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AN EVALUATION OF
RADAR ADVISORY SERVICE
TC¢ VFR FLIGHTS

SUMMARY

This report describes an eveluatlion of a traffic advisory service
by use of radar to eircraft operating under visual flight rules. This serv-
ice was provided by contralleres located in the alrport control tower at
Indaanapolis, Ind., wsirg ASR-2 radar deta. Pilots requesting the service
were advised of the azimuth and range of other aireraft target returns
which might be a potential hazard. Since height information was not avalla-
Wle to the radar controller, the conflicting traffie frequently was at
wildely separated altaitudes, and in many cases, the conflicting traffic was
not seen by the plleot who was advised.

The degree of participation by pilots in the test program var el
widely, however, the majority of the pilots commenting on the service favur=d
continuation and extensicn of the service to other areas. The determinatimn
of the success of this visual flight rule radar advasory serviee in providing
addational safety can only be determined by a long-term statistical study f
accidents occurring in areas with and without such service.

The report descraibes egaipment and procedures used in this test.
Charts to extrapolate the data to hagher traffic densities also are
provided.

INTRODUCTION

In a CAB anaiysisl af 159 midair collisions occurrinz in the 10
year period ending in 1957, clear weather prevalled in 94 per cent of the
accidents, visibility was 1r excess of 3 miles in 98 per cent of the anv.-
dents, and 94 per cent of the azcidents occurred during daylight hours. Tve
altitudes at which these madair ccllisions occurred ranged from 10 to L. .ror
feet, only four having cccurred above 9,000 feet.

The operational pnases in which these midair collisions occurred
are listed in Table T.

lvMidair Cellasious in U. S. Civil Flying - Calendar Years 1948 .
1957," Civil Aeronautics Bcard, bureau of Safety, Analysis Division,
May 19, 1958.
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TABLE I

OPERATIONAL PHASES OF MIDAIR COLLISIONS
(In order of Frequency of Occurrences)

Maneuver Per Cent

Landing Approgchecscceccscaaasocasdl
Traffic Pattern.scusccocnccossonssead
Normal Flight.oscooccoscoasooacaseald
Tekeoff ClimbeccocsscsoasencanesaanT
Formatlon.ecocenssoaopnorcsnrsannna L
AerobaticScccocecccoonssacoroancana &
Buzzingcoccsessncaosasnonnassssnss 2
Raci:ngnnoonn-ﬂneonn.usnuell--n.nun 1

Although many midair collisions may have occurred wherein two
aircraft converged while each remained in the othert's "blind area," the
basic cause is that the pilets did not see the other eircraft until too late,
Computation of distance, speed, and closure angle of intruding traffic needs
to be accomplished by the pilot after sighting, and the time delay required
to determine a course of evasive action cen be lengthy enough to cause col-
lision. An effective advisory service which would provide the pilot with
information on distance and closure angle of intruding traffic could greatly
reduce the probabllity of midair collision. With renge asnd azimuth infor-
mation on traffic, cnly a determination of the altitude would remein with
the pilot. Therefore, the earlier other aircreft can be detected by the
pilot the safer will be hais flaght.

A test of VFR arrivel and departure radar traffic advisory
service was made at Weir Cook Municipal Airport, Indienspolis, Ind., from
June 23 to August 23, 1958. Pillots were urged to participate, although 1t
was not mandetory that they do so.

The Technical Development Center (TDC) and the Weshington and
Region Three Offices of Alr Traffic Control Jointly prepared a NOTAM which
was issued zbout 30 days prior to implementsation of the test. See Appendix
I. In addition, the Information ceontained in the NOTAM was publicized as
2 gpecial notice ir the Adrman's Guide. A bulletin describing the service
was distributed to aviation interests wilthin a 200-mile radius of
Indianapolis, and the Aeronsutics Commissions of five swrounding states
vere requested to include the bhulletin in their newsletters and other
publications for pilots.

The VFR redar advisory service was made available to all aircraft
using Indlanapolls Municaipal Airyport and all other airports lying within
the advisory service area. These airports were called "satellite" airports.
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Arrival and departure rouwtes, or corridors, were estsblished for
aircraft using the a2dvisory service to afford maximun wtility compatible with
safety. In accomplishing this, it was contemplated that, wherever feasible,
these routes would give reasonable separation from IFR routes. Therefore,
boundaries of the corridors were on generally heavily traveled IFR routes,
and VFR flights using the service were expected to fly well within the
boundarles.

Perimeter visual and radio reporting points for each arrival route
were designated to facilitate radar identification. One UHF and one VHF
frequency were provided for the arrival advisory service, and simllar provi-
sions were made for departure advisory service. In additiom, a 122.5-Mc
duplex frequency waes provided for esch service. The service was avallable on
a 24-hour besis.

PROCEDURES

Redar advisory service waes given to any pilot requesting it,
whether arrivael, departure or over-flight, but it was availeble only on the
Prescribed frequencies. The sdvisory service was to be confined to traffic
information only, but occasional requests by pllots for other information
such as weather, navigation aids, and suggested headings to fly awey from
congested traffic areas were handled. In general, however, the adviece covered
information on traffic which appesred to constitute a possible potentisl haz-
ard to the pilot. BSurveillance of the aircraft and issuance of traffic advi-
sories continued until such time as the controller advised the pilot to change
to tower frega=pcy or cleared the aircraft to leave the advisory freguency.

If at any time the controller found that he could not continue the
radar advisory service because of malfunction of equipment, volume of traffic,
or for some other reason, he advised the pilot of the discontinuance of the
service and gave such added advice as he deemed necessary.

Prior to takecff from Indisnapolis Municaipal Airport and after
takeoff from satellite airports, cn first radio contact with the Indisnapclas
tower, pllots of departing airrcraft who had not requested the service previ-
ocusly were queried as to whether or not they desired it. After takeoff,
pilots who desired the service were advised to contact the VFR departure
advisory on the appropriasie frequency.

Pllots of arraiving aircraft (Indianapolas Municipal and satelliste
eirports) usually contacted the VFR advisory service over the perimeter fixes.
However, many initial callups were made both anside and ouviside the advertised
boundary of the service. In some cases, callups were made beyond the range
of the tower’s radar coverage, in which case pilots were requested by the con-
troller to call agein when wathin range. Thase aareraft landing at Indiesnapolis
Municipal Airrport were changed to the tower frequency prior to coming withan
range of the traffic patteru at the sirport, and those landing at the satellate
a1rports were cleared tc leave ihe advisory freguency vhen entering the
satellite airport traffic pattern.
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Meny VFR flights over-flying the Indlanepolis terminal area called
for traffic edvisory service, sometimes on a frequency which was not com-
patible with the direction 68 flight for the speclfic corridor in vwhich they
were flying. Depending on the volume of traffic that the controller was
working, these flights usuglly were requested to change to the proper fre-
quencyywhere they were given the advisory service and advlised to leave the
frequency st the edge of radar coverage.

EVALUATION OBJECTIVES

The objectives of this evaluation were to determine procedures,
regulations,and equipment required to furnish a rader edvisery servee to
VFR traffic in the Indianapolis terminsl area. The tests were desligned to:

l. Determine the extent to which VFR edvlisory service users comply
with requested regimentation, especially that of routes or corridors.

2. Determine the optimum configuration of operating positicns for
dispensing a VFR advisory servige.

3. Determine equipment requirements in terms of displays and
communicetions channels.

4. Determine optimum procedures for identification and retention of
identity of VFR advisory targets.

5. Determine the over-all effectiveness of the service from en air
traffic control and aviation industry standpoint.

6. Determine requirements of other areae for lmplementstion of a VFR
advisory service with respect to procedures, eguipment, and personnel.

TESTS AND RESULTS

During the test period, data were gathered with clocks, counters,
Esterline-Angus reeording equipment. and observers who recorded data man-
ually at each VFR advisory service position of operation. It i1s believed
that these data provide a good cross section of the VFR radar advisory
service as conducted at Indianapolis.

Staffing.

In the principal mode of operation, there was a VFR depasrture
rontroller in the tower cab and a VFR arrival controller in the IFR room.
Both positions were staffed on a 24-hour basis by journeyman-level con-
trellers, with occasionel use of trainees assigned to these positions under
supervision of controllers. At times, especially between midnight and
8 a. m., both the VFR arrival and departure positions were combined for
operation in the tower cab. Other configurations were tried near the end
of the test period, including both inbound and ocutbound controllers working



5

from a common display in the IFR room, and cne controller providilng advisory
service to both inbound and cutbound aircraft from one cperating position in
the tower cgb and from one operating position in the IFR room.

Displeys.

The primary radar displays used for the VFR edvisory service were
21-inch CONRAC TV monitors. The TI-440 scan-conversion unit was used to con-
vert the ASR-2 radar data to a TV picture showing a 30-mile range. The output
of & GPA-30 video mapping unit was mixed with the ASR-2 raedaer video on the
input side of the TI-L4O unit.

The 21-inch CONRAC monitor for the VFR departure advisory position
in the tower cab waes mounted on a small console with the face of the indicator
vertlcal. BSee Fig. 1. The console had castered wheels to permit it to be
positicned for various light conditions. A eliding hood arrangement was tried,
to reduce the amount of ambient 1light Ffelliing on the face of the tube and to
reduce light reflections from the imploslon shield and tube face. This was
not setisfactory during szome light conditions in the tower. A light trap,
using a curved sheet of circularly polarized filter, then was installed.

This, together with repositioning of the console to avoid direct sunlight
falling on the face of the TV tube, provided a useble display. See Fig. 2.

In the IFR room, the 21-inch TV monitor for the VFR arrival advisory
position was mounted on a small desk-like taeble, Fig. 3, adjacent to the IFR
control positions so that A/G radio terminal equipment &t that position could
be used.

Most of the controllers believed that the 21-inch CONRAC monitor
used as a vertical display was too large for normal viewing. It was observed
that controllers tended to view the picture on the monitor from distances as
close as & inches. Preference for a 17-inch indicator, shown in Fig. 4, was
indiceted.

During the evaelustion there were periods when the single TI-hhO
scan-conversion unit was off for meintenance. At these times the ASR indi-
cators were used, the IFR departure and arrival controllers providing the VFR
radar edvisory service in addition to IFR controls. The departure controller,
using & modified ASR-1 radar indicator, was located in the tower cab, and the
arrival controller, using an ASR-2 indicator, was located in the tower IFR
rocm. Controllers stated that combining the services 1s, at times, confusing
because some alrcraft are being positaively controlled by vectoring and others
merely are being given traffic information. It wes difficult for controllers
to remember which aircraft were IFR and which were VFR.

During the last week of the evaluation, a 22-inch horizontal plotting
display, Fig. 5, was installed in the tower IFR room. Controllers were asked
to use this display with plastic chips carrying aircraft identity as mmch as
possible, so that a comparison with the 2l-inch vertical indicators could be
made. Many of the controllers had stated previously that for tower radar
control at relatively short ranges, they would not require such a display,
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since they could remember the location of each radar target in contact and
its identification. However, after the horizontal plotting display had been
in service for one week, several controllers thought it had distinet advan-
tages and found that it was as easy to write the aircraft identification on
a plastic chip as on a pad of paper.

In order to display inbound and outbound corridors, and to show
the location of radlo navigation aids and geographical features used in
identifying redsr tergets, it waes necessary to have e map of the area covered
by the ASR-2 radar lntegreted with the redar picture. The originsl video
map which was used at the beginning of the trisl period soon was modified
10 include more geogrephic points both at the periphery and within the
edvisory erea. The modified map is shown in Fig. 6. This change was
brought sbout by difficulty encountered in ldentifying and reidentifying
targets. The modified map greatly improved this sltustion.

Since the TV rester of a bright displey usually moves when
edjustments to the TV picture are made with the verticael and horizontael
centering controls, an overley type of map, slthough adequate for a raw
rader display, would not have been suitable for the scan-conversion rader
displey. A GPA-30 video mapper, equipped with the video mep mentioned
gbove, was used. The GPA-30 output was displeyed on all scen-conversion
displays in the tower.

Pilot Participation.

The number of alrcraft which used the VFR radar advisory service
varied considersbly with the weather, the hour of the day, and the day of
the week. It was observed that on weekends, flying aetiwliy lnecreased and
consequently, the number of VFR flights using the advisory service increased,
Sundey and holiday afternoons were busiest, while Monday through Thursdey
vere the least active days. Deylight hours saw the most VIR activity, with
two peaks, ususlly late morning, 10 to 11 a. m., and midafternoon, 3 to

5 p. m.

During August, a count was made to determine the percentage of
aircraft using the service on four days during which good VFR weather con-
ditions existed. Fifty-nine per cent of the VFR departures and 63 per cent
of the VFR arrivals at Welir Cock Airport used the service, of which 36 per
cent were air carrier, 62 per cent were cilvil non-air carrier, and two per
cent were military. HNinety-four per cent of all VFR air carrier arrivals
and departures used the service, while the corresponding figure for VFR
non-air carriers was 52 per cent and for VFR military, 31 per cent.
Although the largest number of participants were civil itinerant, there was
a greeter degree of participation by the VFR air carriers.

From June 26 to July 19, data were recorded for periods ranging
from 8 to 16 hours a day for a total of 165 hours. During these periods,
TO9 aircraft used the VFR rader advisory service. These 709 flaghts were
1ssued 1,082 advisories on conflicting aireraft targets. During a peak
8-hour period when data were being recorded, 87 aircraft used the service
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and 117 sdvisories were 1ssued. The maxamum number of VFR alrcraft simul-
taneously using the service was six, wath the maximum under arrival advisory
at any one time being five, and the maximum under departure advisory at any
one time being four.

During the time data were being recorded, the observers also counted
the number of aarcraft radar returns on the seopes at S-minute intervals. The
maximun number of aircraft within the 30-mile range was 22, wath a2 minimam of
two. There was, of course, considereble variation from one 5-minute reeding
to the next.

It was found that the number of perticipating airecraft was, to some
degree, dependent upon the number of aircraft on the scope. By averaging the
data from several high=-, medium-, end low-activity days, it was possible to
show this relstionship by the curve in Fig. 7.

From 165 hours of recorded data, the six busiest 8-hour periods
were analyzed. These occurred during typicsally good VFR weather conditions;
that 15, visibility 6 miles or more and celling above 3,000 feet with broken
clovds or better. Table II summarizes the data for these 6 buslest periods.

The number of targets about which a pilot was advised was subject
to laws of probaebility, since it depended on remdom factors such a5 the num-
ber of targets on the scope and the distrabution of targets in the area.
Figure 8 shows the probability of being advised of one or more traffic tar-
gets for several scope densitles. As en example: when from 6 to 10 aircraft
targets were on the scope, the chance of being advised of at least one target
was 53 per cent, when from 16 to 20 aarcraft were on the scope, thils
probability was 80 per cent.

There 1ls a marked relationship between the number of targets per
advised aircraft and the number of alrcraft on the scope. A study of these
daeta hss been mede and ah extrspolation of these data to higher traffic den-
slties, to indicate the workloads which might be encountered, is dlscussed
later in this report.

Effectiveness of Advisories.

During the data-talking period, pilots were asked by radio whether
they saw traffic when they did not volunteer such information. Fourteen per
cent of the traffic targets were reported in sight after the first edvisory,
but it 1s not known whether they were in sight prior to this advisory. Eight
Per cent of the targets were sighted on an advisory subseguent to the first,
and it Is reasonable to assume that these were seen g8 a result of the advi-
sory. The remaining 78 per cent of the targets never were sighted. The low
percentage of targets sighted (22 per cent) can be explained by the fact that
the sdvised eireraft and the conflicting traffic often were at widely sep-
erated altitudes. Also, the analysis shows that sometimes advisories were
issued for targets which never came within visual range of the pilot due to
restricted visibility conditions.
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TABLE II
SUMMARY OF SIX 8-HOUR PERIODS OF VFR RADAR ADVISORY SERVICE

Number of Ailreraft Using VFR Radar Arrivals: L4.5 per hour gverage
Advisory Service 11.0 per hour maximum

Depertures: 3.4 per hour avereage
10.0 per hour meximum

*¥Potal Number of Aircraft Using 8.0 per hour average
VFR Radar Advisory Service 17.0 per hour meximum
Mexdimum Number of Alreraft Using the
Service Simultaneously 6.0
Number of Advisories Issued Arrivels: 6.4 per hour aversge

'23.0 per hour maximum

Departures: 6.2 per hour &average
22.0 per hour mexlmum

*Potal all Adreraft Partlcipeting 12.6 per hour average

38.0 per hour meximum
Number of Conflieting Targets Isaued 1.2 aversge
Per Alrcraft Given an Advisory 6.0 maximum
Nuzber of Aircraft on Scope (30-mile redius) 11,0 average
As Recorded el 5-Minute Intervels 22 .0 meximum
2.0 minimum

#The hour when the pesk number of arriving aircraft
used the service was not the seme hour that the
peek number of departing eircraft used the service.

For the 8 per cent of targets which were sighted efter issuance
of more than one edvisory, the average distance between the targets was
2.5 mlles as observed on the redsr indicstor. A distribution of sighting
mileages 1s shown in Fig. 9. In many cases, these aircraft may have been
separated conslderably in altitude.

Pllot Comments.

Two questionnailres regarding the service were used to obtain
comments from pllot. During the first and major pert of the edvisory
gervice test perlod, a simple questionnaire card was used. This card was
distributed wildely to ATCS within 200 miles, air carrler opersations offices,
fixed base operators, and others. A percentage distributicn of responses
to the 412 questionnaires returned follows.
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1. Did the VFR radar advisory service contribute to the safety of your
flight? Yes 89.3 No 6.4 No Answer 4.3

2. Did you have conflicting traffic in the VFR radar advisory service
area on which you were not advised?
Yes 6.1 No 93.9 No Answer 0O

3. Did you experlence difficulty with traffic after ycu changed to
tower frequency? Yes 5.7 No 87.1 No Answer 7.2

k. Do you feel that the VFR radar advisory service would be desireble
at all aarports equipped with radar?
Yes 95.0 Na 3.2. No Amswer 1.8

5. Do you feel, from a safety standpoint, that it would be desirable
10 have specific routes for VFR treffic to and from masjor asirports?
Yes 60.7 ©No 32.1 No Answer 7.2

In this questionnaire, pilots were not asked to identify themselves
or to indicate the type of operation, whether air carrier, military, or civil.
Handwriting on the cards, however, indicated that more than one card was
filled out by a number of pllots.

About August 15, a second more comprehensive questionnaire,
Appendix IT, was available. These were malled to sbout 250 pilots epnd air-
craft owners in Marion County, Indiana, who were registered with the Indiena
State Aeronautics Commission. They also were furnished to local fiight plan
offices and air carrier offices on the silrport and to fixed base operators in
the state of Indiana. About 50 of these questionnaires were returned. A
definite trend in the answers is evident. The replies are listed in
Appendix II.

To encourage use of the route system published in the NATAM,
controllers edvised most pilots via radlo of the proper route for imbound and
outbound flights, and most pilots sc advised followed the proper route. There
was & tendency, however, for some pilots to reasist deviation from thelr desired
route of flight an order to conform to the route structure. This was true
Primarily of over-flights which utilized the service. Answers to question 9
on the guestionnaire indicated that most pilots preferred to choose thelr own
route. However, it was noted in the remarks on the questionnalres that pilots
were willing to accept certain restriactions, such as use of corridors or radar
vectoring, vwhen conditions of marginal westher or heavy traffic warranted such
procedures. There was e seeming awareness among pilots of their limitatioms
under these conditions, and they placed considerable trust in the controller
and redar. However, in generasl, there was a strong "let me alone" sentiment
expressed by pllots in their comments. They appesred to desire information
on traffic, but also wished to make thelir own decisions to avold other traffic.
This sentiment may account, in part, for the relatively large percentage {39
per cent) of VFR flights which dld not use the service.
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The majority of pilots answering the questionnaire preferred that
the VFR redar edvisory service be provided on an area basis rather than
restricting it to a corridor. Some pilots commented that the necessity of
spotting geographical fixes i1n order to remain inside Bpecific corridors
and to report sccurately for radar i1dentification reduced their time for
scamnning for other traffic considersbly. Several pilots masking thils com-
ment also indicated that they were unfamilisr with the Indianapolis ares,
which contributed to the diffiewlty in identifying towns and other
geogrephical features.

A large majority of pilots indlcated that there was a definite
need for recelving eltitude informetlon on traffic issued by the VFR radar
advisory service, and stated that a great emount of time 1s consumed In
searching for tergets when wide eltitude seperation may exist already.
Controller Interviews. ’

At the end of the test perilod, a number of controllers were
interviewed =snd encouraged to comment on the service provided, and the
equipment snd procedures used. All controllers were in favwor of the VFR
radar edvilisory service, because it provided en additicnal service which
coentributed to fllght safety.

Controllers generaelly agree that specific routes for inbound and
outbound traffic reduce the number of conflicting targets for the alrcraft
in the proper corrldor, as well as the number of fast-closure situations.
It provides more time for controller action, since a slower rate of elosure
exists with primarily overteke situstions. However, controllers recognized
uwnamimously the problem presented to the pliot in this situation, and
agreed that e desirable boundery for the VFR radar traffic adviscry service
ares would be a circle with a redius of 25 or 30 mlles from the alrport
wilth rendom entry and exit polnts.

During most of the period of évaluation, the VFR departure
contreller was located in the tower cab and the VFR arrival controller in
the IFR room. Other configurations were tried near the end of the test
Perlod, iIncluding both inbound and outbound controllers worklng from e
comeon displey in the IFR room, with one contreoller providing service to
both inbound and outbound aircreft from one operating position 1n the tower
ceb and from one opereting position in the IFR room. Controller comments
were noncommittal in this respect, although it was Indicated thet the VFR
rader advisory service controllers dld not necessarily have to be associated
with other control positions connected with other sirport traffic control
functions.

Mest of the controllers estimated thet they couwld provide VFR
redar advisory service to 5 to 12 alreraft simulteneously, depending to
some degree on the groupling of tergets on the reder display. However,
during the evalustion period, the meximum number of aireraft provided VFR
reder advisory service by one controller et apy one time wea five. A
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seturation point of the number of aircraft per controller was neither reached
nor sought at this time, in the interest of providing an effective service.

Commum cations.

The A/G communications provided for the VFR radar advisory service
included one discrete VHF and one discrete UHF channel for each operating
position (arrival and departure). In addition, the common civil frequency of
122,5 Me (receiving only) was instelled at both positions. This latter fre-
quency hed to be shared with other controllers in the tower, including the
local controller, ground controller, and cccasicnally the IFR approach and
departure controllers. Due to congestion on this fregquency, the alternate
common civil channel of 122.7 Mc (recelvimg only) wes edded during the evalu-
ation period at the VFR rader advisory departure position. Addition of this
frequency helped conslderably in relleving the congestion on 122,5 Me.

One probable reason why participastion in the VFR reder edvisory
Bervice program wes not greater ls that some of the smaller e¢ivil sircraft
were not equipped to use the dascrete VHF channels. Some pilots of this type
aircraft may have belleved that it was necessary to use the discrete channels
to obtain the service and, not having the frequency in the aircraft, did not
request the service. It was common practice for the local contreoller to advisze
alrcraft departing VFR to "change to 121.1 Me for VFR rader advisory."

A record was maintained of the commmnicaetions ectivity for each VFR
radar advisory position. The recording devices asutcemastically recorded, for
each frequency, the number of ftimes a transmission was made by a VFR radar
advisory controller, elapsed time on the alr, length of time per transmissiom,
and number of times on the air during a given period. Both controller and
Pilot transmissiens were recorded on a tape voice recorder.

Evalustion of commmications data indicates that during pesk hours,
chenmel loading {time in use) reached as high as 46 per cent for one VFR ad-
vieory controller. However, volce recordings indicsted that a large amount
of guperflucus conversation of an explanatory neture occurred between control-
lers and pilots. This affected sericusly the value of the communications
loading data. The requared smount of commnications, with proper phraseologies
and stresmlined operating procedures, would be mmch less then is indicated.

Altitude Informetion.

During the evaluation period, meny pilots requested sltitude
informstion om the traffic issued to them. OCther than being able to issue
altitude information on aircraft that were under comtrol of an IFR function
in the tower, and this only after coordination with the respective controller,
none could be gliven.

A discussion with Gilfillan Compsny representetives indicated thet
they might be willing to lend a Quadradar to the FAA for & short peried, to
evaluate its effectlveness for obtalning relatlive altitude reletlionships
between eircraft. The hplght-finder portion of this equipment could be used
to obtain sltitude datas on tergets in & emall sector by slewing the antenna
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to the azimuth desired. It would be necessary to set up the displays and
controls in the IFR room for the test, since bright display equipment would
not be available. Use of this equipment, or cther rader helght finders,

or use of the radar beacon system for obtaining helght informetion, requires
evaluation to determine feasibility and comtroller workload.

PRCJECTION OF FINDINGS TO HIGHER DENSITY AREAS

Although 1t 1s not possible to forecast VFR advisory activity In
other areas completely on the basis of the Indiangpolis data, some trends
were observed at Indienaspolis. With these, an sttempt has been made to
predlet whet might happen in other areas snd with higher traffic densities.

At Indismapolis, it was found that:

1. The average number of conflicting alrcraft targets per advised
alrcraft was approximetely equal to one-tenth the number of aircraft tar-
gets on the scope. The actusl number of conflicting sireraft about which
a pilot was advised was subject to the laws of probability, since 1t de-
pended on random factors such as the distribution of the targets on the
scope. Figure 8 shows the probsbility of being advised of at least one
conflicting aircraft target for several scope densitiles.

2. The average number of aircraft using the advisory service
slmlteneously. also was equal to about one-tenth of the number of alir-
¢raft on the scope. Random factors were present in this case, too. The
Probabllity of one or more saircraft usling the service at the same time
versus scope denslty is shown in Fig. 10,

In projecting these data, the items of primary interest as far
as controller workload is concermed, are the number of conflicting aireraft
and advisorles issusd per unit of time and the number of flights using the
advisory service similtaneously. As far as the pilot is concerned, the
number of conflicting aircraft pointed ocut to him during his flight through
the advisory areas is important.

Conflicting Aircraft Reported end Advisoriez Issued.

In order to predict the average number of conflicting aircraft
in a given srea, per unit of time, data should be obtained on scope densi-
tles, snd an estimate should be made of the puwber of aireraft which would
participate in the advisory service. Figure 11 then can be used to esti-
mate the number of conflicting aireraft targets which wlll be reported per
hour besed upon ,the assumption that the average number of {argets reported
will be 0.10 times the number of targets on the scope. The graph 1s entered
by choosing the estimated number of alreraft perticipating in the advisory
service per hour, golng up to the average scope density and then over to
find the number of conflicting slreraft targets reported per hour. TFor
instence, with 20 alreraft using the sdvisory service per hour and en aver-
age scope density of 30 aircraft, the VFR controllers will report an aversge
of 60 conflicting aircraft targets per hour. Because of rendcmness of the



13

traffic, during peek periods of a few minutes' duretion, the rate at which
targets are reported easily may exceed double the average.

In addition, at Indianaspolis an average of 1.7 advisories were
issued per conflicting alrcraft target, in other words, on the average,
almost two advisorles were iszsued for each eireraft that sppeared to be in
conflict. This figure can be used to convert targets reported per hour to
advisories issued per hour. In the above example, about 102 advisories would
have been given to the 20 aircraft regarding the 60 conflicting aircraft
targets during the hourly period.

Simttanecus Use of the Service.

In the prediction of the number of aircraft using the VFR service
simmlteneously in other areas, the 1:10 retic of airereft using the VFR ad-
visory service to total amarersft observed on the radar scope was used. A
rendom distribution sbout the aversge number of advisery alrcraft wvas assumed.
Figure 12 shows the estimated average number of aireraft using VFR service
for scope densities up to 70 aireraft. In sddition, two other curves show
the number of aircraft which will be using the service during pesk periods.
In one, during 5 per cent of the time, the number of sdvisory alrcraft will
be equal to or greater than the number shown. In the second, corresponding
values for 1 per cent of the time are given.

The predictions for targets reported snd for VFR alrcraft using the
edvisory service are for total activity. If the service 1s shared by an
arrival and departure contrcller, the averasge actlvity per controller will be
one-half that shown by the cuxrves.

Targets Per Adrcraft.

The average and peak number of targets which a2 pilot would expect
to Pe advised of for scope densities up to TO alreraft will follow the same
curves shown in Fig. 12 since, as previously pointed out, a 1:10 ratio exists
in both ceases.

Caution in Use of Predicticns.

An Intelligent projection of the Indianspolis date will require a
thorough study of local problems. For instance, at ome airport a large per-
centage of the traffic may Zo in only one of two dlrections. This would result
in a higher VFR advisory workload than indicated by the sccope density. It
also 1s reasonable to assume thet when an aireraft flies through a cluster of
targets it will be impossible to issue individusl advisories. In addition,
the problem of identifying VFR advisory aireraft in high-density areas has not
been discussed. In some cases it will impossible to identlfy en aircraft
wlthout vectoring and,at the same time, it may be edvizable to vector the
alireraft because of the proximity of other targets.

CORCLUSIORS

The following conclusions were reached on the basls of the tests of
the VFR reder edvisory service provided hy the Indianspolis tower.
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Staffing.

1, One arrival and one departure controller were able to provide the
VFR radsar traffic advisory service adeguately to meet the traffic loed re-
reguirements of the Indisnepolis, Ind., terminal area. It 1s believed that
cne controller could have provided this service most of the time.

2. During pesk VFR treffic volume, in good VFR weether when the IFR
traffic load is laght, it is believed the IFR approach ccntroller end IFR
departure controller can be used to supplement the VFR advisory controller.

Displeys.

1. Scan-conversion equipment is suitable for producing daylight viewlng
radar scopes in the control tower cab provided that a light trap, or other
device to reduce or eliminate reflectione from the implosion shield and
face of the CRT, is used. The bright displey in the IFR room needs no re-
fleetlion reducing devices, since the comparatively low ambient l1ight in this
enviromment 1s not suffilelent to cause troublegome reflections from the
imploseion shield or CRT.

2. A video map, Ilncluding some geogrephical fixes apd a minimum of
redlo fixes, is desirable. Use of the AN/UPA-30 videc mspper on the input
s8lde of the scan-conversion equipment is satlsfactory.

Pilot Perticipetion.

1. In the Indienapolis tests, the meximum number of VFR aireraft
uping the VFR radar advisory service simulianeously was six, with the mex-
imum under arrivel advisory et any one time being five, snd the maxlimum
under departure advisory at any one time being four.

2. Bampling techniques indicated approximately 94 per cemt of all VFR
alr carrier flights used the service, with 52 per cent of the VFR non-eir
carrier end 31 per cent of the VFR milltary flighte participating.

Effectiveneas of Advisories.

l. Fourteen per cent of the conflicting traffic targets were reported
in sight after the first advisory, and 8 per cent were reported in sight
after more then one advisory was 1lssued.

2. Beventy-eight per cent of the traffic targets never were sighted.
Theae nonsightings probably were due to aircraft being et widely separated
altitudes end in some ceses, to reduced visibllity conditions so thet traffiec
targets never csme withln visual range of the advised pllot.

3. The eversge dlstance at which traffic targets were sighted was
2.5 miles.

Pilot Comments.

l. The majorlity of pilots who used the VFR edvisory service and
edvised thelr opinions of it considered 1t %o be a contribution to safety of
Tflight and a desirable service to have avelleble at all sirports.
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2. Most pilots prefer that the VFR advlisory service be provided on an
area basis rather than restricting it to corridors. However, as evlidenced
in their remarks, they are willing to accept certaln restrictions, such as
use of corridors or radar-vectoring, if conditions of merginal weather or
heavy traffic warrant.

3. Almost all pilots stated that there is a definite need for receiving
altitude information with traffic advisories,

Controller Opinions.

1. Ccntrollers agree that specific routes for inbound and outbound
traffic reduce the number of fast closures end thereby provide more time for
controller action. They believe that the VFR raedar advisory service should
be provided on an area basis within 25 or 30 miles of the alrport.

2. Most controllers believe that they could furnish VFR rader advisory
gervice simultaneously to 5 to 12 aircraft, depending on target grouping on
the displey.

Commmunications.

l. The discrete VHF and UHF chennels for arrivels and depsrtures using
the VFR radar advisory service were supplemented by the commen c¢ivil fre-
gquencies of 122.5 Mc and 122.7 Mc, ground-to-air. These channels provided
adeguate service, although 122.5 Mc was shared with the tower controller'.

RECOMMENDATIONS

l. OCther configurations of controllers and displays should be
evaluated in other areas to determine optimum errengements of persomnel and
equipment. In particular, evaluastion of horizontal plotting displays in
high-dengity areaes ghould be msde.

2. An evaluation of the use of height-finder radars or beacons, to
determine altitude relationship between aircraft, should be sccomplished.

3. An evaluation of VFR radar traffic sdvisory service 1ln en route
areas covered by rader should be considered.



APPENDIX I

U, S. DEPARTMENT OF COMMERCE
Civil Aeronautics Administration

NOTAM

Test Evaluation of
VFR Arrival and Deperture Radar Treffic Advisory Service
In Indianapolls, Indiana, Terminal Ares

Beginning on or gbout June 23, 1958, at 0601 GMT, and until
further advised, the CAA will conduct an evaluation of VFR srrival and
departure radar traffiec edvisory service in the Indianaspolis, Indiens,
Terminal Area. Pilot pertlcipetion is urged, but is not mandatory.

VEFR RADAR TRAFFIC ADVISCORY AREA

The Redar Traffic Advlsory Area shall be that encompassed by a line
connecting the following points: Lebanon, Ind., Noblesville, Ind.,
Greenfield, Ind., Shelbyville, Ind., Franklin, Ind., Martinsville, Ind.,
Putnemville, Ind., end back to Lebanon, Ind. fstarting point). (SEE CHART)

Pilots of alrcraft without radio, es well es those unable to contact
VFR Arrival or Departure Advisory on essigned frequency, are nevertheless
urged to conform to routing vie designated VFR arrivel end departure sectors.

VFR _ARRIVAL AND DEPARTURE SECTCRS

Arrivel Sectors

Pilots destined for any airport within the VFR Advaisory Area are urged
to enter the area wvia one of the following designated sectors

Northeast Sector

The area within a line connecting Noblesville and Greenfield,
thence west to the White River, thence to Noblesville. Pilots
should remain north of US Highway 40/Penmsylvenia Railroad and
east of the White River.

Southeest Sector

The area within a line connecting Shelbyville and Franklin, thehce
north to the White River, thence to Shelbyville. Pilots should
remain west of the New York Central Rallroad and east of the
Pennsylvania Raillroad.
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Southwest Sector

The area within a line connecting Martinsville and Putnamville,
thence northeast to the Weir-Cook airport traffic control zone,
thence east to the White River, thence to Martinsville. Pllois
should remsin west of the White River and south of US Highway LO.

Northwest Sector

The aree within a line connecting Groveland, Lebsncn, Clermont,
Avon, thence to Groveland. Pillots should remsin north of US
Highway 36 and south of the New York Central Reilroed.

Deperture Sectors

Pllote departing eny alrport within the VFR Advisory Ares are urged to
utilize the following designeted deperture sectors most nearly eligned
with their destination.

North Sector

The aree within a line connectling Clerment east to the White River,
thence to Noblesville, thence west to Lebanon, thence to Clermont.
Filots should remein eest of the New York Central Rallroad and
west of the White River.

Esat Sector

The area within a line comnecting Greenville and Shelbyville,
thence northwest to the White River, thence to Greenfield. Pilots
should remain south of US Highwey 40/Pennsylvania Railrovad and
north of the New York Central Railroad.

South Sector

The area within a line connecting Fraenklin end Martinsville, thence
north slong the White River to the Pennsylvania Reilroad, thence
south to Franklin. Pilots should remain west of the Penneylvania
Railroad snd east of the White River.

West Sector

The area within a line connecting Putnamville, Groveland, Avon, end
Plainfield, thence to Putnamville. Pilots should remain south of
US Highway 36 and north of US Highway L40.

PROCEDURES

The followlng procedures should be adhered to by pllots of all
eircraft heving proper radio equipment en route to snd departing from
Indiangpolis Munieipael and all other ailrports withlin the advisory area.
(See attached chart)



NOTAM 3
l. Arrivals
a. Genersl

Inbound VFR flights should contact Indianspolis VFR Arriwval
Advisory on either 118.5 or 290.3 mes. when entering the
edvisory area. When practicable, pilots should follow the
appropriate VFR arrival sector as indicated on attached

chart and meintain listening watch on VFR Arrival Adviscory
frequency until further advised., If destinetion 1s other than
Indienapolis Alrport, so asdvise VFR Arrival Advisory.

b. Aireraft Landing Indianapolis (Weir-Cook)

(Weir-Cook) Indisnepolis VFR Arrival Advisory will issue
landing information (runwsy, wind, ete.) and radar traffic
advisory information. A% the appropriate time pilots will be
advised to contect Indianspolis Tower on 119.9 or 257.8 mes.
and thereafter radar traffic information will be discontinued.
Should runwey in use, as specified by VFR Arrival Advisory not
be acceptable, pilots should reguest specific runway desired
on initial report to Indianspolis Tower.

¢. Aireraft Landing Other Alrports

Pilots should advise VFR Arrival Advisory of destination
airport on initisl contect and maintein a listening watch

on the arrival frequency until further advised or until the
Pilot reguests that the service be discontinued. When
Practicable, pilots should proceed to the traffic pattern

of the other ailrports via the designated VFR arrival sectors.

2. Departures
a. Genersal

Departing VFR flights should contact Indienspolis VFR Departure
Advisory on 121.1 or 284. 6 mes. When practicable, pilots should
depart the redar advisory area via the designated VFR departure
sector most nearly aligned with their destination. Pillots

should maintain listening watch on VFR Departure Adviscry
frequency until cleared to leave the frequency or until beyond
the limlts of the radar sdvisory area.

b. Aircreft Deperting Indianspolis (Weir-Cook)
Pilots vwho desire VFR Raeder Advisory service should sco advise

the tower prior to take-off. Following take=-off, such pilots
will be advised when to contact VFR Deperture Advisory.
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c. Aircraft Departing Other Airports

Pilots vho desire VFR Radar Advisory service should contact
VFR Deperture Advisory after take-off and advlse point of
departure and destination. When practicable, pilots should
proceed to the limits of the VFR radar advisory area via

the deesignated VFR departure sector most nearly aligned with
the point of destination.

THE SERVICE DESCRIBED HEREIN IS NOT INTENDED TC RELIEVE THE PILOT
OF HIS RESPONSIBILITY FOR CONTINUAL VIGILANCE TO SEE AND AVOID OTHER AIR-
CRAFT. IT IS PROVIDED TC AID HIM IN HIS VISUAL SURVEILLANCE BY CALLING TO
HIS ATTENTION A SPECIFIC DIRECTION IN WHICH RADAR INDICATES POSSIBLE CON-
FLICTING TRAFFIC TO EXIST. PILOTS ARE REMINDED THAT THE SURVEILLANCE RADAR
UTILIZED BY THE CONTROLLER DOES NOT PROVIDE ALTITUDE INFORMATION.

PILOTS' COMMENTS AND RECOMMENDATIONS ARE SOLICITED AND SHOULD BE
FORWARDED TO:

CAA Technical Development Center, TD-367
P. 0. Box 5767
Indianapolis 44, Indiene

FRANKED, SELF-ADDRESSED POST CARDS FOR THIS PURPOSE ARE
AVATLABLE AT FLIGHT OFFICES AND CAA FACILITIES WITHIN A
200 MILE RADIUS OF INDIANAPOLIS.



Lebanon

Greenfield
‘ Sky Harbor \u
CleTogt Uus 40
Groveland Us 36 Speedway PRR

) Marhnsville

INDIANAPOLIS VFR ARRIVAL AND DEPARTURE RADAR ADVISORY AREA

When practicable, pilots are urged to conform to routing

via designated VFR sectors and perimeter visual reporting
points

""Indianapolis VFR Arrival Advisory' transmaits and guards
118 5 and 290 3 Mc , guards 122 5 Mc

"Indianapolis VFR Departure Advisory'' transmits and guards
121 1 and 28B4 6 Mc guards 122 5 Mc



APPENDIX II

U. 5. DEPARTMENT OF COMMERCE
CIVIL AERONAUTICS ADMINISTRATION

CAA VFR RADAR ADVISORY SERVICE

ARRIVAL DEPARTURE
Transmits and Guerds 118.5 & 290.3 me 1211 & 284.6 me
Guards 122.5 me 122.5 ma

The CAA VFR Arrival and Deperture Redar Traffie Advisory Service provides
a warning service to pilots in the Indlanapolis Terminel area. Pilot
participation 1s urged, but 1s not mendatory.

THIS SERVICE IS NOT INTERNDED TO RELIEVE THE PILOT OF HIS RESPONSIBILITY FOR
CONTINUAL VIGILANCE TO SEE AND AVOID OTHER AIRCRAFT. IT IS PROVIDED TO AID
IO0U IN YOUR VISUAL SURVEILLANCE BY CALLING TO YOUR ATTENTION A SPECIFIC
DIRECTION IN WHICH RADAR INDICATES POSSIBLE CONFLICTING TRAFFIC TO EXIST.
PILOTS ARE REMINDED THAT THE SURVEILLANCE RADAR UTILIZED BY THE CONTROLLER
DOES NOT PROVIDE ALTITUDE INFORMATION.

YOU CAN

USE the VFR Radar Advisory Service and help to evaluate the Service.
Then ¢ complete this form, fold, fasten and maiﬂ 1t. (No postage is required. )

CAA Technical Development Center, TD-367
P. 0. Box 5767
Indienapolis 44, Indiens

Budget Bureeu No. 41-5843.1
Approval Expires Jam. 31, 1959



Percentages shown are for 50 questicmnaires returned.
The total flight time I have logged is about hours.

Meximum: 18,000 bours Minimum: 88 hours 50% of pilots had more than
2050 hours.

I used the VFR Redar Advisory Service for: (CIRCLE sppropriste words)

(Arrivel) (Departure) (Overflight) (Local Area)
h1p 39% 6% 14%

The flight on which I used the VFR Radar Advisory Service was: (CIRCLE ONE)

(Personal or Pleasure) (Business) (Military) (Air Carrier)
25% 53% 0% 2%

How meny alreraft did the Adviscory Service Operator bring to your
ettentlion?

(CIRCLE one) (None) (One) (Two) (Three) (Four) (Five or more)
2% 2% 15% 23% 17% 1%

How meny of the aireraft hed you already seen before he mentioned them?

(CIRCLE one) (None) (One) (Two) (Three) (Four) (Five or more)
hog 299  25% L% --- ---

How marmy of the aircraft that the cperator advised you of did you fail
to find even after you lcoked for them?

(CIRCIE one) (None) (One) (Two) (Three) (Four) (Five or more)
22 by 22% 5% 2% 5%

The primary uses I made (or would make) of the VFR Radar Advisory Service
are: (LIST in order of importance)

For traffic information while flying the area, 49%; during srrivsl snd
deperture, 19%. For treffic information during marginel westher con-
ditions while flying in the area, 15%; during errival snd departure, 5%.
As a na;igational aid during marginsl weather, 10%; for vectoring when
lost, 2%.

If you are advised of traffic, which would you rather have the Advisory
Service Operator do? (CIRCLE appropriate letter)

(a) Tell you specific headings to fly so that you would be kept clear
of others. 34%
Alr Cerrier: 56% Business: 29% Personel or Pleasure: 29%



(b) Tell you where the other aircraft are smd let you figure out vhat
to do. 66%
Mr Carrier- 44%% Business: T71% Personal or Pleasure: T71%

@. If I am on a VFR flight within the Advisory Area, I should be:
(CIRCLE ell that apply)

(2) permitted to go by (b) required to follow (e) kept separste
any route I want. 47% e specific route, 17% from the IFR
routes. 19%

(4) oOther (descrive) 17% (see text)

10. I would prefer to have Radar Advisory Service provided on an: (CIRCLE one)

(a) AREA basis (called for snywhere (b) CORRIDOR basis (called for
within a 30 mile radius.) 92% only within specific
corridors.)
{¢) Other (describe) 2%

DO NOT SKIP ANY OF THE FOLLOWING ITEMS

These items and statements should be completed onr the basis of your own
experiences, oplnicns and bellefs.

A. There is (CHECK one) ( ) very great ( ) moderate { ) littie ( ) mo

67% 33% - --
need for VFR Radar Advisory Service at husy slrports.

B. The primary contributions of the VFR Rader Advisory Service to air thraffic
safety are; (LIST in order of importance)
Three primary categories:
1. Avoid collision: 83%
2. Redar navigetion during maerginal weather; 11%
3. Get weamther information: 6%

C. The following improvements in the VFR Radar Advisory Service are needed:;
(1LIST in order of importance)

1. Provide altitude information: 57% k4. As a rader navigation aid: 5%
2. Provide better comminicetions: 20% 5. Provide service on erea

besis: 5%
3. Universal spplication of the 6. Provide vector from
gservice: T% traffic: 3%

7. HNo improvement: 3%
D. Other pertinent Remarks: The following are typicel comments:
I think this edditionsl service is very good particularly in high density

terminal aress where there is slsc a goed deal of light eircraft
activity.”



"I do not use the advisory system. I believe a great deal can be
observed by watching close and also a listening watch 1s helpful...”

"This service has great possibilities if it can be alcng the lines of
information rather than control.”

"I hope it is continued."

"I am very much in favor of this service... how much planes I haven't
geen or wouldn't have seen unless edvised."

"Wonderful!"

"I don't believe 1t practical..let's not teke all the pleasure out of
Pleasure flying by being too restrictive.”

"ee.It is my personel feeling that more control is needed in the
viecinity of busy airports.”

"A very welcome serviece sppreciated by all taxpayers who fly."



MATLIRG INSTRUCTIONS

(1). Holding the sheet just as yeu are now, fold the pages under along the
two dotted lines. This witll leave the address exposed.

(2). Hske sure the eddress 1s on the outside, Then festen with steple or
gticker.

(3). Drop in sny mail box, No postage required.
(%). Thank you for your asslstence.
Fold Along This Line
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OFFICIAL BUSINESS

CAA TECHNICAL DEVELOPMENT CENTER, TD-367
P. 0. Box 5767
Indienspolis 44, Indisnsa

Fold Along This L:I.r;G

----------- - e o W o R W O w4 e P Em o g e m W = B m



’ . e e e g o !
w M | o T
o wmmr s SLIDING HOODE
- ’ ’ %w#wﬁwwwm iy
v * u‘ ' ’ ) o gﬁf*ﬁ )
™ )
a
[ R
e e e i e b H
g
B e A W B A e ¥
e L T
o A HeowE W W W W
W e w o e o W
m e e B w &
. wwwww'ﬁwmw%m#i
B E i e e e v e B A
o w e W ow w o ow R o g T oot
P it )
K o 6 G A
- W e T
- S o w a d FE T
h R o PR W
e s PR
Pamg = Tl L e "
w&gﬁz’?*&*.’*’*ﬁ’ - - PSP Y W N A -«»&w:» &‘xi
Ll - - s P o ) e
i P . g e ow mo e
e IR e -
o Ew drow me e o B oM ome ¥ m F o = ~
e o o P itiii; - PR
oy o w m F . & . -
z e -
- P - - =
2 = * w e e B
Tew L ' gww%
A
) L L & "

FIG 1 THE 21-INCH TV MONITOR AT THE DEPARTURE CONTROL POSITION
IN INDIANAPOLIS TOWER CAB, WITH SLIDING-HOQCD LIGHT CONTROL
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FIG 2 THE 21-INCH TV MONITOR AT 1HLE DEPARTURE CONTROL POSITION
IN INDIANAPOLIS TOWER CAB U5ED DURING VFR ADVISORY SERVICE
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FIG 3 THE 21-INCH TV MONITOR AT THE ARRIVAL CONTROL POSITION
IN INDIANAPOLIS TOWER IFR ROOM USED DURING YFR ADVISORY SERVICE
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FIG 5 THE 22-INCH HORIZONTAL PLOTTING DISPLAY IN INDIANAPOLIS TOWER
IFR ROOM USED DURING THE VFR ADVISORY SERVICE TEST



FIG 6 MODIFIED VIDEO MAP USED FOR VFR RADAR ADVISORY SERVICE
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PROBABILITY OF BEING ADVISED OF AT LEAST ONE TARGET (PERCENTAGE)
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