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SECTION !

() e roremoee o EOLASSIFIED

Projrct AQUARILS is a part -f the ARPA spousored woean
suryeillanye pragram under Project MAY BELY, The primary puals i
Projert AQUARIES are v cxperimentall, domnunsirale the {canibility
uf deteclipg weth sutmarine faunched Lailistic missiles and Jow-flying
gireraft and te compare the experiaientally uuserved deleclion ran.ex LO
theuretically predicted deleftioR Fanges. The enperinental ser-up
curgiste of using a bistatic HE conlinuous wave radar with Jow powerl
vcean bawed buwy transodtiers and high sensitivily rectivers lucated on
Lhe :uiat. A detection ie made by euserving the duppler shified signal
thal is scattered [ron moving larpgett. En this patiicular experiment
the tarpel 35 illuminated by ling~of-wiphl or pruund wave enety; frum
the Lrangaditer. The scattered doppler shifted larpel return is received

{ry an ioncBpheric sky-wave as illustrated in Figere 1.

There has beena cuntinuing requirement for 1his 1ype wf unk
rance detpction wl small @arpels since a Cuvan pilet flying & MICG
penelrated Lie L.5%5. radar nelwork wnd was first spulled Ly the air

controller &1 the hiani aigport.

The experimental results of the ventrolled aircrail tests have
Leen [airly cpcoura zin. and indicate that lung range aircraft detectivn is
pussille using this jaw puwer igtatic radar ¢uncept, There appears o
ne & [zir apreement between the predicted deleclion reuiuns and tne regiens
for which tre aireraft has been detected. During a tutal of three cuntruolied
sjrcralt tests, [vur detechians have becn enade, two ul which are defectlions
of the contrulled airerail. ilowever, durin: one perivd, that uf 18 Decenibier,

the detected aircralt doss not appear L correcpund in thine ar lecativn with
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1.D T LET =s Conlitinicd.

A —— T -
that of the contoolled aircralt, I is surmisvd tha* theac

. I
delectivnsg were of an arczalflt Myvine nczar the receiver rether than ire IJ[, E
transtiiller, ¥ .

1. 1 Repor., Crpoanzation,

HED

velion 2 of Sas reporel the basic teciviique and tite hardware
eing eniploied Jor Wiese trele @dce descTiLed.  Line bawld geomulry,
transatiler and ceeeiver configuralion, Calivration tecingues, [PPopapgation
calculatiune, and a description vl lhe propagalivh Prupfasa: 3afe glven an

this mection. Sectiom 3 cuntaine the descriplivn of the detection prediction

uf Puisacdon launchines frem Cape Koeneord, uding tne Luoy § ducaled

apprueximately 100, 290 and 300 ki from the launch area, For that

patticular geomelry and Lie rang = invuelved. it is vhserved that Lnoe

prubalilil, of detecting ar SLEM is vittuall aepliciole wnlil the far 2et : at
rises inlo the iunwvephere and arguires a substantiall. enhanced cross -

prstien. Seclivn 4 cuntaine a descriptivn of 1ae cwnirwlled atrcrcil tewte, E
[licht plans iénd the deteclion unservativas made.  Also, in s seglion s l —

a taoubativn of predicied apd ubkerved carrivr strencthsy and nuiwe leavels.
The purpuse of these CRMHPErIsLnE 15 L0 woperve witiv what relivoality these
pareinelers can e predicted with the voject o aovuralely prediviine aveies

perivrmance, Finally, Settion b runtaine o swinaary of e procloeins

and he Lgelc Fesulls wvhilkined Lo daly.
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SECTION 2,

t ’f: 1
EOQUIPMENT AND JECHMIQUES (L) 'g‘, SSlk L-

N —

()

Due tu the nalure and the e Srame ul vas proiec., ol of the

data cullection hardware hae ooy vbtained Oy Waine eguijanent desclupgd
by wither Project MAY BELL porlirapants or i using bhdrdwars aeveluped
{5 utho? PEOECRIE. Futh 118 By gigd Lue ©W Lranshyibless al Curter Cay
wsed 10 theowe [estis, arc alsv uped fus the proundwave lagasufenielle Wil h
Raytiveon is conducting. T'he receiving systein tn ust oelunes tu tae LSARA
ficld slativn located at Vint Hill Farmp Stetien, Va. and consicty of 2

lincar disposed antenna aresy and multi=ctannel HF reeeiving 4nd rec E S H P

rquijiinenl, i
e
L. | Eu\} Transmilter Charancturi=tivs,
— — —— - .

Twn difterent topes of Lranimitlers iave Leen used n loe elpecrinent
to date. Thuse tests conducted priur (v Decomover used a4 oudy mwtinted
transmilter of Appresimately 10 wakts radialang at 5.8 and 4. 257 Mliz,

In antenna on the ooy cunsbels wi a top=lvaded vertical mvnopsle cut

Fof 4 ogquarier wave leneth at 7.5 Alllz,  This Lbooy was ancnured uli the

cuoast of Florida spproxiinatels 120 milemrters down range and A1 an dzymuls
{ of 113 deprees from Cape Kennedy,  Ihe tests condacted in Janvary and

Fob uel - have used the CW transimitters wn Carter Cave  Thy power of

1hese CW transmissions bas ranced fron: §00 watis wp to 2.3 kilowatts

depending upon [ie and ihe particular transuilher in uare, All uf these

transinissions radiate inlo guarler wave vertical mounupules Cutl jor the

FroguerrLy in use.

—
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One of the tiore important goaks of this project iy 1o be able Lo

L'*?/ | moy rq*rf?r
2.2 } Hecwiver Site Characterictics, i N R :
L ;

ENL-GS00

TWo Separate recejiving systtine have beuen uecd &l the receiver
pite located at Vint Hill Farina Slation., One recciving systeni if & van
mounted igh ynamic range digilal pruccs ainpg syatein containing d
pyribesizer comtrolled ror elyera [Selvania H«ZTA roc pivera idigits] specirun
analygier® using & CDC 1700 peneral purposc compuler and both analoy and
disital FUM recording capakility. The second receiver ayitem i3 lucaled
in lww hack-te=lhack house trailers, and cunsists of & DF sel cvnnetled W
an LDAA steerable beam antenna and 12 aralog rer eiving channels using
RI0A reccivers, LThe H390A receivers connccl io Luth & real time

analog apreiral diFplay and & 12 channel analog tape rocorder. The Llock

diagrame ol the: 2 two rec giving svsloms are shown in Figures 2 and 3.

e ————————

Receiver fﬁulem CaliLhration.

=/

predicl Lhe deteriion perfor.nance of the buoy tactical early warning systen..

Thus, il 1§ drpired lu compare predicied signal and noige valucs 1o actual

myeasured data. Then, ol tnere exist significant disc rcpancices belween lie
aclual ang vosersed data, the predictims must Le medified 12 currect

thhis difterence.

Ty glandard calilbrations that are performed an the system are 1o
sweasure the received carrier strengtn and also ihe received noise power
reforenced e a | Herz bandwidih.  Tohe proecess of treapuring the received
carrier streneth is a siimple procedure of comparing the recciver IF cutpul
sixngl level wien it i conneeled 1o Lhe antenna, ¢ the IF outp il tevel when 1

the receiver ik conaected to a synthesizer having Lhe same HF frcguency as r

tiie carricr signal being measured, The average 1F oulput level fur that

A —— — -

& I:ur,ual Spectrum Analysis not available after Januzry, 1970 due to
termination of the computer leasc.
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2.4 t: j E} Fropapation Frediction,
)

| The propagation prediction program used to c&timate the sysicn

U

particular carricy signal in noted. Then the synthesizer at the same

T A E———— —

frequency Ls input 1o the anienna lermianala and the oulput amplitude
adjusied until the receiver IF outpul sipnal strength is the saine., The

gynthesiter sipgnal level is then measured, and converted Lo db with ruﬁect F

to a walt, Thug thix sipnal subsitution mathod pives Lhe received carrier

strenpth in dow and is measurcd within the narrow IF receiver bandwidih,

The dptermin.iion of the noisc level at frequencies near the Larricr
is done by AM modulating the On-air carrier signal wilth an wudie {requency
sguare wave using a very sinall percentage modulation, The amplitude
of these modulation tones is ebeerved at the output of the real tine spedlf i
analysis display. The modulation percentape i# reduced antil Lhe

rmadulation tones disappuar inte the background noise of the display. l

Since Lhe modulation percentage is easily converied Lo signai level in db

below the carrier and the spectrum analysis bandwidth is | Hz, then the

relative carrier-to-noise powet is direcily oblained refercnced to a } H: band- -
width, Thus, if the calibration tone disappcars into 1he holse at 3 level

oi 64 db below the carvier, it is asswned thal the poise value 1s also &1 db
below the carrier value. Chis carrice=-tosnoise ratio is then addcid ie the

received carrier strenath Lo obtain Lhe messured naise power in dbw per liz.

parformance basically combincs a modified version of the LTSA/ESSA HF
propagation predictian program for mode and mode amplitude prediciion;
the bistatic radar range equation to predict the received scatter palh power;
and an [T5A/ESSA neise pruediclion program to estiinale atimospheric, an

made, snd palactic noisc at the receiver site.
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2. 4 == Cuntinuce. “[iQLhUUlE i[U
ulir E . re——
The prediciian pregran: package ronsists of indivicdual computer

programs thal {a) compule a targe' 1rajeciorny (b) predict propapstion mode

struciure and meoede amplitude; and {c) predict the Doppler and migsile

croseesection, ¥

Fhe trajectory simulation program cstimates the miskile or
aircrall trajectory based vpon fitling the [light prafile to & functional form
using &4 least-sgquates {it lechnigue. The required inpuls to gencrate the
medel profile are lifloll and burnout tinies. launch azimutl, apogee, and
fange. The propram then computes allitude, range. latilude, longitude,
velecity, lhe apeed of sound, Math number, Math angle, local tarpet
bearings. local tarpe: elevation anples, ard acceleration, The computed
paramelets scrve ak inpuls to the propagation prediction program 1o
determine mode structures wilth a time varying termninal point on the ]

ITajJeCiery.,

*The ITSA/ESSA prupapation prediction program has been modified

to allow for nons=cenpruent hop siructurcs and far propagation 1o and
rellection {rom a point above the carih. The nropram predicis the mode
Aruciures thal et junaspheric propapation ¢ondilions on €ach of the

threoe puths: Uhe direct path, the transmitier-targpet hali path, and Lurget-
receiver half path, In addition, the prepupalion losers and anlenna gains

{or rach mode are determined. Fer cach miade predicted on the Lransiitters
misaile half path, an “incident’ {at the tarpget) elevation angle. tacasurcd
{iom the locgl hurizon, is found, ¥For cacn mode predicted on the larget-
receiver hall path, the "“scatiered' clevativn anple is also found, These
paramelers are then used with & modeled prelile 1o predict Doppler

frrquencics.

-l}-




e O e - ESSIHED

Propagation pregictieans are based on empirically derived -

world=wide numerical maps of vertcal ionosonde data. The resulls are
moenthly ionespheric vocliicients which can be used with the parabolic

layer assuimption {parabolic electron densily vartations in the Eard F I:.]l ers)
1o predict menthly average innﬂlphclri: conditions affecting a tpeﬁﬁc Tay

path at any haur of the day.

[n the prediciieon model, all line of sight, E and F propagating
moudes are deternmined between thie transmitter and the target, beiween Lhe
recciver and the targel, and between the transmilier and 1he receiver. The
determination of these "hull paths™ is & generalizalion af the ground-to-

ground prediction technique 1o inclode the case of ground=to-elevation-point

ptedictions.

After the mode structured Lthat mect the ionospheric conditions are
identified, {those betweren horigontal screening and ionospheric penctration)
propagation losses and antenna gains are determined. The wosses calculated
are free space loss (inverse square law), D-laycr absorpticn loss, and ground
reflection ioss, The NBS enmipirical adjustiment facier is included on the
direcl=path predictions 10 atcount {ar non-calculated losses. This facter !
is statistical and varies with season, path length, and earth lozation of

the path, No similar adjustmert faclor is used or krown for the hall paths.

The anicnna iypes are apecified Jor the systen: and the appropriile gain

routines or pain tables are used.

The target scattering meodel for missile targets above 130 km is
3 kyperboloid compresscd-ambient ionization in the exhausl-plume bow
shock wave. The shock=-wave il:ﬂl.:riﬁg surlace is considered hyperboloidal '
[rom photopraphic sbservations which have shown that the shock=wave surface
could be described by a2 second order function and that the shack-wave . —l

suriace shiould be asympteluic to the Mach cone,
~1fa




2.4 @5271/ -« Continued. SNl J:} | “:U

r

Tive direetion of the rays for the transmitter=issile and receiver-
missile propagation paths w.aiiquely define & plane tangent o the hyperbelaidal
surface which has the proper orientation {or a reflection, provided il

in=ident ray encounters & high enough electron density fory reflection, ¢

Since Litile definitive work has been done Lo accurately mode!
micsile erosx sections below LDO kin or aircraft crosy sections at HF, &
constant {adjusia'zie] eros= section is used for aireraft and missile Largets

below 100 k.

The antenna gain patterns for both the menopele transmitter
antennas and the LDAA receiving anlenna are part of Lhe prni,-,:ram. The
gain pattern for the LDAA was obtained {rora data suppliced %y ITT by using
azirmuth paticrns predicied by the array facior technigue {or Ib monopole

clerments and the elevation patierns from scaled model measurements,
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A
ﬂ) SECTION 3,

}Uﬁ/FHEDIE FED SYSTEM PERFORMANCE (L)

Propagation ralculatiens to predict systen: perlormance vsing #
modified varsion of the ESSA skywave propagation progran described in
the previaus section have been mede II-::- Beoth the direct and the scatter-

paths between the receiver site at VIHFS, and the buoy transmitters off

e Florida coasts The purposc of these calculations wat to estimale the
feasibility of detecting SLBM missile launchings from Cupe Kenncdy and
coantrolied aircrafl tarpets uwsing the geemelry sraviously establisl:ed ol

Lbuoys 2t ranges of 100, 200 and 300 km {-om Cape Kennedy.

T —lr

Migsile Delcclin_rLF: rfﬂ*manfﬂ._

cts Ol calCuwallons ﬂmrcditﬂﬁﬂi wereg
periformed. The recelving antenna at Vint Hilli Farme Station used for all
tests is & tulip clement LDAA buill by 1TT with an assumed maximum gain
of 15 dbi. A consiant scallering creas section of 100 m3 was asswued far
the miasile at all alvitudes below 19¢ lun. At altitudes above 100 o the
bistalic cross section was modelled using o hyperboleid cnmpreurd ambicm

shock surface. The luumcd crosé scection then changes [rom IEI' M oat low

altilude 1o valuecs of ID to It'.'if'llm;Il above 100 kni. The threoe buey tranpmiticr
locations aze at 100, 200 and 300 km: direcily down range from the 103~

Cape Kennedy launeh azimuth, The Carter Cuy transimiticrs are approximatul
285 ks down ranpe at & 123* azimuth {rom Capre Fennedy. Thr transmutted
frequencies for the bucys were the presently assigned values of 3.4 and
5,295 MHz, These frequencics, plus {requencics of 15 and 20 Miiz were

assumed for the Carter Cay transmiticrs, The bulys were agsumed 1o have

al2-
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3. 1 @']E( == Conlinucd.

4 trasmiitting power of 0D waite rrdreting frem moroptle antennas.

Sirnilarly, the Cavter Cuy transuitlers were apswned o by radiating > Kw

intQ wonopole antonnas.,

Tables 1| throuph 5 sumrarize the resolts of the propagation
calculations, Tubles § ithrouph 4 show targel signatiure-t0=noisc-ratio and
carrior-to-signature ralio, bBerause of the fow power ang ruiaiively dow

froguency frawn the buoy Lransmitlers, the sippalsto=-noise ratio is almosi

always neglipgille below 100 ki for any tine ol the day for vither frequency,
Ouly above 190 km with the enhanved laruel eross skclion docs theroe appear
to e wny subsiantial chance of detedtion usiny the buoy transmilters,
However, with the Carter Cay 1vanemifler using 5 kw and transmitiing on
jrequencics nezr the MUF as shown in Table 5 the signature~lo-noise ralic
and tnue the proonability of deleciion al even low altitudes is guite substantial.
In fact, there are many cases for which the signal=lo-AQisc Tano exs ceds 77
15 db. [hus, if the high povwer Carter Cay transimiiters continue to operate
atd Lranemit on Irequencics near the | F hop MUF bebween Qarter and VHFS

thep low altitude SLEM detections in Lhe alternoon should be possible,

Aircrall Deteclion Arvaes,

Even Lhovph the probability of detedling SLEA launchings from
Cupe Kennedy 18 guite iow (duc 10 Lhe relatively long rangze from Lhe buay
12 the targel] it §s Dmporlant to delermine whelther or not aircrail flying I
cuntratled patlerns near the buoys and Carter Cay can be detectied, A war
to evaluale this and 1o clearly display Lthe rusulie is to compute cxpecicd

detection yogions around the transmitter position, Yariables that must Le

| considered when calewlating detectalsility regions are bistalc peametry,
frequency, transmilier power, laFgel CIoss soclion., skywive hop struclury,

sra state. locul time of day and neisc level. By cheosing median values {or
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Tahler |,

(U} Predicted System Periormance for November, 1969

for Busy 1 at [00 km Hanpe [rom Cape Kenngdy [L)

£
E F
P
¥}
- =
n &
= =
ot o
= &
< _ [ 00:007 D4:007 08:007 12:007 16:00Z 20:0GZ2
o S/N R ~12.2 =td, @ =1l.0 -42,6  =50.3
.E o PCFSR BOLS BG, 5 E1.3 B2.L B3.5 k2. &
- ﬁ SiN «2.3 -8, B .77 =34 -14.3 =5.0
= pPc/sph 79.1 141 19.9 19. 7 9. 7 BO, 3
® SIN =2, 5 .i2. 1  =14.3  =11.0 ~40,% =312
s ™ PC/SD 794 &0, 1 81,2 52.0 £1,5 I
= -
& w BN -2,2 «B. 7 -7. 6 -3,1 -14.8 -5.0
o Pcisp  79.0 790 79,7 __19.6 80. 3 BO. 3
w S/N -2.1 «11.5 =13, B =187 -4C.0 =310
_-5 v PCfsp 79.0 79.% 80,7 81.7 al. o B4, 2
¢ § S/N 0, b -8, ¢ -6.% =1, % -18,5 =5.0
& pefsh 7.4 i 7% 1 Y- §3.9 EQ. 2
:: 5IX 19, 9 10, 9 g, b I8, & 37.7 al,t
E T pcfse 270 ST.0 SK.3 52,5 T4, F B2
S 8 six 41.5 2.8 389 48.1 23,0  24.b
o PC/Sn  35.3 67.5 L GB.d 28,2 42. 4 50. 6

S/ N
PCISE

Tarpct Signai-to«Noise Ratio {db)

Carricr=tosTarpet Signal Ratio {Gx)
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(1} Predicivd Syvslen Perfermance for Novemmber, 1901
for [hupy 2 at 200 kv Hange from Cape mennedy {L)

E L
3
-
o X
he | -
= £
= & O0:00” 41002  OB:007  12:007  16:007  20:007
= ® 8/ =g, 9 =18.5 «20.7 =iT.3 «49.0 36,5
4 : PCISB H4.9 R1. 9 B1,7 K5, D Wi, 4 BE.O
m — il L
M SIN «¥.6  =15.1 =l4.0 a7 20,6 =11,
- PCIEI . L 76, & 7.1 7K. O Te. T 7. &
. m
.i l..l': 5!?‘: -s. ? -IH..4 -El].. ? - I-?.. 3 -"ﬁ-? '37- E
© - PC/SI n3.9 ni 9 M. 7 &5, 0 H4. 4 7., 0
L1
~N SN =h, 5 «15.0 =13,9 ~0.7 =21,2 =11,4
e PCISH 6.5 76, 5 1%. 2 77. % 2.3 %7. 6
£ 3 siw %, 0 elb.l  -20,3 =17.2  ed4.4 =335
= PCISH B3 6 B3.5 Bi.3 84, 9 51,9 52,9
- = e
¥ A X =71 «14,5 =134 ek, d «20.7 all.3
<  PCISp 75,1 7o, | 76, T 77 7%, M 77, H
S ® 5N 20, & 11. % 7.0 7.5 49,1 =1d,3
8 pCfsB 54,4 53 i 54. 4 &N, 0 M, & GH, D
- =
~ v §/X i%,5 3.1 4. 15 27.b 22,0 .6
= PCIsLl 54,7 5B, 5 54, 2 a0, b 34, 1 L9 ¢
&/ N # Tarpet Sipnal -to=-Neise Ratie {db)

PL/sn

e Carrjer=to=Target wipnel Ratio (di:}
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J0kin 1Mo G Altitude

119K

(L) Fredicied Syslemn MPerformance fur Soveinber, 1 Jud

9,259 5.8 . 253 5.8 9,257 5.8 'L250 5.8 Frequency (MELz)

for Buov 3 at 300 km Range frem Cupe Rennedy {U)

labile &,

| g
wd

uu:007 04007 0K:00Z7  12:004  LOsubd  20iuds
S5/ =20. 3 =30, =11, 4 ~25.13 =70.7 =55, 2
pc/snp k9.7 90,3 91,3 90,0 102.2  Bh. 9
T =i, 3 =34, =i4.L
$C /513 TR, 4 - B2.0 Hr 2
S/N -J2,5 =22,0 =24.3 21,9 <505 il 2
PC IS Y], % K1, % HZ. K - H2.0 E5. D
s/H «]?,2 -ln, b ~17.5 -h3. 3 =24.H =15 0O
2151 Ti. 2 Tl e = k2.b T2.6
EfN =12, 4 -21.8 =24, 1 «21.0 wi i, 1 =37,3
PCSH Bl, & .7 g2. % B2, 5 9.7 Al 0
SN -l0. % =18, 3 -l7.2 -12.1 =L3.9 =15,1
rC/SH 70.0 TN T2, 0 1.3 Th.v- N
M -] 3. O 2.3 =0, 7 2.7 =hu, 1 =292
PC/SE 59,5 7. 6 R0, 1M, G HE. 4 0.6
5;:‘: 3-3 -4-3 "“ru lbq1 ?1-7 ]j'tT
PC/sh 55. 9 56, 9 59. & 2.9 39,4 43,0

5/N = Tarpet Sipnaleto=Noise llatio jdb)
Prfsh € Carriep=to-Tarpget Signal Ratic (b))
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Table 4.

(V] Predicled Sy rtem Perfurmance Jor November, J309.

for CALTER CAY Transmitters [LV} F

Allituhe

J itk 10k E1TTY

9%

9,259 5.4 9.259 5.8 9,25% 5.8 9.25%%5.8 Freguency (Mliz)

00:007 04:002 0R:Q00Z 12:00Z Ju:padZ 20:00%
SiN g, 1 - =10, 1 -6, 7T -34, 3 -2 5. 0
PC/SD k4.9  83.9 By, 7 B5,0 B5. 9 #®5, |
5“"\' 2.1 -41'4 "'3-3 'ﬂ'.? -lﬂ'.ﬂ 'G-T
PC 5N BO. 4 79,5 BO. 2 no, 8 9.0 L0, 0
S/N 1. 8 «7, B =10.0 -6,7  +36.2 -26.9
PC /S Bi.5 R, 9 K4, 7 &85, 0 B3.% Bé.
SiN 2.1 -3. 3 -3.2 1,0 =}0.5 =0, 7
PC/{5D 80,3  79.9 _PD,) _ #Q.8 79,6  80.)
SN 2.0 =7.5 -7 =4, -33.8 =22,
PC/sn B & Bi. 6 M, 3 4,9 BRI, S H2.}1
SN 3,5 =3, 0 =2.8 2.2 =10, | -0,9
PC/an 79.0 "9, 0 19. 7 79. % 79. 2 ED. )
L 1.8 27.3 24.8 21,5 wdl, T =04
PSR 48,4 38, K 4%, B hi, 8 B, d 3. |
&/ N 29,2 21.0 20,1 15,2 24.7 25,3
BC/sSh £3. 3 £, } 86, 7 36,5 44.4 24,1

SiN = Tarpet Signal-te=-Roisc Ratio {db)

PC!SB w» Carrier=to=Tarpet Sipnal Ratio |db)
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2.2 \'J?./ = Comlinued, Eﬁigh LDUH h:i.j

all the variables ard changing the vulues of & Binple variable at a Lime, l

regions where deteclions are most likely to occur can be gencrated, as will

as obtaining an understanding of how a particular variable aifccts Lhe pverall
r

deleciionn afCd,

Detectaliility regions have boen caltulated for various jrequcnacics,
hop siructures and poise levels using a buoy located 127 ke from Cape
Fennedy &s the transmitter and VIIF5, Va. as the receiver. A sca stale of

6, transmitler powear of 50 walts, groundwave propagation {rom transmiller

1o targe! and skowvave propagation {rom larget to receiver and & required

signal to noisc ratio of 3 db have been assumed.

The {ollowing teehnigue in applicd to find the area of delectability:

From the radar range cquation

L, = bpp*Lpy-Gyp- Og - li0t0s ‘:lf':

where LR = iotal less
LE-T = apreading loss from tranemitter to target {dB)
LBH = spreading loss {rom target 10 receiver (db})
GT = gain of the transmitier molcnng {dbi]
GH = pain of the receiver antenna (dbi)

= cross section of target in m

wave lenglh

G

-«
GH and 1Q log X

value for atmospheric noise, adding 1o it the transmitter power and the

T are known and Ly is calenlated by assuming a

requircd 3 db pighal-to-noise ratio. Subatituting the calculated value for

s
€/

i

o
-
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1}) EDL-G900
3.2 Lﬂv{ == t-Dntinued, ‘!Hﬁ' Fﬁo“'-! .[

L
< LR inta the uqual.inn,. LBT + LBR
loss, sublraciing the loss contributed by the D layer loss and skywave

is calculuicd. DBy taking the lotal spreading

propagation loss [rom tarpet to receiver, @ value for the spreading loss In | T
- the wzrget=transmitter leg is obtaincd., This losas is the propagation I.I:ll:rl

incurred by a proundwsve and can be converted 10 the range required for

this loss LD Boowar using Eirri:k'nl groundwave tranemission loss tables.

This technigue was used 1o calculate the deteclion arcs around the transmiatter

for various {reguencies and atmespheric noise conditions. The results Of

the dotecktion area calculations are tabulated in Table 6 and a vertical
projection &f some of the repians onioe the ground 1s shown in Figure 4.
The reason for the egp-like shape is that the ares boundary is the locus of

points such that the product RIRZ is equal 1o a constant.

Roferring to Figure 4 we sec that the largest area of deleclion is
for 2F hop cascs for both 5.8 and 9. 259 MHz, as compared to the 1E nop
gituation. This is because there is substantially less D-laycr loss {er
the 2F hop mede than Lhe LE hop mede due prirmarily ta the different path
lengths in the D=repion itselfl, With higher modes the incident angle through
the D-layer is kigher, thus the loss on these paths due 10 D-layer absorpuon
in smaller., For the 2F hop modes the region at 5, 8 MHz is larpey than
the region at %9.25% MHz. This is duc 10 the fact that the lass on the Rl
puth iz sinaller at lower freguencies because the spreading loss is directly
proportional 1¢ the wavelength and as one would expect Lhe larger region
for detestion exiats for the lower frequency, Howewer, on the 'E modes
w find ithe situation is reversed, the higher Jrequency ks also the larger
srea of datection, This is because the D-layer loss on the 5.8 MH=
frequency is substantially more than the D-layer loss at 9,259 MHz and this I

overcomes the groundwave propagation advaniage &l the lower {requency.

—— —— —
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o e L= a9 00U

‘ RECEIVER

R, = GAOLMDWAVE i
R, - SKYWAVE

Plamg = 20 matls

TMPE TO RECEAVER: 1192 Iom

5. niz {2F)
9.159 mHz (2F)

9,254 MMz (1E)

.8 Kiz {I1E)

Fipure 4. {U) Sample Detection Regions [U)].
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Table b.
(U) Summary of Detection Region Calrulations iU}

F
R) LpTtlpy D- R; Atmon
Frey Hep R Lor« ;LY laver Loy Noise
MHz Siruciure Km db db Lose db _db . dbw
5. B 1E 11 bl 211,717 4K, 5 102.2 =-130{B}
4.8 :F a7 9. kL  21l1.7 a0, 4 102.2 =]BD[D)
5.8 1E 10 &9. 5 1957 34 2.8 =153(M)
9.159 1 3 B0.1 218.7% 21,9 108, 7 =1 72(I})
5. 259 2F 48 BB,z 210.7 15. 8 108, 7 =172(B)
5, 259 1E ¢4 B4.7 20B.7 15,3 108, T  «lb9{M)
’ 9.259 IF 65 90,8 208.7 9.2 108.7  =159(M)
15,00 1F &0 1Dl 216.% 4,0 112 uﬂ{HI
15, Q0 \F &7 l03. 6 221.5 5.9 112 =] 7ER]
z0, 1F 1 113.9 23,5 3.1 114. 5 -166|B)
20.0 1F &6 1136 2301 z. 1 114.5 =1H5(M]

B = Best noise case 0800-1200 Local Time

M = Medium nolse caze 1600-1200 local Time

alZa
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3.2 &5‘}/ -- Continued. IS

From Table & we ncc that the detectability radid [Fl‘.l‘.l Lend o
increase with incrcasing transmitied frequency. However, once the
[requency inCralees (O apprecdmately 15 MHz, the RI spreading losses cance
the clicct of decreasing D-layer ioxs and decreasing atmospheric neisf 30
that the prowth of the detectahility rogion virtually stops, Note that the
detectable radii are approximately the same for 15 and 20 Milz. It is
alsc observed that varying \ransmitier power and trenamitier or recciver
antenna gains have the same cflect on the size of Lhe detectability regions.
That is a db of gain or loss whether penerated Irom varying Lransmitter

poewer or antenna gain enters the radar yange equation in the aame way.

-23-
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(};.) SEC I'LON 4, I -

) DATA ANALYSIS (U]

In this section, two events involving a controlled aire ra;t flight
of a Navy P35 aircraft and two propagation measyreninnts betweensCarter
Cay and VHFS arc presented with their specific geometey, predicied a&nd
yeasured resulte and conclusions derived from the results. These
oprrations are gummarized in Table 7 and a map of the nelwork peomelry

is shown in Figure 5.

Event ! an 18 December, 1969, involved s Navy FPAB aircrail
Ilying at an altitude between 300 to £00 fect, specd between 200 and 460
knots and used the buoy transmilter hocated 120 Jom from Cape Kennedy on
an azimuth of 113%, The {light patk of 1the aircraft, along with lime {GMT)
ig ghown in Fipure b, The receiver location for this event, as with all
AfuaFids events, wis VHFES5, Virginia. The two buoy {requencles of 5.8
and 9,259 AHz were monitorcd by the receiver. A signaturc detection was
made on 5, B MHz between 1750-1755Z and 20002-2005Z., The propagation

conditions are summarized heolow.

Table 7 (U}
Event 1 Summary (U)
i ——

iy _

Calculnied
' Freguency Carriar Noine Transmitter Detestion Hop
(MHz} Level {dbw] Level {dbw) Power (W} _Radii {km) Structure
5‘| a' - 93 -lﬁﬂ lu 1‘ ]E
_ b 2
: b 1E

_#_
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FAlm STATION

1
FCALE
00 Km
CAPE wEnNID
i
B MMOY 1
I
@} CARTER CAY
d‘-?f- atar
G D ABACD 15LAND
MIAM] [TRE T lll..l-ml
15° ne

Figure 5 {U) Network Gesmetry (U)
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Table B.

(M Surmnmary of Overations [U)

MEASUREMEKRT OR

FREQUENCIES DETECTION TIMES
EVENT DATE TYPE (hAHz) ([CMT)
1 18 Dec 69 AC 5.8 1750-1755
: 20002005
AC 9.459 ND
AC 10, 1b%Y KD
2 27 Jan 70 A 15, 595 1&£56
2% Jan 70 AC 10. 167 1712
‘ 5 Feb 70 HB 20, 250 | ~1500
HB 10, 167 ~1500
HA 10, 167 — 100
HEB 20, 250 2100
B 10 Feb 7¢ HB %. 259 3430
HB 5, 8 ~1430
AL - Adrcralt
KD = Mot Datected
HRB - Hearability
-26-
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9,1 ) -= Continued. L F il

H
I 1t 15 felt that 1he dotected mignalure L& nol the Navy M3D aircralt usedin

this test bul en aircrafl {lyine near the receoiver at VHES, The predicied

l deteclability region [or this day extends a1 BeEl 10 enly km. The F3IB

aircralt approaches the 223y aatmin only 30 km, The pL'rir;t:I al the
{irel Doppler signalure's siur ~hanie OLCUrs 5.2 miinutes laterthan
prudicted close st appruach and the period of thp kerund Duppicr signatlure
sign change oceurs 2.8 minutes carlier than predicted closest appraach. l
The Dopple: signaturcs obtained ahown in Figures 7 and & were of the

proper {reguency {ior an aircraft byl were mutch stronger than could be

expucicd from a 10 walt tranginitter, Thus, duc tu incenpistant Liming,
distances of aireraft [rom the tranamister, strenplh of detected signatured,
ard the Jow power of the transmillers, §t inm concluded that signature

detected wap not the P3B aircralt used in the experiment but rather another

plane {lying over the receiving antenni,

Events 2 and 3,

—__—_—_—l—_“-

Evcntd 2 and 3 on January 27, 1970 involved an aircrait {F3B)
climbing to an initial altitude al 24, 000 fcet and spiralling down to 2000 feet
while holding a precise test piitern and maintaining ground spee: pelween

200-300 knots. FThe aircraft {lew the pattern described by Figure 1D,

[nitially approaching the Carter Cay area on its way frem CPCl i CF CB,
the aitcraft procesded to fly the pattern CB ta C7to Cb 1o Curter Cay e
N4 1o D5 to Carter Cay o C5 and repeating for altitudes of 24, 000, 14, 000,

12,000 and 2000 [eet. The Lransmitters were apain iorated on Carter Cay,
* The {rcquencies monitored by the receiver at Vint Hill Farmes Station were

10, 167 and 15, 598 MHz. Detection was made Bt 19127 on 10. 167 hiHz and

. — — —— — S ——————p i e
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st 15. 595 MHz a1 shown on Figure 4. The propagation eenditions jor

these events are swnmarized below:

‘ ) Table 9. (U)
Event £ and 3 Summary
T Frequ;i::f -—Em-_ Noice Tx Power Detection
_— _iMHz1 ___Level {dbw) Level {dbw) (w) ___Time {2
T 10, 167 112 NA 3000 1712
- L5. 595 MNA ~145 3000 1455
-: The signalures detected on this event represent the scattered and doppler
'_"‘-_:: shifted energy from the larget sircralt during th-: timne of close approach to
—_— Carter Cay, However, accurate doppler predictions have not yet been
“ar” made dus to the inexact knowledge of the Dlight path and the fact that the
'_;_T detections appear 1o be made during the end of the turning maneuver Over
.: ~ Carter., The present dopplesr modslling for afrcralt is being modified to
—— handle out of plane maneuvers and from this improved model, accurate "
:-:Th doppler maiches will be possible.
o Wu ohserve from Figure 10 that the detections for both passcs on
: | Carter were slightly late with Tespect to the sime that the ajir¢raft indicates
'__'-'h_ it was directly over the transmifter. There is & good poseibility that the
i ) airccaft flew exactly over the transmitting antenna and thus wa:t in the
—- wertical pattern antenna null. Being in the muill of the antenna explains the
i loss of signature for times pver the tranamitter, The signatures are
.-r"'_ datected at.the completions of the turning rransuvers ovVer Carter Cay.
N " Signatures for both detected passus of the aircralt are almeost identical
J - - in both timilng snd frequency. Thus, the {requency axcursion, time
-h."‘___ corvelaiion, nearness of the aircrait 1o the transmitter, radiated power [rom
*--.: : th.e Carter Cay transinitters, and the weak signature sirengith make the J
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jdentification of the BifNaluTe &5 lhe Largel P35 airerail

The conclueion i
that aircraft below 2K fest and within the predicied detectability replons can
be detecied using this buoy concept if sulficient power it iransmit-ed {3 dw

ip this case). "

4, 3 (0 Event 4.

Event 4 was & hearability teat, performed on 5 February at 1600
and 1000 heurs local, measuring the pyopagation charactaristics from Carter
Cuy transmitters 1o the Vint Hill Farms Sution receiver, The purpase of
the hearability taat was 1D detetmine how accuTately present pradiction
techniques correlate with measursd values and o astimate the hop structures
{or varicua frequencies. Tests ware pericrmed foT two frequencies 10, 167
and 20,250 M¥H2 and at two times during the day. It was found that for an
astumned 1E hop atructure at 10, 167 MHz and an asgumed 1 F hop structure
at 20,250 MH2 l'nu-d agrecment between predicted and ohperved CATriEY
Jevels was obtained. However, the noise predictions were Con sistently
Jower than reasured values 3§ shown in Table 10, The differsnce betwern
the predicted and obaerved noise levels is typically due 1o vo=-channel

interference which is significantly higher than atrnospheric noise.

Tahle 10 (1)

Comparisen of Fregicted and Observed Carrier and Nolss Levels (L)

Frequency Asaumned ry Power Carrier (dbw) Noise {dbw)
Date/Time {MH2) Hop Strucivre (hew ) Pred, b=, Fred, ©Obs.
Feb 1600L 10,167 -~ 1E : 2.1 -T% =-Tb ~lez.B =144
Feb l0BOL 10, 167 1F 2.1 =508, 9 =30 =161} 158
Feb 1&800L 20,250 1F 2.1 =hi, T =6k =179.1 =134
24 -
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&4, & L :l-'_'_\r:nt 5.

Event 5 was alsp 3 hearability test, periormed on 16 Feb. a4t 1430
local time, with the same geomelry and purpose as Event 4. Tests were
periormed for 5.5 and 9.259 MHz. Az shown in Table 11, best correlation
between measuraed and cbserved carrier levels was oblained for an l:ll.l.n'ltd
2F hop structure at 5. B MHz and an assumed 1E hop structure at 9. 259 MHe,
Ag in Evert 4, the noise predictions wers consistanily lower than measured
values, The conclusions from Events 4 and 5 is that JE, LF and 2F appear
to be the dominate hop structurss for 10, 20, £ Mz raspectively. Itis
also concl uded from this limited data base thal the propagation prediction
}s fairly accurate for prediciing the received carrier levels, but doe to high

cos-channel interierance consisteatly predicts lower noise levels than are

messured,

Tablw Ll.
Comparisen of Predicted and Observed Carrier and Nolse Levels (U]

Frequency Aspumed Transmitter Carrier {dow) Noise (dbw)

Date! fime {MH2z Ho Power FPred, ©Obs. Pred. Obs.

Feb, 1430L 5.8 -E TSw ~128.2 ~l10 ~160.3 -l&0

Feb, 1430L ZF 1aw -«124.6 110 =16Z.3 =160

Feh, 1430L 9,259 lE 7w - 93.2 = 8% «)52.E =139

Fet. 1430L 3 2 75w ~104 - 95 ~162.8 =139
~35 -
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The= operations covered to date include both controlled mircrafl tests

and hearability tests. The remainder of the operations have not been
analyzed because all datr on the events ingluding flight pathe and tranr -..ter
power have not yet been collected at Sylvania for analysis. The most
significant conclusion im from Event 2 which seems to demanstrate that

the buoy transmilter concept works {with sufficient transmitter powEr ).

The predictions ¢l chrrier levels made for the hearability tesis en
5 February and 1L February sesm 1o align rather well with measured
valuss. Predictions of noise level is not as successful, being conmislently
weaker than measured values. This is prnhlhl}: due to local interference and
the aspumption that the receiving site at VHFS {s & "rural” man-made radic
noise area. Identification of the receiver pite ap a "suburban” area in
probably more accurate. This would rFaics the predicted noise level by

approximately 20 db thus making it align with measured valuss much maore
closely.
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