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TESTS OF NARROW=-BAND TRANSMISSION
OF RADAR BEACON DATA

SUMMARY

This report describes evaluation tests of a narrow-band radar
renoting system for transmitting uncoded secondery radar (beacon) informe-
tion. During these tests both the remoted beacon dete and a local beacon
installiation were displayed on a panoramic display toble to 1llustrate
peasible use of the existing military secondary radar system for control
of all airspace at high altitudeas. Deta from the remote ground facility
were transpmitted over o narrow-bend telephone channel by use of Radar
Facsimile (RAFAX) video compression equipment., The report primarily
covers the technical evaluation of the remoting of the secondery radar
information,

These tests indicated that it is feasible to uwse this system for
renoting unccoded beacon returns over telephone channels, By use of these
techniques an interim systenm could be developed to obtein e repid rate of
accurate position data for the efficlent control of all alrspace at the
high sltitudes provided that certain operating asgreements can be reached
with the military agencies using the existing beacon system, end with other
users of the eirspece.

Continued develomment effort is desireble to corrsct the systen
deficiencies cited in this report. Additional tests of e wvariable parameter
RAFAX equipment are being conducted and will be reported later,

INTRODUCTION

The danger of midair collisions between alrcraeft hes been emphasized
in recent years by the advent of jet sircraft. Many instences hawve been
reported by the militery end others of actuel collisions, and "neer-niases”
in good visibility conditions because of the high operating speeds of air-
craft end limitations of hwman vision, If enother aircraft is observed on
a closing course, e finite time is required for the pilot to react and for
the aireraft controls to take effect and elter the course of the alreraft.

As a result, there 1s an increasing need for positive itraffic control at
the higher altitudes where the hiszhest epeeds are encountered.

In order that positive control of high-altitude alrecraft can be
feasible, a higher order of accuracy in navigation and pesition reporting
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than is being obtelned presently is required., Without such Inmprovement,
large blocks of airspace are required for each alrcraft to allow safely
for the uncertainty of eireraft position. A solution to the problem mey
be found in the use of radar to determine position informetion., Of the
possible radar techniques, secondary, rather then primery, radar oifers
many immediate advantages, the most significant of which are:

1. Greater range, altitude coverage, and reliabiliiy than are
possible by present-day primery radar systems, This 1s the result of one-
way transpmission rather than reflection of energy from the target.

2. TFreedon from ground echoes, precipitation interference, and
returng from aircraft not involved in the traffic control problen,
Certain conditicns, however, can create serious interference problems in
the secondary redar systen.

3. Additional equipment development is not required to provide
position informetion., In fact, an existing military tactical system is
elrnost completely implenented in high-eltitude aircraft, Certain ground
equipment alreedy is installed, Additional equipment which would be
required is less expensive then primary radars.

The gystem tests described in this report were deeigned primarily
to determine if nerrow-band trenemission equipment 1s satisfactory for
remoting beacon data, They also were designed to indicate the usefulness
of beacons for high-altitude treffic control and to revesl some of the
problenm areas and possible spproaches to these problems,

This work was cerried out during April and Mey, 1956, in the
Ajrways Operaiions Evaluation Center (ACEC) under ANDB Project 1.4, in
cooperation with the CAA Offices of Air Navigation Facilities and Alr
Traffic Control. The American Telephone and Telegraph Company and Haller,
Raymond and Brown, Inc., wvere very cooperaetive in completing the tests and
analyzing the data, The facilities and assistence of peracnnel of the
Wright Air Develomment Center and the Traffie and Lending System (TRACALS)
group at Wright-Patterson Air Force Base were essential to the
demonstrations and the success of the tests,

SISTEM DLSCRIPTION

The equipment employed during the tests elther is in production
or can be placed in production without further development. These equip-
nents were selected to demonstrate a system that could be implemented with
existing devices.
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Exemination of Fig. 1 will disclose the fimction of the individual
equipments and their interrelation in the system, Two ground stations were
used, one located at Jamestown, Chio, and the other at the Technical Develop-
ment Center (TDC) in Indianapolis, Indiana, These ground interrogators are
separated a2pproximately 120 nautical miles (mm). They are similar electron-
jcally with one exception; the Jamestown beecon antenna has a horizontal
beam width of 6°, while the TDC beacon antenna has & horizontal beam width
of 12°, This resulted in the display of a wider target from the TDC beacon.
It wes necessary for all test aircraft to be equipped with en alrborne-
beacon transponder in order to be displayed by this system.

The Jemestown beacon information was relayed to Wright-Patterson
Alr Force Base (WPAFB) by an existing microwave link. The microwave link
video and azimuth information were fed into the RAFAX encoder at WPAFB where
the radar video was changed to slowed-down video (SDV) or compressed bend-
vadth signels,” The SDV signels were tramsmitted from WPAFB to Dayton, Chio,
over a locel wire loop of the Chio Bell Telephone Co,; thence via a high-
quality Schedule A, AT&T telephone channel from Dayton to Indianapoclis, end
from the Indiane Bell Telephone Company office at Indienapolis via e locel
loop to TDC., The signels then were processed in the RAFAX decoder and
applied to the IATRON proJjection equipment for display on the penoramic alr
traffic control display boerd.

The Indianapolis rew beacon video in plan-position-indicetor (FPI)
form was converted to a television video signel by scan conversion equip-
ment,® The TV~-type signal was fed into TV projectlon equipment end dis-
played on the panoramic ATC display board. The "overlep" airspace between
the TDC and Jamestown beacons provided an interesting sree for study since
an aircraft in this airspace guite often replied to both beacon interrogators
and was displayed simultaneously by both projection systems.

Estimetes of the production costs of the major components of the
eyeten ere glven in Table I.

11t may be noted that the RAFAX encoder could have been located
at Jamestown instead of at WPAFB, thus eliminating the microwave link; how-
ever, for coordination purposes and because of a lack of available lend
lines of the proper type between Dayton apd James town, it was decided to
locate the encoder et WPAFB.

°If & second IATRON projector had beem mvailable at TDC, the scan
conversion equipmment could have been eliminated freom the system, bui the
direct comparison of two different types of displcays would have been lost.
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TARLE I

ESTIMATED PRCLUCTION COSTS OF EQUIPMENT

Lauipment Eat, Cost
(Dollars per Unit)

RAFAX 11,000
TATRON Projection System 1k, 000
Replacement IATRON Tubes 500
Scan Conversion kguipment 20,000
TV Projection System 2,500
Replacement TV Progectlon Tubs=s 100

Beacon Systewm,

The beacons used in these tests were military equipments, many
paramzters of which are similar to the ATC beacon aystem bpeing developed,
The beacon interrogator antemna at Jamestown 1 epproximately 18 feet in
length (6° beam-width) and 18 affixed to, and rotales with, a long-range
rader entenna at 6 revolutions per minute (rpm). The TDC beacon interrogator
antexma was a 9-foot array (12° beam~width) and was rotested at about 15 rpm
for these teats, The alrborne antenna 1ls & common omnldirectional receilving
and transmitting antenne which usually is mounted underneeth the aircraft
fuselage, The military beacon system employs pulse multiplex techniques
which may be used for identifilcation purposes; however, this feature of the
system was not used during these teets;, since the primary purpose was to
obtain position informazioa, The princlples of beacon system operation
are des¢ribed 1n an earlier report.

RAFAX Erncoder,

The RAFAX equipment consists of three major unite showm in Fig, 2.
The encoder accepis radar signals vhich intenslty-modulate a J-scan cathode
ray tube (CRT), See Fig. 3. The aweep speed depende upon the radar range
encoder, (150 nautical miles in this cmse) and the sweep~recurrence-
frequency is the same as the radar FRF., A photocell receives light from
the CRT through a2 thin radlal slit in an opague disk that rotates at 30 rps.
Each time the slit passes zerc renge a synchronizing pulee is generated and
the photocell output represente tergets at time after the sync pulse pro-
portional to their range. Of the total pericd between each full rotation
of the slit, approximately 28 milliseconds is used to represent the encoded
reange (150 mm}, or approximately 185 microseconds per mile, Compering this

3pavid g, Crippen, Tirvey K. Vickers, apd Marvin H. Yost, "Initial
Teats of the ANDB L-Band Secondary Rader System in Typical Terminal Area
Traffic Operations," Technicel Development Report No, 268, April 1955.
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to reder renge of 12.306 microseconds per mile, 1t can be seen that there
is & compreseion of 185f12936, or 15 times,

The photocell pulees key an audlo oscillator on and off, The
oscillator in this sysiem operates at approximately 2500 cycles per second
(cps) end 18 keyed on for ons cycle for each light pulse received, A
standardizer circuilt is emplcyed in such manner that only pulses of higher
amplitude then the dark current nolse of the photocell plus the yadar nolee
pulees key the oscillator, These keyed oscillations ere sent over the trans-
mission line, Similariy, the synchronizing signals key an oscilletor which
is elso sent over the tremsmission line, (Combilred with the synchronlzing
and vldeo signals are otier signals teken from the antenne servo-transmitters
and encoded so they cen be transmiuted over the telephone line, In this
case they were placed on a sub-carrier neer 5 kilocyoles (kc). All aignals
80 ercoded are transmitted over a signle Schedulzs A telerhone line to the
decoder,

The RAFAX decod2r sccepts the composite sudio signal (Fig. L)
from the telephone linz, mnd extracts the ssveral component signels by
meand of filtera and emplitude~sensitive c¢ircults. The trigger, video,
end azimuth information 1s epplied to the RAFAXY indicator and displayed in
normal PPI fashion. The encoder svandardizer circuits are actuated by the
leading edge of the thotoeell oubput voltage pulses, Because the amplitude
of these pulsce varies with the srrength of the radar video signal, the
dlsplayed target range goes thrcugh a ninliawn as the redar antenna passes
through the target. See Figs. 5 and 6, In the equipment under %esi there
was aome triggzr gitter wich accounte for the fact that the convex shape
18 not present to the same degree for all targets showm in Fig, S.

The principlea of operatlion of RAFAX are explained in greater
detail elsevhere,

Transmiseion Circuit,

After encoding, the beacon information from Jemestoim was remoted
to TDC by wire line, Such informetion can be remoted by several means
depending upon the gquelity required. Program circuits of various band-
widths ere available between major metropoliten aress, Americen Telephone
and Telegraph Compeny circults of various qualities are listed in Table II,
For higher quelity e¢ircults, redio or microwave links may be used.

uC. W. Doerr and J, L, McLuces, "Narrow Band Redar Relay System,”
Redio Electronic Engineering, April 1955.
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TABLE II
AT&T CO, FROGRAM CIRCUITS

Approx. Costl Approx, Cost

Approx., Per Station Per Mile
Type Bandwidth Deley Distoriicn  Per Month Per Month¥
(cps) (Doliars) (Dollars)
Schedule C 3,500 ot known 20,00 4,00
-~
Schedule 4%F 5,000 1 M¥8/mile 120,00 6.80
1 ke to b ke
Schedule AA®* 8,000 1 Me/mile 185,00 9.20
Ll ke to 6 ke
Schedule AAAY™X 15,000 {1 ¥3/mile 225,00 11,60

11 ke to 11 xe

% The cost flgure is baszd on 24 hour/day service.

xxX Program circulte, A; AA, and AAA require special cable and speclal equip-
ment in telephone offices, Depending on the availability of existing
equipment, some comstruction time may be required for certain routes.

The RAFAX e=coder required e circuit bandwidth similer to that of
the ScLadule A circuit. This service was available beiween Indienapolis,
Indiana, and Dayton, Ohlo, in two Torms; a2 loaded cable, and a Type K
Carrier., The circuilt craracteristics are similar within the requured band-
width and the resulting service 1s comparsble, In the Type K Carrier
filters remove transmission from other than the specified bandwidth, whereas
in the loaded cable some higher frequencies are evailsble,

In addition to the program clrcuit, local loop circuits were
required from the program circult terminations at the centrel exchange
offices to WPAFB and TDC. Various quality local loops can be provided,

The signal levels over the entire circuit are shown in Fig. 7. It will be
geen that the sigmal attenusiion was concentrated in that portion of the
Indienapolis locel loop from the Belmont exchange to M)C.? The cireuit
ettenuation was measured at 2500 cps., Both ends of the circuit were ter-
minated with 600 chms., A 6-volt trigger input at WEAFB produced e 0,6-volt
8ignal at TDC.

5AT&$ Co. can provide local loops with much less attenuation if
the service ie to be utilized on a more permenent besis, These circuit
facilities were leased for 60 days omly, the duretion of the high-altitude
beacon display tesis.
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The transmission curve, Fig. 8, shows that the azimuth rate carrier
of 5800 cps was attenuated about the same as the video and trigger signals
at 2500 eps, All the signals could be edjusted Individually at the sending
apd receiving terminals, Because the azimuth rate modulation was only 20 cps,
i1ts side-bands were narrow and were passed wiihout excessive dlstortion.
Experimental operation was conducted with the rate carrier at 8000 cps, when
the loaded cable was used, This operation wz3 satlsfmetory, but the
reaponse curve hump at 8000 cps was not an intentlonal part of Schedule A
service and can not be depended upon es it is normelly removed with fllters
in Type K carrler service. For this reason, the azimuth rate carrier was
set at 5800 cps. On ovcasions the local loop betireen Dayton and WPAFB had
intermitienl 60 e¢ps intarference of an amplitude about equal to that of the
azinuth carrier, Thig interference so distorted the composite signal that
1t wes not usable. Hish-Frequency cross-tallk spikes were encountered inter-
nittently also but were eliminated by shunting a small capacitor across the
decoder input. A band-pass filter with a low frequency cut-off near 70 or
80 cne would elinminete the 60 cps and the higher frequency splke interference.
For the laruted duration of the tests, and because the interference was not
continuous, band-pess filters or more elaborate means of interference
rejection was not tesled.

For a short period the Schedule A line was increased in length
to 300 nm by using three circuite between Indianaepolls and Dayton, Two
lengths of loaded cable and one length of Type K carrier were connected in
serles,

TABLE III

LINE TRANSMISSION LCSS

Input Input Amplitude 100-nm 300-nm
Frequency (peak to peek at WPAFB) output Output

p/p at TC  p/p at TC
(cps) (volts) (volts) (volts)
50 (Test Signal) 2.0 0.17 0.1%
2,500 (Sync or Trigger) 2.0 0.31 0.28
5,800 (azinmuth Rate) 1.0 0,16 0.05

Table III shows the effects of increasing the clrcuit length to 300 nm.
The same local loops were used for both the 100- apd 300-nm distances. It
was necessary to increamse the encoder-output voltage level at WPAFB in
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order to obtain sufficient ezimuth rate signael to operate the decoder
indicator at T0C. When the azimuth rate signal reached 0.1% volts,

azinuth rotation wes obtained end the indicator displeyed a satisfactory
PPI picture. Coordinetion during these tests was made possible by a direct
telephone line and ringing circuit furnished by the AT&T Compeny between
TDC and WPAFB.

This line waa 8 basic necessity during the implementation and
operational test periods, Its use was of great value to the entire project.
One end was terminated st WPAFB where the RAFAX encoder and a CPS-1 rader
indicator were loceted, The other end was terminated in the ACEC room at
TDC, at the locetion of the decoder and projection equimment. Intermedlate
drcps were nmade at the ATRT central exchange offices at Indianapolis and
Dayton.

In generel, operation over the circuit provided by the AT&T
Conpany was excellent, The uvnuseble tine was less than three per cent
during the hours of operetion, and would, undoubtedly, be more reliable if
the circuit was rented on a continuous basis,

JATRON Progjection Indieator,

The IATRON radar proJjection indicator is a FFI projector designed
around the Farnsworth IATRON, & projection storage tube capeble of providing
2,T-foot lamberts of highlight brightness on a 50-inch dismeter display,

The projected display is & green-~yellow color (peak at 5550 A) on a flat
vhite background. The projection indicaztor consists of a control-econsole,
Fig. 9, and a projection unit, Fig, 10, The projection wnit is capable of
being renotely operated from the comtrol-console, a meximum of 25 feet.

This Indicetor was designed to display either raw radar or slowed-down RAFAX
videos. The projected display employs a refractive optical system using an
f/1.9 five~inch projection lens, The specified range resolution is 100
gpots per radial.

The useful storage time of the IATRON 1s a variasble factor, the
selection of vwhich depends on the scan rate and noilse present. The storage
time of the IATRON tube itself is verisble from 3 milliseconds to 30 seconds.
In applications wsing rew radar video inputs, a ghorter storage may be
required to prevent loss of targets in receiver noise, precipitation inter-
ference, MTI residue, et cetera. When using RAFAX signal inputs, the level
of the target video pulses is dependent on the RAFAX staenderdizer adjustments
and vhototube integration. The video is relatively free of noise; conse~
quently,a greater astorage time can be used, In addition to the normal erese
function controlled by adjustwent of & potentiometer, the display may be
erased by push button; or, an automatic cyclic eresure may be set for com-
plete erasure at intervals of 2, 6, 10, 20, 60, or 100 seconds. The sweep
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speed can be sdjusted to display various ttendard rader ranges‘from 20 to
200 nm end RAFAX scan speeds of 30, 60,end 120 rpm. \

Bright«Display Equipment.

The Dunont Model SRD-1 Bright Display Equipment® (BIE) 1s e scen
convergion equipment designed +o provide a ielevision output from a radar
PPI video and azimuth input, The televielon output is used to supply
bright tube projector equipment, or direct-view indicators, The BIE
basically consists of normel rader indicator circuits for writing the radar

TrPrrmmodd am A nankanse aram aantasad s deals +nlaviadan avns onAd otrean
ded Ad WAL LLICL V_I-Uli’ WA “y‘&cuuu Dwill LUULLVCL DLWV UM.HG, Vo LGV LD kWid O il Wallh TR

generators for reeding data from the storage tube, and monitor circuits,

The Graphecon tube consiste of two dlametricelly opposed electron
guns with an electrostetic varget element midway beiween them. The radar
information is wrilten on one side of the target element through the use
one electron gun, while the reading electron gun st the oppoaite end of the
tube scans the target at a standard television rate, The reading beam is
modulated by a 30-megacycle (Mc) cerrier to discriminate between the writing
and reading video teken from the target element. The storage time of thise
tube depends upon the televislon scan rete and the reading beam cwrrent,
end 18 mdjustable from 1 to 20 seconis. The pleture displeyed has an aspect
ratio of 1l:1. The proceas of scan conversion makes possible & television
scan resolution of 400 elenments in a verticsl direction end 500 elements in
the horlzontal direction,

Television Projector,
The television projection equipment used during these tests is
showa in Figs. 9 and 10. It comsists of a projection head and control-

FeTatal=Tanroy Mam Tvm tandd mm hhamd smncr ha vomadaTsr Avaswedad Pram *tha aamdenl o
UL VL o LIS FoARE I U-LUJ.L neaa AWCEY Wo LTIV LOLY WUESL QUL Al Wl Wb Wil Wi Wl

console, e distence of approximately 20 feet or less. The projector employs
a S5-inch Schmidt optical system end has a brighiness of 4 foot-lamberts on
a2 50-inch diemeter display. The projection tube is an RCA Type SAZPhA,

This TV projection sysiem, manufactured by the General FPrecisionr Laeboratory,
Pleasantville, N,Y., 15 a cormercial model intended for Industrial use.

Some modifications of this model were necessery to obtain aen aspect ratio
of 1l:1 and sufficiently linear sweep voltages. Additional changes were
neceggary to adapt the system to use with the EIE.

6William E. Miller, Marvin H, Yost, and David S. Crippen, "Eval-
uation of the Dumont SED-1 Bright-Rader Display and Initial Study of Other
Display Techniques," Technical Development Report No. 288, July 1956.
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RAFAZ-TRANSMISSION CIRCUIT TESTS

General,
The quentitative measurements were limited to the RAFAX and the

transmissicon circuit beceuse these were the only partis of the system which
had not been operated and tested at TDC previously. The system waa operated
eight hours per day for approzimately k0 days, and the down-time due to
equipment failure was less than two hours, When the eguipment was operated
continuously, adjustments were rarely needed, No notlceable deterioration
was observed in ilhe display picture quality during the course of the tests,

RAFAY Range Linearity.

A block djegram of the setup for these tests 1s shown in Fig, 1l.
The recorded data ere presented in Table IV, and rhotographs of the display
are shownt by Fige, 12 end 13. The RAFAX indicabor was not used for the
racorded measurements, The range merk generetor at WPAFP was crystal-
conirolled and very accurate, The delay generator used at TDC wes calibrated
with a crystal-controlled time-mark generator irmediastely before the teats.
A fast sweep was used on the precision scope and the trigger was delayed
until the range mark appeered in the center of the sweep. The delay wes
reed from the delay generator dials and ie believed to be eccurate wathin
Plus or minus 20 microseconds.

From Table IV it can bhe seen that the RAFAX-remote circuit did not
deliver a linear time base to the display equipment, The display equipment
and RAFAX indicator were adjusted for accuracy at the O and 150-nm points,
but et 90 nm the error reached a maximum of 1.46 per cent, or about 2.2 mn
of the 150-mm range. Time base non-linearity of the encoder-scanner circu-
lar gweep and opticel distortion are believed to have been the principal
ceuses of the error, Rotational speed chenges of the mechanical scanner,
caused by friction or vibration, may have been a contributing factor, In
any even, obtaining a greater range accuracy dces not appear ito be a serious
diffieulty, i1f it were required, The remote circult itself hed no measure-
able effect on the range accuracy.

Because the renge marks were 10 nm apart (123 nicroseconds), 1t
may be seen that the average compression ratio was 1757/123, or 14.2. The
ratic of the beecon FRF (300) to RAFAX FPRF (30) is 10. 'The reason for the
difference in retios is that the J-scope, which displays the raw beacon
information, has a much longer proportionate dead time between circular
awveeps than is used in the RAFAX scammer,
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TABLE IV

RAFAY RANGE LTNEARITY

Range Specirg Suceeasgiva Conpressed Compressed
Merk Measured Correet 10-mile Pange Range
Specings Error Error

(rm) (us) {ms) (ms) ms ) (per cent)

0 0 0

10 1,750 1,757 1,750 + 7 0,03
20 3,570 3,51k 1,820 -~ 56 0.21
30 5,415 5,271 1,845 -14h 0.55
ko 7,090 7,028 1,675 - 62 0.2k
50 8,830 8,785 1,740 - 45 0,17
50 10,460 10,52 1,630 + 82 0.31
70 12,080 12,299 1,620 +219 0,83
80 13,700 1k, 056 1,620 +356 1.35
30 15,330 15,713 1,630 +383 1.h6
100 17,2k0 17,570 1,910 +330 1.25
110 19,010 19,327 1,770 +317 1.20
120 20,900  21,08% 1,890 +184 0.70
130 22,700 22,84 1,800 +1l1 0.54
140 2h,k00 24,593 1,700 +1.98 0.75

150 26,355 26,355 1,955 0 0
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RAFAX Senaitivity.

Severel lests were coniveted using tarpet-simwletor ard video-
gignul generetor inputs, The targes-srmaletor output provided dilscrete
rarnge end mzimuth, whereas the signal geaerator provided discrelc raage
but at all ezimutns. In Loth cegses the CPFS-1 rader indicator and *ine RAFAX
lndicator lost veax tarpeos ah about the same test signal level, when <he
encoder and the CPS-1l indicetor each were adjusted for optimm condivions.,
When the inpvt noise wes low; ihe encoder intecnal-noiee level was the limit-
ing factor in the maximu usable RAFAX senaitiviity. Tests were run with pulse
widthe of 0,5, 1.5, and 3,0 mlerosecoads, The pulse width did not affect tne
maxinum sensitivity appreciably, A mionimum discewynible target was dlsplayed
on the CP8-1 indicator at 0,12 volts input (normsl 18 2,0 voits} at which
~evel ‘ne RAFAX indicator vas Juse ca the ihreshold of count-dowia. In
Figs. 1l and 15 23 will be noted that, 80 long as tie RAFAX atendardizer
pacezs the weoak Input signal, 1% 18 received at the standa=d output level.

RATAY Signal-Noise,

Figure 16 1o & protograph of the redar indicetor at WPATE with
0.5 volt noise and 1.4 volt, 1.0 micresecond wide signal +nput., Figures 17,
18, aad 19 ave thotograrhe of the RAFAX indizator at TDC. The signal-
generator amplitide was varied Prom O.4 to 2,0 volis while the roise was
held constant at 0.5 volts., The RAMAY exccoder vas adlusted so that the
0.5-volt noise level would not produce an cutput from the decoder aad wes not
changed again, This test represents closely *he eetiusly operaling conditioms,
The CP3-1 radar iniicator, undsr the same conditions, paimed a solid signal
in each case, whereas the RATAY .ndicetior begen to count down whea tie sigaal
wvas 0.5 volt (cignal/ncise ratic of 1}, The 0,5-volt argnal (Fig. 18} was
about 80 per cent usable, The C,4-volt signal (Flg. 17) was too intermittent
to bz relied upon, Filgures 17, 18, and 15 reveal thet the noise on the
RAFPAY indicator is essentially constant and quite low. Experience has demon-
atrated that the enccder mey ve adjusted so that more noise 18 encoded
(paaaes tne standardizer) and the RAFAX sersitivity 18 increased thereby,
Regardless of thie fact, the RAFAX in this test was almost as sensitive to
weak toargets as the radar aindigator.

A second signal-nolse test was conducted to gunulate the condilaon
wien the encoder 1s adjusled to the standard 0,5=volt ncise level, end for
some unknown reason, the noise level lnereased. This often 15 the cese when
the parent radar or beocon receiver gain i1s Increased. This situation is
1llustrated in Figs. 20 through 23. The CPS-1 radar indicator was edjusted
for each conditlon, end the signal is clearly discernible in each case,
although the nolse level 18 quibte high when the nolse amplitude redches 1.5
volts, The signal level was held at 2,0 volts, and the enceoder was not
chanpged from 1ts original condition when it was adjusted far 0.5 volb of
noisge,
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As nolse was edded lo the 2,0-volt video lnput, the RAFAY sipgnal
renained usable when the noise reached 1.0-volt, Fig, 21. At 1.5 volts
noise *he RAFAX signal wae atill discernlble, and at 2,0 vclte noise the
encoder Tailed to pass the sipnel. It 1s interesiing to nocte vhe character
end distribution of the noilse on the two indicators. This tceé denonstrates
the fzet that the RAWAX can wolerate coreifevable verietion in input nolse
level without reedjustnens of the encoder &t e renote lccation,

Another indicaticn of RAFAX system sensitivily comes from a
statistical analysls o photograpvha of iandom bercon torge®s when both the
CPS-1 radar :ndicelor and the RAFAX encoder were adjusted for beet operation,
The wo.al manber of +o -gels idenivified on the redar indlicator au WPAYDB was
126, Tne total of the ATAX indicator tarpe’s at Indlenapolis was 122, The
pictures were syachronized so {has lhie caneras were recording the gems period
cf time fur one cor two anteuns gcema, The sav: tTorgets we—e eas:ly idenivifi-
able in the phokograrha of e¢ach indiecztor, [hs largec ranges were random
and the altitudes wers wknowr, e larsge awmbery of korgzis counted add
reliability o tne dava ard verily the fact thas seneluivity of the RAFAY
systen is only slighily less than that of the rader indlcator.

PATAX Range RBesolution,

A two-pulse video sign2l generacor was employed for this test, The
video level was cet at 2 voilts with l.0-nicrosecond pulses. The nolse Jevel
was Tival at 0,5-volt and the ernod=r and redar 1ndicator vere adjusted for
best operation, Figure 24 shows tre two p.uises (invubt to decoder) at LO-
mlcrosecond Seperaiion as sech on the RATAX Indicator. At sboul 35 naivro-
sgeconds, the second pulae began to count down, 2ad at 32 microseconds,

Fig. 25, the count-down was quite nobiceable. With a separation of 30--
mieroszconds, Fig. 26, the gecond target was elmost eliminated. Count-down
began at anprozimately 2.8 on or 1,9 per cent of range.

T2 tegts wele repeated with 1,0-volt signols, end there was no
notviceeble change i1n minimum geparaticon, The minimm seperation is bas-
ically determined by the video carrier-oscillatcr frequency, in this case
2500 cps, During the 1/30-second the scanner Tequires fox one revolution,
lhere 1s a maximum poaslbllity of approximately 83 cycles, RAFAX dead
time reduces this to about 69 cycles. Neglecting keyirg +ime then a maxi-
mum of about 62 cyclee, or vaideo targets, could appeer in one RAFAY range
sweeDp alnce at least one ecyele 1s regulred for each video slgnal. The
150-nm range scale would then be eble to display targete about 2,2 nm
apart, This 13 an ebsclute minimun whilech ignores oscillator keying time.
There 1ls snother circumstaace wnich could linit the minimum target separae-
tion before ihe basic limit is reached. The photoiube output-pulese width
18 a function of spot size, spot intemsity, and siot width, If the pholo-
tube output from the first target fails to fall below the stendardizer
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level before the outnut ol the second target has Increased sbove the
standardizer level, the video carrizr oscillator is no*t keyed off erl the
two targets may merge as one lerg: target, A similer phsnomenon occurs
with prima-y redar ground clutizr, This did not occur during this paxiic-
ular test,

RAFAX targets dasplryed frem ihe Jenzslcova beacoa (6° artenna beam-
width) ere "wider" in amamuth than they are "ihick" in ~ange for all dis-
tences in excess of approxamately 25 nn. The problem of sepazation of air-
crafv then becomes mere actie in azimuth than it does in waaze for the
major portion of th~ warges displeyed. Improved range reso_ution would be
neeled for shovter rarng: redars used for hish-dersity traffic conirol; but
for the high-altliude beascn tesis, the range resoluticm appears to be
adequate, TImproved and adjustabls range resolyuticr is avaslable on the
veriable pacemetclr RAFPAX receatly delivered to "™C, The nrize forr lwproved
ra~ge reaclutlon Im many cazcs will b2 the reguir=menh Zor higher video-
varrier frecusneies and broader bandwidthe reroting clitu.ts,.

Elimination of Fruit,

Bracon fruif 18 transmiiled by alxborme units when they are
interrogated by groual unles vhose video invormetion is not synchronized
with tae displey. Its distingulshing chazogterisiic is taat it 18 random
or wmsynchronized with ike videc informet on of Interest, When sucn pulses
from a periicular transporder rearh the RATAX erncoder, they do not appear
atv the same range cn each scan of the J-szopz, bus they are vandom end
appeer over the eatire izagz, and scme of vhem ogcur during the J-3copc
dead time., A8 2 zesult lkese pulses do not excitz the same smell area cr
spot on twhe dJ-acope during each transmisalsn, but are spread all the way
around lne J-scope trace., This dislribuzion of exciiatlon preveats phos-
Phor integration or bulld-up, The light from a spot whizh 1s exclead by
a single pulse pereusis fov a very short time, much less than the time
requirad for ome irevolution of the scanner, Unless the apot ia directly
under the scamner slot, or slighily sh2=d of lLihe slot, at the time it is
excited, the light from the svob will not rcach tae photolube. This
prevents the signal from being encoded and appearing on the indicator.

Figures 27, 28,and 29 illusirate exapples of Sae d2fmuiting
ectica just described. Photographs of the CPS-1 irdicator at WPAFB and of
the RAFAX indicator et TIC vere iaken simulianeously. Figures 23 and 29
were tagen o emphasize the d=fruliting actlon by exposing the film %o
geveral enterra scans, thus alicwing the frult to accumulate photagraphi-
cally. fhese pictures dc not ehow the fruit {hat appeared on ellher
indicator at any particrvlar time durirg the erposure, ard the appacent
trail of the %a~gets is caused by the "memory" or storegz of ithe exposed
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film, Figure 27 was expcsed for only one scanh, and 1t 18 a true
representation of the indicator appearsnce as seenm by the operator., There
is no reiaticn bevween the szinutl: merk on lae RAFAX indicator and tne
fruit on the CPS-1 radar indicator. The photographa Indicate tazt the
RAFAX encoder prevents at least 80 per cent of the frult from seachinp the
indicator.

DIEPLAY TESTS

Srecific measvrements of display guality. such as raage lineerity
and resoluvion, azim.th acsuracy, brighiness, ard so ferth, Were not made
as a part of these tests, These qualities hed been measuvred prevlously,
either as part of the original accepiance of the Aispley eguipment, or &as
part of the subsegaent eval.ztion, Certvein of thece quelities were, how-
ever, 1ncluled as a part of tue system testing and, ¥niie rct recorded
gquentitatively, were obaserved aad are reporied he'low,

Panorami¢ Displeay,

The eccuracy of both the TATRON and the 1V projection system
delermines the accurazy of the Panoramic Presentatzon (PANOP), pariicularly
in the overlap erea. ™o xinds of accurecy are inveolved; one which refers
to the actual geographicel position of a spscific varget and ite 1ndicated
position on the PANCP, and the second vhich refers to the registration of
the two digjlays when the terpet 1§ in their overlap aree and ls responding
to laterrogations from both beecon sy6.cas. The iwo kinds of accwracy are
related to a degree,

The layout of the PANCP was considered as two Rho/Theta
presentabions,; one centered on Jamestowa end one centered cn Tndienapolis,
Navigational alds end airways within e 100-nm radius wers plovied from
these centers, Where the came point plotted differantly from the tTwo
locations, & compromise pos:tion was used. These differencea were due to
errors in Radlo facility, Sectional, and oihers casxrts used to determine
location, and to the plotiing process itvself. The compromise errors never
exceeded two nm.

At ranges witnin 10 nm, the effects of slaant range also introduced
measureable display errors. Aa aircraft flying at an altitude of 40,000
feet over the point, however, 19 at e redar range of 12 nm and 1s 80 dia-
played by the projection system, At greater distances, slant ranges error
becomes less significent, For example, en aircraft passing over Indianapolis
at an altitude of 8 mm is displayed by the Indlenapslis system at a range
of & nm, The same eircraft responding to the Jamestown system 1a displayed
over Indianapolis. The eame elrcraft is, therefore, displeyed as two
targets et ranges differing by 8 mm.
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In addition to map and slant range erro>s there were certain
iracsuraeles in both projections, Theee were due to sweep non-linsarity,
ITATROY keystome effecis, and azinulhal errors, By more careful design, it
ls believed that these ervers can be made negliglble in fucure equipnerts.

In other arecs where lack ol vegistratich bebtween the two dleleys
was noted, the two targets were dispilayzd at points diffcring by as much as
7 mm, These srrors were azicvthal errors end rauge non-linearities which
can be minimized thiough betier design. The azimuth following syatem of
the RATAY equipmeanc docs pot achieve the accuracles which ¢an be obrained
by more expersive end ciightly wider band syetemﬂ°7 Aythough RAFAX ranges
non linearities can ap-voach 1.5 per cent {2,2 ,m), thiz is not considered
exsesesve but it can te Iwproved vy moie carefs. aligmment and designs
already developed.

The TV rrojechor used wae a commergicd moeoduch wlich could
provide comnsiderably improved linearity *y nove carefid etteation to cir-
cult design ard componen. celection, The IATRON dilsplzay has interent
aceuracy problems because the writinsg gum is nst perpendicular to the
g8icrage Insulator. The 25° angle Trom the perpexzdictlar gaves rise to
ellipsicity wnich requires sweep compensation, Improvement i derizn and
adjvsiment technigues cen be expested =0 greaters exrerience wath this tube
is obtained,

Swumarizing, the grestest errors ocouwr at short range bocause
slant range diffsrs Irca surface range to an aircraft, Lack of regisi.ra-
ticn between the two dlsplay eysiems also was greabes® at gheort range.
Errors as great as 10 mm were cccagionslly noted, By blaniting the firse
10 mm ol each displey and allowing only the adjacenl sysiem to cover the
voluwe 60 blenked, this problem can be minimized,

Brightness and Conlrast,

TMese projeclion systems of 50-inch diameker rcaulted in
high-1ight brightnees of between to and ihree foot-candles, Thia Jevel
appeared usable during the tests tubt hipgher brightness is degirable.

With regard to contrasi, the TV gyotem was nol as good as the
IATRON for two reesons; firss, Lecause the targets are white on a white
display boerd, end secord, hecausz noise background of the display also

TA new model of RATAX, delivered to TDC since these teats were
concluded, will use a “ruwrhase,slngle-speed system, which should provide
more wniform azlmuth following.
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is white, However, the TV system was far more usable in the beacon
application than in a radar application, since beaco:l targets were larger
axd stronger, and there were ao rrecipitetich interfercrse or growd
ciwover with which %o coatend, At tne antemna scan rate of 15 ipm, and
frezedom from precipitoliion and ground clutter, excellent stovage and
target traile were ohisined,

The TATRON had exzxcellent conbrast dvz oo the netwe of the RAFAX
signals. Strong signals were aelways obtained from any signal large enough
to pass tne encoder standoidizer level., 'Theve were no iaceinsdlete signal
levels; *they were eftacr sleong or non-existeni, A proolem ariees 1n this
type of dievlay wbich was nov enscountercd in the TV preogecsion, Wien
noise doza brear throvge *the RATAX stasndardizer, 1t ia displayed with a
8ireagth equal to the rader sigeala, The IATFON displays the desodsr out-
put accuraisly, hLut dees no% provid: mony intevuediete sigaal levels, The
trait qual ity of the IATRON is not a8 good as whal of tne "V dispiey.
Since it 1s free from precipitation snd ground clviier, 1L mey be acceptable
when the RATAX encoder I mol passing 500 much Frult or noise,

Digplay Resolution.

RAFAX »esolution in range, end antenna resclution in ezimuth,
were liniting factors el.iough the IATRON .ss=2if does not have as gocd
regsolution as would be desirable. The 9-Tooc beacon anteans near max; uum
rargs provided targel signals as much 88 20 nm wide in azimuth on the 1adi-
cator, As steled previously, the RA¥"Y renpe resolusicn was about 3.0 na.
At Yest, the IATRON resolution Aia mob exceed this amouat vhen veed lo
display 150 mm radius, The manuvfacturer's data irdicate that 60 spots per
radius of 150 nm will gave a resolution of 2.5 mm, Such resclubion aprears
a lictle oplimlaiic for continuous service, It would appecr that ilhe
RAFAY and TATRON resolution are of the oame order and that 3.0 -m is about
the gustity that mey be expected,

OPERATIONAL EVALUATION

General,

Operational eveluation testa of the beacon system were canducted
in three ways: (1) by following identificd aircraft passing through the
Indianapolie erea; (2} by checks of eystem performence using DC-3 aircraft;
end (3) by vectoring USAF Jet ailreraft in typleal petterns to evaluate
poesible separation standards,

Numerous milatary zarcraef’t with operating bescons were tracked
on the pancoranlec ATC displcy, Flight plan informatior on meny cif these
aircralt was available from the Iadienepolis ARTC Center. By monitoring
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air/ground communication channels belng uvsed by the ARTC Center and INSACS
10 the area, pilot reports of position were intercepted and the aircrari
were 1dentified. Inforration on Visual Flight Rules (VFR) flights elso

vas chtained in this menner, In some cases alrcraft were contacwved directly
by redio after moking position reports and were then requested 1o turn on
thelr beecons, Fipure 30 is a view of tne panoramlc ATC dlsplay with beacon
returns from several aircraft displayed.

The Center’s DC-3 alrcraft were flown in two tesits fo obgerve
system performance, The farst flight, from Indisnapolis o Cincainnatl to
Dayion and return, wag entirely within the overlap area of the iwo beacon
gysters. Target queliir was recorded for each antenna scan, In addition,
target quality was recncsded simultenecusly et WPATB on tne Jamestown
gyaten Tor gcomparison wich the dala receaved et Indlanapolls ovar ihe
RAFAXftelephcne line link., Tizure 31 indicates the coverace obleined from
btotll beecon systenms during this flight, Suboequently, an additional flight
check was perforued with the TDC alrcsafs flying from ludiarapolis over
Dayton and Coiunmbus to Vzesling, West Virginia; ~henece over Ferkersburg 1o
Charleston, and from Charlesvon via Tork and Cincainnatl to Indianapolis,
Each antenna acan wns recorded av bosh locesions, Flgure 32 is a compara-
tive plot of the Jomestown beacon data before and ofter remoting,

A8 a result of the spotty coverage of the Jameslovn beacon,
additicnal maintenance work was perforacd on thia beacon syciem near the
end of the {est period. Althougn no additioral flight checks were made
after this meintenesnce work was eccomplished, coneiderable improvemen’ in
reliabllity of target zeturns was noted.

Lrief tests also were made with jet flghter aircrart supplied by
the USAF from WPAFB, These tests were directed peimarily toward determining
possliole separation stendards that mipght be used with the beacon system
under test, Aircrafs were vectored 1in typical patterns to determine usable
range end azimuth resolution, In A of Fig, 33 a #-86~D aircraft is shown
overtaking end pessing a F-0k-C aircraft aprroaching Cincimmati (upper
center of photo) with partial target overlap of returns from the Indianapolis
beacon sysiem, In B of Fig. 33, obtained a short time laeter, are shown the
Indianapolls beacen returns overlapping ae the aircraf: pessed. A and B ol
Fig. 34 were teken at WPATS at the scame time as A and B of Fig, 33 and ghow
the beacon returns of these same sircraft from the Jamestown system before
remoting to Indianepolis. The affect of the dilference in beam width of
the two anvten.ias is guite apparent,

Problems Noted,
1. It wos noted that meny conventionel military elrzsreft operating
at the lower altitudes had beacons in operaticn, Many others did not have
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beacons in operation. Similarly, some Jet alrcraft at high eltitudes had
beacons turned on while otkers 3did rob. For positlve control of aell alr-
craft cperating above a dssignoved eltituds, all eircraft snould be equipped
with an cperating beacon. Alrcraft et lower levels would be required to
turn off their beacons, or chenge mode, to elimimate uwdesired relurns on
the displeys.

2. MAlrcraft returns on the Indlenapolis beacon system "occupied"
considerable airspece, ihe targets being long arcs when using the H5-footb
snilenna, At ranges bejyond 100 statute miles these =rce frequently were
20 statute mrles ZLong, In normal radar control, comirclless do rot allow
tarote o overlap; and; in tasi, gemerally use at leadt lhe miniym spac-
115 of three ptatute miles (five maler beyornd LO miles disiance) between
adjazant cdges of ferget relurna, If this practice were contimued with
tle heaccn syslem, azveraft vould have to be spased 23 etz*ute miles apart
leierally at the longer rengss, Present vules pormit aireralt to L.y ca
ad jacent alrmmys with ilen stalule miles lzteval spacing Letween cenler-
lines of the amirweys, Thz teem w2dth of thc beacon syalea can, of cnurse,
be reduced consilderebly by use of larger actennas.

3., Terget fading, due to nu'ls in the verticel radiation pailtern of
the beacon anrienaa., was notlceable beynnd 100 rm, Tnese fodes bacoue
obJa¢tionsble beyocnd 120 nm, Batter siting of anieaonas may provide usaeble
rarges up ko 150 mm. Also, airceafd meking turns Ireguently feded out,
apparently due to shielding of the arrcraft antenna by struciural parts of
the airplane such as ‘he wings. A% renges of less than 10 to 15 um,
returns were logt due to the "core" over the station. A and B of Fig. 35
show displays of flights oheserved on the Indlanapolis beacon sysitem, They
1iiusilave the effects of the nulls in the radiatlon pattern at longer
rang2s., JFrult pulses from the Jamestown system, which were paseed by the
RATAX and presented by the IATRON, freguently were as large and bright as
the ajrcre’t targets, makirg is extremely dafTicult to distlngulsh ectual
alreraft returns from false revirns. TFrurt interference oesured in varying
degrece, At times, the Jamesctown system, as presented on Uhe pauoramic ATC
display board, was not umeble because of the coniroller's insbllity to
distinguish eirgraft returns from fruit puises. On the Indianapolis beacon
sysienm, the aircraft radar retwns could be identifi=d readily because of
the wide ercs as distinguished from the dot-type fruit returns, Figure 33
illustrates this effect, Knowa ground interrogators within the teot area
were located at the Rockvilie, Indisna, ADC radar site 50 mm west of
Indianepolis, ab TDC, at Jamestown, at WPAFB on the CPN-18 radar, and at
tie Bellefontaine, Chio, ADC radar site, L5 mnm north of Jamestown. Other
adjacent ADC sites undorbiedly contributed to some o the fruvit-iype inter-
feren.e. I% is not known if there were other military ectivities within
the area using ground interrogators during the test period.
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4, Proper identification of aircraft beacon returns in this sratem
also is a problem. Identifying turns are not considered very praciical with
the O-foot mantenna syssem begause of the wide targets, especially at low
entenna rotation rates., A4sking pilots to switzh a beaszon off for a ghort
interval, and thea back on, is not positive identification because of
possible simultanecus fades in returns from other eircraft, due to either
nulls in tne ground antenne pattern; or aircrafl maneuvers. In the flight-
following tests identificatici normally was accomplished by associetion of
the pilov's position renort with obgerved alrcraft returns over e fix. Mode
or code selection systewz were not available for these tesis.

CONCLUS LONS

Technical.
The following comsluaoions weve reached:

1., From a reliability standpoint, thz remoiing sysiem 18 about as
gimple as can be imagimed &% thias time, roe adgusted, it was stable and
dependable, The failures that ozcwrred were not ezcessive, but even grealzsr
relizbility could be expected with more experience.

2. The remoting system provided good sensituivity to small targets,
faithful reproduclion with signal-bo-noise ratios elosely approaching 1.

3. The meximum non-linearity observed ia range wes 1,46 per ceat
of 150 nm, maximum range, or 2,2 nm.

k., Tne RAFAX equipment used permitted z minimum renge resolution of
3.0 mm,

5. Under normal orperating conditions, RAFAX reduced beacon fruit
approximately 80 per cent. There are no intermediatle sipgnal levels,
Frult or receiver noise, when it breaks thmough, has the seme level and
gulee width as synchronized signals,

6. The 9-foot beacon antenna gave indicetor aszimath width to some
targets of 20 miles or mcre., When possibie, the 18-fool, or longer,
antemmas should be employed, With either antenne a beecon renge of 1C0 nm
was found dependable, Ranges up to 150 rm were frequently obtained,

Te The TATRON has a reaolution comparable to the RAFAX system and
provides zood contrast, Continued efforts to improve resolution are
required,
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8, Both the TV projection and the IATRON with 50-inch diemeter
displays meet the minimum brightnese requiremenis. Disrlay linearity of
each requires continued effort towzrd improvement.

S, In general, the beacon equipment, the narrow-hand equ'pment, the
transmission eircults, and the available dlsplays are technlcally adszquate
et present to provide usable data for high-altitude control. Continued
effort 1s reguired to improve the remoting end display techunlques ag well
g8 the bescon syster itself,

Operational,

It appeared {hat 1% would be possible to furnish positive air
traffic control of all hign-altitude, high-speed mireraft by use of exisiing
wilitary beacon equipnernts provided that:

1. All eircraft cperating above an agreed-uyon aluzitade are equipped
vith aa operatlng beacon,

2, Alreraft opera%ting below this level do not use bemcons except as
reguested by ATC, Jet elrceraft malking penelration let-downs or during
¢limb-cuts might be requested by ATC to turn on beecons.

3. Military ground-station Interrogation of airbcrne beacons is
limited 1a any one arem o cne slte to redusge frult interference, For
example, 1t might be possible for the ADC lozg-range radar to be used as
the master ground beaco:n station for a given arees, with all o*her military
activities in the area oblaining alrcralt beason data fron this station,
Beacon deta for ATC Centers could be derived from these ADC oites, from
beacon equitment installed locally at ARTD Centera, and from ocher nec-
eseary ground Irstallations o provide complete coverage of all asirspace
above the agreed-upoa aliitude level,

4. Ground beacon imszallations arerrepzated epproximately ever 200 mm
to permit coverage overlap in the high-altitude eirspace, Nulls in the
vertical radiation pattern become objectionable beyond 120 nm.

5« Diacrete clear-channel communications are provided between
eircraft and high-eltitvde s2ciors in ARTC Centers, DPresent levels of
interference on the common ARTC Cernter frequency of 30l.lL Mc are too high
to permit its use for control of all aircreft at high altitudes.

Use of the existing military beacon system with the above
regtrictions could provide a means for positive air traffic control of &ll
aircraft at hignh altitudea, It is estimated ithat this system, with the
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pancramlic ATC displey, could accormodate traffic densities of 15 to 20
aircraft within the approximate coverage of each beacoa based on 100 nm
usable range,

The high specd of aircraft in high-sltituvde eirspace makss this
control deairable, Beceuse mogy militery airaraft operating in this air-
space are presently ecuipped with the beacor, such a system shouid be
Teasible for use with the proper ground imstalleiicas, Civii aircraft
operating in this high-eltitide airspace also would require this beacon
equipment, I% 18 anticipavsd that procuremert ard ivstailetion of ground
facilities for such a2 oysiem would require 12 to 18 monkhs, It should be
borrne in mind that this iB not comsidered an vliimate solution to this
probleam;, but 1t is a pociible way cf providing positive control of all
eircraft at high altitudee in toe immediate fulure,

RECOMENDATIONS

It 13 recoumencsd that an in-servise lest wsing the existing
militery beecon system for eir traffis control be accomplished at the
ACES [Indianapoiis ARTC Conter fcr ihe entire Indianapolis ARTC area,

The following program 1s recormended:

1, Effect coordinaticn withk militaery end cther wsers of high altitude
alrapace to conduct tests uslng the exiswving mllitary bteacon system for
coatrol of aircrafi on anm ares basis, A basz altitude of 26,000 feet i
recommended hacauvee most Jet alrcraft operale sbove thils altitude, and
most conventional propeller-type aircraft cperate below this level., It
1s understood *that most jet ailrcraft are presently equipped with beacons.
Aircraft operating below 26,000 feet in the Indienapolis ARTC area would
not use beacons exccpi as requested by ATC.

2. Corduct tests based oxn;

a, Control of IFR flighis only with VFR or 1000 feet-on-top
crerations allowed; and

b. Positive conbrol of gl eircraft in the deaigneted high-altitude
sirspace., In these tests, only those alrcraeft equipped with
en operating beacon would be alliowed to overate in the .
Lhigh-altitude airspace.

3. Obteiln agreements with the military to use Mode 1 of the beecon
eystem for novmal retwurns for eir traffic contrcl and use of Mode 2 end/for
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Mode 3 for identificetion of particular aircraft ms requested by the
conlrollers.

b, Obtain agreement with the militery to restrict cperation of
military pround inverrogators within the area to a minimum, if Interference
becomes a major problem during the teste; that ig, military stationa nor-
melly would be in e stend-by non-operating condition, and turned on momen-
tarily, or for very brief periods as military necessity requilres,

5. Install ground beacon systems in the Indianapolile ARTC area to
provide complete coverage of high-altitude airspace, Two stations properly
located will provide coverege of the entire Indianapolis area above
26,000 feet,

6« Use narrow-band (slcwed-down video) equipments and landlines for
transmission of remoted beason date with en additional conirel line for
remote selecilion of interrogator mede.
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