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AN OPERATIONAL EVALUATION OF RADAR DISPLAYS
UTTILIZING SCAN-CONVERSION EQUIPMENT

SUMMARY

In seerching for improved displays of reder information, five
configurations were tested at the FAA Technical Development Center and the
Indianapolis Alr Route Traffic Control Center. Flight following and tracking
constituted the bulk of the testing, however, actusl control of IFR flights
was conducted for approximstely four months. The FPS-8 rader informetion was
converted to television by the TI-B40 French scan-conversion equlpment and
then fed to the different displays described by this report. These wvere.

1. TV monitors using 17-, 21-, and 27-inch (diagonal .measurement}
rectangular tubes.

2. A 22-inch, round, flat-face tube mounted horizentally in line with
Type A-3 rlight progress boards.

3. A 22-inch, round, flat-face tube mounted horizontally in an "island”
arrangement.

4. A SPANRAD unit in the Air Route Traffic Control Center for local
tracking.

5. A SPANRAD vmit in the Technicel Development Airways Operations
Evaluation Center with a TV monitor in the Air Route Traffle Control
Center for remote tracking.

At the end of these tests, it was concluded that the 22-inch,
flat-face horizontel plotting display wes favored over the SPANRAD, the TV
monitors (elther 17- or 21-inch si1ze) mounted verticelly in the flight pro-
gress boards. Also, an in-line arrangement of radar displays and flight
Progress hoards is preferred to the islend-type installation.

INTRODUCTION

The instsllation of radar in Air Boute Traffic Contrel (ARTC)
Centers introduced a problem of displaying the radar in the hagh ambient 1light
required in reading and writing flight progress strips. A1l PPI =nd VG-1
displays required a drastic reduction of light levels in the control gquarters.
The problem of displaying radar information has been studied for several years
at the Technical Development Center (TDC) at Indienapolis. This report des-
eribes the results of one year's testing of five different configurations of
radar displays using the Indianapolils medium-range FPS-8 radar and a TI-440
scan-conversion equlpment. The output of this equipment 1s & television piec-
ture which can be displayed under relatively high ambient light conditions on
any standard TV monitor. The equipment tested included three different size
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monitors, two different configurations of superimposed panoramlc radar
displeys (SPANRAD), end two arrangements of a 22-inch flat-face TV tube
displey. The 22-1nech flat-face conflguretion resulted in a display approxi-
mately the same size as the VG-l. A transparent implosion shleld placed
over the flat-fece tube to provide a2 working surface on which plestlc flight
identification markers could be used, simlilar to the VG-1 arrangement, also
was tested.

The coverage of the FPS-8 radar was spproved for sir treffic
control to e radius of 75 mlles from the site. This area encompassed all
of the Indienapolis sector and most of the area controlled by the Bunker
Hill and Terre Haute sectors of the Indisnapolls Alr Route Traffic Control
Center. See Fig. 1. Traffic in these sectors 1s divided between terminal
(landing and takeoff) and over-flights approximetely es follows:

Flight Operatlions

Area (Indisnapolis ARTC Center) Terminal Qver
(per cent) (per cent)
Indianapolis Sector 50 50
Bunker Hill Sector 32 68
Terre Haute Sector T 93

Actlive radar control of IFR traffic in these three sectors wes
conducted for four months on the test dlsplays described in this report.
Because of the high percentage of over-traffic, control problems included
crossing traffic, en route change of eltitude, es well as climbing and
descending terminel traffic Ilnterspersed with over-traffic.

Since the Indlenspolis ARTC Center controllers concerned with
these tests had been certified for redsar contreol, Just prior to these tests,
redar controllers from the Chlcego ARTC Center, McChord RAPCON, end Denver
Tower, who hed addlticnal radar experience, perticipated in the tests at
Indienapolis.

This report describes the several displey conflgurations tested,
the methods of o¢operation, and reflects the composite opinion of the experl-
enced radar controllers as well as Indianapolls controllers and TDC airweys
operetions speclallets who replied o a detailed gquestlonnailre.

EQUIFPMENT

The FPS-8 rader st Indlenapolis is a single-beem radar operating
in the L-band with an approved operetlonel range of approximately T5 miles.
The pulse width 1s 2 microseconds, the beamwidth is 2°, and the antenna
rotation was adjusted to 6 rpm.

The scan-conversion equipment used 1n these tests was manufactured
in Frence snd imported for distribution in this country by the Tatercontinental
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Electroniecs Corp. This equipment,l Model TI-W4O, transforms radar signals
1nto television signals by the use of a T™A-LO3X two-gun storage tube. A
writing gun impresses the radar information on an internal target in the form
of electrostetic charges, and a reading gun on ‘the other end of the tube con-
verts these charges 1nto television video slgnals. The decay of the written
information is controlleble and provides an adjustable memory of a few seconds
to several minutes. This persistence provides alrcraft treil informatlon on
the display. The hright television displey mekes the plcture usable under
high ambient light conditions. The TI-440 equipment operates on a 625-line
TV system. The horizontal resolution is in excess of 600 lines and the
vertical resolution is approximately 450 lines.

Four sizes of TV displsys were used during these tests, nemely,
2T7-inch, 22-inch, 21-inch, and 17-inch. All but the 22-inch were standard
CONRAC TV monitors, enclosed in metal cases. The 22-inch slze used e special
Rayland flat-face tube mounted so that the face was horizontal. This 22-inch
tube required speclal mounting and the consoles were fabricated at TDC. The
CONRAC monitors were mounted al several angles in the flight progress boards.
This included the 45° slant of the Type A-3 flight progress bays, a vertical
alignment, and a 15° ferward tilt. Flgure 2 illustrates the information flow
from the radsr to the various displays.

The superimposed penoramic radar display (SPANRAD) origineted at
the TDC. This equipment included, in addition to the TI-h4O scan-converter,
an RCA vidicon camera, Type TK-21B, The camera equipment was augmented by
video switches, RCA Type TS-5A, RCA vadicon remote control panel, Type
M126218, and RCA mixer-fader controls. A specisl console was built for the
SPANRAD which housed the monitor and supported the TV camera high enough
above a plotting table $o insure the proper scale factor. A 27-inch TV
monitor was used in the SPANRAD. The plotting tsble on both SPANRAD's was
painted & dull black to eliminste reflections and form 2 contresting back-
ground for alpha-numeric characters used on identification markers.

SPANRAD can be used only with high ambient light on the plotting
table. In order to obtain this high-intensity light, several different
lighting combinations were tested, among which were: (1) three 2-tube
fluorescent fixtures, each equapped with 20-watt tubes, (2) three 150-watt
1ncandescent bulbs placed near the level of the camera, and (3) two 150-watt
spotlights directed on the plotting table. In one cother application of the
150-watt spotlights, they were directed at the white acoustical tile ceilang
of the Center guarters to give a diffused indarect light. In addation, two
LbO-watt, 4-tube fixtures were placed one on either side and sbove the Plotting
table. This produced a total of 320 wabtts of fluorescent illumination.

J3i11iem E. Miller and William G. Covell, "Eveluation of the TI-4A0O
Picture Transformer Equapment and Notes on Televisipn-Type Air Traffie Control
Displays," Technical Development Report No. 388, March 1959.
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Several types of flight identification markers were tried on the
SPANRAD. Different colored papers and card stock with varlous colored
inks, chalks, crayons, palnts, and lead pencils were tested. High contrast
between the background and the merking medium generally produced best re-
sults; for example, black on white. However, white inks and crayons,
vhich were easy to write with, 41d not produce suffieclent contrast on any
colored peper to be considered useble, The helght, width, and speecing of
elphs-numeric characters were important factors from e readebllity stand-
point. The RCA vidicon cemera equipment used durlng these tests did not
resolve characters under 3/8-inch high satisfactarily. The line-bresdth
of charecters alsc affected the legibllity. Brosd nib pens, brushes, or
heavy-line crayons were necessary for reproduction but were difficult to
use. Commertlally manufactured letters of plastic and metal were trled.
The smallest size readable was 3/8-inch high with stroke 2 millimeters
wide (1/16-inch plus). These letters and numerals were 8 millimeters wide,
except the letter M, which was wlder, and the letters I end 1, which were
nerrower. Manufactured letters showed better on the SPANRAD displey but
were not easy to place on a marker. The small size made them very diffi-
cult to plck up wath the fingers. It did not appear that tweezers would
improve the handling, since the body of the letters wes rounded and
smooth.

Larger plastic characters did not add much to the leglibility but
did increase the over-ell size of the merker to such an extent that too
mmuch plotting area waes covered by the merker. Figure 3 illustrates the
scale and radar display area covered by the geversl markers tested on the
SFANRAD. The flat-face of the 22-inch horizontal display presented 20
inches of redar picture, which was e diameter of about 160 miles of radar
coverage. Hence, the scale was about the same as thet of the SPANRAD;
that 1s, 1 inch of marker covered 8 miles of radar coversge. This mey be
compared to the VG-1 which in the New York ARTC Center is scaled 8 statute
mlles per inch from sectlonal chaerts.

The Chicago ARTC Center uses two range scales of 80 and 100 mlles
on the VG-1 displays. Two sizes of plestic markers are used so that the
markers on both scales cover en aresa approximately 5 by 10 miles. Con-
trollers, 1n general, feel that a mserker shonld be as small as possible in
order to restrict the area blocked or covered on the display to an sbsolute
minimum. Most controllers, therefore, prefer the small, clear plestic
marker 1/2-inch by 1 1/k-inch, with grease pencil marking of identification.
In general, controllers believe that identification 1s sufficlent Informa-
tion on radar merkers. There were some, however, who believe that the
altitude information 1s importent, especially on constant altitude traffiec.

DISPLAY EVALUATIONS
Vertlcal TV Monitors.

Monitors depleting the TV picture of the scan-converted radar
information were tested in varicus sizes and in several locations on the
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A-3 flight progress boards for 14 weeks of actual control. At the Indienapolis
ARTC Center, radioc controls are mounted in turrets suspended from the celling
behind the D positions. In early tests, the TV monitors were mounted high in
the bulletin btoard area, with the radio operator doing the radar control. See
Fig. 4. The high location of the monitor was not satisfactory because the
operator was forced to look up all of the time, which plaeced him 1n an unnat-
ural position and which became very tiresome. Since no markers or memory re-
minders could be used on the vertical radar display, the amount of radjar
control was restricted to three or four aireraft, or even less when e vectoring
Problem was involved. Later, a Zl-inch TV monitor was placed in the flight
progress boaerd strip holder bay ares by removing a five-bay unit. This arrange-
ment, shown in Fig. 5, placed the display much nearer to the ccontroller and at
a level vhich was easy to view from a seated position in front of the flight
Progress board strlp holder beys.

While the 27-, 21-, and 1T7T-inch monitors were tested in the flaght
progress board locations, controllers generally agreed that the 27-inch dis-
Play was too laerge. Some controllers considered the 17-inch display suffi-
clently lerge, while others preferred the 21-inch size. Controllers were of
the opinion that the use of vertically mounted TV monitors in the flight pro-
gress boards at certain sectors, controlling little or no terminal traffic,
and where crossing and change of altitude problems cccurred, would be helpful.
As mentioned ebove, the radar operator handled the air/ground communications
and the flight progress strip controller used service F exclusively. All
Planning, and a high percentage of the total control of a sector, were accom-
Pilshed by the flight progress strip controller, with the radar controller
asslsting by handling air/ground communicetions and using radar to solve some
problems.

Advantages.
The adventages of vertiecal TV displays in the flight progress boards
were:

1. The displays were easily visible to both the radar and ANC
controllers.

2, Little or no reflection of light or images occurred.
3. Coordination between the two controllers of the sector was simplified.
L. Definition, resolution, trail, and brightness were very satisfactory.

5. The transition of the eye scanning from TV to flight progress board
was easy.

6. No light filter was required over the TV dasplay.

f- The required equipment was less than in a SPANR&D configuration.
8. No special lighting was required.
2

Flight progress strips could be read =nd marked by the radar
controller.



Disadvantages.
The disadvantages were:

1. No memory aids, such as ldentification markers, could be used.
2. Controller cepacity was limited to spproximately five aireraft.

22-Inch Horizontal Displey.

Two different applicetions of the 22-inch flat-face TV tube were
evaluated. In cne application, the 22-inch tube was mounted horizontsally
in a console that would fit in line with the Type A-3 flight progress boards
in a space occupléd normally by five flight progress bays. See Flg. 6. This
configurastion was used for actual control for gbout 10 weeks. During part
of the period, the console was pleced et the end of the south bank of the
flight progress boards in the ARTC Center sdjecent to the Terre Haute
sector. During another period, it was located between the Terre Haute and
Indisnapolis sectors in the south bank. In both instances, the console was
in line with the Type A-3 boerds so that the redar and the flight strip
controllers were tesmed, with the radar controller handling the air/ground
radio communications and the filight strip controller using service F ex-
clusively. At the location between the Terre Haute and Indienraspolls sectors,
the 22-1nch display could be used by two radar controllers, one who was
adjacent to the Terre Haute sector could control the Terre Haute traffie,
and the other, who was adJacent to the Indienapolls sector, could control
traffic in the Indienapolls sector. This display was 35 1/2 inches above
the floor, which is the level of the base of the flight progress board.

This arrangement permitted the radar controller to scan the flight progress
strip bays and slso enabled him to reach the flight progress boards for
strip merking, as the occasion required. Operationmelly, this configuration
compares closely to VG-1 operations.

Several different types of merkers were used, inecluding paper,
sections of nylon end eluminum strip holders, and small 1/2- By 1 1/k-inch
clear plaestic markers. The latter type was preferred, although the markings
had to be restricted to identification only. Most controllers feel that the
identification is sufflelent for such markers, sinece sltitude or route
information can be obtained by scenning the flight progress strips.

Two different PPI tubes were used, the P4 and P7 phosphors. The
P4 phosphor was preferred because of increased brightness. Brightness,
resolution, definition, and persistence all were consldered to be setis-
factory by the controllers. The implosion shield, which is e 1/4-inch
Plastic sheet over the face of the tube, tends to reflect some lmeges or
lights which are darectly above the tube. During the tests at the
Indianepolis ARTC Center, a strip of plywood was laid across the bulletin
board to the radio turrets to shede the implosion shield from direct light.
This arrangement eppesred to be setisfactory and no other reduction in
ambient light was necessary. Another approach to the reflection problem
would be to install a polarized Ffilter on top of the implosion shield. This
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method was tried on an earlier model of a 22-inch flat-face console and
tested at TDC with moderate success. Although the polarized filter reduced
the light output from the cathode-ray tube (CRT), 1t improved contrast.

Advantages.
Adventages of the f{lat-face, horizontal TV display were.

1. The displey cen be used in normsl rcoom lighting but some lighting
control 1s required.

2., The dasplay permits the use of ildentification markers.
3. The brightness and resolution of the display are very good.
k. This display can be operated in line with flight progress boards.

5. No filter 1s required. A polarized shield would help decrease
troublesome reflections.

6. There is no objectionable heat generated in the console.
T. Flight history 1s available fyom trail information.

Disedvantages.
Disadvantages of the flst-face, horizontal TV display were:

l. The implosion shield reflects some light and images.

2. Use of a grease pencil on small plastic markers limts information
that can be written to ldentity only.

3. The meximum usable size of the display is 20 inches in diameter.

4. The 22-inch, flat-face tube is a special one not in regular
production.

22-Inch Flat-Face Horizontel Island Display.

At the New York ARTC Center, a two-sided flight progress board is
arranged between two VG-1 radsr displays. Based on thls configurstion,
engineers of the O0fface of Alr Navigation Facilities in Washaington deslgned an
arrangement with a 22-inch horizontal TV displsy at each end of a two-sided
flight progress board. See Fig. 7. A prototype unit was constructed at TDC
and later was evaluated. This configuration, however, was not used for actual
traffle control due to e leck of space and a lack of trained personnel.

The island equipment is included in thie report because of the
interest shown by traffic contrcl persomnel who viewed the demonstrations
adn who tracked aircraft on the display. If the island arrangement were to
be uged in a Center, one or more radar contrcllers would man each 22-inch
display. Air/ground communications equipment would be awvailable to the opera-
tors of the radar positions. The flight progress strip controllers would sit,
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one on either side of the center section, manning a D poslitlon. Hence, a

pairing of controllera, that is, one radar controller and ome flight pro-

gress board controller, would be used gt any one sector. One island would
accomnodate two sectors because 1t has two dlsplays.

The island configuration could be employed et the high-altitude
sectors. An island arrangement planned for the Indianapolis Center 1s to
be used for two-sector high-aliitude operation. Two possible methods of
operation are visuslized. One will be to group all of the high-altitude
fix postings on one side of the center section, with the radar displeys
depleting information from both the London and Indianaspolls long-range
radars, one on each displsy. Controller arrangement would be to use two
flight progress strip controllers and one or more rader controllers at each
radar dasplay. The reasoning behind this plan is that extensive coordination
1s necessary, and the high-speed sircraft meke it mandatory that all postings
be in elose proximity for rapid coordination. A second proposed method of
operation is to place & flight progress strip controller on each side of
the center gection of the island. These controllers each would control one-
half of the Indianapolis Center’s high-altitude ares, with the assistance
of a radar controller at the TV displays end the seme radar information as
in the method described above. Coordination then would be conducted over
the boerd by intercommunicaetion. In both methods, the radar controllers
would accomplish most, if not all, of the eir/ground commmunications.

Advantages.
The advantages of the island arrangement were:

l. Three or more radar controllers could operate around each end of
the 1sland display.

2. Normel emblent room iighting could be used.

3. The dlsplay permitted the use of identificatlion markers.

4, No camera chain equipment was required as with SPANRAD.

5. No excessive heat was generated Dy the equipment ag with the VG-1.

6. The redar controllers could operate from s seated position,
provided the seats were spproximately 24 inches above the floor.

Disadvantages.
The disedventages of the island arrangement were:

1. The islend arrangement did not lend itself to simplified
coordination between other sectors of the Center.

2. The reflection of light from the implosion shield was more severe
than with ©ther installstion methods.

3. A 20-inch display waes the maxipum slze availagble.
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SPANRAD (Local or Proximity Tracking).

A SPANRAD unit was installed at the Indianapolis ARTC Center 1n the
south bank of the Type A-3 flight progress boards between the Indianapolis
and Terre Haute sectors. The plotting board and 21-inch monitor occupied the
space of five flight progress bays, or U4l 3/h inches. The camera boom was
mounted on the bulletain board so that the coverage of the lens Just missed
the front side of the board, See Fig. 8. Operstors seated in front of the
monitor could reach the flight progress board for marking as well as for
reading date posted on the flight strips. In this confaguration, two con-
trollers were able to sit in front of the SPANRAD and act as radar controllers
for two sectors, and since they were located adjacent to the flight progress
board controllers, coordinetion was resdily accomplished. Ancther advantage
of SPANRAD wes thet the radsr controller could reed datas from the flight pro-
gress board strips, which permitted him to scan the board and pilck out poten-
tial traffic conflietions. In all tests using this SPANRAD, the radar
operator normally carried on the radio communicatlions for the sector he was
covering. The identification markers were prepared normally by the con-
troller for only those aireraft which wouwld be controlléed by rader. The
SPANRAD at the Center was used for approximately 5 weeks for actusl control
of IFR flights in the Indisnepolis and Terre Heute sectors. In general, the
contrellers did their own tracking but felt that, with an assistant tracker
adjacent to the controller, the number of aircraft which could be controlled
would be inereased by spproximately 50 per cent. Opinion varied as to the
number of alreraft a controller could track without assistance. The average
was eight.

Advantages.
The advantages of the local-tracking SPANRAD were:

1. It could be operated in high embient light.

2. Identification markers could be used.

3. Operators could either stend or be comfortebly seated,

h. Markers could be of various sizes. Large markings were required for
the camera to photograph, or small merkers could be used if read
directly by the operator.

5. Negative or positive marker polarity was a controller choice.

6. SPANRAD could be used "in line" or as an "island" installation.

T- The scan-converted picture was bright, had excellent contrast, good
resolution and asdjustable trails.

Disadvantages.

The disadvantages of the local-tracking SPANRAD were:
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1. Markers large enough to carry the 3/8-1nch plastic lettera covered
too much area on the 80-mile-radius display. Ink or crayon marking
had to be larger than normal writing or printing.

2, The addaition of a TV camera, with 1ts assoclated equipment,
decreased the reliabllity of the display.

3. The lmplosicn shield reflected some light and images.

SPANRAD (Remote Tracking).

The SPANRAD unit discussed i1n this sectlon was lnstalled in the
Adirways Operstions Evaluation Center (AOEC) gquarters, which are adjscent
to the Indiasnapolis ARTC Center operating room. See Fig. 9. In addition,
2 21-inch TV monitor wes mounted vertically in the Type A-3 flight progress
board line-up between the Indlanepolis and Bunker Hill sectors in the ARTC
Center. See Fig. 10. This arrangement provided both the controller in the
ARTC Center and the tracker in the AOEC with the same plctorlal information.

The controller in the ARTC Center was in dlrect commmication
vith beth the aircraft in flight by radioc and the tracker in the AOEC by
intercopmmication line. A switch located on the radlo control turret
permitted the controller to communlcate wilth the tracker by switching his
microphone from the redio to intercommunicetion onmly. This swltch did not
cut off the radio recelver from the controller's heedset. A loudspeaker
near the tracker's position permitted the tracker to listen to the pllot's
transmission while monitoring the controllier's transmissions with his heéd-
set. A second loudspeaker was installed on one of the Tower-Center inter-
phone lines which gave the tracker Information on departures from Indienepolis
at the same time the Center received them.

The methed of operation veried somewhat, but in general, the
controller in the Center gave the tracker only the informstion (identifi-
eation, altitude, alrway, and where entry onto the radar display could be
expected) on the flights which he wanted tracked. This operation worked in
the following manner: When the controller hed jidentified the video target
as belng the desired alreraft, the tracker was advised via Intercommunication
to place an ldentification merker on the target. This also could be accom-
plished by the tracker at times without prompting. The iracker wes then
responsible for moving the marker along with the moving vildeo. Fmetors
which caused the tracker to lose identificetion were: (1).congested traf-
fic areas, (2) alrcraft passing through the "nugatory cone™* over the radar
antenna, or (3) sireraft were lost in precipitation clutter. Whenever air-
craft ldentity was lost, 1t was necessary for the controller to establish
radar coantact, et which time the tracker agaln began the flight-following
process. It appeared that a tracker could keep 8 to 15 markers current,
depending on the adverse clreumstances listed asbove.

¥ Fugatory cone: +the area #above the redar antenns that 1s not
scanned.. i
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More targets could be followed 1f this were the only activity of
the tracker. A procedure was tried, using a second intercommunication channel
and two addational operstors. In this procedure, flight information on all
IFR flights was passed from an operator in the ARTC Center to a second opera-
tor in the AQOEC. The operator in the AOEC prepared the markers for the
tracker, thereby relieving him of this duty. The slze and number of markers
congested the dlspley end confused the controller.

Advanteages.
The advantages of the remote-tracking SPANRAD were:

1. A bright, easy-to-read display was available et both the ARTC and
AOEC conagoles.

2. Some personnel could be removed from the"ARTC to a remote location.

3. There was a division of tracking workloed among more personnel
(remote tracking only).

4. Identification merkers could be used.
5. Derkening of the control quarters was not necesseary.
6. Operators could be seated comfortably st the displays.

T. The arrangement could be operated either 1n line with flight progress
boards or 1n an i1slsand arrangement.

8. The scen-conversion equipment geve flight history by trails.

Disedvanteges.
The disedvaentages of the remote-tracking SPANRAD were:

l. The alpha-numeric characters had to be at least 3/8-inch or larger
to be readable on the radar display.

2., Additional light on the plotting board was required in order to
produce b Bright cemera picture.

3. More electronic equipment was needed, thereby increasing the cost
and also lowering the reliebility.

4. Some light and images were reflected by the implosion shield.

5. Coordinetion between the econtroller and his tracker imposed a
considerable workload.

CONCLUSIONS

Baged on the observations made during the testling period, and on
the opinions expressed in a questionnaire, it 1s concluded that:



12

l. The scan-converted radar displeys are bright enough and bave
sufficient contrast for use in ARTC Centers, provided that some control of
ambient lighting i1s effected to reduce direct reflections of light fixtures,
or brightly illumineted areas such as cellings, from the face of the CRT
and the implosion shield.

The 21- or 17-1nch CONRAC TV studio monitors used with flight
progress boards should be mounted vertically or et a slight negative angle,
to reduce reflections from the celling and light fixtures. The center of
the TV indicator should be at or slightly below the eye level of a
controller seated at the boards.

The 22-inch horizontal TV display wlll reguire control of
amblent lighting in the viecinity of the indicator to imsure usable
brightness and contrast. It appears alsc that polarlzed filters may be
sultable; however, these have not been eveluated completely. Polarizing
filters reduce light cutput from the CRT but improve contrast.

2. The target trail or storege provided by the TI-44O scan-
conversion equipment 1s excellent end very beneficial for control purposes.

3. Resclutlion of radar targets on the scan-converted displsy is
adequate.

4., 1In general, the controllers uzsing the displays felt that it is
best not to attempt to identlfy and track all IFR trafflc except for de-
Partures and arrivals on high-density, one-way routes. For general en
route sectors and medium-density terminal operations, they believe 1t is
best to ldentify only the mirereft with less than ANC nonrader separation
and use the redar for sepesration of these alrecraft.

5. All Center radar controllers felt that tracldng aircraft waes e
major workioad. They felt that it 1s desirable to have scmeone to track
targets for them at the same positlon, but were unwilling to accept remote
tracking using the SPANRAD technique. If someone is asslsting the con-
troller in trascking, either locally or remotely, they expressed the opinleon
thet this man should be a certlfied radar controller also.

6. Center radar controllers estimated that one controller could
handle about 8 aireraft on the average, doing his own tracking, and 9 to
12 sarcraft with scmecne else tracking for him. These figures .are the
average of the estimates submitted by the Center radar controllers.
Individuel estimates renged from 4 to 24 sireraft in varlous situations.

In actual tests observed by TDC personmel, it eppeared that 8 to
10 aircraft is a workeble number when the controller does his own tracking,
and 10 to 12 is a workable number vhen someone else tracks for the
controller during average en route control conditions.

T. Control personnel in general preferred the 22-inch, flet-face
indieator to the SPANRAD indicator. The principal objection to the SPANRAD
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technique was the large size of the marker required to meke the ildentiflcation
data on the TV indicator readsble. Controllers dld not try the technique of
small writing on the SPANRAD marker and foregoling the identlty data. It was
found necessary to position SPARNRAD merkers to the side aof the radar targets
to prevent loss of the trail information on the display. The best SPANRAD
markers tested mede use of 3/8-inch relsed bulletin-board-style plestic
letters and numbers on & black felt background.

8. The principal advantage of SPANRAD over the 22-inch horizontal
Plotting dlsplay is the possibility of making visual radar hendoffs from one
sector Lo another.

9. In-line installstion of the rader dlsplays with flight progress
boards generally is preferred. In-line operation permits use of the display
by two persons, whereas the island installastion permits three perscns to work
on one display.

10. When using radar to solve most typical en route control problems
except high-density, one-way departure and arrival routes, controllers favored
mitiple A/G channels with only selected flights requiring radar separation
on the discrete rader control frequency, end a separate Center A/G chennel
manned by a radio controller for most of the other IFR flights.

However, this arrangement requires a larger number of channels.
It 18 believed that more rasdar control experience on the part of personnel
may alter this opinion.

RECOMMENDATIONS
It is recommended that:

1. The 22-inch, flat-face indliecetor be used as a standard for ARTC
Centers, preferably mounted in line with the flight progress boards.

2. Further in-service tests of SPANRAD installations be made at two
other radar Centers in sectors where radar handoffs are required from one
sector to ancther.



AFPENDIX I
QUESTIONNATRE ON RADAR DISPLAY EVALUATTION

There are five different scen-converted display conflgurations vwhich you
are asked to compare. In some cases you wilill be aesked to compare these
with the VG or with a standard PFPI 10- or 1l2-inch reder indicator. The
scan-converted display configurations are:

1. The 2l-inch TV monitor mounted vertically in the flight progress
boards with no provision for assoclating ldentity markers with
radar tergets.

2. The 22-inch horizontal plotting display mounted in line with the
flight progress boards.

3. The 22-inch horizontal plotting displsy mounted with a flight
Progress boerd as a separete "island".

k. The SPANRAD displey mounted in line with the flight progress
boards with the controller moving the ldentity markers.

5. The SPANRAD system wsing a remote tracker with the controller
using the 2l-inch vertical display in the flight progress boards.

Some of the questlons below can be enswered by e check mark for YES or NO.
Scme ask for e relative reting or compsrison between displays. Where rating
on e scele besis is requested, use 1 to represent the lowest rating end 6 to
represent the highest. A reting of 3 would represent minimum acceptsble and
L would represent satisfactory.

A. Generzl Cheracteristics
l. Brightness
One of the fectors affecting use of & rader display by a controller
is the brightness avallable since he must slasc refer to other
written or printed date during control.

Pleese rete the dlspleys on & scale basis.

Standerd FPI such as QA-99 9 13122
Ve (4 only) 13 34k33-
21-inch TV in boerds vertically 26 66455
22-1inch TV horizontel 27 66645
SPANRAD 28 56566



2. Contrast

Another factor affecting the usefulness of displays is the contrast
between targets end the beckground. Please rate the dispiays on a
scale basis.

Standard PPI such as OA-99 25 56356
VG (4 only) 1k L 334 -
21-inch TV in boards vertically 26 65645
22-inch TV horizontal 25 65545
SPANRAD 2l E5L4Ls

3. Persistence or "Target Trail"

A certain amount of "target trail" appears essential in use of radar
for ATC purposes, "Trail" mekes it easier for the controller to
maintain contlnuous identification of an aireraft, te detect turns
when a vector has been assigned for identificatlion or separation;
and to obtaln an estimate of relative speed of aircraft. Please
rate the displeys on & scale basis.

Standard PPI such as 0A-99 13 13234
V¢ (4% only) 19 5644

2l-inch TV in boards vertieally 26 666414
22-inch TV horizontal 26 E66414
SPANRAD 26 66644

For Center use with radsrsof 5 to 6 rpm, how much trail do you feel
15 desirable on an indicator? Check appropriate answer,

2 antenne scans or less

3 to 5 antenna scans

5 to 10 antenna scans
more than 10 antenna scans

| I

Comments:
L. Resolution

Ancther important characteristic 1s the abllity to resolve targets
such as when =aireraft are in close proximity to each other or in
close proxim ity to clutter. Please pate the displays on & acale

basis.
Standard PPI such as 0A-99 25 5664154
VG (4 only) 13 3343
21-inch TV in boards vertiecally 22 hLhshks
22-inch TV horizontal 21 L h 54y
SPANRAD 20 Y hs532



B. Control Technigues
l. Tracking Aircraft

It ie common practice todey in Centers to use the VG horlzontal
indicator for the primery rader display. Small plastic masrkers
with the flight identification written on the maerkers are positioned
manually alongside the radar targets to assist the controller in
retaining identity of a number of aircraeft. In approach and de-
parture control operations in Towers, stendard sloping panel PPI
indicators have been used effectively without any memory ald markers.
Two philosophies for use of radar in Centers have been sei forth:
one is that only those IFR fllghts requiring radar separation

should be identified end separated by the radar controller; the
other is that all IFR flights azctive within a sector should be
tracked continuously. Please indicete by & check merk in the
appropriate column, which of these philosophies yow believe 1s the
best for most efficlent use of radar in the various phases of
Center control work indiceted.

Identify only the
aircraft with less

Track a1l than ANC nonredsr
IFR flights geparation and
in sector separate these by

with merkers. | use of radar.
bBeparting Aircraft

a. Providing radar b 1
separatlion between
successlve departures
during climb to cruising
altitude on high-density
one-way route (such as
vestbounds out of New
York airports).

b. Providing radar 2 3
separation between
guccesslve departures,

and other over and arrival
traffic for medium density
traffic with departing
alrcraft entering two-way

alrway.




En Route Aireraft

a, Providing radar
separation for crossing
airway/course problems with
aircraft at same altitude or
changing altitude levels with
less then standerd time
separation.

b. Providing rader
separation for seme direction
traffic in overtake problems,

With aircraft et seme
altitude. "

With eltitude change
taking plece.

c. Providing radar
separation for opposite
direction traffic making
altitude change.

Arraving Alrcraft

a. Providing radar
separation between air-
craft dedcending to
approach fix on high-
density cne-way alrway.

b. Providing radar
separation between
successive aircraft
descending to approach
fix and other over or
departing aircraft on
two-way alrwaey; mediwm
denaity traffic.

Track =11
IFR flights
in gector
with merkers.

Identify ordy the
alrcraft with less
than ANC nonradar
separation and
geparste these by
use of radar.




C.

arriving aircraft by use

Identify only the
aircraft with less

Track all than ARC necnredar
IFR flights separation and
in sector separate these by

with markers. | use of radsr.

Spacing succegsive

of delay patberns to pro- 3 1

vlide intervals scross a
perimeter fix without
staeking.

Comments:

Tracking Workload

a,

bl

d.,

Do you feel thet moving target markers is a majJor workloed
on the Center radar controller? ¥ES 5 2 NO__

Do you feel 1t would be desirable for another man to move
these markers for the radar controller so that the controller
would not have this workloed? YES 4 NO 1

Do you think you could provide better radar control service
to aireraft if you were nmot required to move the target
markers? YES1/2 4 Nol/2

If somecne were assigned to track radar targets for you, would
you prefer to have the tracker (check one):

Ad Jacent to you at the position?

Within talking distance near the position?

Cormpletely removed from the posation, but
constantly monitoring you on lnterphone?

-2

Would you prefer to accept rader handoffs from towers and other

facilitles (including handoffs from adjacent radar-controlled

sectors) in lieu of your tracker doing this job for you?
YES 3 N0 2

How many aircraft do you estimate one Center radar controller
can safely handle at one time in the following sitaations with
the controller moving his own markers, and with someone else or
gome other equipment moving the markers for him?

Insert number of aireraft under appropriate column.



SELF OTHER

Departing Alreraft

a.

12
Providing radar separation between successive 15
departures during climb to crulsing altitude 12
on high-density one-way route. 9

1z
Providing radar separation between successive 6
departures, and other over and arrival traffic 8
for medium-density traffic with departing 6
aircraft entering two-way airway. T

En Route Airecraft

8.,

B

Providing radar separstion for crossing airway/ 6
course problems with aircraft at same altltude 12
or changing gltitude levels with less than by
standard time separation. b

Providing radar separation for same direction
traffic in overtake problems-

With elreraft at same altitude. 61012 4k 5
With altitude change taking plece. 6 10 12 L4 &

Providing redsr seperation for opposite direction

traffic maXing altitude change. 6 6 6L
Arriving Ailrcraft

12
Providing rsdsr separation between aircraft 10
descending to appreach fix in high-density 16
one-wey alrway. 10
y
6
Provading radar separation between successalve 6
aireraft descending to approach fix and other 1h
over or departing sireraft on two-way airwey, 6
medium-density traffic. L
6
Specing successive arriving sirceraft by use of 14
deley patterns to provide intervals across a 4
perimeter fix without stacking. L

14 15 16 20 17

12 6121011

6 81010 8

8§10 8

O~
(0]

12 810 12 20

6 7 610 10

610 8 8



d.

T

Do you feel there is any difference in manual tracking workload
between the VG, 22-inch TV horizontal dlsplay, and SPANRAD
systems, assuming that all targets markers could be the same
relative size as far as the rader display is concerned?

YES 1 NOL

If yes, what are the differences?

Do you feel that remote tracking with a SPANRAD-type of
installation is safe and relisble if the remote tracker is

an experienced radar man (not necessarily a controller, but
someone who understands radar and the problems associated
with its use)? YES 1 NO L

Comments,

Information on Target Markers

Because of the limited size of the VG 1ndacator, the markers used
in Centers today must be small and only limited information can be
written on the plastic chip.

a-

d.

If the size of the dlsplay and the marker could be increased,
do you feel it would make s more efflcient display if altitude
also could be carried ¢on this marker? YES 3 NO 2

Would you slso like other ltems of informstion on the marker
if physical size was no limtetion? For example:

New assigned altitude as well as actual

altitude, IES 2 NO 3
Route of flight through your sector. YES No 5
Destination. YESI NOI
Type of alrcraft. YES 2 NO 3
Speed. YES  NO 5

Comments-

Do you think it would be advantageous to have only altitude
information on some types of flights such as "over" flights?
YES 3 NO 2

Would you prefer to have selective control of lnformation on
the target marker, so that you could inspect either identifi-
eation, altitude, or route? YES 3 NO 2

Do you, think it is necessary to have an arrow associated with
the marker te indicate direction of flight? Why?
TES NO 5

—t

Comments-



k., Radar Handoff

As use of radar becomes more widespread, it appears it will be
desirable to accomplish radar handoff from one sector to another

in the same Center, from one Center to another, snd between towers
and Centers as is done teday. One advantage of the SPANRAD system
1s thaet an identity marker with an aircraft target cen be presented
at more than one sector on the same or a second TV display. Thus,
it should be possible to set up procedures for visual handoffs

with little or no verbal coordination.

8. Do you feel this would be satisfactory? YES 5 NO__
b. Do you feel this could he a major advantage

of the SPANRAD technique compared to the 22-

ineh horizontal dasplay? YES 5 NO

Comments-
5. Display Confaiguration

The present Center radar control system makes use of both flight
progress strips and the horizontal plotting radar display (Va)
with markers for the radar sector. Due to the large bulky equip-
ment, the problems in maintenance, and 1limited space available,
the VG indicators with supplemental posting boards have been
Installed as islands, awaey from the main flight progress boards.
We have been experimenting wlth the use of TV redar indacators
mounted in line with the flight progress boards at Indisnaspolis
with the thought thaet coordination problems might be reduced if
the radar was in line with the boards. However, islend ainstallations
have certain advantages in other respects such as permitting three
people to work around the one display, etc.

Which type of installation do you feel would be bhest for future
Center installations for the various control problems listed below:

ISLAND | IN LINE
Deperting Aircraft

a. Provliding radar separation between successive
departures during climb to cruasing altltude
on high-density one-way route. 3 2

b, Providing radar seperatlon between successive
departures, and cther over and arrival traffic
for medium-density traffic with departing alr-
craft entering two-way airway. 1 L




ISLAND y IN LINE
En Route Aircraft

a. Providing radar separation for crossing airway
course problems with alreraft at same altlitude
or chenging eltitude levels with less than 5
stendard time separation.

b. Provading redexr separatlon for same direction
traffic in overtake problems

With alreraft at same altitude. 5
With altitude change taking place. 5

e. Providing radsr separstion for opposite-
direction traeffic making altitude change. 5

Arriving Alrcraft

a. Providing redar separetion between alrcraft
descending to approach fix in high-density 2 3
one-way airway.

b. Providing rsdar separatlion between successive
alreraft descending to approach fix and other
or departing aireraft on twowway airway, 5
medium-density traffic.

c. BSpacing successive arriving aircraft by use
of delay patterns to provide intervels across 5
a perimeter fix without stacking.

Davlsion of Control Duties

Several modes of operation are possible when radar is used in s
Center. 1In the in-line operatlon, one controller on the flight
progress boards can handle =11 interphone work wlth the tower,
other Centers and/for sectors, including taking of position
reports and issuing clearances to aircraft that are not on Center
A/G radio. The rader controller seated alongside can communicete
with the aircraft on direct Center radio and use the radar for
separation with both controllers shering the same strip postings.
The two controllers can work as a team with equal responsibility
or the "strip"controller or rader controller could be assigned
Primary responaibility with the other positlion as secondary.
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A second mode of operation would be to use the radar display as the
primary display with the controller tracking all IFR flights (or
having them tracked) in the sector, and commnicating on direct
A/G radio with as many of the IFR flights as possible. An experi-
enced asslstant in this case would maintain a mnimum number of
flaght progress strips for the sector and handle interphone work
with the tower. (Assume FLIDAP operation for initisl Fflight plan
gtrips.)

a. Which of the above do you feel is best for Uenter use, assuming
that each radar control sector is limited to & worksble number
of aircraft under control of one controller?

FIRST MODE 5  SECOND MODE

Corments:
A/G Communications

Several techniques are possible for handling eircraft position
reports and cleerances when a combination of redsr end flight
Progress boards are used with some aircraft being provided
radar separstion and others having standard nonradar separation.

These include,

A. All IFR flights equipped with the sector discrete frequency
in commmnication with the radsr controller.

B. Only selected flights requiring radar separatlion on the
discrete sector frequency with the balance of the flights
on compehy or other ATC channels.

C. BSelected flights requiring radar separation on the discrete
radar control frequency with most of the other IFR flights
on a separate Center frequency manned by a third controller.

Pleage check the commmicatlons arrangement which you feel is
most efflelent for the various types of control opsratlon listed:

AlB|C
Departing Alrcraft

a. Providing radar separation between successive
departures during climb to crulsing altitude 5
on high-density one-way route.

b. Providing radsr separation between successive
departures, and other over and arrival traffic
for medium-density traffic with departing 3 2
aireraft entering two-way alrway.




En Route Alrcraft

a. Providing radar separation for crossing alrway/
course problems with aircraft at same altitude 141
or changing altitude levels with less than
stendard time separation.

b. Providing radsr separation for same directlon
traffic in overtake problems.

With aircraft st same altitude. 1|1
With altitude change teking place. 1

¢. Providing radar separation for opposite direction
traffic making sltitude change. 1

Arriving Alrcraft

a. Providing rader separation between aircraft

descending to epproach fix in high-density 5
one-vway airway.

b. Providing radar separation between successive
alreraft descending to spproach fix and other 211

over or departing sireraft on two-way slrway,
medium-density treffic.

¢. Spacing successive arriving alrcraft by use of
deley patterms to provide intervals across a 3|1
Perimeter fix without stacking.

8. Operator Convenience

Please rete each of the display configurations listed, from the
stendpolnt of emse of operation and use by the controller. Use
scale 1 through 6.

Standard PPI slope panel 13143 12
VG 3433 13
21.inch TV vertical indicator in boards hshsgs 23
22-inch TV horizontal display in boards 66444 24
22.inch TV horizontel dieplay in islands 5 6 3 4 & 22
SPANRAD in boerds i 54554 23
SPANRAD - remote tracking 21564 18

DATE

NAME

FACILITY

YEARS EXPERIENCE AS CENTER CONTROLLER
YEARS EXPERIENCE WITH CENTER RADAR
YEARS EXPERIENCE IN OTHER RADAR FACILITY

(VAR WS
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20

A =1/2-X 1 1/4-INCH PLASTIC MARKER USED ON

VG=1 AND 22-INCH FLAT-FACE DISPLAYS,

B =1- X 2-INCH FELT COVERED WOOD-PLASTIC LETTERS
TESTED ON SPANRAD.

D \‘ C =2-X11/8-INCH SECT.FLT.PROG,. STRIP HOLDER
MARKED WITH BROAD NIB PENS, ETGC,

4|

e B I A C D =2- X 3-INCH PANOP MARKER, TABULAR FLIGHT
* INFORMATION WRITTEN ON PAPER SLIPS FOR

B35 INSERTION IN MARKER.
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FIG., 3 DIAGRAM ILLUSTRATING RADAR COVERAGE AREA BLOCKED BY
VARIOUS IDENTIFICATION MARKERS,



FIG 4 21-INCH VERTICAL MONITOR MOUNTED IN LINE WITH
FLIGHT PROGRESS BULLETIN BOARD
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FIG 5 21-INCH TV RADAR INDICATOR MOUNTED VERTICALLY [N FLIGHT PROGRESS
BOARDS IN INDIANAPOLIS ARTC CENTER




22-INCH FLAT-FACE HORIZONTAL TV DISPLAY MOUNTED IN LINE WITH
FLIGHT PROGRESS BOARDS IN INDIANAPOLIS CENTER
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FIG 8 SPANRAD DISPLAY MOUNTED IN FLIGHT PROGRESS BOARDS
IN INDIANAPOLIS ARTC CENTER




FIG 9 SUPERIMPOSED PANORAMIC RADAR DISPLAY (SPANRAD) LOCATED IN AQEC
WITH REMOTE READING DISPLAY IN ARTCC
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FIG 10 REMOTE DISPLAY IN ARTC FROM SPANRAD IN AOEC




