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INITIAL TESTS QF TIIE ANDB L-DAND SECONDARY RADAR SYSTEM
IN TYPICAT. TELMINAL-AREA TRAVFFIC OPERATIONS*

FOREWORD

This project wus poerlormed by the Civil Acroosautics Adminiatration 'schnical
Dovelopment Canter undoer the sponscrahip of the Alr Navigation Development Toard aw a
Jolot civil/military offort 1o meet atated gperativnal requirerncnie [or a Comumon Systum
ol alr navigation and Lraffic control.

SUMMALRY

This report presents the reaults of initial aperational tests of Lhe ANDBE L -band
secondary radar wyutotn, aleo called the radar salety beacon and the ATC radar-heavon
systernn, Thaws tosls were almed st avaluating the aperationual importance of certuin
compromided involved 1o the seleclion of ground-antenna aperiure and other sywlcin optlons.,

Two interrogator-responsor unile were installnd ot the Clvi)l Aeronautics Admlotatration
Technical Development Canter, One unlt was aquipped with a 9-foot andenna, and the othar
wod cqulpped with an J8-foot antenno.  The two units wore trigpered alternately by a single
ASR-2 radar. Twln radur displays poermitted direct comporleon of the beuwcon-larget ddsplays
of each I-R unit. A number of tranaponder -cquipped aircrafl then ware flowr through a
sarisg of local mancuvers to invastigate (1) comparative preseniolions [rom both types ol
antennas, And (2} gencral characteristics and limitations of the wecondary radar ayatam.

It wan found Lhal coverage of both anternnas woae satisfactory for termioal -ares vparationa
within & radiue of 30 nautical miles. No fadcouts of atreraft in level-Ilight attitude weara natad
within Lhiw ared; however, no teata wera mode to determina the effcct of equipment-recaiver
scnaltivity and transmitter-power variations on systen covarage. The Y-foot antenna pre-
wented tarpets averapging about 137 in wldith, Although turgeta of thlis width would have boeen
unsuitable for long-rango trallic-control displaye, conlrollers who participated in Lhe testa
did not conmider the 13" targete oo wide for close-in operationa such as guiding alrcraft to
a localizar courme or wpacing aircralt on the final approach path., Targete proewented by the
l8-foot untenna averaged 6 In wldth.

A conpiderablo portion ol the {light tests was devoled to the Inveatigution of decoder
garble. With the decoder awilched to the "all ajrerafl" position, decodar gurble occeaiunally
produced apurious turgels on the display. With the decoder wwilched to diaplay only aircralt
on a selected code, dacader garhle vocasionally causaed cancellatlon of one ar both targets.
Both of theas affects wera trandicnl in nature and could be reduced by the manipulation of
awltches available to the operator. Bureause of the greater heam width of the 9«foot anlanna,
decodsr gathla wauy more provalenl when this antenna wan nwed.,

Spuriouw largete in certaln arean of the mdiculor woere caused by reflactione of wignals
from a nearby building. It is apparent that secondary rodar systems are more suskceplible
than primary rodar eyelems to the effecta of ground reflectiona.  Thevefore, in the choice of
ground-antenng witce, 1t 1e belleved that thought musl be given to the possible detrimoental
cffocie of large vertleal rellecting avean in the vicinity.

Addilional investigation of the interference problerm was made after the flight lesls wore
completed. For these tests, an additional I-R unit wan operated in conjunction with & remotely
aited transponder.  The Interrogation rate and the ralalive power of the interiering I-R unil
were varied Lo wlmulate varlous degress of Interferenca. Duce o the cliects of tranapondar
dead time and automatic overload control, which raduced the number of replian per woan,
target quallity deteriorated as the pulse-reperiiion rate of the loterlering I-K unit was

*Reporl submitled Tor publication April 1956,



increased. With the Increased rate, which eaimulaied an Inereasing number of ground units, the
displayed clutter lncreaged to the point where the automatic averload conirol went into actlon.
Beyond thia polnt the clutter did not increadw, but it became more irregular. The clutter was
worst when the indicalor waa awltched to display raw video. Operation of the decoder reaulied
in a muarked ruduction in clutter,

INTRODUCTION

FPrior to 1984, the Air Navigation Development Board developed and tested two secondary
radar aystems employing interrogation by primary radar.l In February 1953, the Jolnt Gom=-
munications Electronic Commities forwarded to ANDB the recommended characterlatice of
an L-band secondary radar dystem which would be compatible with certaln existing military
equipments. The system wan built in accordance with thene apecifications by the Navy Burean
uf Aeronnutics and Bureau of Ships. It was deliversd to the Technical Development Center for
evaluntion in accordance with ANDB Project 6.2 .4.

Evnaluation plane for thia syestem included equipment and system tests at TDC and at the
Airborna Inatrumenis Laboratory, systerm operational tewtd in the TDC Airwaya Oparationa
Evaluation Canter, and nervice=rnvironment tnnting at flve inatallationa In metropolitan areaas.,

In Auguet 1954, ANDB formed Advilaory Gommittee No. 2 to gulde the evaluation and
further development of this system. The Commlttes was comprised of representatives from
the CAA; Deparirnents of the Alr Foree, Army, end Navy; the Alr Transport Assoclatlon; and
Aeronautieal Radio, Inc. In order to study the operational importance of saome of the character-
iatica of the ayetern (especially ground-antenna aperture) prior to making certain decislons on
cqulpment to be procured for the five service-test inatallations, Working Group No. | of that
Committer, nanlated by traffic-control speciallste and engineeras of this Center, arranged for
the limited operational teata which were carried out at Indianapolia on January 17 and 18, 1955,
The results of thesa tepty, which conpipted of typical tarminal-area maneuvers by three CAA
nircraft and five alrcraft from Wright Air Development Center, are deacribed in this report.
The results obtained during the two tcat daya were supplemented by considerable additional
testing to investigate certalp aspects of the test reaulte.

GROUND EQUIFMENT

A mimplified block diagram of the interrogator-reaponsor units and the adsociated radar
installation is whown in Fig., 1. The 9-foot antenna, ANDE Type 2.3N3Z, wad mounted on ita
pedeatal and was installed on a frec-atanding tower as shown in Fig. 2. The rotatlon of thig
antenna wes slaved to the ASR -2 anterma through o follow-up serve system. No padestial waa
avallable for the 18-foot antenna, ANDB Type 2.3NS83; therefore, this antenna was mounted
directly on the A-frame of the ASR =2 antennu as shown in Fig. 3.

Two Navy SPA-B8 indicators were installed in the radar room. Pacauee of a ahortage of
new type decoders, nach Indicator was equipped with » Naval Rescarch Laboratory decoder to
provide comparable dlaplays. The NRL deccder utilizea only codes which have pulners 17.4
microssconda apurt Inatead of the 20.3-microascond spucing which is used betwaen the fram-
ing pulsea of this aystem. On Januarty 10, 1955, a new type of decoder, ANDB Type 2.3NS54A,
became avallable and was connected to one of the indicalora. The ANDB decoder was uded
during ihe latter part of the tenla to demonatrate the special coding features which will be
availahle ln the common systern.

A control deak wgs built to accommodate the twln diaplays and th« communicatlona
system. Trichromatic® lighting was indtalled to provide ndequate desk light without debaslng

lpavia 8. Crippen, Joseph E, Herrmann, and Marvin H. Yaul, "Evaluation of the Rho/
Theta Tranaponder System," Technlcal Development Report No. 229, Tune 1355,

2"]'.‘hil:l trichromatic llghtlng syatem utilizad a combination of three colored fluorescent
lamps ired, blue, and gruen) which provided an apparently white amblent light in the room,
The colors were obtalned by fllters covering each fluorescent-lamp tube. The light origlnated
from a standard three-lamp fixture mounted near the ceiling behind the radar-display cabinets.
Short hoods were provided over the front of the display to reduce or ellminete direct illumina-
tlon on the display scopes, and the scopes were equipped with amber filtars. Becaunse the
illumination actually was deficient in the yellow-orange portion of the spectrum, the amber
filtara preserved the plcture contrast on the acope faces.
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Flg. 1 Sirmplified Block Diagram of Equipment Layout
far Secondary Hadar-Systermn Demonstration

the radar plcture. Overhead, a movia camera was instalied to Tecord-the diaplays on both
indicators. Fig. 4 lllugtrates the layout of control-room equlpment uned during thess

comrparizson tests.

Fig. 2 Installation of 9-Foot Ground Antenna
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Modifications.

The senaeltlvity-time control (STC) in the receiver of the original [~-R equipment did not
become effective for the firal dix microscconds of ench sweep. This conditlon resulted in a
diaplay of all aide lobed at ranges of less than one-half mile. It was corrected by wiring
changes In the STC elrcult to secure full STC action befure the aweep atarted at zero range.
In addition, the 3TG curves neccadaary for proper side-lobe muppreadion were not obtainuble
with the adjuetments provided. For this reason, it was neccedary to modify asveru] realstor
values In both i-R units before the demonetrution.

The ground decoders required a video algnal-to~nolse ratio of 4:1 for proper operation.
The SPA-8 radar indicators could nol accept this ratio, however, without excessive '"'blooming"
when raw video wan selacted for plan-poaition indicator (PPl) display. This was corrected by
teducing the screen voltage of o video-umplifier tube no that it became a Lmiting-type
amplifier. Thia change wag muade on both SPA-B indicators.

TESTS AND RESULTS

Flight Maneuvers.
Alrcraft operatione conducted during the flight tests included the following muncuvers;

Phanna Maoneuvar

Shudow Effects Helding patierna, 360" turna at various ratcs,
altiludea, and locatlons.

Decoder Gearble Converglog, diverging, ceinciding, and overtaking

(Two aircraft) courses on headings radial to and tangent to the
ground antenna.

Dacoder Garhble Four or more alrcraft stacked in a one-minute

(Multiple aircruft) holding pattern.

Yactoring PFI approachas, approach-ppacing operations,

and vactor approaches from holding patternns to
localiger courae.

Slant Range Flights acroms atatlon at higheat procticable
altitudes.

The more significant reaulta of theae tests ary Included in the following discussion.

Antenna Shadow.

Pilots ware instructed to fly a daarics of 360° turne to damonatrate the targel fuding which
occurs whan the alrborne antanna la ahadowed from the interrogation signal by some portlon of
the aircraft. All alrcraft angaged in the tests were aquipped with belly antennase which uaually
ware shadowed by the wing whan the pircraft waid banked in a direction toward the ground
utation. Thus, target fudes usually occurred when the aircraft was on the far alde of a circle
or oh the cuter turp of a holdlng patiern. This effect il illustrated in Flg, 5.

There wus nao elgnificant difference In the ahadow eaffecta observed on the dlaplays of the
9-foot and 1 8-foot antennns. Occasionally, however, when ihe alrborne antenna was partially
shadowed, the target would fade on one indicator and atill would ba visible on the othar, [t ia
belleved that thin difference was due to varistions in the lobe siructure of the vertical patterns,
bacauswe the two [-R anlcnias wers mounted at different heights above the ground. IL was pos-
slble, thersfore, for an alrcraft to be in the lobe of one patiern and ln the null of another
slmultaneoguuly. This affact in ahown Lln Fig. 5.

Ad mlght be expected, the extent of shadowing depended on the relationship batween the
angle of bank and the angle of clevation of the aircraft above the horizontal plane of the ground
antenna. Lower bank angles and higher slavation angles tended to reduce the ahadowing effect.

Decoder Garble,

Some of the monat intereating phenomena commected with the operation of a dacondary radar
system of this type can occur when two or more trangponder-equipped alreraft approach each
other within one benm width in aslmuth and one pulas-train length in range (3.3 nm in thia
systam). The resulting condition s known ae decoder gnrble. The actual elfects on the diaplay
depend on lhe way the decoder awitches shown in Fig. 6 are set. To underotand thepe effects, it
is desirable firat to review some of the basic operating principles of the sysism and decoder.
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The ground unit transmits pairs of pulaea spaced aa shown in Fig. TA. The alrborne unit
replias to these interrogations by tronamitting groups of four pulaes, spaced In accordance with
one of the ten coder shown in Flg. 7B, In sach group the firat and last pulses, known as the
framing pulssae, ure apoaced 20.3 microseconda apart.

Decodar Off,

When the display is awitched to display raw video, the four-pulae groupa bypasa the
dacoder and appe=ar directly on the indicalor ad four closely spaced blips lined up radially,
When decoder garble occurs in a raw video preasentation, the blipe slmply pile up on cach other
ae shown in Fig. 8. This type of displuy is undeulrable for terminal-area traffic-control use
becuune of {ta cluttered appearance and bacausns of the difficulty In determining the exact
posltions of the alrcraft concernad.

Decoder on "All-Alrcraft' Poultlon,

The primary function of the decoder ia to reject the unwanted returns so that only the
deslred aignals ars forwarded to the indicator, Thin i accomplished through the use of a delay
line and o colneldence circuit na ahown in Fig. 9. When the decoder s operating with the
all-alreraft ewitch ON, all raw video wignuls are fed to a colncldence detector through a
20.3-mlcrosecond delay line in parallel with an undelayed channel, This detector is dealgned
to pads o slngle pulse each time a pulse from the delayed line reaches it simultaneously with
o pulse from the undelayed channel, Because the aircraft-framing pulsea nre spaced 20.3
microseconds apart, the lagt pulse [n an undelonyed group will arrive at the detector saimul-
tansounly with the firat pulse of the delayed group. When this coincidence cccurs, a aingle
pulaw in pusnnad to the Indicator where it ia diaplayed ans a single blip as shown in Fig. 9.
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Flg. 9 Functlon of Decoder in All-Alrcraft Positlon

When replisn are belng received from two or more aircrafl wilthin 40.6 microscconda
{3.3 nm of each other in rangne), cuincidence can occur betwaeen various other pulaed in Lhe
groups going Lhrough the undelaynd and delayed channels of ithe decoder. Each tlme guch
coincidence occurn, w pulas lw paswsed to Lhe indicalor where 1l showd up 8 o spurious target,
As nhown in Flg. 10, & single apurious target can occur between genuine targets when the
alreraft are ai variousa Increments of range within 3.3 wn of each other. When alrcraft on
the some code are [.65 nm (20.3 microseconds) apart, all four delayed pulres from the first
alreraft colnclde with the four undelayed pulaea from the second aircraft, producing two false
tarpeta between the two gendine targets. Figure 11 shows a numhber of theae effacts which
were pholographed durlng the flight tewta,

Decodar on "Selected-Code'" Posilion.

The higher degree of selactlvity required to distinguiah targets uaing one coda from
targets uming the other codes is accomplished through the use of u debector which requlres
colncidence of all four pulsas befora any cutput can be pansned to the indicator. In thla circull,
the delay line is tapped at 2.9-microuecond delay inlervals corrcepondlng to each of the pou-
nible pulse posilionn. Turning lhe code-welcctor awllch to the desired code position connecta
certain taps to the coincidence deleclor. Theae taps corregapond to the pulae positione of the
aslected code. When a group of pulsew enters the delay ling, 1t émerges at the dliferent taps ot
different times, depending on the amount of delay it receives on each path. If the four pulaes
of the group are spaced exactly in accordance wiih the pulaws podilions of the aelected code,
colneidence of nll four pulses will occur. Normally, when thia vccura, » pulse ia pasaed to the
modifler which adde & second pulae. This double pulse is passed {o the indicator where 1t le
displayed ws u double blip ua ahown ln Flg. 12.

Regardleaa of the reply codes beilng tranamitted, the pulse trains from lwo or more
trundponders muy interleave to form the selectad code and thershy cause an ecronapus display,
To prevent Lhle effect, the code selsctor of the ground unit amploys a rather draglic feature
commonly known as a "killer' circuit.

An atoted previcualy, when thes code-nelector pwlich 1s positloned to selsct o certain code,
tapa on the delay line-correaponding to the pulse are connected to lthe colncldence detector. At
the same time, the remaining tape are connecied io the kliler circult. Thus, & group of pulees
going through the delay llne emerges at all of the iapn; each pulas will appear in the killer cir-
cuit ag well we In the colncidence clrcuil at different times as abown in Flg. 12. Ii o pulae
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appears in the killer clrcuit simultaneously with the coincidence of the four pulses in the
colneidence circuit, the response i killed and no pulse will be passed to the modifier. Thie
effect is ahown in Fig, 13, Thus, In ellminating ithe undeaired affects of falee targets, the
killar circult occaslonally killa the desired affects by cancelling the overlapping targeta. A
change has besn made in the original decoder to permit momentary inactivation of the killer
clrcuit ao Lhat the operator muy chack the display to determine if any replies arc belng
cuncalled.

When two aircraft wara flying closae together so that thelr targets merged, a amall amount
of runge peparation mada it poauwible for the controller to determine that there were two targeta
indtead of one. On rare occanlons, however, it wana noticed thet cancellation of one and of one
lurget could occur in the overlupping wector. The resulting display made the two alrcrafi
appear to be farthetr apari than actually was ihe case.

Target contlnuity can be maintalned on the display by keeping the all-alreralt circult in
operation whenever possible. Then the aingle blips from the all-aircraft circult atill are
viaible even though the double blips of the selected-code elrcult are cancelled,

Decoder on "[dentiflcation' Posltion,

The identificatlon unit of the ground equipment employs a plmilar coincidence detactor and
the pame tapped deluy lined wu tha code-kelacior unii. The baaic difference is that the identifi-
cation unit iz wired permancntly to aelect Code 10 only; that ie, the ldentification code, When
colneldence of all four pulece occura at the delector, u pulae 18 pusded to the ldeniificalion
modifier where it i8 converted to a long pulsac for display as o bloomer blip as shown in Fig. 14.
The identiflcoation unit, however, emplnyn a klller circult identical to that used in the code-
selector unit to prevent the display of falee codes and targets. In case of decoder garble,
therefore, the bloamer blip 1o subject to the samae cancellation effect ag any other aclected—code
target,
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Fig. 14 Function of ldentification-Decoder Unit

An indiceted in Fig. 15, the pllot's idantification swltch le connected with a time-delay
feature which automatlenlly ratains the trunsponder on Code 10 for a 30-second period when thae
wwitch Is on IDENT posillon, or when the switch is on MIC position and the wmicrophone button
id preaaed,

When on alrcraft tranaponder is on Code 10 it ia not on Ity regularly nasigned code.
Aesuming that cach use of the pilot's microphone started a new 30-éecond ldentification cycle,
it is conceivable that In buay terminal-ares operations, alrcraft would be tranemitilng on
Code 10 a large percentage of the time. Under such conditiona, the inherent adventngea of the
ldentification and the sclected-code features of the aystem would be obviated.

A poapible deslgn change, now under coneideration, involvea a method of agsgociating an
ldentification code with each selected code. Ii also is believed desirable that the identlfication
function be divorced from the microphone syulem and that the identificalion awltch be replacad
with a three-ponaition, spring-loaded typs wo thul the ldentification cods would be tranemitted
while the awitch was Iln the down position or for a 12-second pericd when the swlitch wes pushed
momentarily to the up poaitlon.

Separation of Departura Targets.

An interesting geometrical principls bacame apparunt during the flight tesin. Two
wircraft were positioned alde by side on parallel cutbound tracks ao that their targeta merged,
They were [lown at the surne apeed to satay abreast of aach other, One alrcraft then was glven
a diverging heading of about 10* to demonstrate how the diaplayed targei would aplit apart.
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Fig. 13 Conlrol-Panel Functions for Alrhorne Tranaponder Equiprnent

After a considerabla time, howavar, the targela atill were merged even though the alreraft
were aeveral miles apart. It then hecame apparent that aa the alreroft progressed outbound,
the target size of each mnircraft incraaped due to the incrensed apatinl width of the interroga-
tion beam at greater rangen. Finally, lo nepurale: the largetls 1t wad necessary to laaue a
radical heading change to one of the aircrufi. Afler the targets werc separated, the coursen
of the two aircraft still had to divarge by an angle of not lesad than the eflectlve beamn width of
the ground antennuw In order to avold decoder garble between the aircraft,

Ground Rellectiona.

Several tirnes during the flight tests, additional moving targets were didplayed Letween
5 and 10 tniles northenst of the ground antenna when known targete ware flying in a holdinyg
pattern 5 to 10 mllea northwest of 4. The fact that the targeis to the northeast changed range
ln pccordance with the northwesat targets provided s clue {0 their identity. Theae targeld wern
apurious ond were cauled by reflections of the interrogation and reply signale from the aide of
o long, low, meial bullding abowut 1500 fect northeadt of the ground antenna. This effect in
Muatroted in Fig. 16

Poecuuse aocondary rador slgnola are subjecet to one-way rather than two-way attenuation,
end because the replicd are much atronger than primary radar reapliae, il iz apparent thot
secondary systerma are more susceptible than primary systema to the cffects of ground
reflections. This lomplies that many sites which would be walisfaclory for primary radar
antennes may not be sultable for secondary radar antennas because of the prescnce of la uf
vertical reflecting surfnces in the vicinity. This is a factor which ahould be given caref
consideration during the planning atage of the program.
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Slant-Range Effects,

Target diatances are given in terma of alant range; therefore, flight paths of aircraft
paselng at high altitudes acrosps the station appear distorted on the indleator sas shown in
Fig. 17. The wame effect existe on a primary radar dlaplay. The vertical pattern of the sec-
ondary radar anienna, howevar, extends to higher elavation angles and higher altitudes than
doan the pattern of surveillance radurs presently used in traffic control. Therefore, more
pronounced effects of slant-range distortion will be visible on the displays. Although this effact
ia not expected ta be serioum, controllars will naed to maks allowance for variations in target
ppeeds and courses when elreraft crose the etation mt high altitudes.

STC Operation.

The modification and adjustment of the 8TC of the I-R unit enabled the equipment to operate
without any ring-arcund effecta during the flight demonstration. At no time was it necessnry to
requedat pilots to reduce interrogation sensitlvity from normal to low. QOnly a few cases of aide-
lobe presentation occurred during the testa. They were slightly more pravalent with the 18-foot
antenna thao with the 9-fool antenna. The tapte on the pystem characteristics for sliminnting
or reducing the sida-lohe predentation are incomplets, however, bacause all of the variations
which might oceur in the ground and airborne componenta have not baen considered,

Intarference Tenta,
Sperclal Equlpment and Condltiona,

Interfarence iz the term used to designate a condition which cccurs when a transponder is
interrogated by more than one ground siation at a time. It is m problem which may assume
serious proportions in congested terminnal areas where ground interrogators are located wlithin
n few milans of sach other. To simulate this conditlon, a third I-R unit was operated for brief
periods during the demonstratlon. This I-R unit waa comnnectad to a 9-foot antenna mountad on
the ride of the ASR-2 radar tower as shown in Fig. 3.

After the flight demonetration, an investigation of the interfersnce affect was gtarted.

For this phase of the teste, an airborne transponder unilt wan installed at the CAA nirway light-
baacon site at Bargeraville, Indiana, about 14 nm from the interrogator. The antenna for the
transponder was mounted on the beaacon towsr approximately 60 fesl above the ground.

Tha 18-foot ground antenna was removed from the A-frame of the ASR-2 antenna and wag
replaced by the integral-fead installation shown in Fig. 18. The horizontal pattern of the
integral-feed antenna approximated that of the 9-foot beacon antenna used in the other tesis.

The 9-foot antennn of the interfering I-H unit was peinted toward the Bargersville site and
wad locked in place, To investigate the effects of Interrogation by increasing numbers of ground

Flg. 18 Integral-Feed Antenna Inatallation Utilising Reflactor of ASR-2 Antenna
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units, the pulae-repetition rate of the interfering I-R unit wos lncreased in stepa from 400 to
2000 puluan par aecond. Thin simylated condillons in which the tranaponder was being inter-
rogated uteadily by aw muny ag 7 ground unité at o tlrne, Stendy interrogation can occur when
an airvcraft is being searchlighted by o atatlonary or tracking-type radar or when the alrcraft
is operating within 30 miles of the ground atation,

To simulate various geographical arrangermenta of interrogator sites, the relative power
ratio of the two [-R units wap varied to include the conditions listed In Table I.

TABLE I

INTERFERENCE-TEST CONDITIONS

Condition Parametar Purticipating Interfering Method Used
No. I-R Unit* I-R Unitew»
1 Relatlve tranamitting B 1 Participating unit usad lower
power loma transmiesalon line and

higher galn antenna.

2 Ralative trangmltting 1 4 Participating unit used higher
power loas transmisaion line and
reduced plate voltages.

3 Relative tranamitting 1 6 A 12-db attenuator was
power ilnaerted io tranamission line
of partlclpating unit,

*The tarm "pariicipating 1-R unit" refers to the unit which i» coonected to the diaplay under
ochasrvation,
**The term "interfering I-R unit" refers to any other unit which, by intarrogating transponders,
elicita replies that are received by the participating unit and are displayed as fruit on the
obaervad diaplay.

Effect of Increansd Pulae-Repetition Frequency on Interference.

Interference clutier uoually assumes a definite pattern known ma "fruit” on the dlaplayed
arimuth of the target. Thia fruit repreaents the pulaes tranemitied by the airborne unlt in reply
to the interfering interrogators. Becuuse these pulses are cut of synchronlem with the sweap of
the participating unit, they appear ol various ranges out io the maximum. Durlng the interferance
teats, the STC circuit usually war aifaclive ln reducing fruit out to a range of about 30 miles.
Beyond this range, however, heavy frult could make the tranaponder retuirne unupable for en route
conirol operations in many canes,

In addition to adding clutter io the display, intarference causes another serlous effect;
natriely, a reduction in transponder-pignal reaponse. To prevent overloading the tranamitting
elrculis, present transpondera are equipped with some type of overload control. Present trana-
ponders have a relatively short dead time of 110 microseconda, in conjunction with an automatie
nangitivity control. When the intarrogation rate is incrensed above 1200 interrogailons per
sacond (a rate equivalent to conatant eimpultaneocus interrogation by four I-R unita}), the recelver
sensitivity la reduced progresaively ao that the transpondar then replies only to the atrangent
interrogations, This type of operation thereby tends to discriminate againet the weaker
interrogation signals.

Interference teats showed that an increasc In the Interrogetion rate lended to incrense the
amount of display clutter from n pingle target up to the point where the automatle overload
control went into action on the alrhorne equipment. Beyond this point, clutter denslty did not
lncrensé and the clutter pattern became more lrregniar, Meanwhile, target quality continued to
decrease owing to the decrenssd numbar of replles per scan.

Effect of Relative Power.

Beacaune of the automatic pensitivity-varlation effects previously describad, the gquallty of
targets decraaped as the power of the participating unit waa decreased in relation to the power
of the interfering [-R unlt for interrognation rates greater than 1200 pulses per second (pps). At
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the aame time, the dlaplay was derogated further by an increape in fruit. Thess conditions are
Hkely to oceur when an alrcrafl is at considerable range from the participating I-R unit but is
much closer to ihe interfering I-R unita. The effects are shown in Fig. 19.

Effucl of Antenpna-Rotation Rate.

A reduction in antenna-rotmtion rate tends to increase the number of hits per acan, thereby
increaning the numbaer of replies recelved from epch trausponder. Under heavy interference
conditiona, when a conalddrable parceantage of interrogationsa ir being loat due to dead time and
aensitivity- control effects, a reduction in antenna-rotation rate may be necesdnry 1o see the
target at all, Unfortunately, as the rotation rate 1@ redpced, the denslty of fruit la increasaed
because of the increaased number of Interrogationn per soan, Theae cifccta are ahown in Fig. 20.

Effact of Decoder Operatlons.

Fruit is heaviast when the decoder is swltchad off so-that the indicator diaplays raw video,
In thin condition, each reply conaists of n group of four blips dieplayed on the indicator, When
the decoder is switchad onto the all-aircroft position, the individual replies’diaplayed are
reduced to one pulse each. This repreasnts a 75 per cent reduction in the amount of frult.
When the decoder is switched to a selected code only, no clutter from aircraft on other codes
iy diaplayed; howaver, clutter from alrcraft on the selected code iz doubled becaunss each dia-
played reply consinte of two pulses instead of ona. When the controller's ldentificution switch is
turned on, clutter from any alrcrafl using Code 10 consluta of 2 parine of shorl lines inslead of
dotus .

Antenna Characisriatlcs.

Horizontal radiation patiernd of the three types of antennas uséd in thiy tesdf program are
shown in Fig. 21. During these operationas, the 18-foot antenna congletently presented targets
averaging about 6* in aglmuth as contrested with the 13° targets preassnied by the 9—foot and
integral-feed antennas.

Although the controllers who participated in these tests agrged that 13" Largats ard usable
for clome-in terminal operations, the extreme length of thess targets at longer ranges appeured
unsultable for long-range dlaplays in alr-route-trafflc control. Operationally, the use of the
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18-foot antenna decreanad decoder garble and fruit about 60 per cent because of the narrowsr
bearm width. This asauwmaes that the reserve-system gain is 10 db and that the effective beamn
widthes of the 1B-foot and 9-foot antennas for responses 10 db below that of the half-power pointa
of the beam are 6.8* and 16.9* respectively. Under conditiona when the associated rader target
1a not vielble, the controller's mental Job of bisecting the target returns to determine the actual
positlon of the alrcraft s made ensler when the target displayed ia ahorter. For these reasons,
the 1H-fool anlenna la cperationally more desirable than slther the 9-foot or the integral-feed
antenna.

Table II surmmarices the advantages and disadvantagens of the various types of ground-
antenna mountings which can be expected to ba availabla within the near future. Becauds of the
difficulties involved in keeping a paparate antanna sluved to the surveillance-radar unt«nnoa,
particularly at high rotation tates or under high wind conditions, the uae of a slaved antenna
would not be reacommended if a satisfactory combinntion antenna can be obialned. To avald the
excesnlve reflections or poor low-angle coverage which mey be associaled with an exisvling rudar
site, however, the uam of a separats slaved antenna may be Justified. In any canse, il 12 denlrable
to keep the two nntenna sites as close together aa practicable to minimize the vange and arimulh
errora which would be involved in integrating the two displays on the saumwu acan of the rudar
indicator. Recent tesats show that if separate siten are necennary, howaver, it is pogsaible to usc
dunl-aweep PPI consolens, with the beacon diaplay off-centerad un approprlate diptance. Such an
inntallation eliminuies range end aslmuth crrore and permits different antenna-rotetion rates
to be vaed in the primary and aecondary radar systemas.

Studies and acale-model tasts made by Alrborne Inatruments Laboratory indicate that
inastallation of the 18-foot antenna at the base of the ASR-3 reflector, na deacribad in Table II,
does not affect the S-band radiation pattern or the polarization characteristics. Also, it appeara
that the patterns of the 18-foot antenna are not affected. Calculations made by Airborne Inntru-
muants Laboratory indicate thet the modified ASR-3 anlenna will withaiund 110-mph winda al n
temperature of -30" F. when the antenna is stalionary. This antenna should rotale satisfaclorily
at 26 rpm at wind velocities up to 55 mph when the temperature s -50" F. and at wind velocilien
up to 65 mph when the temperature 1a +20° F.

The vertical pattarn of the inlegral-fasad antenna is not ap good as that of «ither the 9-fool
or 18-foot antenna, The L-band horn feed connot be located ol the moat effectlve focal point
bacauae the 5-band radar-horn feed alreedy occuples this space. This factor reduces the high-
angle covernge of the Integral-fesd antenna.

During ths two monthu preaceding the flight demnonatration, the 9-foot antenna wap wied lo
observe a number of flights of tranyponder-equippad aircraft operatad by Lake Central Alrlinea,
Inc. Moat of the flights of this local-sarvica airline are of shorl duration und, when westher
permits, they are made at minirnum en route wltitndes of batween 1300 und 1700 fect above the
Indianapolis airport elavation. Obsurvation of many of these flighls indicated that the low-angle
coverage of the 3-foot antenna, mountead aa phown in Fig, 2, extended down to the radio horivon,
In some caaen, the secondary rudar targeti 811l was sirong after YHF communicatione had faded
ocut, This type of coverage should facilitate the autablishment of low-altliude ahultle procedurea
beiween pdjecent alrports.

CONCLUSIONS
It im concluded that:

1. Implementation of the secondary radur dystem should make possible a more positive type
of all-weuather trefflc control. Although the full hencflis of the syatem cannot be obtained until a
vary large percentage of [IFR-operating alrcraft are equipped with tranaponders, every increase
in ibie percentoge, however small, whould offer additlonal poesibllitien for the application of
sacondary radar procedures. Simulation Lcets are now In progress to determine the best means
of utilizing Lhe udvantagens of secondary radar operuilon durlng the partial-implementation stage.

2. The higher reaclution characteriatica of the 18-foot antenna make it more desirable than
rithe r the 9=-foot or the integral-feed antenna for alr-trafflc-control use. Thene two types, how-
ever, atili will be satimfactory for clome-in operations where excesaiva targal widlh is nol a
serious factor.

3. The exlatence of shadowing and decoder garbling cffecta as detalled {n this report need not
meriouuly handicap the use of the systern as long aa controller personnel are fully cognizant of
thape characteristics and makes allowance for duch occurrences in the procedures smployed.

4. Interfersnce effects could bacome the greateat handicap to efficient operation of the syaterm
In congested areas. Furthar teats must be made to rasolve the probable extent of this problem.
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Reporis of analyses and teate of the wuyatem's teafflc capacity In the New York Clty area have
been completed and published.3 4

5. Tha display of the identiflcation code for a minimum period of 30 seconde 1s undesirable
in alr-traffic-control operations, purticularly in areas where several radar-traffic -control
facilitles are located. It is desirable to modify the airborne equipment to permit momentary
use of the !dentification code.

RECOMMENDATIONS

Although the evaluation of the factors affecting ground-antenna choice and certaln other
optionn still 1 Incompleta, the following recommendations wera derived from & careful atudy
of the data available to date, Theda recommendations are made to ald thoae agencies lnvolved
in implementation programa.

1. Ground antennas for termlnal-area traffic-control installations are recommended in the
following order of preference;

A. An ]8-fpot sntenne, mounted at baas of ASR reflector,
B. A 9-foot antenne, mounted at base of ASR reflector.

The 18- and 9-fgot aeparstes slaved antennas are recommended, respectively, for locations whare
inmtallation of an antenne on an existing ASR antenna tower would subject the ascondary radar
systam to excesnlve reflections or poor low-ungle coverage. Although an 18-foot antenna and
pedeatal capable of rotation at rates up to 26 rprn will be avallable, enginsering tents show that
the performance of primary and secondary radars is lmprovad when the rotation rate is
decressed.

It appears probable that a 15-rpm rotation rate may be operationally satiafactory for
terminal-area traffic conirol, If a dual-gweep PPI console in uded, it will be possible to adjust
radar and beacon antenna-scan rated independently for individual optlmum performance, Testn
to determine optlmwm scan rated whould be conducted.

2. It s recommaended that the following combination of components be ingtalled at TDC for
reliability teata and operational evaluation:

A, An ASR -3 antenna, modified as deacribed in Table II.
B. An l8-foot antenna,

C. A combination 5/L-band rotary joint,

D. Circular polarization components.

3. It is vecommended that all avallable operational Information vegarding shadowing, decoder
garble, reflection, und interference effectn be disseminated to local control peraonnel prior to
the implementation of any secondary radar facility.

4. Bacause the characteristica of ground antennag are of primmary importance in the operation
of the ayatemn, it id recommendad that improved antennos he evaluated as they bacome available,
particularly antennas which have lower alde-lobs levels and greater resclution.

The development of antennas having lower side-lobe levela should be puraund hacause such
antennas would Increude the traffic capacity of the system by decreasing alde-lobe interrogationa.
In addition, thelr uae would permit satiefactory operations with greater varintions in transponder
performance becnuse the ground recelvar could operate at a higher gain without danger of slde
lobhen breaking through.

Conaideration should be glven to the uske of Iarger antennas having greater resclution,
sppocially in those cases whare reflectiond or other siting probleme reguire the use of a
separate tower. It la probeble that the use of high-redolution antennas will require a rotation
Tate plower than 26 rpm to avaold mechanical complications and to ascure an adaquate number of
hits per mcan. This type of antenna would be of particular advantage to alr-route-traffic control
becauae 1t would reduce the target size appraciably and thereby reduce the Ilnteral separation
neceasary to show deparats tergetd st the aame range,
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