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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 di,rected toward its day-to-day problems, necessary in-service improvements, and 
long-range requirements. Such a’program must be de~signed to meet the special and individual 
requirements of air traffic control and navigation, and it must not be incidental to milita,ry 
tactical or civil product-development programs. The projects included must be,carefully 
planned fkom a system concept tom provide the necessary capacity and to meet,the’individual 
user’s iequirements. 

In order to keep pace with the schedule ‘outlined in the Federal Airway Plan, the 
research and dev&ltipment effort must increase at an accelerated rate. The plan outlined in 
this report is ,de&igned 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 prdvides a program for,further development efforts’beyond the five-year period for basic 
system improvements. Available operational requirements contained in the various reports of 
the Axr Cooidinating Committee, Radio Technical Commission for Aeronautics, and other organ- 
izations, and the results of work completed tom date under programs of the Air Navigation 
Development Board, Civil Aeronautics Administration, and military, were used in developing 
this plan. 

An imp&ed air traffic control system based & the best known techni~cal approach is 
described. Each element under the recotimend&d 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 qf development and evaluation. The research 
and development sections.include those longer range items ofi which initial development or 
major redevelopment for’ service application is required. 

This program is directed toward the development of a semiautomatic ait traffic control 
system. Increased use of radar data is recommended. Emphasis is placed on the automatic 
flow of data- in the ground-control system. Cbmputers for planning and problem-detection 
functions are included. 

The need for an evolutionary~approach to improvement in the air traffic control system 
is emphaaieed as a basic’ principle ‘in this piograti. One of the primary purposes of the plan 
is to provide ati orderly and thoughtful approach to budget requests to support in-se~rvice 
improvement ‘and develbpment projects dtiring the next five, years. Although,it iS believed 
that the plan is bGically sound, it is anticipated tliat it will be revised in detail from time to 
time to keep it gligned with a chahging situation. It will be revised, of course, as necessary~ 
to make it consistent with recommendations of Mr. Edward P. Curtis..Special Assistant to the 
President for Aviation Facilities Planning, as soon ks ~they are forthcoming. 

INTRODUCTION 

History. 
Since World War II, the field of air traffic control has not been lacking in proposals for 

improv&m&ts”and new systems. Developments dtiring,%nd after the war,have brought forth a 
large ‘number ‘of tech&&s and equipments; but,‘& the same time, they have presented new 
problems .in obtaining agreement 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 requirements Clr Provided no ready means for an evolutionary approach in the improve- 
ment program. Altiiough some of these ideas are~promising, sufficient funds for their refine- 
ment ,&id de&lo&h&t Pinto an integrated system ha+ not been available. Thus, in the, Fede’ral 
Airway plan, a+ilabl& <iuipm&s’ are being used to meet%he immediate, urgent need for : 
increased &pacity atid’@fficiency. In general, these improvements involve navigation aids for 
more extensive and more accurate track guidance Bnd position reporting, widespread use of 
radar control, improved air traffic control displays, and expanded pilot-controller direct 
commgnica$ions. 

: 
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CAA Federal Aitiay 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 accor+plished through installation of additional nav+tion aids which will per- 
mit revision of,$he Victor airway structure to make more efficient,use of airspace and to pro- 
vide inherent k+ffic separation insofar as possible. Extension~of coverage will be effected by 
additional very-high-frequency omnirange (VOR) coverage on existing and planned aitiays 
down to 700 feet ~above *‘ground ,and in all airspace above 15,000 feet.~ 

Top consideration will be given during the qext five years to the expansion of radar 
control 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 utilis&n 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 control of 
traffic on the surface of major airports under poor visibility conditions. 

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

CM plans to inaugurate manual control of all airspace above 29,000 feet in Fiscal Year 
1957. and’as elrperience is gained in handling traffic on an area basis, to lowe~r 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 $0 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 seconda’ry 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 t$e con- 
trollers’ areas of jurisdiction are decreased to smaller and sm+ller units to ewble 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 Bvailable and where it is not available. As a 
result, control 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 (MTI) performance. 
and to reduce radar interference. Such improvements will increase the reliability and nsa- 
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. 

Imbigh-density traffic situations, the aircraft pilot and the control&r are ove‘rloaded 
with communications required for position reporting and the necessity f?r,continuous mqni- ~, ,~, 
toring and screening of air traffic control-transmissions. Ground/&r data links should be ,: 
investigated as a possible solution to this p.roblem. 

Improvements to the navigation system are needed to permit use of multiple parallel, 
tracks, for,most effective uee,of the airspace by ATC. Although the five-year plan ez$visions 
positive control of al.11 aircraft movements in certain designated airspace and provldes’for 
radar coverage of this .$irspace, improved ~techaiques are needed to permit s-6 control to be 
accomplished,in the most effwtive 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 deveIopment,plan is a well founded program which 

can be updated continually to take advantage of the latest thinking, experience. and scientific 
bkeakthrotighs. Once this basic plan is available and the objectives are well defined. many 
laboratories devoted to such development work can participate and thus erpedite the conclusion 
of the work. A well coordinatcd’effort in the development phases obviously is essential. ‘- 

The evaluation of the systems ,and equipments so developed will not be complete until 
they have been proved in a controlled test environment. It is in this manner that new ATC 
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prodedures and atandards~ also ,are deyeboped. This evali&iotl and proceilurzzi develepmeztt 
requires a special type of wviroament such ag -is fouod in:& Airways Operatiorrr Evaluation 
Center (AOEC); therefore, it will not be carried out ,easily or economically in m&e. tbamone 
area. 

F.!rther. it seems logical.that the control agency should conduct sufh~evaluations because : 
the same agency ultimately will have. tbe~ responsibility for the system implwnentztinn, if it is 
found~accept+ble. P?,ojscts~fw in-semi&e improvement,& not.involvebaaic ~systam.cbamges, 
but they are aimed primarily at improving~the, over-all perfprmsnoe and reliability of systems 
already implemented. The responsibility for the proper conduct of these programs trsdition- 
ally has been an exclusive responsibility of the CAA. In many cases, however, the imptweG :~, 
ments required are suggested ~8 t&a result~of operational experiences c+f users cd aircraft, both 
military and civil., 

,: 

; CONCEPTS OF AN IMPROVED ATC SYSTEM 

The principal concepts of an improved ATC system are: 

1. All elements of the system must have characteristics which:are compatible.witb ATC 
rebuirementn. _~~~~~ ~~~~._.__ 

2. The system shall b&capable ,of p&ding p&tive &ntrol:G all air&t mov+nents ,iti 
all airspace. (‘&%a does not imply that all aircraft movements or all airspace will be 
controlle,~.) 

3. Normally~ navigation will be accomplished in the aircraft; however, under certaim ATC 
situations, nayigation will be ground-directad.~ 

4. Normally, air traffic control will be~provided by,~ground facilities. 
. 5. Pwplanning ;ind advanced reservatios;of-airspace will be used to~tbe maximum extent 

possible to provide for aircraft movements on a first-come, first-served baai& Carrent 
position information will be, used to revise airspace reservations. 

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, tbe ay&%%‘&n use infrequent position data and relatively 
large aeparattons between aircraft. In high-density traffic aresa. the system will require a 
high rate of position data to permit relatively close spacing between rir6raft. 

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

9. Efficient control of high-density traffic and high-performance aircraft requires the 
progre,ssive u8e of-automatic equipments. 

10. Rules and regulations applying to ,tie 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 airspace. An evolutionary progression to an improv&d syst~em is described, 
although it should not in any wsy be construed 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 reappraisal of the program exists. It also should be borne in mind that this approach 
requires equipment development and operational evaluatiy which’may show the need for 
changes prior to full-scale implementation. 

To provide maximum performance, alI elements of 
meet air traffic control requirements.~ The system 

e ATC system must be designed to 
shoul 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 use of certain equipments if this w?uld compromise the efficiency of the ATC 
aystem. 

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 aircrtit operating at high speeds indicates that positive controlof all 
aircraft movements must be provided at higher altitudes and possibly in certain other 
airspace. Further, the capability of controlling dl airspace to some degree is requiredin 
unusual situations such as national emergencies. From time to time, c’onsideration has been 
given to system concepts which would provide~~for navigation by ground.direction as a part cd 
the ATC system. This report reaffirms the opposite view: that the sir crew will do.& of 

’ its own navigating on routes prescribed by the ATC system except where ground direction 
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is necessasy~om~a ahort-term basis to prevent traffic conflicts (either en route 01‘; in bus+ ” 
terrninrls) or to provide precise’spaoing~ and most expeditious movement Of tiz&fic, in 
high-danaity &raw. 

In the future, automatic equipment will be required to inform the ATC system of airc?aft’ 
position, altitude, ,and.other :&t.a at..&wrates and degrees of accurdcy~necessary.foi ~pr $r 
functioning of the syst&m. In addition, oartain routine ATC~ messages (gr+d/aii) “y “go ,~ e 
handled automatically., Voice conirpun ications will be retained for notictitine or emsi&ency 
communica~tions and for xni&zi~-equipped aircraft. : .~ 

common System: Aspets. ~._ 
h$s&y plaxxners and designers in the past have attempted t0 oreate a eomni~n s$stkm 

through the design of coxiw6,equipments. Progress toward~developmsnt and itipleniedtatiof 
of this type of system invarlably becomes stifled when it is discovered that the requirements 
of the different users are a.0 divergent that no compromise acceptable~$ all is workable. 

It is believed that.a~st’&@ forward toward thagoal of ‘in’A$‘C system serving all users will 
have been taken when those who ,are concerned with its design and d&elopment recogniee that: 

1. The present ATC .sys& is not b&led on totally common equ.ipments,,nor will any AT; 
system be so based,in the foreserable~future.~ ,. 

2. Frequent chalrging of tactical~ requirements leads to frequent changes in militaaiy ,, 
aircraft-equi~ent~coPfigurati~~;~ changes with which civil aircraft:cannot-be &pected tom 
cope. 

3. A large percentage of aircraft, the mi~ssions of which are not widely divergent, c&n be’ 
similarly ‘equipped. ~. ., 

4. There always will be certain military aircraft and probably 6ertaKcivil aircrtit which 
cannot be served by all equipments of the c ommon system. Tha tactical iequiraments Of &me . 
military irircraft:may dictate equipment configurations ,%vhich ivill,not be fearibl~e foi’common- 
system use; L&v-coast. low-performance civil~aircraft may be tinable Wuse some cOmon- 
system equipments because of weight, space, power; and ec@xxnic considerations; 

Fig. 1 Improved ATC System 



Acceptance ,of these, statem&xts leads ok, a system configuration (Fig. I) which, includes: 

1. Tactical elements des,igned formaximum effectiveness in meeting ~specia.1 military. 
requirements, peculiar to air warfare: 

2. Elements peculiar to the internal functioning of,the ATC facilities and designed to meet 
ATC requirements with maximum effectiveness. These include dat+wprocessing’bnd -control,,’ 
systems within or between control facilities. radars; and so forth.. ‘~ 

3. Elements ~which~, serve to interconnect military tactical systems~,and ATC facilities to 
permit the.ATC system to accommodate tacticaloperatibns and to peimit the Tactical military~ 
system to ,obtain the desired information on friendly aiicrsft. ,’ _ ,: 

4. Elements which seive to interconnect automatically the grduPd~envi+onment Witb air- 
craft. These inclod& air/ground/air (AGA) data links or an ATC baacdn system. 

5. Ground elements and procedures which accominodate, to the deg~ree pos~sible, ,in&um- 
equipped, aircraft or aircraft experiencing ~airborne~equipme& failures. 

Development oft the tactical elements in Item 1 can be carried out in complete security 
without compromising a co&non ATC system., Development and/or implenientation of the 
elements in Items 2 and 5 should befcarried out by the A.T,C agency. Development ,of the 
elements,in Items 3 and~4 requires standardization~and large-scale coordination, sndhis ,, 
should kceive immediate attention. 

Evolution of an Improved System. 
The philosophy has been expressed,f&quently that the present ATC system should be 

discarded ih favor of a new Andy revolutionsty system. The CAA.:with statutory responsibility 
for the:control of air traffic, camxot accept the premise thatp overnight, a switch~ can be .thrown 
prhich will change the present system ‘t0 some new and relatively untried form. The present 
system. although deficient in many respects~, is based’on years ot valuable experience which~ 
should not be discounted lightly. The advancements proposed herein+herefore, have been 
designed so that an improved ATC system will be produced by e-+lutionsry growth. At the 
time these proposed 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 also 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 impl~mentihg~the sirbhrne portions of the 
semiautomatic system. 

In-service improvements to navigation aids, communicatiops, radars, and so forth, can 
be accomplished without interruption to traffic-control se+ce and with only minor interrup- 
tions to the facilities theti~selves. Installation of automatic equipments in the control facilities 
will be expensive and more difficult to accomplish because it must be ,&Fe without interrupting 
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 oft then 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. Initially, radar and radio- 
position repbrts may be inserted manually into the automatic system in place of direct inputs 
from the air/ground data link and/or beacon equipments. At some date, regulations requiring 
airborne equipments and automatic inputs from military tactical systems will be required on 
all flights operating above s 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 regulatipns governing use of airspace may be requiied to provide operating 
safety and minimum restrictions for both fully equipped and minimum-eiuipped aircraft. 

How the System Works. 
Air traffic control will be based,~on reservation of airspace in advance by preplanning 

of flight paths ,an$l airspace occupancy and by feedback of position data to verify predicted 
airspace occupancy and to report airspace vacancies. Feedback of position data from aircraft 
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may be at relatively loW rates whetntraffic density is rilativsly &nv. wberr~al&potentia~l conflicts 
can be eliminated readily by preplanning, and/or when relatively’larga separationa betieen 
aimraft ~+XUI be use&y&b& sacrificing expeditious movement;, Fgedback:of~~position data will 
be required at high rates when traffic densities are high, where-much of the control must beg i 
accomplished on the basis of Cxnr.ent airspace occupancy~;andJot when am&l~separations 
betw.eeg,aircr&t~ are, necessary to permit iarressed density of traffics m&ements.~ 

It is viaualieed that in the5mproved ATC system, position~data ail1 be~receivsd in 
various vays,, ibcludiding ~voic~e.reporting and-telemetering,of position data fnxaaitcraft td 
g+ound and by;primary and second+ry radar. Processing facilities on~th+.groendxvould umvert, 
these data into a c omanon, el&ctrically codad.fprm for the .ground ATGequipmants.~ Wtafrarn 
military t+tiaal: s~etema.aucb.a~ SAGE alro would be fed into tbe,ATG ~ayrtezr&. atld a,cettaiu 
amount of data fnem4be ATG ays%%in would be forwarded to t&ess~~yrtams. far~identification of 
friend+.aircraft 01 for othor~ parposes os de&red. .It is anticipate&that the required position 
data from many ,tactical aircrtitz~9 be issezted~into tl+ eystem in tb~s:mann.e r ,wb*~stioh 
aircraft are not,equipped with compatible equipnients for use in tbs common ATC system. 

.; :It i~,antinipatedlth@ initial control will,be acaompliahsd b9 comparisOn~ef pr?poeed flight 
plans with otbb. :f&gbt ..plaps already operatingad proposed .X0 enter the ,s9&en~ Much of this, 
control esn .be~;aec+mplished withautomatic maCbinery byuee’cd oomputcts andad&qmte 
storage, :j?%w spntrel aleo wiaill~ba, exercised& thia~ stage to limtt$be nmnber uf flights to,any 
particular airport, or through any other rsatrictive bottleneck in tba s9&am~to:tbe maximUm 
acceptance rate. To make this ay8tem effective, some degrae at.en route speed control may 
be required, plus a closer adherence to proposed departure timan,; z: ’ 

Wkere :aircrattmovemanta connot be handsed expaditiously an&sfiectivaly~by prcplapning 

:PROGRAM FOR ACGOMPLXSHMENT~ 

Prajeefa of an inYservice.-improvement nature are. thosa~conosmed wit&tic improvement 
of facilities which already have been implemented on the Federal Aiirways or as part,,ef the 
ATC systam. :The~exact nature,.of tbe effort required may fall into any:ofsevsral categories: 
(1) developmeat .of ~+&ificaticms-+ci correct equipments deficienoie#, ,(F) e$eCe& jnGeat$gations :’ 
and developmea&s~aimed at correcting specific local difficulties. and (3) auxlifib~atioas of 
equipmeats~ti expr+d s&vice to meet~new operational requirements. 

Itemized herein sre in-service-improvement projects now being conducted but not yet 
completed apd those which ~should be initiated Bs soon ae fund6 are availoblea: Beekuee-&the 
n?turs~cd ~theee pnojecte. it is advisable to maintain and finsace a continuing in-pcrvice- 
improvement project for each major facility already in service. The exact progiam item8 Willie 
not always~be.known~uotil specific deficiencies arise 01 new operational-ra@iitmeats develop. 

Under sections entitled %esearch and Development,” projects ai%’ listed for providing 
new equipments, ixew systems, and new procedu?es. In rainy caees these projects require 
original thinking and inventiveness. In 8ome cases they reguire adapt+tiian 6ftacbniques 
originally.devaloped for otbar purposes. In eorne cases eeveral appraachas,tQ .p. problem 
should be conducted sixi-mltaaeously to reach the beet solution at ,t.bc earliest time. 

Navigation System. 
Within this category ‘are in&a&d alf developments and~in-aervice~fmprovemtmts for 

ground and airborne navigations equipments. It irr ~anticipated .tbat’nsvigation nBrmally will be 
accomplirrhed by the flight c~‘ew, with the exception of minor coarse. adjuStmeat provided by 
air traffic control to~provide separation between aircr&t;~,~A basic rMio navigation-aid system 
and airway structure will be provided by the Federal Goverm6at to lr&ve tb& need@, ef inter- 
state commerce~ it irpelicved. however, that new and improved narigatron’equ+unent~ will b& 
developed continually. Aircr+ft~will be permitted to nuke use c4 an9 of tbhesc equipments de- 
sired, provided that the routes and tracks specified by air traffic control can be followed with 
the required accursey. Techniques and equipments for navigation along slant airwaya and coz- 
ridors for climb and daacent twill require developmeat. ImpiPved inatrumetit approach and 
landing aids require development. Development effort must taks into consideration apeeial 
navigation requirements of new typea of aircraft such as helicopters’ aad ite~tical takeoff and 
landing (VTOL) aircraft. 
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1. VOR. : 

a. Vertically stacked VOR ante-. A vertically stacked antenna will, pbrmit siting 
flexibility of VOR stations by reducing the radiated energydirected toward the groimd 
and toward nearby reflecting objects. 

b. High-tower VOR installations. The high-tower VOR ibstallatioh was,designed as 
an additlonol means for reducing ‘siting effects. It Is not intended that high to?ers be 
standardlsed; however, ~the’results ,of presetit experimental work &~y’ditionstrate that 
this technique is~cepable of solving certain particular19 diffvccult siting probletis; 

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

C. Multilobe VOR ground facility. A multilobe VOR system should have the inherent 
abilit9 to reduce iestrumentuti~n error by~the order of the nunib6r of lobes. ,Five are 
presently proposed. ~1~~ addition. errors due to siting Will be reduc&d,‘wi& the order of 
reduction depending upon the specific site. Techulques will’be etiployed ~for pdsitively 
eliminating the inherent ambiguity of a tiultilobe system: 

d. Multil& VOR receiver. Implementation of a mtitilobe VOR g’round’system will 
require d6velopment of a cdmpanion VOR receiver in~order that full advantage can 
accrue to the~user. The ground facility, however, will be designed to permit existing 
VOR receivers to continue to obtain single;lobe azimuth servlcd. 

es’ Ground-speed meter. AC&rate ground-speed itio’imation in the cockpit tiill make 
it,possible for pilots to-ascertain and to inform the control dgency that they. in fact. are 
employing P track spe+witbin the toleranc@xs specified for the aitiays. Befause it is 
proposed that all aircraft along an airway at the’ s-e altitudC Abe in tl& same. spied cate- 
gory. departure from the norm~(due primarny to differhnces in aircraft loading and 
engine,performance) in most cases should be correctible by moderate speed+&trol 
procedures. Ground-speed informatloion. of~course. will result in extreniely aCcurate 
estimated time of arriM1 (ETA) prediction. In fact, the grout&speed device may be 
instrumented easily so that “mint&S remaining to destination” (or ETA,‘if desired) can 
be displayed in the cockpit. 

f. Slant-airway instrumentation. T,he purpose of tbls development is to provide, with 
simple~instrumentatlon,‘a guidance system which will permit aircraft’to follow accurate 
&xcent and descent paths over specific horizontal tracks. The l&&&t may be compared 
to that of the instrument landing system (ILS), but extending further beyond the ‘terminal 
area and to considerably higher altitudeS. Ultimat6ly, complete tracks from, the depar- 
ture point’ to tbe destination may be deffned. The ability of aircraft wlthili the ~system to 
conform to tracksof this type will result in appreciable airsphce savings. At the present 
time, large areas of airspace must be reserved for asdending and descending aiicraft due 
to variations in the x, y, and e coordinates during these operations. 

It is believed that the time-position accuracy of tracks defitied 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 prbbability, the fiist efforts will inv&lve 
automatic coordination of altimeter~and distance information w,+p&sible use of the 
glide-slope needle as the guidanc’e instrument for ascent,knd descent. 

2. VORTAC. 

The Air Coordinating Committee (ACC) recently reached a Wauimous decision on 
a program for implementation of the Federal Airways with BP integrated system consist- 
ing of both VOR and Tactical Air Navigation (TACAN). This program is referred to as 
VORTAC; Under this plan, combined implementation of VOR’in accordadce with the Fed- 
eral Airway Plan is recommended, as well as integrati+ of the VOR network with 
TACAN facilities. The distance portion of TACAN will provide distance ~service to both 
civil and military aircraft, and it mill.supersede,the present civil DME system. 

In consonance with the program recommended by ACC, a vigorous TACAN imple- 
mentation program will be initiated by~the CM. Parallel with the earliest possible itiple- 
me&&ion of currently available military TACAN equipments and to meet the requirement 
of distance service for air-carrier jet operations’by July 1959, supporting prdgrams 
should be conducted in order ‘to provide TACAN-type grounds facilities and airborne 
equipment specifically designed to meet civil; requirements for later installation. Certain 
specific projects may be recommended at this %ime: .I, 
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a. Establish TACAN siting triter+. Experience +tb the .TACAN systems b%%,%bown 
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 f0.r e+n%ting suitability prior, tp installation -of equipment should be 
developed., I* c%s;es. where the presently,proposed~VORTAC antenna configuration.ts 
unsuitable, alternate configurations must be develop+. i, : 

b. Inst$l and .e,v%lp%te a,,VORTAC fa~cility. 
c. Obtain,” portable TACAN facility with adjustable ,tower .for, siting.i&e%tigations. 
~4. ?&ermine practicability of conversion of present DME ground,f+cilitie.s,to : 

prov{~,e TACApI distance service. : 

3. Gel&al. 
,. 

a~. Ch%&e! &&it+ of n,ivig%ti& system. The &%rm~i &a%cii; of,tlw$OR+y%km 
~prese+y is $dequ+a; ,hqweyer, tke~ n”mbe,r of proposed inst%llation%~.%nd~tbe i,,#Ze%sed 
altitudes pf #ght;%oon may ,dict%t+%dditioW channel~s. Fortunately,~~the Y&mber,~of, 
channels can be ihcreased by 9 fa+r,of approxim,?tely &wawith& compromising. the 
exi%ting, systems or +irbOme equipments $he<e.of,. Teolmiques. for %cf~mplis:hing the 
channel exp%n+bq have been developed and demonstrat+d. The tr%ne,ition to tbe~ higher 
chan?u$ .sy%*ems consi%+~,prim~rily of +talla~~n,~and imple,menta~on. 

Present airborne ~equipm,@s can cor$inue to, operate ~with their present,cb%@nel 
capability, and they CM be replaced upon obsol?s,cence by equipments bwing the greater 

: ,Fh%a!nel capacity, The best estim%tes~,%vailable indiczate a requirement of 130, chapnels 
by 1965..~ ~Fun~~W%lly. the .VQR channel capacity~W1, be:incrqased by redwing the 
presznt cl+~nal separat+ from l,OO ti, 50 kilocycles (kc). ,. 

b.. Airlxarne ,computer%. Control of.aircraft one an are%. &+is,can be simplified ~. 
greatly by:prop,er airborne inst~wentatiom -The pi&ri%l displ+y is ideally sui@d,for 
this p$rpose~. A number of different typqs~ of, d<s,play@ have ~been, developed %x&d evaluated. 
B,%sed,onexperience gained with these equ&pments,.and recog&&g ~$be req@remeat% 

:. impp?ed by ,&TC, a unit embodying the best features bf the early models &ould pe 
developed following coordination with all potential users. 

,q. Altitude compensation, or dist+nce me+sutem&. In cowection with Itern b, 
electrif%l,‘and/or; ++mical provisiozis, f&T the cogvg+on~of slszit to horieonta$,dis- 
.@?a? will:be made, This, is c’nnsidered necessary in~drde+ ti ,e&nip+te position errors 
,lnbe,r+ at &igh~ %ltitu#es .&en operating:n+r the ,gr&md s+%ti.?n.,, 

d,,,Altim&,rs. Present altime$ers are ,$ot sqfficikntly accurate a!+ove %pproxim.&ely 
29,000 ,fe,et to. permit ,use of altitude separation% of, l,QOQ feet, In order to, avoid,% 2: 1 
loss in airspace utiliaa$ion at the higher altitudes. it is ,essential Wt imp.rwed ~, 
:altim~e.ters~ke developed., 

,, 
Iz+e+ce Imprqvementg, Approach and Landisg Aids,. 

1. IL.5 .dir?ctipq%l glide ~%&ae.~: The, glide-%lApe a&m+ array ‘in &rent we depends on 
ground reflection,% for tb? fo:m%tion of the desired field patterns ne&ss%ry to fbrm.%‘straight- 
line glide slop6. At site% where the terrain either rises 0,~ f%lls abruptly in:tbe,%ppro%cl+ 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., E,rperiments 
on an antenna array which does not depend on ground reflections for the formation of the glide 
slope show encouraging results. This antenna %hould ae develope,d for,u%e at those sites where 
a conv+ntionaJ,%rr%y c%nnot pro+fe an acceptable path. 

‘. 
,$ese%rch,%nd De.velopment,:~En Route and TYermi@ N%vig&@Aids.. 

1. civii TAGA&: di%t&e-o&y &b&e. &&me& ?h& only ,&borne $nC& : 
equipment cur,rently ia production is of, military design and ixworpo+e% both azimuth an$,dis- 
tance ,function%,. In%smuch %% a large percentage of civil aircraft will be ~equipped with.VOR 
and, qoitinued use of this equipmeqt is intended, it will be necessary to develop ~%n airborne 
unit meetipg~civil.requirements to provide~~TACAN distance service only. This unit, in ~. 
conjunction withtbe VOR., will pr+de~ful.l Rho/Theta service twtkese~%i~cs%ft. 

2.~ Civil T&AN .%&nut&only ai+orne~,equipment. Inasmuch %% $be Federal,Aim%ys 
system is $o be implemen+d with TACAN,in addition t+VOR. a civil~versiun of TAG@, 
azimuth-only airborne equipment should be developed. This development is intended to 
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provide a TACAN counterpart to the private-flier-type VOR receivers, and it will permit an 
evaluation of the suitabjlity of TACAN’azir&h~to meef’$riu%te-flier requirementi. 

3. Civil airborne TACAN equipment (distance and azlmutb), Developmetit c&this unit 
will permit o er%tion%l ev%&u%tion of the ability of the milit%ry.TACAN .sy$tem to meet the 
over-all Rho P 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 rearon, ,it. is 
advisable to develop a TACAN ground facility consistent with ‘established Federal Airways ‘, 
requirement%. 

5. ,Helicopter navigation system. Operating~characteristirs 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~tow%rd~ 
development of B suitable system w.ill be a study of (a) helicopter requirementsi (b),proposed 
systems, (c) applicability of existingi systems, and (d)~an%lysis of tests &&studies performed 
thus far. 

6. Improved basic navigation system. N%;ig%tiGn systems~are expect&l to play a major 
role within the ATC system to provide guidance in flight %ixd 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 utilityaf 
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 %s requirements change due to tbe~ ever widening~range of speed and altitude 
charactiristics of aircraft, development of new navigation aids will become nec~essary. 

Research and Development,,Appro%ch and Landing Aids. 

1. Extension,of ILS service. Airports,equipp&d with ILS allow a straight-in ILS approach 
in one direction only. In instrument weather and when the wind i% unfavorable for landing in 
this direction, the ILS is used for guidance to the vicinity Qf the %irport. A circling maneuvers 
then must be executed to align the aircraft to the active runway prior to landing. Any ILS which 
could be used to serve more than one runway would be vexydesirable to filMhis operational 

/ need. 
2. Glide slope. The trend towaid higher performance aircraft. especially jet-propelled 

i aircraft, is associated with more demanding requirements of the glide slope. A glide-slope 
/ %ntenn% systein, submerged in the runway, would accomplish several desirable improvements. 
/ It would facilitate automatic approach to touchdown, and it would remove the undesirable 
1 obstruction created by the present antenna array. 

/h 
3. Landing aids. Development and evaluation of aids to permit completely blind landings 

%ve 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 Fe,der%l 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 *emoting 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. 

It is recognized that continuing research and development efforts are being~made by the 
military to improve primary r%d%r systemi. The results of these efforts should be integrated 
into the civil system as rapidly r.s poshible to obtain maximum peiformance and utility of 
radar as a traffic-control aid. 

In-Service Improvements. 

1. Circular-polarization. Cirwlar polarization is required to improve radar 
performance under adverse weather cbnditions. Kits have been developed for the ASR-3 and. 
PAR-l equipments, and basic development has progressed to the extent that kits for as!-2, 



10 

AN/FPS-8, and PAR-Z. equipments c%n be procured within a short tim+. ~Although, &valuation 
of circul%r poI%ris%tion.is desirable, it should not delay the iiiatallatioa program because it i% 
known that circular polarie&ioh is of benefit under precipitation ~co&ition% . 

2. Radar~receiying~sg’rtem~. ~~Astndy should be.m%de of c ompownts ~anddevic.2~ such 
%s improved radio frequency (rf) amplifiers, detectoFs,.~d~plexers,.video-intsgr%tion’devices, 
and other equipments .wtick twill .imprdve: the ,over-all ,Gignal-to-poise r%t,io of m rece+dng 
systems and to improve systeln coveragei Such compon&nts or; devices which,o%n be %d%pte.d 
to ATC traders sheuld~be jev%lu%ted. 

3. Elimination of, radar interference. In Some areas display% are degraded by 
interferenae between;rad%rs, Interference wilI become more %evere’as~;addition%l air traffic 
control and military r%d%xw are installed., Although effortsw%re being made to m$rdmisi~future 
intwferencc pFOhlems.by proper,frcquency assignments, immediate action ia needed tw%lle- 
viate pr$sent’interfeaence; Improved rf ‘f&eking and rf .selectivity components, interference- 
bI%nking de&es, and,~otber ,f%cilities should,bs, developed~and installed to minimine 
deterioration of displays., 

4. A$X-2/bearon antenna, No satidfactory antenna combin+ion of this ~type presently 
is lzvailsble.~ .An ,en&iaeeaing study will he required prior tom%king~ % d6cision:on my 
p%rtfcul%r configuration. and perh%p% several different models~will be conrtructed~ and 
evaluated. 

5, Improved altitude coverage for ASR. The present ASR antepnas do not radiate 
sufficient energy to provide satisfactory surveillance of high-altitude.%ircr%f& A study’ 
should be made. tc determine~-the feasibility of develoting %ntenn%s to provide, then desired 
coverage. . .’ 

6. R%d%l bescon-siting criteris. Evaluation of and experience with the existing r%d%r 
beacon~system and with various associated antenna conf+r%tions h%va indicated tb&t ground 
nulls and reflection% from ne%rby obstacles and terrain can be a limiting factor in satisfactory 
and reliable performance of the r%d%r beacon system. It is.believed that there are a number 
of techniques which may be employed to reduce the seriousness of the two effect%. Where a 
number of %ltern%te siting% are apossible far a specific’f%cilityr a. carefd~propgation~,survey 
of the location in+olved should permit selection of the most favorable site. A, study and inves- 
tigation rel%tiv& to the feasibility,of employing a counterpoi%e with the beacon antenna shotid 
be conducted. The possibility of minimizing secondary reflections from surrounding objects 
through,use of absorbent materials also~ should be studied. 

7. MT1 systems. 

a. Improved MTI. A continuing’ effort to improve the over-all stability of surveillance 
radar MT1 systems should be made. In addition, the possibility of modifications to exist- 
ing equipment which ,&ill reduce blind-speed effeCt :%hould 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 optimiljing 
reduction of the blind-speed effect. 

b. Simulated moving target. An equipment or device~eapable of producing % signal 
equivaleixt to that reflected from an aircraft would be of appreciable assistance in 
monitoring over-all MT1 system performance and in indicating optimum adjustment. 
Such a moving-target generator would be installed some distaace from the radnr, pref- 
erabfy in an are% of reasonably high, fixed ground~clutter. The signal radiated from this 
device when primary r%d%r.energy is incident upOn it should have.% random phase varia- 
tion in %“mMner~ similar to that of energy reflected from, a, moving object. There are a 
number of possible techniques .which may be explored.. Fundamentally, the requirements 
are low cost, low, power consumption, and reasonable size. 

8. Military raders for air tr%ffic control. Careful study of existing and proposed mili- 
tary surveillance-radar installations must be continued from both engineering and operational 
point% of view to determine their’%pplic%bility to air traffic control. 

9. Airport’surface-detection equipment. .Evalu%tion of %n experimintal ASDE h%a 
shown that the use of,ASDE will,rid materially in increasing airport capacity by providing 
controller% with a more complete picture of aircraft on the airport during all weather con- 
ditions. Evaluation of new and improved ASDE equipment i% now under w%y and should be 
continued. 

10. Radar remoting systems. It will be necessary to remote information from some 
radar sites to ATC facilities. To obtain the necessary service at minimum cost. different 
types of n%rrow- and wide-band remoting systems should be procured %nd evalusted from 
techni&l, bperational, and economic standpoints. 



11 

Research and Dev&pment. 

1. Radar beacon system. An~ATC radar beacon system is needed to provide 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+apacity problems, tbC following ,progrti items 
should be und+aken to increase tbe utility of the beacon systam,fbr air traffic control,and to 
enmurage procurement and installation of airborne equipments.~ Most of tba program items 
are short-term bite-s becaMe much, if not all, of the basic development~work has been 
completed. 

a. Transponder altitude-coding provisions. Because transponder reply codes can he 
used to deaote aircraft altitude and, present ATC Yadars do not provide altitude ir&rm& 
tion. an automatic altitude-c@ing switch for transpondere should be developed and eval- 
uated. The coding switch should control the transponder reply code in accordance with 
aircraft altitude in order to csnvey altitude information to the cantrollers. The use of 
codes to denote rltitude is one method of obtaining filtered displays so that amtrollers 
can determine readily whether aircraft an collision courses are at the same altitude. 

b. Multicbazuml and active readout decoders. Single-channel decoders now undergoing 
evaluation are useful in connection with the tracking ,of aircraft to which particular c.~des 
have been assigned and for obtaining filtered displays which display only those aircraft 
which are segr&gyed on the basis of altitude, destination, control jurisdiction, or similar 
factors. If it is desired to identify a target having an unknown reply code, howeve~r; 
determination of the code i# time-consuming~ and laborious. Multichannel Andy active read- 
out decoders which have been developed should be av&#ted to determine their utility for 
aircraft identification and for integration with data-processing, data-transfer, and 
computing syetems to coordinate flight data and position informati~. 

C. Integration 6f decoder-control unit with data-transfer equipment.’ In order to 
increase tbe utility of the data-transfer equipment by facilitating coordination of the 
flight da+ with the aircraft position on the radar indicator, such equipment should be 
modified to indicate the.reply code assigned to the a+rcraft and to permit selection of 
various mew of identifying the corresponding target indicator (double blip, bloomer 
blip, color.ed blip, and ,so forth). 

d. Methods of using beacon system for automatic reporting 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 indicationa shbuld be obtained and installed for evaluaticm to 
determine the operational advantages of such a system. 

e. Low-cost, lightweight beacc@ system. The operational advantages of any system 
involving airborne squipment depehd to a great extent upon the percentage of aircraft 
which are suitably equipped. Characteristics of the ATC radar beacon system now 
under evaluation are such that immediate development of a low-cost, lightweight 
transponder is mot anticipated. New components, c+rcuits, and fabrication techniques 
may permit such a development; in that case, development a# evaluation of a low-cost, 
lightweight transponder should proceeds on a high-priority basis. 

f. ATC radar beacon ground ant-s. The results of evaluation of the Rho/Theta 
transponder syetem 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 bean-width 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 horizontal radiation patterns should be pursued cm 
a high-priority basis. Plans to evaluate the Cossor side-lobe suppression system~should 
be continued. 

g. New ATC radar beacon system. Although 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 tbe required performance 
characteristics and operational features. Particular attention should be paid to tbe 
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-codtrol systems. The 
system design should be such as to minimiee airborne performance requirements in 
order to permit~the design and production of B lower’cost, reduced size, arid lighter 
weight airborne transponder.~ 

I, 

Communications Systems. 
Within tbis~ category are fncluded: (1) the link from air to ground for pwssing position ” 

data. requests for changes in flight plan, and for other,miscellaneous ~eommunications, and 
(2) the link from .ground to,air for fonvwding~ cotitrol ins‘tructiorwand ~reauests ,for’information. 

The additiqnal c~ommu&ation workload required2 by idcreased radar~itiljlement&on and 
high-altitude area control will demand immediate improvement in the AGA commnnicatidn sys- 
tern. Such improvement is in the short-term category and must be pursued aggressively to 
permit full benefits of present implementation ~plans i. ,,, 

Development efforts are required to increase ‘channel capacity, to increas& utilization of 
channel time, add to expedite transmission df routine,data. The introduction of~autom&ti~c 
ground equipments will make the use of automatic air/ground data links m&e feasible. 

,~ .~ 

In-Service Impro&ent:s . 
.Some of the more immediate investigations which csn’be made are: 

1;. Investigation of single sideband systems. 
2. Use of, tone ornarrow-band digital modulation systems for more,rapid transniission 

of routine data, and hence, for greater utilization of chann&time.’ 
3. Selective calling features. 
4. Greater spectrum utilization by improvements in airborne-equipment, capabilities. 

Research and Development. “’ 

1. Telemetering system for automatic position-reporting (air/ground).’ The idealized 
ATC system visualizes, airspace-occupancy information being received and processed auto- 
matically by the,traffic-control agency. Although eithw ground-based radars or the ‘+adar 
beacon system could provide 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, (c) altitude, (d) heading, end (e) destination and/or special 
information regarding the night 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 telemetering system, and the 
ATC separation standards required will determine those portions of the controlled airspace 
where automatic reporting will function as a primary device. There seems to 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 sufficiently 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 ~developmeat of this system definitely is~in the long-range categorq. It is 
an extension of improved air/ground com’inunications. 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 compledty of 
SAGE could be omitted. Even though SAGE or other methods of determining airspace occu- 
pancy may be used eventually, simultaneous pursuit of a telemetering developmeht would make 
the eventual decision a wiser one. At a minimum, it would offer marked improvemexit to the 
present voice-communication system. 

2. Integrated ATC signal system. 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 automatic traffic-control-processing equipment. 
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A few of ~the salient features of the, &T,C signal system can~be described at this~ time, 
althoug&,much study needs to be done to pippoint~t$e~ requirements. of the system fully.,, It, is 
yisu&ized ul&t control instruction? will, be in terms of route, altitude, and required ground 
speed or time over, c&r@in fixes. Depepditig uppn.,the ‘ec~u,recy, obtained, it is conceivable that 
this~; skgpal system could be integrated with the. fli@t director associated with automatic 
approach devices, and. at that time, it could include pavigation information ;md flight di.rectior, 
Deveiopment,wdrk on.~this system may alter,the .thinking considerably;, a+ it is presently visu- ,. 
alized; hopever. +JI i@ep+dent. approach cpmputer~ a@ flight-director sys.tem, eventue$ly will 
be +equiied tar ,the, fine-c~ontrol .a+ high-density areas, 

Consid+bie wgrk already has ‘been,done’@y t&z military in grqundjair~data-link s,ys- 
tems.~ This s@oul$f~rm a”good basis f& ;coxxti~+w$ ‘develbpmept of. an ATC signal system. 
Although it depeqds tc~~a measur+ble degree, upon the air/ground iink and upon .tie output,of ~the 
dat,=rprocessing.system. ,+dy should begin a” ~early:es possible. 

Automatic Data-Process&g ~a$-Cohtrol Sys,tem- 
The nationally acceptedand endorsed Report on Air Traffic Co&o1 dated May ‘1.2, 1948, 

prepa,red,by the aadio ,Techeic+ Commission for Aeronaptics :(RTCA), contained thik impor- 
tant conclusion: “The use of additional controll&rs will’be of considerable benefit, but,. ago 
traffic increases, will reach a point of diminishing returns.” The introduction of automation 
into the ATC system has been needed for several years from t&e +ndpoi+ of increased 
traffic-handling capacity. The development of a semiautomatic system now is economically 
ju+ifi,ed, :Tds trend is illus+ted in,Fig. 2.. This~ cqrve s&oxvg that beyond a traffic load 
which requires an increasing expenditure rate-determining slope 13. automation is ~di,c$ated by 
economic ~o++ratiqns, 

As stated previously, &any proposals to; improvem&ts.apd new sys$oms. of air traffic 
control &ave provi+zd.ne ready means for an evolutionary~apprpa+ :Systetif haye been 
desc:ribed in detail, but +e process and means of, trapsition from +e,p,resent system to tHe 
proposed 6yst:m hav$,not heen well defifined., 

Before outlipidg~a research,and c&velopmk& program ?e,cessa& to p&o&e’ a: j .‘~ :, 
semiautomatic system for collection, storage, processing, and display of flight die? a step- 
by-step~professz of evolution towa,rd this system should be described. Although Fvlgation aids. 
terminal aids, primary and secondary radar, and other faiilities are important parts, the 
basic description will be slanted. toward the operatio,nel aspects .of ,tie system,. ; 

~I$ should be emphasize+ that the concepts described represex$a resgarch, Andy 
development progr&n intended to produce an experime&l syst&n which can be evaluatkd 
under simulated and live traffic conditions. Implementation of the system can take place at 
any stage of the evolution where it.mtiy be demonstrated that improvi?m&nts will restilt. 

TR*F.=IC LWD s?Eh 

Fig., 2’ Typical Cost Cdrves for Manual and Automatic S+tems 
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The’fitst barrier which exists against a semieutomatic systltrr df air traff@ tontrol is 
the tie& by which,flight data are fed into the system. As 16ng aB irdice co~ii&tiic&iitions ares 
used to file’flight plans, &ad as long as pencil and paper are used~‘to ‘topy and produce a ‘display 
.of~ flight data, very little assistance can be provided by a+xnstic aquipnent; 

At ‘the present the, numerous devices are b&hag uacd t&feed information directly into 
~ptomatic ‘data-handling sy~teems: The varibus airlihe+cservatitis systems hati a ticket 
agent get Which ia r device’ for pushbutton entry of data into~ r+ $vsetvations computer. ‘~I+, at 
least ape suck systems provision is made foi.the sets to~~be%cated at long distances from th6 
central conxpu~r. connected by a standaid commmications lin$ tbr~ugli &itching equipment. 
Adaptatimrof such a device for filing-flight plans could help to rem&b t&m barrier. : 

The: first step in the evofutibnary research and develcpinent progmm ,for aix atitomatic 
data-processing,and -cbntrol system is aimed at reducing control personnel iffort in collecting 
flight-plan d&a and in setting up the display. As will be shown later. refearch &id developtient 
is required for improved controller displays. Use of standard flight-progress strips is 
indicated in the following’section as an interim output for’disp~y~pufposeb. 

Phase I~~Autcm~tic Printing of Fllght-t-Progr&s Strips a%d‘Antomatic &r&r-t&&en& Data 
Transfer. 

1. System requirements. 

a. Teletypewriter ~communications system foi, collecti6? 6f flight plans and inkrcetiter 
flight-data transfer. 

b. Flight-plan input device for rapid and accurate compositi6ap, checkhxg. Andy 
transmission of flight plans. 

c. General purpose computer with multiple input and output capabilities for bn-line 
operation. The computerwill check the accuracy of flight-PI& inputt break up the flight 
plan into a series of fix-posting messages.. compute first e*timM.&., and send to appro- 
priate printers. It also’will b&id flight~‘data to adjacetit cehtcrs when flights are due to 
leave the are*. 

d. Automatic Printers for prod+ng flight;prbgress strips in conve+ional form. 

2. Operation (see Fig. 3). In a control area, fli,jht plan+ will be filed’by p@ibutton 
operation or by inserting perforated tape or a punched card into the input device at a local 
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Fig. 3 Phase I, Automatic Printing of Flight-Progress Strips 
and Automatic Center-to-Center Data Transfer 
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airline office, INSAC, or military bperitions office. The message ag it is composed will be 
displayed in front of the operator for visual verification that .&is iawhat he wants to send. A 
keyboard will be provided fgr setting up the original messagp o+~ cbrrecting tbe~displayed infor- 
mation. The device also xvi’11 check the information automaticdlly for~,proper format. Then, by 
pressing a transmit button, the flight plan will be p+ over the teletype circuit and checked 
during transmission by parity-checki% or repeat-back techniques. 

Passing through the~automatic stitching center, tbe fligl+ plan is fed into the computer 
bhere it is broken up into fix-posting messages, ETA’s are computed, and the megsages are 
distributed tom printers at each sector OF group of sectors. The printed stripa,.tben,are 
removed f~rae.thk printer and inserted in strip holders by the assistant cont&&er.., The cmn- 
puter will r&in current flight +a in ite magnetic-drum memory fcir all aircraft in the area. 

From this point the operatian ?f @a ARTC Center would be the same as it iS at present 
except for forwarding the flight data tp 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 sad tbe proper flight data automatically to the adjacent computer which would go through 
the aam* pioCe,+ti as far the driginal file action. 

3. Adv&tages. ,. ,, 

a. If provision can be made for ‘encoding fligt data proparly,and storing these flight 
data in an e?ectrmic memory, a majoi~ b,reaktbiotigh will have beeti accomplished toward 
the ultimate semiautomatic system. 

b. Under present procedures the pritnary~dutiw of the assistint 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 Pbaee 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 tb pass such 
revisions along to other controllers. An automatic display directly connected to the computer, 
which would be capable of showing original postings and all revisions automatically, would 
greatly reduce controller effort of ,this type. 

:,: 

Phase II, Automatic Display and Automatic Revision of Tabular ?a@,. 1 ,’ 

1. System r,equirements (in addition to requirements unde’r Phase I). An eletitronic 
display device will be required, with provisions for displaying data now carried on flight- 
progress *trips by means of s Cb+ract+oh, Typotron; or aimilai tube, cir by,projecti+x tech~- 
niques. Provision also should be made for on-line operatim with the computer and for 
allowing the controller to feed data into’tbe computer. 

2: Operation (see Fig. 4). The original fi!e of flight plans and cpmputation of first 
estimates will function as described under Phase I. Under Phase II the fix postings ~$11 appear 
automatically iA front of the controller on the f&e of the display and normafly will be sequeqced 
autmnatica~ly. When a position report is received by radio or interphone, the controller will 
coI’rect the displayed information and ~cause &the revised data to be sent to the computer. The 
computer will recaldulate eetimates over all s.i&sequent fixes’ih the area and wilf transmit the 
revisions automatically to the proper cqntroller’s displays. The corrected information will 
cause flashing of a light or of the displayed information’until acknowledged by ,the con$roller 
by a pushbutton. 

At this stage intercontrol& ~coordina.tian regarding clear altitudes still could beg dose by 
interphone, but,passing flight data within and between control facilities can be’handled by the 
automatic equipment. In additioti, it will be possible to introduce another concept, that of 
automatic conflict detection. 

It is a#sumed that position information on each aircraft is h+ng received by radio 
reporting, and therefore, is coarse grain id natuie. l’he computer would Abe ,capable of compar- 
ing the current estimates for all~flights in the area and determining whether separation stand- 
ards are being maintained. The computer cc&d serve as ‘ap ‘&id to the &xit&lleis and provide 
a flashing likht, flashing displa+. or diffeient’color display to indir+fe possible future c&flicts. 

3. Advantagea. 

/ a. Control personnel effort in setting up a display of control information will be greatly 
reduced. 
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%ig. 4 Phase II.Automaiic Display’aid Automatic Revision 6f Tabulai Data 

b. A iarge portion ~of .control personn$i comz&icstion time required in fwwarding 
clearances and estimates to other ground agencies will be saved and can be applied to 
decision making. 

c. Conflict predict&&ill &ve as an aid to c&&r efforts in maintaining safe 
aircraft separation. 

Thus fat ii the evolution of a sem@utomatic Bystem, most of the effort has been aimed 
toward improving the opei?tion of control facilities. It is ,re&ized, that a very important area 
for impro+ement is toward the reduction of pilot effort and attention to details of position report- 
ing, altitude occupancy and vac+ncy, clearances. Andy other matters which make up a large vol- 
me of the pilot’s cwmnunioat+ns workload. ,~ Although ligted in the.next phase, automatic equip- 
,ment for position reporting such as data links logically could be added in Phase II. The data- 
link receiving equipment gn 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 

,811 aircraft so equipped. 
The communications,workload which the present traffic-control system,.imposes on the 

aircraft has tiade it difficult fork airline offices to contact their flights and keep track of, their 
progress. Wi+ position information stored in the computer conce+ng each flight,in the area, 
either automatic or selective readout of these data to airline offices could overcome the 
difficulty. 

By suitable data link with military data-handling systems, position information can be 
interchanged tom 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 resolution of conflicts which cannot be eliminated readily by preplannisg 
techniques. Radio reports from the pilot, advising that the aircraft is over a particular fix, 
are consid&red’to be coarse-grain position information. Fine-grain info.rmation is.tbe 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 contrbl operations. 



P&ese,~III., U,se of Fine,-Grain Posiaion Infosmatian. 

,I. .$ystem requirements (in addition to those m,e:ntioned~‘under Phases I and II).: ” ,’ ,, 

a. Radar data link. 
b. Air/ground data link. 
c. Filtered pictorial-situation display. 
d. ,Fine,-greis~computing system. ;y,.:~ 

‘, ~2. Opera tion 
coordinates or Rho 

Jo ;’ : . ‘1, :’ ‘~ ~’ see Fxg 5) Fme-grain pa&i& information in,the form ,of a, y, and ‘e 
Theta and altitude data. ,togat@er with aircraft:identity.-can be fed into the 

system in part or in, entirety by radar, air/ground data links, or by..special military tscticrzl 
systems. ,This, information will be re,ceived~ much rn~re frequentlymthan voice-radio position, 
reports, and it will not require, pilot effort becwse~ the information will be derived .a 
automatically. ,‘~ ~, 

The. fine-grain positions date Can be used to keeps the p&planning contra1 data more 
accur&e ,and, can provide ~filtered ieformation,on aircraft position to a~ pictorial-situation dis- 
play. This, display will be capable of indicating the position and identity of ,a11 aircraft at 
selected altitudes. Its ftictian will be ,that of a conflict-reaolvisg tool. When cottflicta are 
detected by the coarse-grain equipment, using any separation standard desired,‘the altitude 
involved ,in tbe copflist can.be selected,automatically,.~and &ll.aircraft at the altitude involved 
can be.sbwzn on the display. / 

Instead oft resolving conflicts hy~control~&chniques which will change, materially the 
future~flight path of the aircraft and~produce repercussions down the line of flight, it~will~be 
possible in many instances to use Sinew-grain, information to resolve the conflict witbout,affect- 
ing ,p,replanaed~separation. If a major change is nec&sary. however, the computes will deter-~ 
mine which contiol action will providethe least conflict. 

3. ~Advantages. 
,,. 

a. Pilo&controller communi,cstio~s will ,be greatly reduced: 
b. Airspace utilization can be;imp~roved through more efficient use bf fine-grain 

position data. 

- 

Fig. 5 Phase III, Use of Fine-Grain Position Information 



bnpkasis is required on this part of the program to~prtiGids~gQidulta:fok ptocurament 
of an air-traffic coordinating equipment specified in the Federal Airway:Plan. Installation of 
such oomlr\ltere, i?+ut~,devioas;iand tcletypewritat circuits ‘would serve~~bs~t% maat important 
first step toGard the semiautomatic system. 

Research and Development. ‘i: 
‘,:,: 

1. Flight-data computer and storage system. Under this prajaet a ‘geneta~l purpose 
computer will be procured for evaluation in simulated and live traffic environments. The prob- 
lems_ of.progranuning’the~computer ~to perform operations duth a8 retra%ving .%ght plans. com- 
puting aatirnatesi,,storing~ flight data. and fornposiag~and di~tributinf~flight~d+r~to displays will 
he worked out. ,Usa of,oomputers to ptrform,fl~~iregulati~,functions,aluo ~$11 beinvestigkted. 
The amount of electronic storage necessary to handle all flights, in a control area and 
requiremeats for center-ta-center, coordiastion will be determined. 

2. Flight-data conve,rsion equipment. This project will include development’of a flight- 
plan input device aa described under Pkase I., Determiantion of ~suilWla,~mtrs~alge format, 
means of~inosrti~g,fli~t-plsn,data. and chsrking,.procadursa,~~-befora and~drrriag .tra.ns- 
mission.will:be included in .the development. The development of ‘@n input devicr aleo will be 
included by which the control personnel~ caxi feed~poaition data dir;ectly into the computeV to 
update~it prior,to center-to-canter coordination. 

3. ~DataGransfer :eq+unent. Although’thir effort may,be more~~rigidly classified’as 
co~unications, for the sake of unity the development of a data-colle@Jting’ond data-transfer 
system io considered here. Thia project will concerwitself with by reco~rdcommunications 
system in which the flight-pl+n input devices mentioned in Item 2 may be connected to the cen- 
tral computer in,ths c&ntrOl area and in which one. eontrol-area.computermay feed,,air-tiaffie 
data to another contr.ol-area,computer. The problems of error elieciring, ~data transmission,. 
traffic load, and speed of handling data. will be considerad. 

To carry out Phase II of the evolutionary program, two items need to be cansidered. 
The first is an electronic or projection type of dieplay with functions permitting controller 
input to the computer. This ia described undei “Display Syatams.” The second item refers 
directly to .computer techniquas and programming, and it, is described here. ” 

4. Autamatic posting and automatic conflict-search techniques. The~flight-data corn-~ 
puter and storage systems described under Item 1 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 progra mming the computer to carry out a’~imultaneous operation 
of posting flight data, receiving position reports, and recalculating and posting new estimates 
will be worked out. In additiori, ~thc~ techniques for detecting copaicta ati’displaying conflict 
information on the automatic board will be determinrad.’ 

Phase III in the evolution of s semiautomatic system will be concerned with the 
application of fine-grain position data. A pictorial display for presenting these clata is a part 
of the dev*lopment program in the section entitled.~“Display Systems.” The role the data- 
processing system will play in handling this information is .described. 

,5. Fine-grain data processing. Fine-grain position information will be fed into the 
system from radar +ta links, tslen?etering 01 air/ground data links, and,mllitary data- 
collection systems. Addition of such data into the systems concept necessitates additional 
computer functions to receive. store, process; and filter the information.’ The input and output 
requirements for handling such d+a and for providing the data in the form necessary to pro- 
duce the pictorial display will be determined. Development of programming techniques 
involved in ~correlating and filtering fine-grain information to produce automatically or 
selectively the position of all,aircraft at s particular altitude will be necessary. 

6. Jategration of military tactics1 data with the. ATC ay$em. Various military commands 
will be collecting large. quantities of data on aircraft movement which will be in electrically 
coded form suitable for direct insertion ilito the ATC system. In addition, data stored in the 
electronic memory of an automatic ATC system could be made~availablc to tbeke commands 
by seleotive request or on an automatic basis. The research and development program for 
data-processing and data-transfer equipment should include efforts to ri+a most efficient use 
of the capabilities of both systems. 

JXeplay.Systems. JXeplay.Systems. 
As long ae a human controller is part of the traffic-coixtrol system. a kdy element will As long ae a human controller is part of the traffic-coixtrol system. a kdy element will 

he the display. This is the medium~through~which the controller visualizes the traffic situation. he the display. This is the medium~through~which the controller visualizes the traffic situation. 
Much of bin capability of handing traffic safely ,e.nd Q%$editiourly ins quantity depends on the Much of bin capability of handing traffic safely ,e.nd Q%$editiourly ins quantity depends on the 
adequacy of the display. adequacy of the display. 
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! Improvements in displays fall into two categories. The first oft ,tkeae is of an interim 
j nature involving improvements in radar-display techniques, improvements in flight-progrees 
/board displays, and ‘similar effort. The second cate~gory involves more completely automatic 
/ displays. 

) In-Service Improvements. 
! Improved display, coordinating, and data-processing equipment for air traffic control. 
I A continuing program is required to Improve the radar pictorial and fligbtYdsta symbolic 
I displays now in use o* which will be introduced in the near future. Controller coordination 
j and data-transfer devices a*e required for interim use prior ,$a complet+p of the, automatic 
! data-p*oce,ssing,and -control system. The cbanges.required will.be .dete*mined from field 
/experience, from simulation tests, and from the program at.AOEC. 

Research and Development. 
An automatic data-handling system is capable of presenting flight data to traffic,: 

controllers in any display form which might be desired.; This ~display may be a printed flight- 
progress atrip. tabular o* symbolic display using electromechanical indicators, symbolic dis- 
play on a tube such as the Charactmn o* Typotron. or pictorial display giving aircraft position 
with references to x, y, and z coordinates o* Rho/Theta coordinates from data stored in the 
system. The choice of a suitable dis,play will be determined by operational requirements. the : 
amount of radar information available, complexity of the taaffic pattern. amount of data-link 
information available* and similar requirements. Diffeaent types of displays may be requi~red 
for different geographical locations. 

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

The development of improved displays for air-traffic data should be accompli&ed tide* 
the foollowing items: 

I 1. Electronic display of symbolic data. The Charactron tube, Typotron tube. and other 
~ new tubes under development are means by which information sJmila* to a printed page may be 

displayed electronically on the face of a tube. Various projection~tecbniques o* closed-circuit 
television also are capable of this form of display. Use of this .type of @splay to present infor- 
mation similar to that now used on a flight-progress strip can be a logical step in the gradual 
evolution toward an automatic system. 

As a further step in tbis~ evolution, if pictorial displays are use’d~to present fine-grain 
position information. 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 pictorial presentation.,. In Phase II of 
the evolutionary program, application of this type of display is described, In addition to devel- 
oping a’means ofdata presentation to the controller, a means by which the controller may feed 
information into the computer is needed and will be considered 8s an integral part of the 

./ / 
I 

display. 
2. Electromechanical displays. Experimental models of elect*omechanicaJ displays~, 

already have been developed and are being evaluated in tbcform of limited-data-transfeei 
equipment and Type C d&play boards. Such displays have an advantage over the electionic 
equipment listed under Item 1 in that they sre less complex and they p,*ovide a nonvol+zile type 
of information storage. The chief disadvantage lies in the fact that tbe physical size of the 
electromechanical indicators used precludes the display of large quantities, o# data in an area 
which can be scanned by one controller. 

Electromechanical displays are ideally suited for rapid transfer. of small qua&ties 
of control datwfrom controller to controller to provide intercontroller coprdination. 
Although such displays may find greatest application in terminal-area control, they +lso 
sboixld ba investigated~to solve controller coordination problems in en *oute,~control 
areas. 

3. Pictorial o* panoramic ,displays. Bright-tube or p*ojec&d displays,‘giving.ai*c*aft 
position by a pictorial or panoramic presentation,~show great promise ‘5s +.means pf display- 
ing fine-grain position data to traffic controllers. Information from radars, beacons, and 
automatic data-processing equipment can be combined to provide. a p.anora+c picture of the 
traffic situation ia a contrdkr’s area.,, In addition, data irrelevant to a pa.~ti@arp*oblem 
may be filtered out if desired so that only aircraft involved in a specific conflict problems are 
displayed for control action. This would be particularly useful in a~ system,wb~~~~conflicts 
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were being determined atitomatically. Aircraft proceeding without conflict would require no 
attention oti the part of the controller. In,projected 01 storageitube displays, color cau be used 
to distinguish altitude,~confIict, a* other control iufcrmation on controller ‘displays. Further 
development of color equipment should be undertaken to meet traffic-control needs. 

Operational Research. 
A ccntinuous’program of operatidnal~research~will be necessary’ta develop and evaluate 

the various’~tonc&pts. procedures. and equipments &the improved ATC system, and to refine 
and adapt them to the changing requirements of the rapidly advancing dviation industry. In this 
type of research. simulation has proved t6 be a most’useful tool. Analytical and graphical 
simulation is extremely effective in exploring new concepts and paxameters’. Stat% 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 ~e+aluatixig 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.Aitiays Operations, Evaluation Center ate the Technical ~Depel- 
oprhent Center of CAA at Ihdianapolis. This has been accomplished. and over, the past several 
yea&, through the, help~of ANDB ~knd~the military. considerable implementation already’bas 
been accomplished to prbvide’~a complete radar and communications environment in B large 
portion of the Indianapolis ARTGCenter-area. The area includes a number of;terminals and a 
Gmplex 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 B peripheial fac~ility of thd’AOEC hzs been established n&r Patterson Field to expand 
ciGil/mili&x*y developments undet a’TRACALS/AOEC agreement. Much of the CAA, and ~joint 
CAA/military evaluation work described in this report is ideally suited for this, already 
exiSting envirotiment. 

In-Service Improvements. 

1. .ATC simulator. The present 18-target optical-type dynamic simulator at Indianapolis 
is being expanded to’24 targets. This appears to be its ultimate capacity because of space 
limitations. It~glso is being modified to permit investigatiori of certain improwdtypes 6f 
display~sy&ems., “: 

2. AOEC. Continuous modification of equipment arrangements will be required in evalua- 
tion tests of ntiwequipinents %md procedures. Adequate funds must be provided for these 
chatigos as required. 

‘3: Area-&nt*ol.procedures,. With eaily implementation of ‘area control in the high- 
altitude ai*space,~emphariS’on’impioved methods ‘for display and control of this traffic is ‘~ 
required. 

‘4. Express-aitiay concepts. It is believed that one-way airways, speed segregation by. 
altitude levels,‘a+,d. elitiination of erossing traffic wil! pr.ovide increased,capacity with reduced 
control problems in,the airway system. Additional studies and evaluation of these express- .: 
airway techniques are reqtiired. Some modifications tom Civil Air Regnlatibns very likely will 
be *equiied,t& make :the& procedures most effective. 

~Reseaich~~nd~.Developr?ent. 
., 

1. ATC simulator. Although 24 taigets will be xdequate fork. handling the prcblems of 
simple terminal areas, this number will not be sufficient tb populate,large en route areas oar 
complex ~teminal areas at the traffic. densities predicted for future operations. For this 
reason, its is d+irabIe to increase the~simulator capaCity to at least 50 controllable aircraft 
targets. ‘Us& df el&ztronic ,iuste%d of optical means of .ta*get generation is desirable from ~tbe, 
space sta.ndp&itit as tie11 as for;increased;*eali$m in siniulating the output Of air/ground data. 
links and the type of presentatio n obtained from primary and secondary radar equipment,. 

2. ~P*&cedur&? stud-i&.. Some~ of the more ~important phases of the simulation and AOEC 
piogta&s ii-,cltid+~+e folloiving:typ& czf studies:~ i’ 

,i ,~~ ,~ 

a. Investigatioh of the eff*cts,of new ,types-of aircraft eon the system. 
b: Inve$tigatiioh,bf ways’df displaying traffic data to cont*olle*s,to obtain maximum 

efficieiicy. : : ‘., ,~, “’ : :,. ,’ _. 
6;’ ,Intiestig&tiixi:of the pa*amete*~~for?*ada* beacons’,and/or data’ links ae &ese 

affect separation standards and utility of the data for display to the controller. 
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I 

I d. Investigatjon 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. 

l., Monitoring equipment. A continuing program for the improvement of monitoring 
equipment for Federal Airways facilities must be conducted. This is true particularly of nWi- 
g&ion and landing facilities which a.re 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 flight-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. Airborne radar. An extensive program 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 ia 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 dvoidance, and related purposes, it 
can become a valuable tool to the ATC system. It is essential that the &TC system be 
prepared td,take kdvantage of any assistance which airborne, radar may offer.. 

Initial steps in this effort should be directed toward familiarization with the types of 
airborne radar in use or oti order and toward procurement of at least one model for CAA 
.XaluatiOll. 

4. &rport 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 important as the characteristics of aircraft become more widely 
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 ,$aarget 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.%-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 ma+e on the target program. The level of fiscal 
support has been far below that recommended by RTCA, however,,pnd 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 difficult to prepare accu?ate 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-service-improvement projects will be required because of problems 
encountered during the use of the various facilities and changes in service requirements. 
Because the funds allottedfor this purpose during the past five years have been much less 
than the reiuirements, however. an increase over the, normal recommended fiscal level will 
be required for several years in order to reduce the backlog of improvements necessary. The 
attached estimates outline the recommended fiscal program~for in-,ser&ce improvement and 
research and development projects. 
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( ,. :: FISCAL ESTIMATE FOR 

,:, : ,i 
,: IN+.ERV~GE-IMP~0VEMENT PRoJtiCTS 

: ‘. 

it;cm .:, 1; ;;’ ,~ f,~ ‘: Year 

., 1, 2 3 4 5 
Nati&kim ,~ '1 :' :' 

systems : '~ $1,0~0,000- : $ 900,000 $: 900.~0~ ~' $ 700,000: $ 700,090~ 

PriGdry and 
Second+ry Radar ~1.375,000, 1.000,000 1,000,000 700.000 700,000 

Improved ATC. Equipments 
and Procedufes: 2,010;000 1.500,000 1,50~,000 1,uoo;ooo~ 1,000,000, 

Airborne-Radar and 
Miscellane6us Items l35;Ooo~ : 100,000: 100,000, 100,000 100.000. 

p&is $4,510.000 $ ,3.500.000 $3,50D,bOO .~ $2,500,000 $2.500.000 

E 
. FISCAL ESTIMATE FOR’ 

RESEARC$i AND DEVELOPMENT PROGRAM - 

Navigation 
systems 

Primary and : 
Secondar)r R”r+ 

Communications 
.‘.. 

Automatic PrOcessii~g 
and Control Systcni 

D,ata Display : 

Opeiational :~ ‘~ ‘- 
~Risezir& 

:+ot@s :: 

$ ~300.000 ~~ $~ 700,000 s 200,000 $ 300.000 $ 600,000 

500.d00 ~2.000,000 ~1.0Q0,0~0 ~,000,000 1,000~000 

‘. 1*0o0,000 2,ooo.wo ‘1,000,000 1,000,p00 1.000,000 

: 

2.~:00,000~ 3,800,000 .3.150.000 i,150,000 2.15O;OOQ 

‘ioa,ooo ‘. 2,000,000 1.000,000 i,ooo,ooo 1.000.0~00 

l,soo,doo .~ 500,000 500,000 500,000 500,000 

.~, $5.900.000 $11,00~,000 $6,850,000' $5.950.000 $6;25O,dOO 


