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EVALJATIORN OF A THREE-UTMENSIONAL
PICTORIAL AIR TRAFFIC CONTROL DISPLAY

SUMMARY

This report describes the operational evalustion by simulation
technigques of a pictorial-type air traffic control display in order to de-
termine its application to the control of high=alfitude aircraft in the
present alr traffic control system.

The use of tramnsparent tapes in conjunction with transparent plates
to represent aircraft vectors and altitudes, respectively, forms the basis of
the display. Each transparent tape is imprinted with a longitudinal line and
with arrows tc represent a track and the direction of flight, and with trans-
verse lines and numersls to represent conseeutive increments of time at g
selected ground speed. Aireraft vectors are depicted by affixing appropriate
tapes to a plate. Routes of flight, estimated locations at any time along the
routes, and locetions and times at which the routes will intersect are por-
trayed pictorially for all airecraft represented by the tapes at the altitude
represented by the plate. By placing similerly prepared plates, one behind
the other, in a horizontel or vertical siack, a three=dimensional presentation
of traffic in a selected block of airspace is formed.

A prototype display, utilizing the gbove procedure, was fabricated
and tested. It wes found to be unsatisfactory because all flight posting was
performed with the plates positicned in the displey, and all Flights assigned
the same altitude were posted on the same plate. These methods necessitated
the sharing of both the plates and the working space by boeth the posting and
the control cperating positions.

A modified model wae evolved which permitted each aircraft to be
posted or an individual plate. The plates then were assembled by altitudes.
The tests of the medified displasy confirmed the greater utility of these pro=
cedures, and indiceted the possible application of the principles to an oper=
ational display as well as to the simulation of certain features of an
electronically generated pictorial-type display.

INTRODUCTION

In March 1957, a preliminsry study of the primciples and display
design representing & new concept in air traffic control (ATC) displeys was
begun by the CAA Technical Development Center (TDC}. This concept, which
originated as an employee suggestion submitted by Mr. L. C. Moore¥* of the
Fort Worth Air Route Traffic Control (ARTC) Center, was forwarded by the
CAA Office of Air Traffic Comtrol to TDC for study and possible evaluation.

*Novw employed at the Technical Development Center.



2

The suggestion set forth the principles of a display deasigned to
facilitate the exercise of control over all airspace from 24,000 feet up-
ward, and to replace the tabular-type ATC display. In lieu of a tabular
display, the suggestlion proposed the use of tapes to form a pletorlsl-type
display having the tracks, points of Intersection, and positions of ell
aircraft being controlled depicted continucusly in a three-dimensional
(3-D) manner. It was suggested that the principles incorporated in such a
uispley vould

i Display both the verticel and horizontal relationships of aircraft.
2. Display both the present and future relationships of aireraft.

3. Depict aircraft as vectors which would indicate the amount of
ex1sting separation between aircraft in terms of time, end the emcunt of
separation which could be expected at any point along a route of flight

4. Depict the effective altitudes and boundaries of special areas to
be teken into consideration in the control of air traffic.

5. Display off-airway traffic as effectively as airwey traffic

6. Permit the posting of control date covering the entire route of
flight in one rapid operation.

T- Permit newly posted traffic to be filtered immedistely in order
to ascertain the most nearly confliction-free altitude or route.

8. Be ussable with any form of ground or airborne navigational system.

9. Complete the requirements of e radar ATC system for the control of
high=gltitude traffic.

The preliminary study indicated that an evaluation of the
principles of the display would be useful, and the design of = prototype
model wag 1nitiated in May 1957. Although the febrication of a working
model of the display was completed in December 1957, difficulties in ob=
taining e supply of vector tapes for flight posting deleyed the evaluation
tests untail April 1958.

Examination of the prototype model of the pictorial display
suggested the possibiiity of combining it with some form of bright or pro=
Jected radar. Accordingly, provision was made in the teste for operation
of the display in conjunction with the superimposed panoramic radar dis-=
play (SPANRAD)} developed at TDC and alsc for experimentation with projected
radar
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EVALUATION OBJECTIVES

The evaluaticn of the suggested 3-D display was conducted in
order to;

1. Test the principles for the control of all airspace, especielly
for the contrel of high-speed aircraft operating at high altitudes.

2. Determine the desirability of modifying the prototype display for
further evaluation.

3. Determine possible uses of s 3~ pictorial-type display in
conjunction with direct-view, bright, or projected radar.

4. Determine, insofar as possible, operating procedures and the
requirements, characteristics, and features of a display suitable for
in~-service evaluation.

5. Determine the feagibility of using the suggested principies to
simulate a computer-generated, pictorial, electromic display.

EQUIPMENT DESCRIFTION

Prototype 3-D Pictorial Displey.

The prototype display, shown in Fig. 1, consisted of & metal frame
enclosing six glass piates, each 31 inches by 31 inches in size, the tracks
uponl which the plates were moved from one side of the display to the other,
and the mechenism for moving the plates. The frame was 64 inches long, 39
inches high, and 4 1/2 inches deep, and was divided vertically into two
areas or bays of equal size. Each of the glass plates represented cne alti-
tude or flight level, and could be positioned individuelly in either of the
bays by means of the hand cranks at the bottom of the displsay, operating
through a system of gears and drive chains.

Tke bay on the right was designated the posting bey, and a msep
depicting a control aree 500 nautical miles square was situated on the back
of the bay. The bay on the left was designated the contrel bay, and was
back-lighted by a lighting device occupying the peozition corresponding to
the map behind the posting bay.

Suitable interphone end air/ground/air communicaticns equipments
were terminated at the display for use at each bay, and a small flight
progress board was situasted adjacent to the posting bay.

Vector Tapes.

Flight posting was accomplished by means of preprinted, adhesive,
transparent cellulose tapes shown in Fig 2. ZEach tape was printed with e
longltudinal line and arrows indicating the route and direction of flight,
with transverse lines representing consecutive S5-minute increments of time,
and with numerals indicating the ground speed represented by each tape and
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the minutes represented by each transverse line. For test purposes, =
supply of tapes was obteined in each of three speeds, 425, 500, and 550
knots, which were chosen as representative of the speeds of aircraft in use
and which efforded a useble range.

Flight Progress Board Display.

As shown in Fig. 3, flight progress boards representing the
controller and assistant controller positions for two sectors were equipped
with the necessary communications equipment, and were operated in the
conventionel manner for comparison with the pictorial displsay.

Auxiliary Equipment.

In some modes of operation, the basic displays were augmented by
the auxiliary equipment shown in Figs. 3, 4, and 5. The TDC dynamic ATC
simlator was used i1n conjunction with all modes of cperation of the flight
progress boards and of the prototype pictorial displasy. As described else-
where in this report, one or two SPANRAD's were used in varlous modes of
operation of the prototype pictorial display and of the flight progress
board display. In sddition, a television camera was employed as a third
input to a SPANRAD in superimposing handoff situetions for the SPANRAD
controller from the pictorial display.

TEST ENVIRONMENT

The prototype model of the pictorial displey was situated in the
en route laboratory adjacent t¢o the dynamie ATC simulator, and was provided
with key=-box equipment capable of simlating air/ground/air volce commni-
caticns, and long-line and local interphone communications. In order that
& comparison could be mede, a simulated ARTC Center, equipped with con-
ventional flight progress strips and tabular-type flight progress boards,
wes located adjecent to the plctoriel display.

A hypothetical control area was established, with Indianapolis f
at the center and with secondary radar coverage of 200 nautical miles'
radius Appropriate masps were prepared, based on the High-Altitude
Facility Charts published by the U. S. Department of the Air Force.
Figure 6 shows one of the maps mounted in the display.

The principles of the prototype display being tested were ¢
suggested as making possible a three-dimensional, pictorial-type display,
applicable to an area control concept {control of all airspace} at high
altitudes {24,000 feet and above). The aireraft usually flying at such
altitudes normally have a ground speed of LOO knots or more, and in order
to test the capabilities of the display 1n the control of high-speed alr=- .
craft over a relatively large geographical ares, a departure was made from :
the conventional sector pattern. The control aree was not divided geo-
graphically inlo sectors but was divided by altitudes. In this test, the
29,000=- to 39,000-foot altitudes, inclusive, represented & sector having
lateral boundaries coincident with those of the control area. The
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adjacent sectors tmis would begin at 40,000 feet and extend upward, and at
28,007 feetr ard extend downward, and would have the same lateral boundaries.

The tabular-type flight progress board display used for
comparison controiled the same six altitudes, but was divided geogrephically
into two sectors because the mumber of fix postings necessary was too great
fer effective cperation by one controller  The sector division line ex-
tended from north io scuth approximately through the center of the control
area, as shown in Fig. 7.

It was anticipated that the compariscn of the pictorial and
tabular displays also would yield, as e by-product, an indication of eny
differerces 1n the amount of traffic coordination required by altitude
sectorization as opposed t©o geographic sectorization.

Four traffic samples were prepared, each providing a traffic
density of spproeximately 3% aircraft per hour. Fach sample had a running
time of L hour 15 minutes, and began with approximately 10 aireraft already
posted. It was designed so that the full Ph-target capecity of the simu-
lator was airborne within the area for approximately 75 per cent of the
sample running Time.

Four cecatroliers and two assistant controllers familiar with mest
of the control area covered inp the tests were furnished by the Indianapolis
ARTC Center In order to minimize Zearning and memory factors, four lists
of sireraft identifications and aircraft types were used, and these lists,
the traffic samples, and the coperating positions of the contrcoller personnel
were changed for each test run.

Two observers were assigned from the TDC staff to menitor the
control exercised in the various runs. The observers noted the pumber and
type of potential corflictioms which occurred, the number of potentiel con-
flictions not noted or resoived by the comtrollers, and the number of
potential conflictions which were resolved by the use of radar.

In order to present an operating situation as realistically as
peseible, all inbound flight data were transmitted by interphone from a
"ghost" position to the appropriste operating positions, and all flight
deta cn aircraft cutbound from the comtrol ares were transmitted similarly
from the cperating positioms te a second ghost position. A1l coordircation
between sectcocrs, and beuween tne display controliers and the radar control-
lers in those modes utilizing rader, was accomplished by means of interphone,
and all controller/pilst commnications tock place over the simlated air/
ground/air chearels. The pumber and duraticn of all sir/ground/air end
inverphcne contacls were messured sutomaticslly and recorded electrically.

The tebular and the protctype piciorial displays each were
cperated in four differert modes.
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1. Mzde 1 wtiiized the displiays only, and employed Army-Navy-Air
Force-CAA { ANC) procedures and separation standards

2. Mode 2 utilized a direct-view radar scope in conjunction with the
display for each sector, and basically employed ANC procedures and sepa-
ration standards. However, radar procedures and separation standards could
be employed at the discretion of the display contrcller.

3- Mode 3 utilized a SPANRAD in conjunctior with the displsy for each
sector, and basically employed ANC procedures and separation standards.
However, radar procedures and separation stenderds could be employed at
the discretion of the display controller.

k. Mode 4 utilized a SPANRAD for all control of aircraft in each
sector and the associsted displays were used only for backup in the event
of radar failure and to carry detalled flight information. In this mode,
combinations of ANC and radar procedures and separation standerds were
used at the discretion of the display controller.

TEST FROCEDURES

Mode 1.

The tabular display was operated in Mode 1 as two sectors of an
ARTC Center, with no redar, end staffed by two controllers and two assist-
ant comtrollers. The display was operated in the conventional manner,
using ANC procedures and separation standards.

Ir Mode 1; the prototype pictorial displey mslso was coperated
without radar. However, it encompassed in one sector the same alrspace
represented by two sectors on the tebular display, and was staffed by two
controllers and one assistant controller.

In the operation of the piecterial displey, sn estimate on each
flight inbound intoe the comtrel area, or ¢on each departure from within the
area, was forwarded by a ghest position by mesns cf interphone to the as-
sistant ccntrcller, who copied the informaticn on a flight progress strip.
The gless plate representing the appropriate altitude then wes selected by
the assistant controller and positioned in the right bay by means of the
asgsociated hand crank.

A vector tape representing the proper ground speed then was
selected, and beginning at the time and fix indicated in the flight plan,
the flight was posted in accordance with the authorized route. The air-
craft identification, the mppropriate hour or hours, and such supplementsal
informaticn as climb and descent data were vwritter on the tape by means of
a chine marking pencil.

In crder ©o filter the traffic, the display contreller then
checked for potential conflictions with other aircraft posted previcusly
at the same altitude and, if such conflictione existed, positioned the
plate in the left bay in order to ascertain if a confliction-free
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altitude was mvailable for the rcute requested. If ap altitude change
wonld aveid conflictionms, suckh a change was coordinated with the facility
under whose jurisdiction the flight then was operating. DBecause of com-
muiications equipment limitations, such ccordination was assumed for pur-
poses of the test. If a confliction-free altitude did not exist or if a
change of altitude could not be effected, the poimis of potential conflic-
tion were indicated for the air/ground controller by affixing smell adhe-
sive tabs o the plate adjacent to the points where the conflictions would
pecur. There were two basic methods considered for indicating an aireraft
climhing t4, or descending from; an assigned altitude. The first methed
used was to affix a small adhesive teb, marked with either a climb or a
descent arrow, to the pilate adjacent to the point where the climb or de-
scent was commenced. The secopd method was to mark, with red grease pencil,
the portion of the vector tape corresponding to the portion of the fiight
path involved in the altitude change. Any deletions, additioms, or
corrections of posted data were accomplished in the right bay.

Following the completion of flight posting and confliction search,
the piete wes positicned in the left bay, and the dispiay controller ard
the air/ground controller collsborated as necessary in determining whether
any control instructions were to be issued.

All air/ground/air contacts were made by the air/groumd
controller, who also revised the posted vector tapes, removed the pertions
of tape representing completed segments of the flight, snd performed any
other c¢perations necessary %o maintain the current status of the posted
filight data. The comtroller could accomplish these actions by positioming
the plate bearing the peosting of the aircraft with which he was in contect
so that the appropriate vector tape was accessible to him.

The egtimates snd flight data om sircraft ocutbound from the ares
were forwarded by the assistant controller to a secomnd ghost positica at
least 15 minutes prior to the time the asircraft was estimated +to pass the
lest fix in the area. This estimated time was writtea on the flight prog-
ress strip at the time the posting was completed, and it was the responsi=
bality of the displey comtroller to keep thls time, and any other flight
data, current omn the flight progress strip representing each flight.

Made 2.

In Mode 2 the displays were coperated as in Mode 1 and, in addition,
a direct-view radar scope was available at each sector. These scopesa were
represented by SPANRAD's without the use of the tracking surface. Each
SPANRAD was staffed by an sdditional controller, making & total of four con-
trelliers for the tebular display, and three controllers for the pictorisl
dispiey. The display controcllers could mske use of radar through the radar
controllers for identifying and separating aircraft in eccordance with the
Standsrd Manuel of Radar Air Traffic Control Procedures, in addition to
their own use of ANC procedures end separation standards. Inasmich ss all
aircraft flying at the elititudes used in the test normally would be equipped
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with radar bescon, <he radar contrcller was permitted to simulate beacon
identification by reguesting the simulator operators to biink their target
lights.

Mode 3.

In Mode 3 the displays were operated as in Mode 1 and the SPANRAD's
were operated as in Mode 2, with the addition of the tracking feature.
Although coordination between the tesbular displey controllers end the radar
contrcllers again was effected by means of interphome, in the case of the
pictorial display, the plotted tracks of the aircraft were televised and
mixed with the radar displey on the SPANRAD tube, with the interphone used
only to supplement this procedure as required.

Using the equipment shown in Fig. 4, it was possible for the
Pictorial display centroller to 1lndicate the estimated point of confliction,
or the tracks of the aircraft concerned, by pointing to the appropriate lo-
cation on the display, as shown in Fig. 8. The situation then could be re-
produced pictorially by the radar comtrolier through the use of SPANRAD.

Mode 4.

In Mcde 4 the basic control was exercised from the SPANRAD's,
utilizing a mixture of ANC standards and radar separation in accordance with
the usual SFARRAD procedures. The tabular and pictorial displays were oper-
ated in this mode as backup displays in the event of radar failure. Such
fajlure was simulated by cepping the SPANRAD cemera at an arbitrarily se-
lected point during the test run. After the simulated failure, the control
function was picked up at the displays in accordance with ANC procedures and
separation standards.

Progjected Radar.

In this mcde of operstion, illustrated in Fig. 9, the display was
provided witkh radsr by focusing a theater-type television projector on a
transliucent screen behind the left bay of the prototype display The pro-
Jector and screen replaced the back-lighting device used in the other modes.
The projected image, which was the same slammlator video map and radar tar-
gets appearing on the SPAERAD's, was in register with the fixes and scale of
ihe map of the control erea. This mode was designed to be cperated in a
manner similar to Modes 2 and 3 by substituting a projected radar display
for the direct-view radar and SFANRAD.

TEST RESULTS

Comparison Between Tabular and Prototype 3=D Displays.

Although an experimental phese had been planned to permit
procedural and operational sdjustmenmts to be made, delsy in the delivery of
the vector tapes made 1t necessary to begin the tests of the prototype dis-
play without the benefit of a “debugging' period. The tests had been de-
vised as a direct compearison of the pictorial display and the conventional
tebnlar display, but it soon was apparent that the plctorial display comld
not be operated in its existing configuration as a single sector at the
same traffic density as the tabuiar displesy comprising two sectors.
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The capabilities of the prototype pictorial display were limited
by the nec=ssity of sharing the plates and the working space by the control-
ler and the assistant controller. It was found that a plate needed by the
pssistant for posting a pew flight often was being updated by the controller
as a result of an air/ground contact in which he was currently engaged, or
it was 1n use by the controller im resolving a traffic confliction. The
time required for the posting of flight dete was veriable from approxi-
mately 1 minute gp to 10 minutes due to the lack of plate availability.

The result was & continual backlog of unpested flight data-

The reverse situnation was more serious in nature. Frequently, the
controller was in urgent need of a plate currently being used by the assist-
ant. This resulted in partially posted flight data, the accumulation of
"deadwood" or completed but unremcved flight segments, and the introduction
of hazardous comtrol situations caused by the inability of the controller
t¢ remain abreast of the traffic situatiom.

As only a limited amount of work could be performed on the same
plate simzltanecusly by both the controller and assistant under the stated
circumstances, additiomal difficulty was presented by the necessity for
sharing the working space. Ouly two bays were avallable, if the assistant
was engaged in posting a flight in the right bay, all of the plates, except
the outer one in the left bay and the one 1n use by the assistent; were in-
accessible to the contreller for updating while in comtact with a pilot.
Thie necessitated the keeping of notes by the controller, since it was im-
practicable for him to meke a temporary substitution of plates in the right
bay. Conversely, if the comtroller had positicned a plate in the right bay
for use in the course of an air/ground contact, all but two of the plates
were inaccessible to the assistart.

Because the portion of the tests utilizing the tabular display
had been completed first, due to the uncertainty of the delivery of the
vector tepes, it was decided to reduce the traffic semples by one-third and
proceed with the tests of the pictorial display. As the communicetions mea-
suremerts and observers' reports had been completed for the tabular displey
runs, it alsc was decided to complete the corresponding measurements and cb-
servations of the pictorial display, even though they were of questioneble
validity, in order to cbtain any information they might offer.

A}l of the VOR's depicted on the map originally were desiguated as
compulsory reporting points. EHowever, the plete- and space-sharing prob-
lems made it impossible for the air/ground,controller to cope with this
nurber of contacts. Accordingly, the compulsory repcrts for each flight
were reduced to one report over the first VOR upon entering the area, ome
intermediate VOR report, and one report over the last VOR upon leaving the
area,.

One ¢f the anticipated benefits cf “he pictorial display had been
the capability of filterirg traffic conflictions cecurring at any point
aicng the eptire route and of selecting a confliction-free altitude or route
for each flight. This procedure proved to be very difficult to apply in the
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case of the prototype display beceuse of the plate- apd space-sharing
problems mentioped previcusly, and because of the difficulty encountered in
reposting flights requiring adjustments of altitudes, routes, or times.

The plates in the prototype model were spaced approximately
1/2-inch apart. It was found by experimentation that a spacing of 1 to
1 1/2 inches provided a much better 3-D effect because of the increased
parallax.

The tests demonstrated conclusively the feasibility of utilizing
a manually prepared pictoriel plotting display with either direct-view or
scan-converted radar. It was particularly effective with scan-converted
radar heving a third input from the display mixed with the rader and tracking
inputs, which permitted the plotted tracks and positions to be directly com-
pared with the trecks and pcsitions being made good by the radar targets.
This procedure minimized the necesslty for continuous tracking of all radar
targets. The majority of the resolved potential conflictions depicted on
the pictoriel display were effected by radar, whereas the majority of such
conflictions on the tebular display were resolved by the application of ANC
procedures. The greatest difficulty encountered in the use of the display
in cenjunctior with SPANRAD wes related to the space-sharing problem. The
plates were noi always readily available for positioning before the
televigicn camera.

Altbhough uno categorical c¢laim of superiority could be made for
either displey based solely upon the tests, it was the opinion of the par-
ticipeting personnel that the greatest deficiency of the pictorial displsay
had been one of equipment rather than principle. It also was & generally
expressed opinion that the effective operation of the tebular displays as a
single sector would have been imposeible because of the pumber of fix postings
required, even at a reduced traffic density comparsble to thet of the
Plctorial display runs.

As a result of the operating experience gaimed in the tests; it was
decided thsat an attempt should be made to eliminate the difficulties inher-
ent in the prototype model of the pictorial display, and if a feasible solu-
tion could be found, to test the display in s medified configuration.

Considerable attention was given to the possiblility of adding e
third bay to the diepisy. Although such en addition would hawve dome much to
alieviate the prcblems assccisted with space-sharing by providing mcre work
aree, it was rejected because of the increased travel required of the plates
and because it would affeord little or no relief from the necessity of plate-
sharing. The concept of the modified display then was evolved.

Representatives of the Cemtral Altitude Reservation Facility
{CARF} visited TDC after the completion of the prototype teste, and ex-
pressed an interest in cobtainring the display for experimentation. It sub-
sequently was shipped to CABF for investigation of the possible application
of the principles at thet fecllity.
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MODIFTED THREE-DIMENSIONAL FICTORTAL. DISFLAY

The modified pictorial displey, showe in Fig. 10, was designed to
serve as o laboratory model to test the prineiple of posting flights on in-
dividual pletes, rather than posting ell flights at any one altitude on =
glngle plate.

The most cbvious physical changes from the prototype model were
the gbsence of hand cranks and in the over-all dimensions, which now were
53 inches in length, 2L inches ir height, and 16 inches in depth. The
rlates were 20 inches square, with a 2-inch-sguare tab on each side. The
wooden frame was constructed in the form of a box, open on each slde, and
divided into six slois at each end. The dividers forming the slcts con-
tirued along the top and bottom, meking the slots contimmous the full
length of the frame.

The principal operatiopal chkange was in the manner of posting.
Instead of all flights at one altitude being posted on a single plate, each
fiight was posted on ar individusl Plexiglas plate at a plotting position
adjacent to the display. All of the completed pletes representing the same
altitude then were assembled in the same siot, which could accept & maxipum
of six plates. A total of 24 plates were avallable for the tests. The
equipment availsble for use at the plotting position made it necessary to
reverse tke operafing positions for this display, placing the plotting
position on the left and the control peosition on the right.

It was necessery to retain the same scale for the control ares
map as was used for the prototype model because the preprinted vector tapes
had been designed for that scale. Since smaller plates were used, this re-
gulted 1n a control area 375 mautical miles square instead of 500 nautical
miles, as in the cese of the prototype display

TEST PROCEDURES

The medified pictorial display was steffed with one controller and
one assistant controller and was tested only in Mode 1, with 4 runs, inas-
much a5 the principies utilizing radar, which were examined in Modes 2, 3,
and 4 of the tests of the prototype display, also were appliceble to the
modified display. Eech flight was posted on an individual piate for use
with the modified displays. Otherwise, the method of receiving, posting,
and forwarding fiight data essentially was the same as that used with the
prototype display The major pesting differences were that the aircraft
idectification was written on the tabs on each side of the plate, and the
time an aircraft was estimmated to cross each fix was indicated by the
addition of a mark across the tape at the correct point.

After each flight was posted, the plate was placed in the left
bay of the display by the assistant controliler. This bay normally was
empty except for the posted plates representing aircraft currently in
contact with the controller It then was pessible for the contreller to
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move the new posting into the right bay for comparison with the other
flights posted previously at the same altitude, in order to filter the
traffic by edjusting altitudes or routes as necessary or to take any other
ccatrol action reguired-

Although from this point the operation of the modified display
eorresponded to that of the prototype display, the basic difference ex-
isting between the two displays again should be noted In the zase of the
prototype display, 1t was necessary for the controllier to share both the
plates end the operating space with the assistant comtroller, whereas in
the modified displey the controller had unrestricted eccess to both the
cperating space and to any of the plates upon which flighte had been
posted.

TEST RESULTS

The tests of the modified display were made utiliizing a full
traffic gample of 35 aircraft. Even though the display wes staffed and
operated with only ome comtroller and one assistant controllier, only two
problems of any consequence were disclosed.

It was found that, at the traffic densities used in the test
runs, the workload of the aggistant controller was much too great if the
flight deta on all aircraft entering or departing the sector must be
handled by icterphcne. During the tests he was able to keep the posted
flights currernt, since the flaght posting time was approximately 27 sec-
onds. Im order to meinteln this current status, with respect to newly
received imbound flight data, it was recessary to assume that ancther
positior was forwarding outbound flight data to the adjacent control facil-
ities Such conditions would require the staffing of another coperating
position, so that one position would receive and transmit via interphone
the filight deta con all iobound and cutbound aircraft, while the other po-
sition posted the flights cn the plates. The use of electronic computers
for flight progress strip printing and filight dete passing functions also
would fulfill the additional operating position requirements.

The second difficulty was less serious. It was found that
occasionally the assistant corntroller mmust delsy inserting a newly posted
flight in order to evoid interfering with the comtroiler engaged in up-=
dating the flight date in the course of an air/ground comtact. A simple
solution would be the addition of & "suspense” slot on the fromt of the
display inte which &ll posted flight data would be inserted by the asslst=
ant cortroller. Solutions to both of these problems are indicated in an
art1st's concept of an operstiomel-type display, which appeers as Fig. 11.

The tests of the modified displey confirmed the belief that the
operating difficulties encountered in the tests of the prototype display
were inherert in the design of the display end not in the principles In
one run of the modified display tests, an experienced air route controller,
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who vas wofamiliar with the area snd hed rot operated the display
prev wusly, was able to control traffic safely at the relstively high
density used in the tests.

In order to maintein as great a workload as poseible for the
tests, all VOR's depicted on the mep of the control area were designated as
ccmpulsory reporting points, as was the case initielly in the tests of the
prototype model. No undue difficulty was experienced by the controller per-
sonnel in completing all of the required air/ground contacts.

The 20-inch=square posting aerea provided by the plates of the
modified display were more easily scanned by the contrelier than the larger
rlates of the prototype model. At the same time, they appeared tc be suf-
Ticiently large to avoird an overcrowded appearance of the posted flights.

It was clearly evident that the capability of the pictorial
display of exabling the comtreller to detect potential conflictions quickly
at any point along & roubte of flight greatly melicrated his workloaed by en-
abiirng him to adjust flights before or at the time they entered his area of
control. Io the case of the modified display, the ease of reposting because
of altitude, route, or time adjustments mede the fullest application of the
filtering process practicable.

A similar benefit of this type of display was the immediste
evallability of the times or locations certain control instructions should
take effect or should be completed, without the necessity of calculsting
mileages or times.

Although it was not possible to explore the possibility fully
during the tests, it eppeared that intersector coordination and transfer of
coptrol might be feasible by means of a physical transfer of the posted plate
representing the eircraft involved. Application of this procedure would be
dependent upon the development of suitable procedures, design of equipment,
and the juxtaposition of the sector operating positions.

Projected Radar.

Little difficulty was encountered in obtaining setisfactory
resclution between the projected radar and the map of the control ares
represented by fixes depicted con the plates of the display.

Considerable technjcal difficulty was experienced with some of
the electronic components of the projector, and although flights were posted
in order to observe the effect; no active runs were attempted pending the
availabiliity of mere suitable projection equipment.

Fcsting Plates.

Although all of the fixes were indicated on each plate of the
prototype display, they were indicated only on the back of the modified
display. Ik lieun of fix indications on the plates, the times when the
aircraft were estimated over the fixes were designated by marking the tapes
withk a chipa pencil. This procedure appeared to be satisfactory for use



1k

with the control area configuretion used in che tests. However, it may
be desirable 1in most ceses to have at least the major fixes indicated on
each plate.

Some d1fficulty was encountered in maintaining the clarity of
the plates in the modified display. The Plexiglas plates acquired strong
charges of gtatic electricity which attracted sufficient foreign matter
to decrease the transparency progressively as the number of plates inm the
display was ircreased. Although the over-all tramsparency was reduced
below desirable limits when all 24 pletes were in place, the display still
could be operated.

In an attempt tc¢ resolve the problem of plate clarity,
investigations were made of several amtistatic preparations which purport
to reduce or eliminate stetic electricity from Vinylite phonograph rec=
ords. One of these was subjected tc limited testing on the Plexiglas
piates. Four plates which were given an application of the material, to-
gether with four other untreated plates, were exposed for six weeks. The
dust which hed accumilated on the treated plates was wiped off eamsily,
while the untreated plates were difficult to clean. The plates then were
rubbed vigorously with cheesecloth in an atitempt to induce static elec-
tricity. The small amount of static electricity thus induced on the
treated plates dissipated completely efter approximately 5 seconds. The
untreated plates acquired a large emount of static electricity which
dissipated very slowly.

Vector Tapes.

It was anticipated that the vector tapes obtained for the tests
would not prove satisfactory in all respects, inasmuch as the time avail-
gble and the developmental costs of the small quantity required prohibited
exhaustive exploration of all scurces  The greatest problem encountered
in tke use of the tapes was the high degree of adhesiveness, which ren-
dered removel from the plates very difficult. It also was difficult to
epply the tape correctly and to dispose of used or severed excess portions.
A great reduction in the adhesiveness, or spots; or a single narrow stripe
of the same adhesive would be necessary to make the tape operationally
usable.

A similar problem was found in the difficulty of tearing or
cutting the tape at specific points. Several methods were used in an at-
tempt to cope with this situation, including hend-held dispensers and
various types of cutters to be worn on a finger, but nome proved satis-
factory. An asscciated problem was that of indicating a change of direc-
tion in a route of flight. Cutting, or tearing, and rejoining the tape
aft the point where the change of direction toock place, was found to be
the most satisfactory method from the standpoint of iegibility, but it
also wag the most difficult to accemplish. A change of direction could
be indicated mueh more easily by berding the tape, but this method
resulted in folds, overlapping, and much reduced legibility of that
portion of the tape-
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In some cases, an cbjecticuable amount of clutter was generated
by the intersection of several tapes over the same point, but an illegible
gituation never was created. This probably could be allevieted to some
extent by a reduction in the boldness of the print, particularly if the
display would not be mixed with scan~converted radar. The line wadths
chosen were selected s¢ as tn ensure vigibility on the SPANRAD

Wastage of the preprinted tapes mmounted to approximately 30
per cent, which was ccecasioned by the necessity of beginning each f1ight
posting at the correct minmute. The excess tape preceding this minute had
to be discarded, as no practicable method was found for conserving it for
later uge

If the tapes for ground speeds of 400 knots and sbove were
printed in 25-knot intervals, six tapes would be required to represent
speeds commonly in use at this time, end the possible error in ground speed
would range from spproxamately 4 to € per cent. In order to have %apes
available in 10=knot intervals, with errors from approximately 1 1/2 to
2 1/2 per cent, 16 tapes would be required, which would complicate to some
excent the use of the tapes. Because cellulose tape and adhesives are sub-
Ject to detericration with age and at temperature extremes, it 1s probable
that some difficulty could be expected in storing and using the type of
tepe utilized in the tests.

A possible solution to the tape problems might be the development
of dispensers into which rolls of transparent tape could be inserted, the
desired ground speed arcd time adjusted, which then would print the time and
speed, and apply adhesive to the prcoper length of tape ss needed.

ANALYSIS OF TEST DATA

Inasmuch as the alteration of the traffic samples negated a
direct comperison of the two types of displeys, a complete analysis of the
measurements and cbservations ie mot included in this report. When all
comminicatiorns measurements recorded during the plctoriel display runs
were Increased by cne-third to compensste for the reduced traffic sample,
a very close correlation was found betweer the number and durstion of all
air/ground/air measzurements of the tebular display tests and of all inter-
phone measurements with the exception of controller/controller coordination
contacts. As had been expected, since the controlled airspace was encom-
passed by a single sector in the case of the pictoriel displey, a marked
reduction in coordination contects and time was indicated. This reduction
ranged from 100 per cent in Mode 1, whern no pictorial display coordination
was reguired, to more than 5C per cent in Modes 2 and 3 which required
coordination with the SPANRAD controller.

No attempt was made toc correlate the reports of the observers,
since increasing or decreasing the amount of traffic in a sample would have
had an unpredictable effect on the number of potentisl conflictions and
therefore, on the mumber of unresplved conflictions. A raw tabulation of
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the observers’' rsports indicated thet s totel of twe conflictions were
ot detected or regolved in the pictorial display runs, and a total of five
conflictiosns were agt detected or resolved in the tebular display runs.

CONCLUSIONS

The basic principles of the 3=D pictorial ATC display mske
feasible the contrecl of all airspace by mesns of a plctorial-type display.
The incorporation of these principles in the two experimertal displeys
demonstrated thelr applicebility t¢ the comtrol of high-speed, high-
altitude aircraft. Although cperaeting limitations were present in varying
degrees in both displeys, they were, for the most part; inherent in the
equipment design rather than theory. It may be concluded that a suitably
designed display would provide.

1. Rapid posting of flight data.

2. Filtering of posted flights in order to determire altitudes or
routes which are as nearly confliction-free as possible.

3. Immedaste evailability of information concerning the relationships
at any time or any positiocn of all eircrufi posted on the displey.

h. Ease of correlaticn of the posted flight data with a redar display,
particularly with SPARRAD or projected-type redar.

5. Possibilities of reduecing interfacility and intrefacility
coordination.

Even though it mey be presumed that a display based on the
procedures employed in the prototype model would be improved by the addi-
tion of a third bey, the tests indicated the most satisfactory procedure
to be the posting of each aircreft on en individual plate, rather then
posting all ajircraft assigned the same altitude on the same plate. Other
specific operating procedures would be largely dependent upon equipment
configuretion and application.

Three major problems were encountered in the use of the vector
tapes. The adhesive quality of the tapes obtained for the tests was too
grest to permit easy application and removal; it was difficult to tear or
cut the tapes at desired pcints, and no satisfactory method was found for
separating arnd rejoining, or for curving, the tapes to indicate changes
of direction in routes of flight. It is pcessible that further investi-
gation of tape materials, adbesives, and methods of application will
alieviate these problems.

Twe other factors also should be noted. The cost of 25 cents
per 100 inches of the pilet run of tape could be reduced congiderably by
quantity praducticn. A further mopetary savicg might be anticipated
through the developmert of an economical means for reducing the present
30=per-cent tape wastage; however, should this not be possible, it is
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expected that the benefits to be derived from this display might
compensate for this wastage. In addition; a redsuction of the clutter
produced by several intersecting tepes would be desirable if it can be
achieved without wnaccepteble loss of tape legibility

Improvement also would be desirable in the transparent quality
of the plates when the display is operated at full, or nearly full,
capacily.

Although the mode of operation utilizing projected radar must be
considered experimental because of the limitations imposed by the elec=
tronde difficulities mentioned previocusly, it appesared that correlation be-~
tween the radar and pictorial displays would be particularly rapid and easy
in this mode. Further evalustion should be carried out with more suitable
projecticn equipment.

The artist's concept of a display, Fig. 11, depicts what may be
a satisfactory asrrargement of cperating positions end duties. A portion
of the furctions performed by the assistent during the tests has been given
to the displsy controlier, and a second controller position has beern added
to provide for pericds of contimuous high-dernsity operation.

The arrangement portrayed is based upon the use of electronic
computers for the automatic forwarding of flight dats and production of
flight progress strips. However, the forwarding of flight data by meens
of interphone snd the manual production of flight progress strips alsc
could be utilized by a2dding another operating position adjecent to the
display controller acd flight posting positicns. In the latter configu-
ration, the new positiorn would receive by interphone dats on flights in-
bound to the sector where the flight progress strips would he prepared
mavnally. The functions at the other positions would remain essentially
the same, except that the display controlier would forward date on flights
outbound from the sector to the adjacent control facilities by means of
interphone.

In the operation of the display, the aessistant coniroller would
post the flights from data avalilable to him on flight progress strips or
on a computer read=cut. The display controller would filter newly posted
flights to select the optimum altitudes or routes, maintain the current
statue of the flight progress strips or computer read-out, and update the
computer by meens of an input device. The radar controller would make all
alr/ground contacts, apnd effect radar separation as required, either by use
of his owm projected radar display or by a handoff to a SPANRAD unit by
means of the upper bay.

It appeared from the tests that some of the principles
incorporated in the displays are similar to certaip proposed featurea of
electronically generated pictorial-type displays.— This is particularly

lrred S. McKnight, "Operational Requirements for ATC Displays,"
CAA Technical Develcpment Report Ne. 308, September 1957.
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applicabie in the presentation of aircreft as vectors and in the selective
or cumilative display of altitudes. The similarity would be increased by
the use of computers as envisaged in the preceding paragraphs.

RECCHMMENDATICNS

It is recommended that a comprehensive study be made of the
technical design and human engineering factors required in e displey for
in-gervice eveluation, and of the possiblility of developing suitable
vector tape dispenser equipment. In this connection, a thorough investi-
gation of tepe materisls, adhesives, and methods of application should be
made. A further investigation should be made of means of reducing the
static electrical charge accumulated by the plates, and of the possible
use of other tracsparent material. A display should be designed and
febricated, incorporating the results of these studies and investigstions,
and subjected to a thorough similated or in=service evaluation, as
appropriate.

It alsc is recommended thet the principles described in this
report be investigated for pessible use in the simuistion of those
features of electronically genersted displays to which they may be found
applicable
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FIG. 1 PROTOTYPE THREE-DIMENSIONAL PICTORIAl DISPLAY
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FIG. 2 VECTOR TAPES



FIG. 3 FLIGHT PROGRESS BOARD DISPLAY



FIG. 4 AUXILIARY EQUIPMENT
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FIG. 5 AUXILIARY EQUIPMENT - ASSISTANT CONTROLLER'S POSITION




FIG, 6 HIGH-ALTITUDE PLOTTING MAP FOR CONTROL AREA
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FIG, 7 CONTROL AREA SECTORS - GEOGRAFPHICAL
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FIG. 83 CONFLICTION HANDOFF TO RADAR CONTROLLER
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FIG. 9 INTEGRATED PROJECTED RADAR AND THREE-DIMENSIONAL DISPLAY
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FIG. 10 MODIFIED THREE-DIMENSIONAL PICTORIAL DISPLAY
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FIG. 11 ARTIST'S CONCEPT OF OPERATIONAL THREE-DIMENSIONAL DISPLAY
WITH INTEGRATED RADAR



