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A DEVELOPMENT PLAN FOR
AN IMPROVED AIR TRAFFIC CONTROL SYSTEM

FOREWORD

The nation's airway system requires a strong, continuing, technical development
program directed toward its day-to~day problems, necessary in-service improvements, and
long-range requirements. Such a program must be designed to meet the special and individual
requirements of air traffic control and navigation, and it must not be incidental to military
tactical or civil product-development programs, The projects included must be carefully
planned from a systemn coneépt to provide the necessary capacﬂ:y and to meet the individual
user's requirements,

In ¢rder to keep pace with the schedule outlined in the Federal Airway Plan, the
research and development effort must increase at an accelerated rate., The plan outlined in
this report is designed to provide the research, development, and evaluation steps necessary
for the improved air traffic control system. As a companion to the Federal Airway Plan, it
also provides a program for further development efforts beyond the five-year period for basic
systermn improvements., Available operational requirements contained in the various reports of
the Air Coordinating Committee, Radio Technical Commission for Aeronautics, and other organ-

izations, and the results of work comnpleted to date under programs of the Air Navigation
| Development Board Civil Aeronautlcs Admlmstratr.on, and mzlztary, welre used in developing -
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An 1mproved air traffic control system based on the begt known technical approach is
described, Each element under the recommended program for accomplishment is divided
into an in-service improvement section and a research and development section. In-service
improvement items may require short periods of development and evaluation, The research
and development sections include those longer range items on which initial development or
major redevelopment for service application is required.

This program is directed toward the development of a serm.automatlc air traffic control
system, Increased use of radar data is recominended. Emphasis is placed on the automatic

¢ flow of data in the ground-contrel system. Computers for planning and problem-detectmn

functions are included,

" The need for an evolutionary approach to improvement in the air traffic control system
is emphasized as a basic principle in this program. One of the primary purposes of the plan
is to provide an orderly and thoughtful approach to budget requesis to support in-service
improvement and development projects during the next five years. Although it is believed
that the plan is basically sound, it is anticipated that it will be revised in detail from time to
time to keep it aligned with a chahging situation, It will be revised, of course, as necessary
to make it consistent with recommendations of Mr, Edward P, Curtis, -Special Assmtant to the
President for Aviation Facilities Planning, as soon as they are forthcoming.

b - INTRODUCTION - -
History.
Since World War 1i, the field of air traffic control has not been lacking in proposals for .

improvémeénts and new systems. Developments diring and after the war have brought forth a
large number ‘of techniques and equipments; but, at the same time, they have presented new

| problems in obtaining agreément among the users on-the best approach to improvements in

the system, Many of the ideas advanced either failed to consider the total relationship of the
system reqmrements or provided no ready means for an evnlutmnary approach in the improve-
ment program. Althou.gh some of these ideas are promising, sufficient funds for their refine-
ment and development into an integrated system have not been available. Thus, in the Federal
Airway Plan, available equipments are being used to meet the immediate, urgent need for :
increased capacity and efficiency. In general, these improvements involve navigation aids for
more extensive and more accurate track guidance and position reporting, widespread use of
radar control, improved air traffic contreol displays, and ex:pa.nded pllot—controller direct
commumcatmns.‘ ) g



CAA Federal Airway Plan,

In the next five years, expansion of the air-navigation network will be based on two
objectives: increased traffic capacity and extension of navigation coverage. Increased traffic
capacity will be accomplished through installation of additional navigation aids which will per=-
mit revision of the Victor airway structure to make more efficient use of airspace and to pro-
vide inherent traffic separation insofar as possible. Extension of coverage will he effected by
additional very~high-frequency omnirange (VOR) coverage on existing and planned airways
down to 700 feet above the ground and in all airspace above 15,000 feet. :

Top consideration will be given during the next five years to the expansion of radar
contrcl to extended terminal areas, to high-density routes, and to high-altitude area control.
Longer range primary radar and secondary (beacon)} radar will extend the advantages of radar-
control methods beyond the present approach and departure areas; and it will expand the safe
capacity of the air traffic control (ATC) system through better utilization of airspace, simpli-
fication of the control function, and extension of control of traffic to an area basis. -

Airport surface-detection equipment (ASDE) radar will permit improved contrsl of
traffic on the surface of major airports under poor visibility conditions. ) ’

The Federal Airway Plan proposes to improve communications by means of additional
peripheral facilities for direct controller-pilot communications. Improvements in point-to-
point communications also are planned. . :

CAA plans to inaugurate manual control of all airspace above 29,000 feet in Fiscal Year
1957, and as experience is gained in handling traffic on an area basis, to lower the floor to
accommodate a greater volume of high-speed, direct-route traffic,

Need for Additional Research and Development.

Although implementation of the Federal Airway Plan will do much to increase the
capacity and efficiency of the ATC system, it will not correct certain basic deficiencies in the
system. For example, one of the most difficult problems in the internal functioning of ATC
facilities, particularly air route traffic control (ARTC) centers, involves the collection and
processing of data for presentation on air-traffic displays for analysis by the controller,
Controllers now are burdened with secondary duties such as relaying information, coordi-
nating with other controllers, and manual posting of data, which seriously interfere with their
primary function of analyzing traffic situations and making control decisions, As the con~
trollers' areas of jurisdiction are decreased to smaller and smaller units to epable them to
cope with rapidly growing traffic, the proportion of these secondary duties increases. ‘

There are many shortcomings in the present methods of displaying traffic information
to the controller, both where radar coverage is available and where it is not available, As a
result, contrel cannot be accomplished as effectively as desired. ' :

: Rapid and positive identification of targets is one of the major problems in the effective
use of radar. Improvements also are needed in the radar equipments to provide better cover-
age, to eliminate precipitation effects, to improve moving~-target-indicator {MTI1) performance,
and to reduce radar interference. Such improvements will increase the reliability and usa-~
bility of the radar. Because it is envisioned that extensive remoting of radar data will be
necessary operationally, means of accomplishing this with necessary quality at minimum
expense will be required. : o .

In high-density traffic situations, the aireraft pilot and the conirpller are overloaded
with communications required for position reporting and the necessity for continuous moni=- -
toring and screening of air traffic control transmissions, Ground/air data links should be
investigated as a possible solution to this problem. o . ‘

Improvements to the navigation system are needed to permit use of multiple parallel
tracks for most effective use of the airspace by ATC. Although the five-year plan envisions
positive control of all aircraft movements in certain designated airspace and provides for
radar coverage of this airspace, improved techniques are needed to permit such control to be
accomplished in the most effective manner. The limitations outlined can be solved only
through an aggressive research and development program.

Research and Development Plans,

' An essential part of the research and development plan is a well founded program which
can be updated continually to take advantage of the latest thinking, experience, and scientific
breakthroughs. Once this basic plan is available and the objectives are well defined, many
laboratories devoted to such dévelopment work can participate and thus expedite the conclusion
of the work, A well coordinated effort in the developmeny phases obviously is essential, -

The evaluation of the systems and equipments so developed will not be complete until
they have been proved in a conirolled test environment. It is in this manner that new ATC
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procedures and standards also are developed. This evaluation and procedural development
requires a special type of environment such as is found inthe Airways Operaticns Evaluation
Center (AQOEC); therefore, it will not be carried out eagily oxr economically in more than one .
area. . . oo . . ST :
Further, it seems logical that the control agency should conduct such evaluations because .
the same agengy ultimately will have the responsibility for the system implernentation, if it is
found acceptable. Projects for in-service improvement do not involve basic -system changes,
but they are aimed primarily at improving the over-all performance and reliability of systems
already implemented. The responsibility for the proper conduct of these programs tradition-
ally has been an exclusive responsibility of the CAA, In many cases, however, the improve= -
ments required are suggested as the result of operational experience of users of aircraft, both
military and civil. : : : : - S ‘ - :

GONCEPTS OF AN IMPROVED ATC SYSTEM
The principal 'conc'epts of an improved ATC system are: -

1. All elements of the system must have characteristics which are compatible with ATC
requirements. - ‘ : S i : ' _

2, The system shall be capable of providing positive control .of all aircraft movements in
all airspace. (This does not imply that all aircraft movements or all airspace will be
controlled.) . ' _— _— :

3. Normally, navigation will be accomplished in the aircraft; however, under certain ATC
situations, navigation will be ground-directed. - .

4. Normally, air traffic control will be provided by.ground facilities ‘

* 5. Preplanning and advanced reservation.of airspace will be used to the maximum extent
possible to provide for aircraft movements on a first-coms, first-served basis. ' Current
position information will be used to revige airspace reservations. S oo
6. When aircraft cannot be controlled efficiently on the basis of advance reservations of
airspace, short-term control will be effected by use of current position data.

7. In low-density traffic areas, the systém can use infrequent position data and relatively
large separations between aircraft. In high-density traffic areas, the system will require a
high rate of position data to permit relatively close spacing between aircraft.

8. The system shall be capable of regulating peak-load traffic tb avoid exceeding ‘system
capacity. It also shall be capable of handijng priority traffic. :

9. Eificient control of high-density traffic and high-performance aircraft requires the
progressive use of .automatic equipments. '

. 10. Rules and regulations applying to the use of airspace and operation of aircraft will
require revisions from time to time to simplify the air traffic control program.

In considering an improved ATC system, every attempt has been made to be fair to all
users of the airgpace. An evolutionary progression to an improved system is described,
although it should not in any way be conatrued to be an "ultimate" system, The system is
believed to be as advanced in concept as is possible at this time; however, a continuing need
for redppraisal of the program exists, It also should be borne in mind that this approach
requires equipment development and operational evaluation which may show the need for
changes prior to full-scale implementation. o L - o

To provide maximum performance, all elements of the ATC system must be designed to
meet air traffic control requirements. The system should not be forced to make use of equip~
ments primarily designed and operated for other purposes if by so doing the over-all design
of the system becomes unduly complicated. Similarly, the system should not be forced to
make mutual uge of certain equipments if this would compromise the efficiency of the ATC
aystem. o

Today's ATC system does not control all airspace, nor does it control all aircraft
movements within designated control areas. The difficulty in avoiding collisions by visual
observation of other aircraft operating at high speeds indicates that positive control of all
aircraft movements must be provided at higher altitudes and possibly in certain other
airspace. Further, the capability of controlling all airspace to some degree is requiredin
unusual situations such as national emergencies. From time to time, consideration has been
given to system concepts which would provide for navigation by ground - direction as a part of
the ATC system. This report reaffirms the opposite view: that the air crew will do all of
ite own navigating on routes prescribed by the ATC system except where ground direction




is necessary on-a short-term basia to prevent traffic conflicts (eithér en route or in busy
terminala) or to provide precxse spacmg and most expechtlous mwemmt of trafflc in
high-density areas.

In the future, automatic eqmpment will be reqmred to inform the ATC system of aircraft’
position, altitude, and other data at the rates and degrees of accurdcy necessary for proper
functioning of the system. In addition, certain routine ATC messages (grovnd/air) ma hg
handled automatically. Voice comimunications will be reta.med far nonroutine or emergency '
commumcatmns and for mm1mum eqmpped aireraft, : :

Common System A,spects. : e ' ' : g ‘

Many planners and des:gners ‘in the past have attempted to create a commion system
through the design of comumon equipments. Progress toward development and irnplemerntation
of this type of system invariably becomes stifled when it is discovered that the requirements
of the different users are so divergent that no compromise acceptable to all is workable.

It is believed that.a stép forward toward thegoal of 3an ATC system serving all users will
have been taken when those who are concerned with its des1gn and devalopment recogm.ze that:

l, The present ATC system is not basbd on tota.lly common eqmpments, nor wxll any ATC
systemn be so based in the foreseeable future.

2. Frequent charging of tactical requirements leads to frequent changes in mJ.lJ.tary ‘
aircraft-equipment. configurauons, changes with which ClVll alrcraft can.not be expected to
cope,

3. A la.rge percenta.ge of au'craft the missions of w}uch are not w1de1y dlvergent, can be
similarly equipped. :

4, There always will be certam m111tary a1rcraft and proba.bly tertain civil a:u-cr‘a.ft wh:ch
cannot be served by all equipments of the common system. The tacticdl requirements of some |
military aircraft'may dictate equipment configurations which will not be feasible for common-
system use, Low-cost, low-performance civil aircraft may be inable to use some comman-
system eqmpments because of weight, space, power and economm consxderahons.

-l—-l
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Acceptance of these statements leads 10 a system conﬁguratmn (Fig. 1} which mcludes* -

) 1. Tactical elements deszgned for maximum effectweness in meetlng spec:&l m:ht&ry
requirements. peculiar to air warfare. .

2, Elements peculiar to the internal functioning o:E the ATC fa.cxhtms and des1gned to meet
ATC requirements with maximum effectiveness. These include data-processlng and =contrel " -
systems within or between control facilities, radars, and so forth, -

3. Elements which serve to intercomnect military tactical systems. and ATC facilities to
permit the. ATC system to accommodate tactical operations and to perm:.t the tactlcal mﬂita.ry
system to obtain the desired information on friendly aircraft, = .

4, Elements which serve to interconnect automatically the ground- envxrnnment w;th air- '
crafi, These include air/ground/air (AGA) data links or an ATC beacon system., = :

5. Ground elements and procedures which accommodate, to the degree posslble, minimurmn -
eqmpped aircraft or aircraft expenencmg axrborne—eqmpment £a11ures. :

Development of the tactical elements in Item 1 can be carned ont in complete securlty
without comprom:smg a common ATC system.. Development and/or implementation of the
elements in Itemms 2 and 5 should be; carried out by the ATC agency. Development of the
elements in Items 3 and 4 requires standardization and large—scale coordination, and this .
should receive immediate attention. : . .

Evolutlon of an Improved System.

The philosophy has been expressed. frequently that the present ATC sysiem should be
discarded in favor of a new and revolutionary system. The CAA, with statutory responsgibility
for the control of air traffic, cannot accept the premise that; overnight, a switch can be .thrown
which will change the present system to some new and relatively untried form. The present
system, although deficient in many respects, is based on years of valuable experience which.
should not be discounted lightly. The advancernents proposed herein, therefore, have been
designed so that an improved ATC system will be produced by evélutionary growth. At the .
time these propesed equipments become available for implementation, there will be in exist-
ence a well established voice=communication system and an extensive network of primary
radars, There glso will be a complete navigation system for both high= and low-altitude
flights, The existence of this environment will aid materially in the transition to the improved
system even though some operators may be slow in impleémenting the atrborne portions of the
semiautomatic system,

In-service improvements to nav1gatmn aids, communications, radars, and so forth, can
be accomplished without interruption to traffic-contirol service and with only minor interrup=-
tions to the facilities themselves. Installation of automatic equipments in the control facilities
will be expensive and rhore difficult to accomplish because it must be done w:.thout inte rrupting
service,

It is anticipated that the introduction of automation into the operating system will be -
accomplished in several stages. Some automation can be applied to the internal functioning of
the control facilities without requiring equipment changes on the part of the users of the air=-
space, At some point, however, implementation of airborne equipments will be required in
those aircraft desiring full and complete service, Because an implementation program of
this type will cover a period of time, a step-by-step progression will be necessary,

It is visualized that the upper altitudes and/or certain high-density traffic routes will be
the first areas to be placed in the semiautomatic environment. Imtially, radar and radio-
position reports may be inserted manually into the automatic systemn in place of direct mputs
from the air/ground data link and/or beacon equipments. At some date, repulations requiring
airborne equipments and automatic inputs from military tactical systems will be required on
all flights operating above a certain level or on specific routes. Gradually the automatic
environment will be expanded to additional airspace, and it will include penetration and climb
routes through nonautomatic areas, It is not within the scope of this report to furnish at this
time altitude layers and dates or a detailed description of transition routes, Advancements
in equipments and operational experience will be required before such schedules can be pro-
vided. Special regulations governing use of airspace may be required to provide operating
safety and minimum restrictions for both fully equipped and minirnum-equipped aircraft,

How the System Works.,

Air traffic control will be based on reservation of airspace in advance by preplan.m.ng .
of flight paths and airspace occupancy and by feedback of position data to verify predicted
airspace occupancy and t{o report airspace vacancies. Feedback of position data from aircraft



may be at relatively low rates when traffic density is re}.atlvely iow, when-all potential conflicts
can be eliminated readily by preplanning, and/or when relatively large separations between
aircraft can be used without sacrificing expeditious movement, Feedback of position data will
be required at high rates when traffic densities are high, where much of the contrel must be |
accomplished on the basis of current airspace occupancy, -and/er when small separahons\
between aircraft are necessary to permit increased density of traffic movements..

It is visualized that in the improved ATG system, position.data will be received in -
various ways, ihcluding voice reporting and telemetering of poeition -data from.aircraft to
ground and by primary and secondary radar. Processing facilities on the. graund would convert
these data into a common, electrically coded fporm for the ground ATC eguipments. Data from:
military tactical systems such .as SAGE also would be fed inte the ATG system, and a-cestain
amount of data from-the ATC system would be forwarded to theae systems. for identification of -
friendly aircraft or for other purposes as desired. .It is anticipated that the required position
data from many tactical airersft may be inserted. into the gystem in this:manner when such -
aircraft are not equipped with compatible equipments for use in the common ATC system.

At g, antimpatsd that initial control will be accomplished by comparison of proposed flight
plans with other flight plans already operating-and proposed to enter the system, Much of this -
control can be:accemplished with automatic machinery by use of computérs and adéquate -
storage. - Flow control also will be exercised .at this. stage to limit:the number of flights to any -
particular airport, or through any other restrictive bottleneck in the systern, to:the maximum
acceptance rate. To make this system effective, some degree of en route speed control ma.y
be required, plus a closer adherence to proposed departure times; . :

Where aireraft movements cannot be handled expeditiously and eﬁeetively by prqplamung
contrpl or airspace -reservations well in advance of the actual time uged; separation will be -
provided on a.short~term basis based on actual positions of the aircraft involved, When this
type-of contrel is. required most of the time, as in high-density-traffic areas where many .
changes of altitude or crossing-course problems are involved, a high rate of position informa-
tion such 4@ is ayailable from radar systems will be required, Smaller separationa can be -
used in- these areas to increase the. ca.pacity -of the system. . .

PR.OGR.AM FOR ACCOMPLISHMENT

. Projecta of an in-servic e-mprovement nature are thosa tzoncerned w:th the 1mprovement
of facilities which already have been implemented on the Federal Airways or as part-of the
ATC system. :-The exact nature of the effort required may fall into any.of several categories:
{1) development of modifications to correct equipment deficlencies, (2) s'pecif!c investigations
and developments gimed at correeting specific local difficulties, and {3) modiﬁcaﬁons of
equipments to expand service to meet new operational requirements.

Itermnized herein are in-service-improvement projects now being conducted but not yet
completed and those which should be initiated as soon ae funds are available.: Because-of the
nature of these projects, it ia advigable to maintain and finance a continuing in<service-
improvement project for each major facility already in service, The exact program items w111
not always be kaown until specific deficiencies arise or new operational requirements deveiop.

Under sections entitled "Research and Development," projects are listed for providing
new equipments, new systems, and new procedures. In many cases these projects require
original thinking and inventiveness. In some cases they require adaptation of techaiques
originally developed for other purposes. In some casee several approaches to 4 problem
should be conducted slmulta.neously to reach the 'best solutlon at the earliest ume.

Navxgatzon System, - ’ ' :

Within this category are mcluded all developments and in-service improvements for
greound and airborne navigation equipments. It is anticipated that navigation nermally will be
accomplished by the flight crew, with the exception of minor course adjustments provided by
air traffic control to previde separation between aircraft. A basic radio navigation-aid system
and airway structure will be provided by the Federal Goverriment to serve the needs of inter-
state commerce: It is believed, however, that new and improved navigation equipments will be
developed continually. Aircraft will be permitted to mike use of any of these equipments de-
sired, provided that the routes and tracks specified by air traffic control can be followed with
the required accuracy. Techniques and equipments for navigation along slabt airways and cor-
ridors for climb and deacent will require development, - Improved instrument approach and
landing aids require development. Development effort must take into consideration special
navigation reguirements of new types of aircraft such as helicopters and vertical takeoff and
landing (VTOL) aircraft.



In-Service Improvéments, En Route dnd Terminal Navigation Aids.
1. VOR. .

A, Vertically stacked VOR antenna, A vertically stacked antenna will pcrrmt siting
flexzblhty of VOR stations by reducing the radiated energy directed toward the ground
and toward nearby reflecting objects,

b. High-tower VOR installations. The hlgh-tower VOR installation was designed as

- an additional means for reducing siting effects. It is not intended that high towers be
standardized; however, the results of present experimental work may demonstrate that
this technique is capable of solving certain particularly difficult siting probléms.

In some cases it may be desirable to incorporate both Items a and b at the same

- site, : )

¢. Multilobe VOR ground facility. A multilobe VOR system should have the inherent
ability to reduce instrumentation error by the order of the numbeér of lobes. Five are
presently proposed. In addition, errors due to siting will be reduced, with the order of
reduction depending upon the specific site. Technigques will be employed for posltwely
eliminating the inherent ambiguity of a multilobe system,

d. Multilobe VOR receiver. Implementation of a multilobe VOR ground system will
require dévelopment of a companion VOR receivér in order that full advantage can
accrue to the:-user, The ground facility, however, will be des;gned to permit existing
VOR receivers to continue to obtain single-lobe azimuth service.

e Ground-speed meter, Accurate ground-speed information in the cockpit will make
it possible for pilots to-ascertain and to inform the control agency that they, in fact, are
employing a track speed within the tolerances specified for the airways. Because itis
proposed that all aircraft along an airway at the same altitudé be in the same speed cate=
gory, departure from the norm {due primarily to differénces in aircraft loading and -
engine performance) in most cases should be correctible by moderate speed-control
procedures. Ground-speed information, of course, will result in extremely accurate
estirnated time of arrival (ETA) predlctmn. In fact, the ground-speed device may be
instrumented easily so that "minutes remaining to destination" {or ETA, if desired) can
be displayed in the cockpit,

f. Slant-airway instrumentation, The purpose of this development is to provide, with
simple instrumentation, a guidance systern which will permit aircraft to follow accurate
ascent and descent paths over specific horizontal tracks, The intent may be compared
to that of the instrument landing system (ILS}, but extending further beyond the términal
area and to considerably higher altitudes. Ultimately, complete tracks from the depar-
‘ture point’ to the destination may be defined. The ability of aircraft within the system to
conform to tracks of this type will result in appreciable airspace savings. At the present
time, Jarge areas of airspace must be reserved for ascending and descending aircraft due
to variations in the x, y, and % coordinates during these operations.

It is believed that the time-position accuracy of tracks defined in this manner need
not be as.good as present ILS-position accuracies but should be comparable to or better
than the existing Rho/Theta system. In all probability, the first efforts will involve
automatic coordination of altimeter and distance information with possible use of the
glide=slope needle as the guidance instrument for ascent and descent.

2. VORTAC.

The Air Coordinating Committee (ACC) recently reached a unanimous decision on’
a program for implementation of the Federal Airways with an integrated system consist-
ing of both VOR and Tactical Air Navigation {TACAN). This program is referred to as
VORTAC, Uader this plan, combined implementation of VOR 'in accordance with the Fed-
era) Airway Plan is recommended, as well as integration of the VOR network with
TACAN facilities. The distance portion of TACAN will provide distance service to both
civil and military aircraft, and it will supersede the present civil DME system. -

In consonance with the program recommended by ACC, a vigorous TACAN 1mple-
mentation program will be initiated by the CAA. Parallel with the earliest possible imple~-
mentation of currently available military TACAN equipments and {o meet the requirement
of distance service for dir-carrier jet operations’ by July 1959, supporting programs
should be conducted in order to provide TACAN~type ground facilities and airborne
equipment specifically designed to rmeet civil requirements for later mstallatxon. Certam
specific projects may be recommended at this time: ‘



a. Establish TACAN siting criteria, Experience with the TACAN systern has shown
that careful attention must be paid to siting in order to insure optimum azimuth accu-
racy. A large percentage of planned facilities will be installed at VOR sites. Present
configurations for accomplishing co-location may or may not be satisfactory at all

, sites, A criterion for evaluating suitability prior to installation.of equipment should be
' developed. In cases where the presently proposed. VORTAG antenna conﬁguzra.tion is
unsuitable, alternate configurations must be developed R

b. Install and evalnate a VORTAG facility,

c. Obtain a portable TACAN facility with ad_]ustable tower fgr siting. 1nvest1gatmns.

d, Determine practxcabllxty of conversion of present DME ground "famhtles to
prow.de TACAN d:.stance service. | . . . o

| 3 Gene ral

a. Channel eepa.c;ty of naw.gatmn system, . The channel capamty of ihe VOR system

". presently is adequate; however, the number of proposed installations and the increased

altitudes of ﬂxght soon may dictate additional channels, Fortunately, the number. of.
channels can be increased by a factor of approximately two. without compromising. the
existing systems or airborne equipments thereof. Techniques for accomplishing the
channel expansion have been developed and demonstrated. The transition to the higher
channel systems consists primarily of installation and implementation. .

Present airborne equipments can continue to operate with their present. ehatmel
capability, and they can be replaced upon obsolescence by equipments having the greater
channel capacity. The best estimates available indicate a requirement of 130 channels
by 1965. Fundamentally, the YVOR channel capacity will be- mcreased by reduc:.ng the
present channel separation from 100 to 50 kilocycles (kc) ]

b. Airborne computers, Control of.aircraft on an area basts can be s:emphhed :
greatly by.proper airborne instrumentation. - The pictorial display is ideally suited for
this purpose. A number of different types. of displays have been developed and evaluated.
Based on ‘experience ga:med with these equl,pment,s and recognizing the requirements
imposed by ATC, a unit embodying the best features of the early models should be
developed followxng coordination with all potential users. .

. 6. Alfitude compensation for distance measurement. In conuectwn thh Item b,
electncal and/or mechanical provisions for the conversion of slant to horizontal dis-
tance will be made. This is considered necessary in order to eliminate position errors

_inherent at high altitudes when operating near the ground station. . -

. d,. Altimeters. Present altimeters are not sufficiently accurate ahove approxlmately
, 29 000 feet to. pezm1t use of altitude separatlons of 1000 feet, In arder to avoid a 2:1
loss in airspace utilization at the higher alt1tudes, it is essentml that 1mproved

:altxmete rs be developed.. e .

- In~Service’ Imprqvements,, Appi'oeeh and Laeding Aid‘s..'

1. ILS directional glide slope. The glide-slope antenna array in current use depends on
ground reflections for the formation of the desired field patterns necessary to form a straight-
line plide slope. At sites where the terrain either rises or falls abruptly in the approach area,
bends are produced which distort the glide-slope shape and seriously affect the pilot's ability to
establish the correct rate of descent during his approach in instrument weather, Experiments
on an antenna array which does not depend on ground reflections for the formation of the glide
slope show encouraging results. This antenna should be developed for use at those sites where
a conventiomal. a.rray cannot produce an accepta.ble path. . ‘ ‘

Research and Development, En R.oute and Term:.nal Nav:gatmn Azds.

) Cnnl TAGAN dxstance-only airborne. equxpment. The only a1rborne TACAN
equipment currently in production is of military design and anorporates both azimuth and dis-
tance functions. Inasmuch as a la.rge percentage of civil aircraft will be equipped with VOR
and continued use of this equipment is intended, it will be necessary to develop an airborne
unit meeting civil requirements to provide TACAN distance service only. This unii, in
conjunction with the VOR, will provide full Rho/Theta service to these. aircraft.

2. Givil TACAN agimuth-only airborne equipment. Inasmuch as the Federal Alrways
system is to be implemented with TACAN in addition to VOR, a civil version of TACAN
azimuth-only airborne equipment should be developed. This development is intended to. .



provide a TACAN counterpart to the private-flier-type VOR receivers, and it will permit an
evaluation of the suitability of TACAN azimuth to meef private-flier requiremenis.

3. Civil airborne TACAN equipment {distance and azimuth). Development of this unit
will permit operational evaluation of the ability of the military TACAN system to meet the
over~all Rho/Theta requirements of civil aviation. ) - : : .

4, Civil TACAN facility. Requirements for Federal Airways ground facilities vary -
in a number of significant features from military requirements. For this reason, it is ‘
advisable to develop a TACAN ground facility consistent with established Federal Airways -
regquirements. ' S . :

5. Helicopter navigation system. Operating characteristics of helicopters may dictate
the need for a type of navigation system not now in use, The chief requirements are low- = .-
altitude coverage, accuracy, and ease of operation and interpretation, The first steps-toward”
development of 4 suitable system will be a study of {a) helicopter requirements; (b) proposed
systems, (c) applicability of existing systems, and {d) analysis of tests and ‘studies performed
thus far. e o
6. Improved basic navigation system. Navigation systems are expected to play a major
role within the ATC system to provide guidance in flight and to assist in maintaining safe sepa~
ration of aircraft, The utility of navigation systems to air traffic control is directly related to. .
their accuracy and reliability. Present navigation aids are suitable for coarse~grain position . -
information and can be used for fine~grain data within the accuracy limits of the equipment.
In-service~improvement efforts have been listed for improving the accuracy and utility.of
present navigation aids., Research and development should be directed toward increasing the
utility of navigation aids, both to the pilot and to the ATC system. As the state of the art
advances and as requirements change due to the ever widening range of speed and altitude
characteristics of aircraft, development of new navigation aids will become necessary.

Research and Development, Approach and Landing Aids.

1. Extension of ILS service. Airports equipped with ILS allow a straight-in ILS approach
in one direction only. In instrument weather and when the wind is unfavorable for landing in
this direction, the ILS is used for guidance to the vicinity of the airport. A circling maneuver:
then must be executed to align the aircraft to the active runway prior to landing. An ILS which
could be used to serve more than one runway would be very desirable to fill this operational
need. . : :
2. Glide slope. The trend toward higher performance aircraft, especially jet-propelled
aircraft, is associated with more demanding requirements of the glide slope. A glide-slope
antenna systern, submerged in the runway, would accomplish several desirable improvements.
It would facilitate automatic approach to touchdown, and it would remove the undesirable
obstruction created by the present antenna array.

3. Landing aids. Development and evaluation of aids to permit completely blind landings
have been under way in the military services for some years. These equipments and tech-
niques should be thoroughly investigated and adapted if possible to meet the requirements of
civil aircraft. ’ : ‘

Radar Systems, .

The Federal Airway Plan provides for a network of traffic-control radars, both primary
and secondary. These equipments will include airport surveillance (ASR} and precision
approach radars (PAR), long-range surveillance for extended terminal area and en route cov-
erage, and secondary radars for aircraft identity and long-range coverage. The plan also
provides for remoting devices to permit collection of radar data from remote facilities.
Aggressive in-service-improvement and research and development programs are required to
adapt technological advancements to existing radar equipment and to study, evaluate, and
develop new techniques required. o . S

It is recognized that continuing research and development efforts are being made by the
military to improve primary radar systems, The results of these efforts should be integrated
into the civil system as rapidly as possible to obtain maximum performance and utility of
radar as a traffic-control aid. : ‘

-

In-Service Improvements.
1. Circular polarization. Circular polarization is required to improve radar
performance under adverse weather conditions. Kits have been developed for the ASR~-3 and.
PAR-1 equipments, and basic development has progressed to the extent that kits for ASR=-2,

N
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AN/FP5-8, and PAR~-2 equipments can be procured within a short time. Although evaluation
of circular polarization is desxrable, it should not delay the installation program because it is
known that circular polarigation is of benefit under precipitation conditions..

2. Radar-receiving systems. A study should be made of components and devicés such
as improved radio frequency {rf) amplifiers, detectors, duplexers, video~integration devices,
and other equipments which will improve the over-all signal-to-noise ratio of theé receiving
systems and to improve systém coverage, Such componénts or:devices whmh can be adapted
to ATC radars should be .evalnated,

3. Elimination of radar interference, [n some areas chsplays are degraded by
interference between radars. Interference will become more severe as additional air traffic
control and military radars are installed. Although efforts are being made to minimize future
interference problems by proper frequency assignments, immediate action is needed to alle-
viate preseni interference. Improved rf fillering and zf selectivity components, interference-
blanking dewvices, and -other facilities should be developed and installed to minimize
detenoratton of displays.,

-4, ASR-Z/beaccm antenna. No satigfactory antenna combination of this type presently
is a;raﬂable. ‘An engineering study will be required prior to making a décision.on any -
particular con.ﬁguratmn, and perhaps several d:.fferent models. wl.ll-. be constructed and
evaluated., -

5. Improved altitude coverage for ASR, The present ASR antexmas do not radiate
sufficieni energy to provide satisfactory surveillance of high~altitude aircraft, A study:
should be made to determ.lne the feasibility of developnng antennas to provide the desired
coverage, - .

6. Radar beacon-sihng criteria, Evaluation of and expenence with the exxstmg radar
beacon system and with various associated antenna configurations have indicated that ground
nulls and reflections from nearby obsiacles and terrain can be a limiting factor in satisfactory
" and reliable performance of the radar beacon system, It is believed that there are a number
of techniques which may be employed to reduce the seriousness of the two effecis. Where a
number of alternate sitings are possible far a specific facility, a careful propagation.survey
of the location involved should permit sélection of the most favorable site. A study and inves~
tigation relative to the feasibility of employing a counterpoise with the beacon antenna should
be conducted. The poasibilily of minimizing secondary reflections from surrounding objects
through use of absorbent materials also should be studied. ‘

7. MTI systems.

a, Improved MTI, A continuing effort to improve the over-all stability of surveillance
radar MTI systems should be made. In addition, the possibility of modifications to exist=-
ing equipment which will reduce blind-speed effect should be investigated, One such
technique employs the principle of alternating the pulse period {effectively, the pulse
.rate) on a pulse-~to-pulse basis between two discrete values selected for optummng
reduction of the blind-speed effect.

b. Simrulated moving target. An equipment or devu:e capable of producing a sxg-nal
equivalent to that reflected from an aircraft would be of appreciable assistance in
monitoring over-all MTI systemn performance and in indicating optimum adjustment,

Such a moving~-target generator would be installed some distance from the radar, pref-

- erably in an area of reasonably high, fixed ground clutter. The signal radiated from this
device when primary radar energy is incident upon it should hawve & random phase varia-
tion in a ‘manner similar to that of energy reflected from a2 moving object. There are a
nummber of possible techniques which may be explored.. Fundamenta.lly, the requirements
are low cost, low. power consumption, and reasonable size,

8, Military radars for air traffic control., Careful study of e:ustmg and proposed mili-
tary surveillance-radar insiallations must be continued from both engmeering and operational
points of view to determine their applicability to air traffic control.

9. Airport surface-detection equipment. Evaluation of an experimental ASDE has
shown that the use of ASDE will aid materially in increasing airport capacity by providing
controllers with a more complete picture of aircraft on the airport during all weather con~
ditions. Evaluation of new and improved ASDE equipment is now under way and should be
continued,

10. Radar remoting systems. If will be necessary to remote information from some
radar sites to ATC facilities, To obtain the necessary service at minimum cosi, different
types of narrow~ and wide~band remohng systems should be procured and evaluated from
technical, operational, and economic standpoints,
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Research and Development.

1. Radar beacon system. An ATC radar beacon system is needed to provxde more.
reliable aircraft-position information, regardless of the weather conditions or the type or size
of aircraft, to extend radar coverage effectively to higher altitudes and longer ranges and to
facilitate identification of the aircraft. Subject to establishment of satisfactory equipment oper-
ational doctrines to alleviate_system traffic-capacity problems, the following program items
should be undertaken to increase the utility of the beacon system for air traffic controel and to
encourage procurement and installation of airborne equipments.- Most of the program items’
are short-term 1tems because much, if not all, of the basic development work has been
cormnpleted.

a. Transponder altitude-coding provisions. Because transponder reply codes can be
used to denote aircraft altitude and present ATC radars do not provide altitude informa-
tion, an automatic altitude-coding switch for transponders should be developed and eval-
uated, The coding switch should control the transponder reply cede in accordance with
aircraft altitude in order to convey altitude information to the controllers. The use of
codes to denote altitude ie one method of obtaining filtered displays so that controllers
can determine readily whether aircraft on collision courses are at the same altitude,

b. Multichannel and active readout decoders. Single-channel decoders now undergoing
evaluation are useful in connection with the tracking of aircraft to which particular codes
have been assigned arnd for obtaining filtered displays which display only those aircraft
which are segregated on the basis of altitude, destination, control jurisdiction, or similar
factors, If it is desired to identify a target having an unknown reply code, however,
determination of the code ig time -consuming and laborious. Multichannel and active read-
out decoders which have been developed should be evaluated to determine their utility for
aircraft identification and for integration with data-processing, data-transfer, and
computing systems to coordinate flight data and position information.

¢. Integration of decoder-control unit with data-transfer equipment. In order to
increase the utility of the data-transfer equipment by facilitating coordination of the
flight data with the aircraft pesition on the radar indicator, such equipment ghould be
modified to indicate the reply code assigned to the aircraft and to permit selection of
various means of identifying the corresponding target indicator {double blip, bloomer
blip, colored blip, and so forth).

d. Methods of using beacon system for automatz.c reportmg purposes. The ATC radar
beacon system can be used as a means of obtaining automatic position reports of
equipped aircraft. By use of range and azimuth-gating provisions, indications of aircraft
passing over any desired point can be obtained automatically, Equipment which is neces-
sary to provide the indications should be obtained and installed for eva.luat;.on to
determine the operational advantages of such a system.

- e. Low-cost, lightweight beacon system. The operational adva.ntages of any system =
involving airborne equipment depend to a great extent upon the perceuntage of aircraft

- which are suitably equipped. Characteristics of the ATC radar beacon system now’
under evaluation are such that immediate development of & low-cost, lightweight
transponder is not anticipated. New components, circuits, and fabrication techniques
may permit such a development; in that case, development and evaluation of a low-cost,
lightweight transponder should proceed on a high-priority basis.

f. ATC radar beacon ground antennas. The results of evaluation of the Rho/Theta
transponder system and the present ATC radar beacon system have shown that the
ground antenna is the heart of the beacon system and that ground-antenna character-
istics are of major importance.. Resolution and system traffic capacity depend, to a
great extent, upon the beamwidth and side-lobe levels, respectively. Coverage in the
vertical plane depends upon the vertical pattern. Development and evaluation of antenna
systems having improved vertical and herizontal radiation patterns should be pursued on
a high-priority basis. Plans to ¢valuate the Cossor side-lobe suppression system should
be continued.

g. New ATC radar heacon system, A.lthough the use of the ATC radar beacon system
now being evaluated is expected to facilitate control of air traffic, a beacon system
designed specifically for ATC use should prove to be of greater benefit. Further study
of ATC requirements should be conducted in order to determine the required performance
characteristics and operational features. Particular attention should be paid to the
choice of operating frequencies to obtain improved resolution, traffic capacity, and
system coverage, and to assure the choice of interrogation modes and reply codes to
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obtain maximum utility in connection with semiautomatic traffic~coritrol systems, The
system design should be such as to minimize airborne performance requxrements in
order to permit the design and product:.On of a lower cost, reduced size, a.nd hghter
weight airborne transponder.

Communlcatlons Systems v g ’ ) : ‘
Within this category are mcluded- (1) the link from air to g:round fnr passing posztmn '
data, requests for changes in flight plan, and for other miscellaneous ¢ommunications, and
(2) the link from ground to air for forwarding control instructions and requests for information.
The additional communication workload required: by increased radar implementation and
high-altitude area conirol will demand immediate improvement in the AGA communication sys=
tem. Such improvement is in the short-term category and must be pursued a.ggressurely to
permit full benefits of present 1mplementatlon ‘plans.
Development efforts are required to increase channel capacity, to increase utilization of
channel time, and to expedite transmission of routine data. The introduction of automatic
ground equxpments will make the use of automatm air/, ground data Imks more fea.sxble.

In-Service Impravements. : : :
-Some of the more 1mmed1ate mvest;gatlous whxch can be made are:

1 Investtgatmn of stngle sideband systems. = :

' 2. Use of tone or narrow-band digital modulation s‘ystems for more. rapxd transmlssmn
of routine data, and hence, for greater utl.li.zatzon oi channel tl.me.

3. Selective calling features, :

4, Greater spectrum unhzatmn by mprovements in a:.rborne-eqmpment capablhtles.

Research and Deve lopment

1. Telemetering system fcr autormnatic p051t10n—report1ng (alr/ground) The idealized
ATC system visualizes airspace-occupancy information being received and pracessed auto-
matically by the traffic-control agency. Although either ground-based radars or the radar
beacon system could prowde this information, it appears that the most desirable medium of
the improved system might be via an air/ground telemetering’ system. Telemetered data can
be coded easily to show identity, and it can contain altitude and other message~type information
not easily obtained by radar systems, It is easier, therefore, to process this type of data.

Typical of the data which might be remoted desirably to the traffic-control-processing
system are (a) identity, {b) position, (¢) altitude, (d) heading, and {(e) destination and/or special
information regarding the flight or request for changes in flight-plan clearance.

Error-checking or feedback devices which will alarm if errors or unauthorized changes
occur should be incorporated in the system.

The accuracy of the navigation system, the accuracy of the telemetermg system, and the
ATC separation standards required will determine those portiens of the controlled airspace
where automatic reporting will function as a primary device. There seems fo be little-doubt
that it is more than adequate for furnishing data for coarse-grain control. In a more refined
stage and with complete or nearly complete airborne implementation, the data«link system may
be capable of furnishing sufficlently accurate data for fine~-grain control. If not sufficiently
accurate for high~density fine~grain control, it certainly would be of measurable assistance in
furnishing identity and altitude, and it possibly could be used as a medium for airborne requests.

The study and development of this system definitely is in the long-range category. It is
an extension of improved air/ground communications. Its study and development should paral-
lel the study and development of ATC integration with the SAGE defense system. Recognizing
that air traffic control can depend upon the cooperation of the users, much of the complexity of
SAGE could be ornitted. Even though SAGE or other methods of determining airspace occu-
pancy may be used eventua.lly, simultaneous pursuit of a telemetering development would make
the eventual decision a wiser one. At a minimum, it would offer marked 1mprovement to the
present voice-communication system.,

2. Integrated ATC signal systema. The improved ATC system, in addition to obtaining
and processing airspace-~occupancy information automatically, also would furnish coarse-grain
control instructions to the aircraft. Such instructions may be integrated with the automatic
position-reporting system (air/ground) which furnishes position information, or it may be an
independent system. This, of course, depends to a major extent upon the methods of obtaining
airspace-occupancy data and upon the additional capacity of this medium. This system is per-
haps the longest of the long-term communications objectives because it depends upon the others
being accomplished and it envisions the use of autormatic traffic-control-processing equipment,
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- A few of the salient features of the ATC signal sysiem can be described at this. tn‘ne,
although much study needs to be done to plnpolnt the requirements. of the system fully. Itis
.visualized that control instructions will be in terms of route, altitude, and requu'ed ground
speed or time over, ‘gertain fixes. Dependlng upon-the accuracy obtained, it is conceivable that
this signal system could be 1ntegra.ted with the flight director associated with automatic
approach devices and, at that time, it could include navigation information and flight direction
Development work on this system may alter the thinking considerably; as, it is presently visu-
alized, however, an independent approach computer and flight-director system eventua}ly will
be requlred for the fine-control and high-density areas.

Considerable work already has been done by the military in ground/alr data-hn;k sys-=
tems. This should form a good basis for; contlnued d.evelopment of an ATGC signal system.
Although it depends to a measurable degree upon the air/ground link and upon the outpu.t of the
.- data-processing’ system, study should begm as early as possnble. . . o

Automatic Data-Processrng and -Control System, . ‘
The nationally accepted and endorsed Report on Air Traiiu: Control dated May 12., 1948,
. prepared by the Radio Technical Commission for Aeronautics. (RTCA}), contained this impgr-
tant conclusion: "The use of additional controllers will be of considerable benefit, but, as
traffic increases, will reach a point of diminishing returns." The introduction of automation
into the ATC systemn has been needed for several years from the standpoint of increased
traffic=handling capacity. The development of a semiautomatic system now is economically
. justified, This trend is illustrated in Fig, 2.. This curve shows that beyond a traffic load
which requzres an increasing expenditure rate-determlmng slope 8, automnation is dmtated. by
economic considerations, .

As stated previously, many proposals for 1mprovements and new systems oi air traffic
control have provided no ready means for an evolutionary approach. Systems have been
described in detail, but the process and means of iransition from the present system to the
proposed system have not been well defined. ) I

Before outlining a research and development program necessary to produce a .. -
semiautomatic system for collection, storage, processing, and display of flight data, a step-
by-step process of evolution toward this system should be described. Although navigation aids,
terminal aids, primary and secondary radar, and other facilities are important parts, the
basic description will be slanted toward the operational aspects -of the system..

It should be emphas1zed that the concepts described representa research and
development program intended to produce an experimental system which can be evaluated
under simulated and live traffic conditions. Implementation of the system can take place at
any stage of the evolution where it may be demonstrated that improvéments will result.

SYSTEM COSTS

" TRAFFIC LOAD - -
Fig, 2" Typical Cost Curves for Manual and Automatic Systems
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, The first barrier which exists against a semiautomatic systeém of air traffic control is
the nieans by which flight data are fed into the system. As long as voice comimunications are’
used to file flight plans, and as long as pencil and paper are used t copy and produce a display
of flight data, very little assistance can be provided by automatic equipment.

At the present time, numerous devices are being used to feed information d;rectly into
antomatic data-handlmg systems. The various airline-reservations systems have a ticket
apgent set which is a device for pushbutton entry of data into a reservations computer. ‘In at
least ope such system, provision is made for the sets to be'located at long distances from the
central computer, connected by a standard communications line through switching equipment.
Adaptation of such a device for filing flight plans could help to remove the barrier. .

The fizst step in the evciutmnary research and developiment program for an automatic
data~procesging and -contrel system is aimmed at reducing control personnel effort in collecting
fhght-plan data and in setling up the display. As will be shown later, research and developrnent
is required for improved coatroller displays. Use of standard flight-progress strips is -
indicated in the followmg sectlon as an interim output for’ rhsplay purposes.

" Phase 1. Automat:c Prmtmg of Fught-Progress Str:ps and ‘Automatic Center-ta-Center Data
T ransfer.

1. System requ:.rements .

a, Teletypewriter communications system for collectmn of fhght plans and mtercenter
flight-data transfer.

b. Flighteplan input device for rapid and accurate composztmn. checking, and

" transmission of flight plans.

‘c. General purpose computer with multiple input and output capabxhttes for onw-line
operation. The computer will check the accuracy of flight-plan input; break up the flight
plan into a series of fix-posting messages, compute first estimeates, and send to appro~
priate printers. It also wxll send flight data to adjacent centers when flights are due to
leave the area.

d. Automatic printers for producing flight-progress strips in conventional form.

2. Operation (see Fig. 3). In a control area, flight plans will be filed by pushbutton
operation or by inserting perforated {ape or a punched card into the input device at a local

__'-_'_________r_'__,._______,.______,7;.\1;__7_,_,_‘_'___
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I ™
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Fig. 3 Phase I, Automatic Printing of Flight-Progress Strips
and Automatic Center~-to-Center Data T ransfer
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airline office, INSAC, or military operations office. The message as it is composed will be
displayed in front of the operator for visual verification that this is. what he wants to send. A
keyboard will be provided for setting up the original message of correcting the displayed infor-
mation. The device also will check the information automatically for proper format. Then, by
pPressing a transmit button, the flight plan will be sent over the teletype circuit and checked
during transmiasion by parity-checking or repeat-back techhiques.

Pasaing through the automatic switching center, the flight plan is fed into the computer
where it is broken up into fix-posting messages, ETA's are computed, and the messages are
distributed to printers at each sector or group of sectors, The printed strips then are
removed from thé printer and inserted in strip holders by the assistant controller.. The com-
puter will retain current flight data in its magnetic-drum memory for all asireraft in the area,

- From this point the operation of the ARTC Center would be the same asg it is at present
except for forwarding the flight data to the next center. When time for.this operation arrived,
a pushbutton device associated with the peripheral sector board would be operated by the con~
troller to feed the latest ETA data for that aircraft into the computer. - The computer then
would send the proper flight data automatically to the adJacent computer wh:.ch would go through
the same prodess as for the ongma.l file action.

3. Adva.ntages.

a. I provision can be made for encoding flight data properly and storing these flight
'data in an electronic memory, a major breakthrough will have been accomplished toward
the ultimate semiautomatic system.
b. Under present procedures the pritnary duties of the assistant controller are
preparation of flight strips and preliminary estimation of reporting times. By having
. these duties performed automatically, the majority of the assistant controller's time will
.‘be available for aiding the controller.

Under Phase I, control personnel effort is required to insert strips in holders; make
revisions in time, altitude, speed, and route by pencil on the printed strip; and to pass such
revisions along to other controllers. An automatic display d1rect1y connected to the computer,
which would be capable of showing original postings and all revisions automatxca.lly, would
greatly reduce controller effort of this type.

Phasze II, Autozna.nc D:.splay and Automatic Rev:tslon of Tabular Da.ta.

1. Systern reqmrements {m add:.tmn to requirements under Phase I). An electronic
display device will be required, with provisions for displaying data now carried on flight-
Progress strips by means of a Charactron, Typotron, or similar tube, or by projection tech-
niques. Provision also should be made for on-line operation w1th the computer a.nd for
allowing the controller to feed data into the computer,

© 2. Operation {(see Fig. 4). The original file of flight plans and computation of first
estimates will function as described under Phase I. Under Phase II the fix postings will appear
automatically in front of the controller on the fice of thé display and normally will be sequenced
automatically. When a position report is received by radio or interphone, the controller will
{correct the displayed information and cause.thé revised data to be sent to tlie computer. The
computer will recalculate estimates over all subsequent fixes in the area and will transmit the
revisions automatically to the proper controller's displays. The corrected information will
cause flashing of a light or of the displayed information’ unt11 acknowledged by the controller
by a pushbutton,

At thig stage intercontroller coordination regardmg clear altitudes still could be done by
interphone, but passing flight data within and between control facilities can be handled by the
automatic equipment, In addition, it w:.ll be possible to introduce another concept, that of
automatic conflict detection.

It is assumed that position information on each aircraft is being received by radio .
|reporting, and therefore, is coarase gra.in in nature. The computer would be capable of compar-
ing the current estimates for all flights in the area and determining whetlier separation stand-
ards are being maintained. The computer could serve as an aid to the gontrolless and provide
a flashing light, flashing display, or d1fferent color display to indicate possible future conflicts,

3. Advantages.

a. Control personnel effort in setting up a display of control 1n:£ormatmn will be greatly
reduced,
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b. A large portion of control personnel communication time required in forwarding
clearances and estimates to other ground agencies will be saved and can be applied to
decision making.

c. Conflict predlction w111 serve as an aid to controller efforts in malntatmng safe
aircraft separation,

Thus far in the evolution of a semiautomatic system s nost of the effort has been aimed
toward improving the operation of control facilities. It is realized that a very important area
for improvement is toward the reduction of pilot effort and attention to details of position report-
ing, altitude occupancy and vacancy, clearances, and other matters which make up a large vol-
ume of the pilot's communications workload. Although listed in the next phase, automatic equip-
.ment for position reporting such as data links logically counld be added in Phase II. The data-
link receiving equipment on the ground could be connected directly to the area computer which
would keep the automatic displays posted with more accurate flight data. Controller effort
required for feeding position reports into the system would be reduced further with respect to
.all aircraft so equipped.

The comrmunications workload which the present {raffic-control system imposes on the
aircraft has made it difficult for airline offices to contact their flights and keep track of their
progress. With position information stored in the computer concerning each flight in the area,
either automatic or selective readout of these data {0 airline offices could overcome the
difficulty.,

By suitable data link with military data-handhng systems, position information can be
interchanged to keep the military system better informed on civil flights, and vice versa,

The third step in the evolutionary plan involves the application of fine-grain position
information to the resoclution of conflicts which caonot be eliminated readily by preplanning
-techniques. Radio reports from the pilot, advising that the aircraft is over a particular fix,
are considéred®to be coarse-grain position information. Fine-grain information is the type
produced by radar, air/ground data links, telemetering techniques, and similar facilities by
which a high rate of accurate position information is obtained. Under Phase II, some fine-
grain position information will be available from the radar system. The problems of identi-
fication, clutter, precipitation, and coverages will make complete radar control difficult,

Phase III will describe the application of fine-grain data to air traffic control operations.
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Phase III, Use of F ,ine‘-G_ra.in Position Information.
1, .Syétem requirements (in addition to those ‘mg_nﬁbﬁed- under Phases I and il),z

a. Radar data link.
b. Air/ground data link.
c. Filtered pictorial-situation display.
R Flne-graln computing system. e e

. 2. Operation see Flg. 5) Fme-gram pos1t10n tn.formatmn in- the form of %, v, and =
cooxdlnates or Rho/Theta and altitude data, together with aircraft identity, can be fed into the
system in part or in entirety by radar, a1:r/ground data links, or by special military tactical -
systems. This information will be recéived much more frequently than voice~radio p051tmn
reports, and it will not require p110t effort because the mformatmn will be derived
automatically. S

"~ Fhe fine~grain posﬁmu data can be used to keep the préplannmg contrel data more
accurate and can provide fillered information on aircraft position to a pictorial-situation dis=
play. This display will be capable of -indicating the position and identity of all aircraft at
selected altitudes. Its function will be that of a conflict-resolving tool, When conflicts are
detected by the coarse-grain equipment, using any separation standard desired, the altitude -
involved in the conflict can be selected. automahcally, and all. axrcraft at the altttude mvolved
can he. shown on the display. - .

Instead of reselving conflicts by. control techniques whu:h w111 change ma.termlly the
future _ﬂlght path of the aireraft and produce repercussions down the line of flight, it will be
possible in many instances to use fine-grain information to resolve the conflict without affect-
1ng preplanned separation. If a major change is necessary, however, the computer will deter-
mine which control action will prowde the least conﬂmt.

3. Advantages. :

a. Pllot-controller commumcatwns will be greatly reduced. :
b. Airspace utxhzahon can be; unproved through more efﬂclent use of ﬁne-gram
posﬂnon data. .

[AUTOMATIC READOUT
OF POSITION DATA
TO ‘AIRLINES OFFICE

AUTOMATIC
SWITGHING
CENTER

ADJACENT AREA AN;%E"N;‘U:EH:A' .

- COMPUTER
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|
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|
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Fig. 5 Phase Ill, Use of Fine~Grain Position Information
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Emphasis is reguired on this part of the program to ;provide guidance for procurement
of an air-traffic coordinating equipment specified in the Federal Airway ‘Plan. Installation of
such computers, input devices; and teletypewriter circuits would serve ae the modt meortam
firsat step toward the semiautomatic system.

Research and Development. _ o ‘ N

1. Flighi-data computer and storage system. Under this project a general purpose
computer will be procured for evaluation in sirmulated and live traffic environments. The prob-
lems. of .programming the computer to perform op_era.tions such as receiving flight plans, com-
puting sstimates; storing flight data, and composing and distributing flight data to displays will
be worked out. Use of computers to perform flowsregulation funct:tons also will be investigated.
The amount of electronic storage necessary to handle all flights.in a coutrol area and
requirements for center-to-center coordination will be determined.

2. Flight-data conversion equipment. This project will include development of a fhght-
plan input device as described under Phase I.. Determination of suitable message format,
meané of ingerting ﬂzght-pl.an data, and cheeking procedures both before and during trans-
mission will be included in the development. The development of an input device also will be
included by which the control personnel can feed position data directly into the computer to
update. it prior to center-to~center coordination. -

3. Data-transfer equipment., Although this effort may- be morse” r1g:diy classiﬁed ‘as -
communications, for the sake of unity the development of a data-collecting and data: -transfer
system is considered here, This project will concern itsel with a record communications
system in which the flight-plan input devices mentioned in Itemn 2 may be connected to the cen-
tral computer in the control area and in which one control-area computer may feed air-traffic
data to another control-area cornputer, The problems of errar chechng, data transrmssmn.
traffic load, ard speed of handling data will be considered, ;

To carry out Phase II of the evolutionary program, two items need to be cnnndered.

The first is an electronic or projection type of display with functions permitting controller
input to the computer, ‘This is described under “"Display Systams."  The second item refers
directly to computer techniques and programming, and it is described here.

4. Automatic posting and automatic conflict-search technigques. The flight-data com-’
puter and astorage systems described under Item ! will have sufficient flexibility and storage
capacity to store present and predicted aircraft-position data for all aircraft in the area. The
computer capabilities will not be taxed severely to carry out functions under Phase I. Under
this project the techniques of programming the computer to carry out a simultaneous operation
of posting flight data, receiving pogition reports, and recalculating and posting new estimates
will be worked out. In addition, the techniques for detecting .conflicts and displaying conflict
information on the automatic board will be determined.’

Phase III in the evolution of a semiautomatic system will be concerned with the
application of fine-grain positiou data. A pictorial display for presenting these data is a part
of the development program in the section entitled "Dzspla.y Systems." The role the data-
proceslmg system will play in ha.ndlmg this information is deecribed. ‘

5. Fine-grain data processing. ¥ine-grain peosition information will be fed into the
system from radar data links, telemetering or air/ground data links, and military data-
collection systems. Addition of such data into the systemes concept necessitates additional
computer functions to receive, store, process, and filter the information. The input and output
requirements for handling such data and for providing the data in the form necessary to pro-
duce the pictorial display will be determined. Development of praogramiming techniques
involved in correlating and filtering fine-grain information to produce autornatically or
selectively the position of all aircraft at a particular altitude will be necessary.

6. Integration of military tactical data with the ATC system. Various military commands
will be collecting large quantities of data on aircraft movement which will be in electrically
coded form suitable for direct insertion into the ATC system. In addition, data stored in the
electronic memory of an automatic ATC system could be made available to these commands
by selective reguest or on an automatic bagis. The research and development program for
data-processing and data-transfer equipment should include efforts to make most efficient use
of the capabilities of both systems.

Display Systemas. )

: As long as a human controller is part of the traffic-control systern, a kéy element will
be the display. This is the medium through which the controller visualizes the traffic situation.
Much of his capability of handling traffic safely and expeditiously in quantity depends on the
adequacy of the display.
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Improvements in displays fall into two categories., The first of these is of an interim
nature involving improvements in radar-display techniques, improvements in flight~-progress
board displays, and similar effort, The second category mvolves more completely automatic
displays. . .

! In-Service Improvements.

Improved display, coordinating, and data-processing equipment for air trafﬁc control.
A continuing program is required to improve the radar pictorial and flight-data symbolic
displays now in use aor whick will be intreduced in the near future, Condrolier coordination
and data~transfer devices are required for interim use prior to completion of the automatic
data-processing and -control system. The changes. required will be determined from field
experience, from simulation tests, and from the program at AOEC, -

Research and Development,

An automatic data-handling system is capable of pre sentmg flight data to traffic.
controllers in any display form which might be desired, This display may be a printed flight-
progress strip, tabular or symbolic display using electromechanical indicators, symbolic dis-
play on a tube such as the Charactron or Typotreon, or picterial display giving aircraft position
with references to x, ¥, and z coordinates or Rho/Theta coordinates from data stored in the
system. The choice of a suitable display will be determined by operational requirements, the -
amount of radar information available, complexity of the traffic pattern, amount of data-link
information available, and similar requirements, Different types of displays may be requlred
for different geographical locations.

Displays which can present flight data automatically and provide for revising the
displayed information automatically will save time and effort of the controtler and will release
his time for decision-making functions,

The development of improved displays for air-traffic data should be accomplished under
the following items:

1. Electronic display of symbolic data. The Charactron tube, Typotron tube, and other
new tubes under development are means by which information similar to a printed page may be
displayed electronically on the face of a tube, Various projection techniques or closed«circuit
television also are capable of this form of display. Use of this type of display to present infor~
mation similar to that now used on a flight-progress sirip can be a logxcal step in the gradual
evolution toward an automatic system,

- As a further step in this evolution, if pictorial displays are used to present fine~grain
position m.formatlon, the controller still will need to make reference to the entire flight plan

of an aircraft in making some control decisions. This type of symbolic display can serve to

provide additional data which cannot be displayed on the p:ctorml presentation.. In Phase If of
the evolutionary program, application of this type of display is described, In addition to devel-
oping a means of-data presentation to the controller, a means by which the controller may feed
information into the computer is needed @and will be considered as an integral part of the .
display,

2. Electromechanical displays. Expenmental models of electromechanical dxsplays

| already have been developed and are being evaluated in the form: of limited-data-transfer

equipment and Type C display boards. Such displays have an advantage over the electronic
equipment listed under Item 1 in that they are less complex and they provide a nonvolatile type
of information storage. The chief disadvantage lies in the fact that the physical size of the
electromechanical indicators used precludes the display of large guantities of data in an area
which can be scanned by one controller,

Electromechanical displays are ideally suited for rapid transfer of small quant:t:es
of control data:from controller to controller to provuie intercontroller cogrdination.

Although such displays may find greatest application in terminal-area control, they also
should be investigated to solve controller coordination problems in en route control .
areas,

3. Pictorial or panoramic d'lsplays. Bnght-t-ube or proJected chsplays, gwm.g aircraft
pomhon by a pictorial or panoramic presentation, show great promise as a. means of display-
ing fine-grain position data to traffic controllers. Information from ra.dars, beacons, and
automatic da.ta-processmg eqmpment can be combined to proyvide a panoramic picture of the
traffic situation in a controller's area. In addition, dala irrelevant to a particular problem
may be filtered out if desired so that only aircraft involved in a specific conflict problem are

displayed for: control action. This would be partzculazly useful in a system where - conﬂxcts
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were being determined automatically. Aircraft proceeding without conflict would require no
attention on the part of the controller. In projected or storage-tube displays, color can be used
to distinguish altitude, conflict, or other control infoermation on controller displays., Further
development of color equipment should be undertaken to meet traffic-control needs.

Operational Research, '

A continuous program of operational research will be necessary to develop and evaluate
the various concepts, procedures, and equipments of the improved ATC system, and to refine
and adapt them io the changing requirements of the rapidly advancing aviation industry. In this
type of research, simulation has proved to be a most useful tool, Analytical and graphical
simulation is extremely effective in exploring new concépts and parameters, Stati¢c and dynamic
simulation is well adapted to the development and evaluation of new types of equipments such as
displays and new procedures.

Following simulation tests, and prior to system-wide implementation, there is a need for
testing and evaluating new procedures and components in a live traffic environment under
closely controlled conditions, The ACC, having recognized this need sometime ago, recom-
mended the establishment of the Airways Operations Evaluation Center at the Technical Devel-~
opmhent Center of CAA at Indianapolis. This has been accomplished, and over the past several
years, through the help of ANDE and-the miliiary, considerable implementation already has
been accomplished to provide a complete radar and communications environment in 4 large . |
portion of the Iridianapolis ARTC Center-area. The area includes a number of terminals and a
complex airway structure. "All types of flight operations are included, both military and civil.
The AOEC test area includes the all-weather test activities of Wright Air Development Center,
and a peripheral facility of the' AOEC has been established near Patterson Field to expand
civil/military developments under a TRACALS/AQEC agreement -Much of the CAA and joint
CAA/military evaluation work descnbed in t]:us report is 1deally suited for this already -
existing environment. .

In-Serv*x ce Imp rovements .

1. ATC stmulator. The present lB-—target optmal-ty'pe dynamic s:r.nulator at Ind1anapoh.s
is being expanded to 24 targets. This appears to be its ultimate capacily because of space
limmitations. It also is bemg modiﬁed to pern:ut 1nvest1gat1on of certain 1mpr0ved types of
display systems.

2. AQECGC, Contxnuous modxflcatwn of equl.pment arrangements will be req_un'ed in evalua-
tion tests of new equlpments and procedures. Adequate funds must be prmrlded for these
changes as required.

‘3. Area-control procedures. W1th early 1mplementat10n of area control in the l'ugh- .
altitude alr:-:.pace, emphams on 1mproved méthods for dzsplay and control of this traffic is
requlred

‘4. Express~airway concepts . It is believed that one -way axrway‘s, speed segregatmn by.
altitude levels, and elimination of é¢rossing traffic will provide increased:capacity with reduced
control problems in the airway system. Additional studies and evaluation of these express=-.
airway techniques are required. Some modifications to Civil Air Regulatwns very likely will
be requu'ed to rnake ‘these procedures most effective. ! .

Research” and Development

1. ATC simulator. Although 24 targets w111 be adequate for handling the prcblems of
simple terminal areas, this nwmber will not be sufficient to populate large en route areas or.
complex terminal areas at the traffic densities predicted for future operations. For this
reason, it is desirable to increase the simulator capacity to at least 50 controllable aireraft
targets. Use of electronic instead of optical means of target generation is desirable from the
space standpoint as well as for-increased realism in sirmulating the output of air/ground data.
links and the type of presentation obtained from primary and secondary radar equipment. .

" 2, Procedural studies. Some of the more lmportant phases of the simulation and AOEC-
programs mclude the followmg ty'pes of stuches'- . :

a. Investigation of the effects of new types of aircraft on the system. ;
‘b, Inves'cxgatmn of ways of d1splay1ng trafflc data to contro].}.ers to obtain maximum
eff1c1e'ncy :
Investigatibn: of the parameters for raﬂar beacons and/or data links as these
affect separation standards and utility of the data for display to the controller.
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.

d. Investigation of the human engineering aspects in the design of control equipments,
e. Investigation of modifications to rules and procedures to provide a more efficient
and economical ATC system. :

Auxiliary Functions.

1. Monitoring equipment. A continuing program for the improvement of monitoring
equipment for Federal Airways facilities must be conducted. This is true particularly of navi-
gation and landing facilities which are designed for unattended operation, The importance of
accurate and reliable monitoring devices cannot be overemphasized.

2. Flight-inspection equipments. Continuing effort in the development and improvement
of £11ght inspection equipments also is essential, The requirements for a satisfactory airborne
system for monitoring a specific type of ground facility are reliability, accuracy, ease of
operation, and minimization of data reduction from recorded outputs.

3. Airborme radar. An extensive prograrn of airborne-radar installation currently is
being conducted by airlines in the United States. A certain number of installations are being
made in business-type aircraft, and many military aircraft are so equipped. Although the
primary purpose of the airline implementation of radar has been for thunderstorm detection
and avoidance, the inherent nature of radar systems is such that flight experience may demon-
strate that the utility of these devices extends well beyond this primary purpose, To the degree
that airborne radar may be effective for navigation, terrain avoidance, and related purposes, it
can become a valuable tool to the ATC system. It is essential that the ATC system be
prepared to.take advantage of any assistance which airborne radar may offer. -

Initial steps in thjs effort should be directed toward familiarization with the types of
airborne radar in use or on order and toward procurement of at least one model ior CAA
evaluation.

4. Airport design. Simulation studies have been directed toward increasing airport
capacity through better utilization of runway and taxiway facilities. Additional work is required
in this area. In addition to improving the capacity of single airports, the layout of multiple air-
ports in congested terminal areas requires further study to obtain maximum traffic capacity.
This will be increasingly impoxtant as the characteristics of aircraft become more wxdely
divergent.

TIME AND COST SUMMARY

In the report prepared in the early part of 1948 by Special Committee 31 of RTCA, the
research and development costs for an interim program were estimated at 5.7 million dollars
and the target program at 69.7 million dollars. The recommended program level was 34.5

"million over the first three-year period and 32.5 million for the second three years, with an

average yearly level of approximately 11.2 million dollars. In reviewing the recommendations
of the SC-31 document, it can be seen that most of the development work on the interim pro-

| gram has been completed and a start has been made on the target program. The level of fiscal

support has been far below that recommended by RTCA, however, and some changes in the
original program were required as a result of the study and development phases completed on
certain items.

In compiling the estimates of time and cost required for the program, it was found that
an improved longer range program with a reduction in time and money could be obtained if the
research and development appropriations were removed from the one-year obligation require-
ment. It is difficuit to prepare accurate estimates of some of the development phases required,
especially those involving large contracts. As a result, because the funds allotted to many of
the projects are based on estimates of requirements which may vary after the project is under
way, effective and efficient use of the funds is not obtained always. As indicated previously, a
certain level of in- serv:.ce-lmprovement projects will be requu'ed because of problems
encountered during the use of the various facilities and changes in service requirements.
Because the funds allotted for this purpose during the past five years have been much less
than the requirements, however, an increase over the normal recommended fiscal level will
be required for several years in order to reduce the backlog of 1rnprovernents necessary, The
attached estimates outline the recommended fiscal program for in-service improvement and
research and development projects.
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