested are
useful for trac¥ing through the sea return.

5. Only one of the anti-clutter circuits, STC
(sensitivity time control), appears useful for Jetectibn.

6. The detection probabilities determined directly
from detection runs are in good agreenent with those computed
from the blip/scan ratio. i

2+ The detection procbability for both direct aonroa-h
and a nassing course is reduced if nart of the tracl nasses
through the sea return,

8. The detection nrobability decreases acs the speed
of the target increeses, keeping the AEV speed constant,

Sutmitted by: ¥

Bt i oriar, .

E, 8. LAMAR
Operations ﬁvaluation Group.

ia?putatiq;e7py:

D. RIGG
Clacrs Mérceier’
E. MARCUSE
Operations Evaluation Group.
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PPE!

[ g;;g£§cgn Ratio - One and Two Aircraft.

" In Section 3, reasonably good agreement was shown
between the mecasured biip/scan ratio for a two plane target
and that computed from the measurements for one aircraft.
However, the computed valnes were higher at every point

than the measured one (Figure 2), It is believed that this
discrepancy arose because of the averaging procedure
employed.’ Assuning for the moment that Equation (1) holds
exactly for any given run in which hoth targets were tracked

simultaneously, then

.‘P«=\_(\_w)2‘ R PR L IR E ¢ T |
=2,(,-—!,02'.. ‘ |

The averare value of v/; obtained froh all the runs,
shonld be .

==
Lather than computing as indicated by Equation (1) for each
run and then averaging the results, we have averaged and

then made the computationi consequently, the computed value
of lf’ plotted in Figure 2 is :

2
_— 5 _
ek ae
The differerce tetween this and the expression above lies,
in the last term. Since w* 18 always greater than ¢
‘the computed value of \r' is alvways greater than the

moasured value. Iowever, the discrepancy seems too small to
Justify the use of the more elaborate averaging procedure.

2. ggggégigatfgn ;g; Direct Anproach Treatment of

The justification proposed here for treating cach
detection run as a direct approach to some average nosition
of the AET aircraft malces no claim to mathematlicil rigor.
It is simply employed to indicate that, for the patroi line
used in the tests, the errors introiuced are not large.

If it were possibie to maintain the AEW aircraft stationary,

23
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the target could avproach directly. Because of the fact
that the ALV aircraft 4s nmatrolling dack and forth, the
track of the target relative to the search craft is not
direct, but is broken into a zig-zag line. Ye nropose to
show that the probability of detection for this zig-zag
track is not appreciably different fron that for the direct
anproach,’ The direct approach trac!: will be known as the
equivalent track in the following discussion.

' Tre two quantities which detcrnine the probability
of detection are the blip/scan ratio and the number of

radar scans. In order to comnare the probabilities of
detection for the direct and the zig-z.g tracks, the blip/scan
ratios for the two tracks at points correspondiig in time

and, hence, in number of radar scans,will bde compared. If for
these corresponding times the blip/scan ratios are equal,

1t will be assumed that the nrobabilities of detection are
also equal. The blip/scan ratio data used are thosc for a two
plane target, obtained froz Figure 1. e

There sre available for comparison many passible
pairs of tracls, from which criticzl ones will be sclected,
In order to determine which prirs of tracks are critical, the
various methode by which the terpret might approach the patrol
line must be considered first. He can approach anyvhere betvcen
normal and grazing incidence., For normal incidence, it may
be discerned that, for any two corresponding points, one on
the actual track and one oh 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 corresnonding point on the
equivalent trac%. I the equivalent rather than the actual
track is uscd, thera will always be a systonmatic error. TFor
grazing incidence, the range to the AEV plane from the point
on the actual trac! may be either greater than,or less than,
the range from the corresponding point on the equivalent
track, If the equivalent rather than the actual track is
used, the errors rhich occur in the individual runs will
tend tc average out, Therefore, the critical situation,
examined in the fclloving rarcgcravhs, is that of normal
inciderice in vhich there is a defini%e systematic error.

The must vro’able normal iricidence case is one in
w'iich the terget ettemnts undetected passape acrcese the
center of the na4rol line. PFigure 13 presentg the two
limitine cases (alony with that of equivalent track) wheret
(1) the AF nlane i3 at the center of the patrol line vhen
the target crosses, and (2) the AR nlane is at the end of
the patrol line, ﬁeyond 20 miles, there is little difference
between the~, and the systematic error does not seen seriousj
the ranges v{thin 2C rdles are of little interest.
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The least probable situation for normal incidence
i1s 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), where: (1) the

AR plane is at the same end of the patrol line as the target

at time of crossing, and (2) the AEV plane is at the opposite
end, For the first instance, there is little difference
between the actual and the equivalent path béyond 20 miless

for the second case, there is considerable difference in the
blip/scan ratio, the maximun difference which oécurs at 50 miles
being 40%¢ of the blip/scan ratio for the equivalent track.

If each of the four cases were egually probable,
the average error which has 4ts maximum at 50 miles would be
124. Actually, the two latter cases are much less probable
than the formerj consequently, this error is considerably
less than 127 at 50 miles.” As the angle of incidence changes
from 900 to 99, the error tends to divide into two parts:

a systematic error which becomee O tt 0°, and a random error
which reaches its maxirum at 0, This random error tends to

average out over the various runs.

It may be ¢oncluded that any systematic error
which occurs over all runs, regerdless of angle of *
incidence, point of ecrossing the patrol line, or position of
the AEY niane at tine of crossing, will have an average
value considerably less than 12%, and that the random errors
will tend to average out, Therefore, the use of an equivalent
target track is justified for the accuracy required in this

analysis. ] -
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3. Com from the Sca ~
The blip/scan theory of detection is described

_fully in the references given in the text. For present

purposes we shall select the following frame of reference,
et 2. Dbe the distance of nearest anproach, known as the
lateral range, and let y be the other orthogonal
coordinate, measured parallel to the relative track and
from the point of nearest approach. In this frame of
reference, for any given value of X , the probability
of detoction P 4is given by

|
P= - npe) yhdy |
-\-e '. ------(2"
where n 4is the number of radar scans per mile of relative
track, po is the operator factor described in the text, and
yu is the blip/scan ratio.

The mtégral, f ;245 , is presented for
[- -]

wva>ious distances of closest approach or lateral range, X,
in Figure 15 for a tvo plane target and in Pigure 16 for a
single plane target (Figure 1 gives blip/scdn ratio data
from which these integrals were computed.) Since the
blip/scan ratio is symmetrical about y = O, only positive
values of y have been included in the two figures,

4, Determination of the Operator Factor, vo.

The actual fitting of the experimental curve to
give a value of the chance, pp, that the operator will see
any given blip, was done in the logarithm, Log Q = log (1-P)
was computed from the direct anproach detection data of

s T L

Firure 5, and the negative of this was plotted in Figure 17.
The ordinetes of the curve for £ « O, (Figure 15) i.e., direct approach,
were then miltiplied by a constant to give the best fit in the 3
intermediate range band;thic mrocess is represented by the

g0lid lire of Figure 1?. The factor required was 0.116 = ng .

The average speed was 155 knots; accordingly there were 0.3 3
minutes per mile. The scéannirg rate was r.p.m.} therefore,n,
the number of scans per mile, wes 2.32. Solving for p, glves
0.09, Except in the region vhere sea return can be expected to
reduce the results below those computed from the blip/scan

ratio, the fit is quite satisfactory. The one point off the curve
at 29 miles can not bde taken tco serlously because of randon
fluct.ations to be exvected in such a small sanmple of data.

28




BEQLASRIFED ..

(]

(10)919-47

Nt e S A o it 2R WA T Beye TR g

30 July 1947
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BLIP/SCAN IRTEGRAL

8ingle Plane Target
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Pigure 17, DETERMINATION OF po
Sea Return O to 25 Miles
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5. Rrobability of Detectiopn on Direct Approach.

The various curves presented in Figure 8 were
computed for each target speed by determining first the pro-
duct of p, and the number of scans per mile. This product
was then nnltipliod by oach of a number of values of the
blip/scan integral for = 0, i,e., for direct approach, as
obtained from Figures 15 and i6 The result of each computation
gives a value for - log Q. From this, Q was found and sub-
tracted from unity to give P, the probability of detection.
For the particular value of lateral range, x = 0, y becomes
equal to R, the range. The curves of Figure 8 nre plotted as
functions of range, R.

6.

If the target is passing the search plane, the
probability of detection as a function of the distance of
closest approach, or lateral rango, x, 1s of interest. To
find this for any lateral range, l we must first find the

o

blip/scan integral for use in Equat n (2a)., Assume that there
are no detections in the sea return so that the integral extends
from infinity to the value of y at the edge of the sea return,
Yo» and from minus y, to minus infinity. binco the blip/scan
ratio is symmetrical in range, R, this can be found by doubl-
ing the integral from infinity to yo,. 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 fror which the lateral range curves
for any relative speed can be obtninod.

The value of - 1log Q, for any given relative speed,
can be found by multiplying the blipllcan integral for the
appropriate lateral range and sea return by the product of
Po and n, the number of scansg per mile. Finally, the pro-
bability of detection, P, 1s obtained by finding Q and sub-
tracting from unity. The method just outlined was employed
to provide the examples given in Figures 9 and 10.
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