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FOREWORD 

1. PURPOSE. This program plan provides the definition of 
the development program for the terminal air traffic 
control portion of the National Airspace System. The 
plan defines the goals, general approach, development 
activities, schedules and resource requirements for the 
development program. 

2. CONTENTS. The Terminal/Tower Control program encompasses 
developments relative to the acceptance, processing, 
distribution, and display of flight plan, control, 
surveillance and environmental data, and the airspace 
utilization and control procedures applicable to 
terminal/tower operations. The program is closely 
coupled to developments in many other E&D programs, 
and therefore, their relationships are discussed in 
this plan. 
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1. INTRODUCTION 

This program plan covers FAA Engineering and Development Program 14, 

TERMINAL/TOWER CONTROL, It provides the definition of the develop

ment program for the terminal air traffic control portion of the 

National Airspace System*, The product of this development program 

Will be terminal ATC improvements which, if implemented, will improve 

the safety, capacity and efficiency of the terminal ATC system, 

The plan defines the goals, general approach, development activities, 

schedules and resource requirements for the development program. The 

document is organized as follows: 

• Section 2 summarizes aspects of FAA's overall ATC system up

grading efforts bearing on the engineering and development 

activities undertaken in the Terminal/Towe.r Control Program. 

• Section 3 presents the purpose, scope and objectives of the 

Terminal/Tower Control Program and identifies the general 

areas of emphasis associated With each of two major phases. 

• Section 4 sets forth the general characteristics of various 

categories of terminal environments and associated functional 

requirements that influence determination of the basic types 

of data processing and display systems appropriate to satisfy 

the varied needs of terminal facilities, It also identifies 

these basic systems (which are further defined in Section 6) 

and illustrates their application to facilities in the various 

terminal environments, 

* The development program for Airport Surface Traffic Control (ASTC) was 
recently moved from Program 08, Airport/Airside, to Program 14. A pro
ject plan covering activities leading to the generation of an Engin
eering and Development Program Plan for the Tower Automated Ground 
Surveillance System (TAGS) portion of the overall ASTC effort is con
tained in DOT/FAA/SRDS, Projeot PUzn: T~er Automated Ground Sur
veiZZancQ System DeveZopment Program, Report No, FAA-RD-78-4, Janu-
ary 1978, 
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• Section 5 describes activities included in other E&D programs 

that have interface or other design implications on develop

ment activities included in the Terminal/ToWer Control Program, 

• Section 6 describes the structure of the technical program and 

identifies the required development activities allocated to 

the individual subprograms, 

• Section 7 identifies the organizations responsible for devel

opment and for field implementati.on and describes the shift 

in responsibilities during the transition of products from 

development to implementation programs, It also points out 

some of the more pertinent factors to be considered by imple

mentation planners, 

• Appendix A preaents the sche.dule for the technical program, 

• Appendix B presents the resources required to carry out the 

technical program, 



2. BACKGROUND AND GENERAL REQUIREMENTS 

A continuing evolutionary approach is being taken to develop and 

implement improvements to the National Airspace System. With this 

approach, changes in the basic nature of the operational system are 

introduced in increments over successive time periods or "generations". 

The third generation level of capability including the computer-based 

semi-automatic radar air traffic control systems of basic NAS Stage A 

(en route) snd basic ARTS (terminal) is now in operation. 

In order to meet the anticipated traffic demands of the 1980's at 

acceptable levels of safety and without introducing intolerable delays 

to the system users, a substantial upgrading of the third generation 

air traffic control system is in process. The engineering and develop

ment work leading to timely availability of this upgraded capability 

is the current challenge of the development programs. 

Efforts to achieve the capabilities for upgrading the system are dis

tributed among a number of E&D programs, including the Terminal/Tower 

Control Program. These programs are oriented towards the common 

objectives of providing system capacity to meet the expected growth of 

air traffic, controlling costs, and maintaining or improving the 

present level of safety. These programs have been substantiated as 

economically beneficial in a cost/benefit study conducted by the FAA. 1 

The problems to be faced in the E&D programs involve significant tech

nical, operational and physical factors. These factors include the 

limitations and constraints of technology, human performance, and 

environmental elements which need to be overcome in the process of 

achieving the E&D program goals. 

The primary system factors to be addressed include: 

• The ability to reliably and accurately detect all aircraft 

positions and movements in densely populated airspace and on 

airport surfaces. 

1. Policy Analysis of the Upgraded Third Generation Air Traffic Control 
System. By Fromme and Rogers, FAA-AVP-77-3, Jan. 1977 
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• The capacity of the system to safely handle increasing 

numbers of aircraft, 

• The ability of users {pilots, aircraft, airborne systems) 

to respond to control instructions and navigate with the 

precision required to maximize traffic flows, 

• The ability to predict and avoid {or possibly alter) the 

effects on aircraft of physical phenomena such as weather 

and wake vortices. 

• The need to implement fuel conservation measures compatible 

with the objectives to increase capacity and maintain safety, 

• The constraints of airport geometries affecting capacities, 

The factors above are closely related in that major improvements in 

system performance can only be achieved through realization of im

provements in all the areas, The overall E&D effort is thus intended 

to address all of the areas through the various technical programs, 

The concepts embodied in the general E&D approach are to effect: 

• Substantial improvements in the quantity, reliability and 

accuracy of surveillance data and the timeliness of critical 

ground-air-ground communications through application of a 

discrete address beacon system (DABS) with digital message 

up-down link capabilities, 

• More extensive use of automation to 

Reduce the number and difficulty of tasks required of 

the human controller thereby increasing efficiency and 

controller productivity, 

Alert controllers to potential aircraft conflicts and 

aid them in decisions concerning conflict resolution 

thereby improving system safety, 

Aid controllers in planning aircraft movements and con-
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trolling the flow of traffic into and out of major air

ports thereby improving capacity, reducing delays and 

conserving fuel, 

Provide greater continuity in the automatic exchange of 

flight plan and control data between both control pos

itions and control facilities thereby improving system 

efficiency and productivity, 

• Substantial improvements in the accuracy of navigation guid

ance during the landing phase and on airport surfaces through 

the introduction of improvements to navigation aids, the ad

dition of a new approach and landing guidance system with as

sociated avionics, and a system for semi-automatic control 

of airport ground movements, 

• Reductions in constraints of airport geometry by devising 

layout improvements to aid local authorities in construction 

planning, 

• Improvements in detectability and predictability (and possibly 

alterability) of weather and wake vortices and in the distri

bution of weather information to control facilities, 

While undertaking an overall E&D effort toward attainmertt of these 

capabilities, it is recognized that all cannot be achieved at the 

same time, It is also recognized that operational needs can not 

await the development of all solutions before any improvements are 

implemented, The E&D program is therefore oriented to providing im

provements in a series of incremental steps that lead to realization 

of the full capabilities in an evolutionary manner, 

For convenience of reference in planning and carrying out the neces

sary development activities, these steps are generally characterized 

as falling into two major phases in which 

• Phase I consists of improvements which can be implemented 
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without awaitini the realization of major new subsystems 

or other loni lead time items such as DABS, MLS, etc., and, 

• Phase II is comprised of improvements which are contingent 

upon the capabilities afforded by the major new subsystems. 

In addition to the general requirements implicit in the mainstream 

E&D effort, special requirements expressed in Forms 9550-1, "Request 

for RD&E Effort", are periodically received from the operating ser

vices (see paragraph 6.11). 
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3. PURPOSE, SCOPE AND ORIENTATION OF THE PROGRAM 

3,1 Purpose 

The purpose of the Terminal/Tower Control Program is to develop the 

capabilities applicable to terminal radar control facilities and air

port traffic control towers in consonance with the overall ATC system 

upgrading efforts, A corollary purpose is to continually assess the 

adequacy of implemented improvements in terms of safety, capacity, 

utility and performance and devise fixes to rectify deficiencies en

countered in day-to-day operation of TRACON and tower facilities, 

3.2 Scope 

This program encompasses developments relative to the acceptance, pro

cessing, distribution, and display of flight plan, control, surveil

lance and environmental data, and the airspace utilization and control 

procedures applicable to terminal/tower operations, 

The program is closely coupled to developments in many of the other 

E&D programs in that the hardware, software and procedures developed 

for TRACON and tower facilities must be compatible with the perform

ance capabilities of related subsystems (radar, beacon, communications, 

navigation, approach and landing, ground control and guidance, and 

weather) and with other air traffic facilities (Air Route Traffic Con

trol Centers, Central Flow Control Facility and Flight Service Sta

tions), Program relationships with other E&D programs are discussed 

in Section 5, 

3.3 Objectives 

The general objectives of the Terminal/Tower Control Program are to 

develop improvements in system capabilities to achieve safety, pro

ductivity and capacity benefits that will apply across the range of 

TRACON and tower facilities, The program is intended to expand and 

improve the system's data processing and display capabilities, im

prove reliability, develop advanced automation functions, and provide 
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certain additional foundation capabilities necessary to support other 

E&D programs, The basic approach to the objecti.ves is to develop 

hardware and software functions that are adaptable, expandable and 

offer a range of capabilities so that system enhancements can be 

applied appropriately to terminal facilities of different size. 

Specific objectives of the program are to: 

1. Improve system safety throut~h the devewpment of neuJ auto

mation functions to alert aontro~Zers of impendinB aircraft 
conflicts and aid in the reso~ution of aonftiats, 

2. Improve system safety by increasing the reZiabiZity of the 
ARTS III data processing system throut~h the addition of 
ccmputer modu~es and the deve~opment of faU safe/fai~ soft 

capabiLities. 

3, Improve system safety and aapaaity by e:x:panding the ARTS III 

tracking function to cover non-beaaon equipped aiztaraft and 

improving the overa~~ re~iability and aaauraay of tracking 
throutJh the use of primacy rada:rt data to eupp Zement beacon 

data. 

4. Improve system productivity through the deve~opment of neuJ 
harduJare/softuJare aapabitities reducing the number and dif

ficulty of terminal controlLer tasks involved in the access 
and dissemination of ftight and cont:rtoZ data in TRACONS and 

control tOuJers, 

5, Improve system capaaity through the deve~opment of automation 
aide to support aontroZZe:re in the sequenaing, metering and 

spaaing of traffic arriving and departing high aativity air

ports. 

5, Improve system aapaaity and produativity through the deve~ 

opment of a digita~ radar disptay to provide gzteater disp~ay 

reliability and capaaity, impztove display clarity and res-
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olution, attow operations in higher ambient tight conditions, 
facilitate the oomposite d{sptay of s~eiltanoe data from 
multiple ra4a,r sites and provide fte;r:ibiUty to reoonfigure 

operating positions and faoilities. 

7. Reduoe operating and mainterza.rtae aosts by developing a digital 
radar data remoting oapabitity leading to the elimination of 

oostly broadband radar remoting equipment. 

8. Develop the oonoepte, funotionat requirements and har~/eoft
Uiare to interfaoe Ulith external systems under development suoh 

as the Ulake vortex advisory and prediation systems, the semi

automatio airport surface traffio aontrot l!lftltem and the dis
arete address beaoon and data link system. 

In addition to the objectives described above, the program has a con

tinuing requirement to support the operating services in the diagnosis 

and correction of in-service problems experienced with operational 

equipment, 

3, 4 Phas illiJ. 

Phase I efforts sre keyed to characteristics and capabilities of cur

rent vintage subsystems (ATCRBS, radar, communication, navigation, 

and approach and landing) as enhanced by improvements developed in 

each of the respective areas, The general approach involves a more 

extensive application of automation to assist in the performance of 

such functions as: 

• Transfer/distribution of flight information and control coord

ination data within and between facilities, 

• Establishment and maintenance of correlation between flight 

plan and control data and sensor-derived position data, 

• Sequencing and spacing of arriving and departing flights and 

metering the arrival/departure flow, 
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• The prediction and avoidance of hazardous proximity of 

aircraft to each other and of aircraft to obstructions, 

severe weather and protected airspace boundaries, 

Phase II emphasis is on interfacing with and realizing maximum 

advantages from the eubstantially increased capabilities of major 

new subsystems such as DABS, with its ground-air-ground digital 

data link, and the new microwave landing system (MLS), with its 

capability for curved approaches and more precise navigation, 

While the general areas of automation assistance will remain sub

stantially the same as those cited for Phase I, the degree of as

sistance will be considerably increased and significant changes 

will be required in the method of accomplishment, i,e,, the dis

tribution of functions and the manner in which they are performed, 

As the system is more extensively automated, there will be increased 

dependence upon automated features, Therefore, there will be an 

increasing degree of concurrent effort to achieve appropriate in

creases in reliability and maintainability, 
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4. FACTORS INFLUENCING TERMINAL SYSTEM CONFIGURATIONS AND E&D ACTIVITIES 

4.1 Genera 1 

From an ATC system viewpoint, a terminal environment generally includes 

from 1 to 20 or more airports that receive approach control services 

from a common terminal air traffic control facility. (Note: In the 

case of airports that are relatively isolated from established termin

al environments and which have little IFR flight plan traffic, approach 

control services are often provided by the ARTCC having jurisdiction 

over the area,) 

Of the airports served by the terminal approach control facility, from 

1 to 10 or more may be equipped with control towers providing airport 

traffic control services at the busier airports, The approach control 

facility may be equipped to provide radar control services with sur

veillance inputs from 1 to 4 radar sites and may be configured to pro

vide these services from operating positions located in a separate 

terminal radar control room (TRACON) or located within the control 

tower cab (TRACAB), At some locations where IFR flight plan activity 

is not excessive and the arrangement is more advantageous than having 

the service provided from the ARTCC, non-radar approach control service 

may be provided from operating positions located in the control tower 

cab. 

From the above, it may be seen that there is considerable variation in 

the configuration and complexity of the operational environments to be 

served by terminal ATC systems. Additional variations are brought 

about by differences in the activity levels experienced and services 

provided. Thus, in the design and development of systems to serve 

these environments, implementation and O&M costs rule against an ap

proach that would call for the application of one, maximum capability 

system to all environments. Similarly, development, logistics and 

training costs rule against a unique design and system for each TRACON 

and tower, The most cost effective approach obviously lies somewhere 
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in between, i.e., several basic types of systems/subsystems that can 

be configured and tailored to meet the individual needs of the various 

facilities and which can be upgraded, to some degree, through modular 

expansion so as to delay the need for system replacement when activity 

levels increase. It is this approach that is being applied in FAA's 

implementation program and is being pursued in the terminal development 

efforts that are a part of this program. 

4.2 Terminal Environments 

For E&D purposes, it is useful to view terminal environments and facil

ities as fitting into several general categories based on similarities 

in characteristics that influence the size, complexity and cost of the 

supporting systems and the E&D approach to upgrading efforts. This 

classification facilitates the identification of relative orders of 

system capabilities and performance required and serves to guide the 

structuring and emphasis of activities carried out in the terminal de

velopment program, These categories, as viewed in the terminal E&D 

program, consist of (1) Medium to High Density Environments, (2) Low 

to Medium Density Environments, and (3) Low Density Environments, It 

should be noted that the terms "low", "medium" and "high" are only gross 

generalizations of relative activity and are intended only as rough in

dicators of the comparitive need for upgraded capabilities in the var-

ious environments. 

The principal characteristics of each type of environment bearing on 

the configuration and design of upgrading packages are as follow: 

4.2. 1 Medium to High Density Environment 

This category is comprised of those terminal environments where 

terminal radar control services are provided from a TRACON equip

ped with ARTS III type data processing and display systems, Con

trol facilities in these environments are characterized by the 

following: 
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• A TRACON facility providing terminal radar control service 

to one or more medium to high activity airports as well as 

lower activity airports. 

• Control towers providing airport traffic control service 

at the medium to high activity airports and some of the 

lower activity airports served by the TRACON, 

• Surveillance data provided to the TRACON from one or more 

radar/beacon sites, 

• Local Controller surveillance displays in the control tower 

collocated with the TRACON and the need for such displays 

in other towers where the surveillance coverage is adequate 

to aid in performance of the local control function, 

• Exchange of essential flight plan and control data on VFR 

and IFR flight plan traffic between the towers and the TRACON, 

• Exchange of essential flight plan and control data on IFR 

flight plan traffic between the TRACON and the ARTCC. 

• Potential· future requirement for the exchange of essential 

flight plan and control data on VFR flight plan traffic be

tween the TRACON and an automated FSS, 

• Potential future requirement to exchange data with a semi

automatic airport surface traffic control system (ASTC) and 

a wake vortex avoidance system (WVAS) when these systems are 

available for installation at the high activity airports, 

4.2.2 Low to Medium Density Environment 

This category is comprised of the remaining terminal environ

ments where terminal radar control services are provided from 

a TRACON or TRACAB. The majority of these facilities are cur

rently being equipped with ARTS II type data processing and 

display systems, Control facilities in these environments are 
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characterized by the following: 

• A TRACON (or TRACAB) providing terminal radar control service 

to one or more low to medium density airports, 

• Control towers providing airport traffic control service at 

the medium density airport(s) and at some of the lower activ

ity airports served by the TRACON/TRACAB. 

• Surveillance data provided to the TRACON/TRACAB from one 

radar/beacon site. 

• Local controller surveillance displays in the control tower 

collocated with the TRACON/TRACAB, 

• Exchange of essential flight plan and control data on VFR 

and IFR flight plan traffic between the TRACON/TRACAB and 

the towers. 

• Exchange of essential flight plan and control data on IFR 

flight plan traffic between the TRACON/TRACAB and the ARTCC, 

• Potential future requirement to exchange essential flight 

plan and control data on VFR flight plan traffic between the 

TRACON/TRACAB and an automated FSS, 

4.2.3 Low Density Environment 

This category is comprised of those airports with control towers 

which are not served by a terminal radar approach control facil

ity, Control facilities in these environments are characterized 

by the following: 

• Conventional or radar approach/departure control service for 

IFR flight plan traffic provided by the ARTCC or conventional 

(non-radar) approach control service provided by the control 

tower. 

• Airport traffic control service provided by the control tower, 
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• Exchange of essential flight plan and control data on IFR 

flight plan traffic between the control tower and the ARTCC, 

• Potential future requirement to exchange essential flight 

plan and control data on VFR flight plan traffic between the 

control tower and an automated FSS, 

The approximate number of FAA operated TRACON/TRACAB and control tower 

facilities currently in each of the three categories is presented in 

Table 4-l, These numbers indicate potential candidates for the func

tional capabilities and system configurations outlined in paragraphs 

4.3 and 4,4 considering only the current deployment of TRACONS and 

towers. 

4.3 Functional Requirements 

General descriptions of the functional requirements of terminal ATC 

facilities that relate to data processing and display capabilities are 

contained in the following paragraphs, A summary of the requirements 

applicable to each terminal environment is presented in Table 4-2, 

4.3.1 Radar/Be~con Surveillance 

Radar/beacon survt•illance is necessary to prcvide accurate, 

real-time position data for use in the separation and manage

ment of traffic at all high and medium density terminals and 

at selected lower density terminals, At a minimum, high bright-

ness displays of tracks augmented by aircraft identity and alt

itude data are required at all TRACONS/TRACABS, In addition, 

it is desirable to provide surveillance data to all control 

towers serving airports where available radar coverage is ad

equate to enhance performance of the local control function, 

This extension of surveillance data to t~•ers is deemed neces
sary to increase the safety of IFR/VFR operations in the vicin-

ity of airports, to reducP delays inherent in non-radar IFR 

procedures, and to increase the traffic handling c.apaci ty of 

the local controller, 
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TABLE 4-l 

CURRENT VEPLOYMENT OF FAA OPERATEV TRACON/TRA.CAB 
ANV CONTROL TOWER FACILITIES BY TYPE OF TERMlNAL EWIRON,I{ENT 

Medium to High Low to Mediwn 
Density Density 

TRACON/TRACAB 63 105 

LoaaZ Towers • 49 87 

Remote Towers within 15 
mUes of a te!'minaZ roda!'l- 91 24 
beacon system 

Other Remote ToWe!'s 24 14 

• LoaaZ Towers at>e those Zoaated in the same buiZding as the 
assoaiated appt>oaah aontroZ faaiZity, Remote Towers are 
those either Zoaated at another airport o!' at suah a dis
tanae ft>om the approach aontroZ faaiZity as to !'equire 
additionaZ pt>ovisions fo!' the !'emoting of data. 

Low 
Density 
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Funationd 
Requirements 

Radar/Beacon Survei I lance 

Automated Transfer of 
Flight Data 

I 
I Automated Transfer of I Cont ro I Data 

Fai !-Operational Pro-
visions 

Metering & Spacing 

Conti ict Alert and 
Resolution 

n 

TABLE 4-2 

FUNCT!O\IAL REQUIREMENTS 

1-'.ediwn to LOIJ to 
High Density .\fedium Density 

all a II 

all I a 11 

a II 
I 

all 

Faii-Safe/Fai 1-Soft Fai 1-Soft or Redun-
a II Group I & II term- dancy as required, 
inals. Fai 1-Soft or 
Redundancy, as re-
quired at all others. 

All Group I terminals, 1 none 
others as required 

Alert & resolution all I Umited alert as 
Group I terminals, required, 
alert alI Group l I 
terminals and limited 
alert at all others, 

LOIJ 
Derwitif 

none 

I all 

a II 
(I imi ted form) 

none 

none 

none 

Note: Group I refers to Group I Terminal Contr>ol k>eas (TCAs) 
Group II r>efer>s to Group II TeX'Irlinal Contr>ol Areas (TCAs) 

i 
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4.3.2 Autowated Transfer of Fliqht Data ·-- - -------- -
Flight data include flight plans, meteorological data, aero

nautical data and flow control. messagea, Automated transfer 

of flight plans is ne.cessary to assure timely availability of 

basic information needed for control as well as for real-time 

processing functions, e,g., track processing, metering and 

spacing, and conflict alert, For towers not covered by radar, 

fHght data serve as the single means for interfactlity coord

ination of traffic movement; automation is desirable to assure 

dmely availability of flight information from and at these 

locations. Flight plan data automation is also needed to re

duce the manual entry and inter-/intrafacility handling work

lo:td as well as to facilitate the recording of transactions, 

In planning for automated flight plan distribution, consider

ation will also be given to provisions for automated distri

bution of meteorological, aeronautical, flow control and other 

message traffic pertinent to operations at the various classes 

of terminals. 

Automated transfer of control data is necessary to maintain 

real-time continuity in the control of aircraft traversing 

sector and terminal jurisdictional boundaries and to increase 

the traffic handling capacity of controllers, Display hand

offs of tracks correlated with aircraft identity and altitude 

data are required between ARTCCs and TRACONS, A display capa

bility for indicating transfer of control actions is also needed 

between TRACONs and associated towers and between ARTCCs and 

towers located at airports that are not served by terminal radar 

control facilitJ.es. 

4-8 



Fail-operational provisions are essential to assure an accept

able level of continued service with flight safety in the 

event of system failure, 1be particular provisions needed 

vary depending upon the peak density of traffic to be processed 

in the terminal area and the degree of dependency on the auto

mated system for continuous, safe air traffic control. 

Three capability levels are envisioned, viz,, Redundancy, 

Fail-Soft, and Fail-Safe/Fail-Soft, The Redundancy Level pro

vides for spare equipment which can be manually brought on line 

to restore service, This level of backup is envisioned for the 

lower density terminals where the time interval required to man

ually restore essential services is not operationally unaccept

able, The Fail-Soft Level provides for continuous system oper

ation with reduced capa~ity by automatically discontinuing the 

least critical functions according to a predetermined order of 

priority, This level is envisioned for selected lower to medium 

density terminals. The Fail-Safe/Fail-Soft Level provides re

dundant equipment, automated switching, critical data storage 

for restoration of services, an~ automated fault detection and 

restart capability for near instantaneous resumption of full or 

reduced functional capabilities following most detected failures, 

This level is envisioned for selected medium to higher density 

terminals, 

4.3.5 Metering and Spacing 

To achieve higher runway utilization rates, automation assistance 

is needed to provide increased consistency and precision in the 

organization and delivery of aircraft operating into and out of 

high density airports, Metering and spacing automation serves 

to aid in determining (1) the rate at which aircraft may be 
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accomodated in the terminal area, (2) the appropriate sequence 

of flights in the arrival/ departure streams, and (3) the attain

ment of minimum intervals between operations in consonance with 

separation criteria. It also provides a source of current flight 

control (intent) data to enhance the performance of such other 

real-time processing functions as tracking and hazard assessment, 

The metering and spacing capability will be needed at all Group I 

terminals and may be required at other high and medium density 

airports as traffic increases, 

4.3.6 Conflict Alert and Resolution 

Automation capabilities are necessary to effectively project 

the air situation in future time and assess the alternatives 

available to (1) assure safe separation between aircraft oper

ating in controlled airspace irrespective of whether the flights 

are operating under IFR or VFR, and (2) avoid the selection of 

a course of action that would place flights in dangerous prox

imity to other hazards such as terrain, obstructions, protected 

airspace boundaries, etc, 

Conflict alert and resolution will provide automated means to 

(1) predict and alert controllers of potentially hazardous prox

imity of aircraft, (2) aid in the determination of resolution 

actions which do not, in themselves, create another hazard, and 

(3) aid in the generation and delivery of appropriate advisor

ies and hazard avoidance instructions, 

As a minimum, some form of hazard assessment and alerting is 

desired for all medium to high density terminals, Additionally, 

hazard resolution capabilities may be required at those locations 

where operations are conducted in airspace with high traffic 

density, 

4,4 Terminal Processing and Display Systems 

Based on the similarities and dissimilarities in the general character-
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istics of terminal/tower control facilities and the capabilities re

quired in each type of terminal environment, the Terminal/Tower Con

trol Program is focused on the development of three basic types of 

hardware/software system configurations that are compatible with each 

other (as well as other interfacing systems) and are expandable and 

adaptable to provide the necessary range of capabilities, These 

system configurations are termed Expanded ARTS III (which includes 

subsystems for the provision of surveillance data to remote towers), 

ARTS II, and TIPS (Terminal Information Processing System). The 

application and interrelationship of these systems to support TRACON/

TRACAB and control tower requirements in each of the types of terminal 

environment is illustrated in Figure 4-1, Functional descriptions of 

the basic systems as well as planned enhancements may be found in 

paragraphs 6,3, 6,4 and 6,5, 
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5. RELATIONSHIP WITH OTHER ENGINEERING AND DEVELOPMENT PROGRA~S 

5.1 Introduction 

The FAA Engineering and Development effort is distributed among 21 

programs, The purpose of this program structure is to facilitate top 

management review of the various E&D activities in the context of the 

total E&D effort, 

Generally, the efforts under each program represent a functional or 

technical grouping of highly related E&D activities, Broad, system

level engineering, requirements analysis and planning activities 

which cut across program areas 

The System Program thus serves 

are included in Program 01 - System, 
' a capping function by providing for 

initial requirements analyses and establishment of overall design 

guidelines governing the general technical direction of engineering 

and development efforts. 

The scope of each program, description of efforts included and re

lationship with other programs are delineated in the individual pro

gram plans, The nature of the relationship between activities car

ried out under one program and those carried out under another ranges 

from one of almost complete independence to one that is direct and 

dynamic, involving interfaces requiring absolute functional, logical, 

electrical and physical compatibility in design and performance, Over

laps, gaps or other inter-program incompatibilities are resolved dur

ing the course of continuing technical and administrative program re-

views. 

Those programs which include efforts that may have interface or de

sign implications on the terminal E&D activities included in Program 

14 are identified in the subsections that follow, 

5.2 Program 01 - System 

This program sets the overall development objectives and general ap

proach of the total E&D effort, It provides the requirements analyses 
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and overall system engineering necessary for planning and integrating 

FAA research and development efforts into an improved national air-

space system, 

The program includes planning, requirements analyses, advanced concept 

studies and overall design activities leading to promulgation of de

sign guidelines, Within the scope of this program are included eval

uation of current ATC system performance, determination of overall 

performance requirements, development of long range research programs, 

and cost benefit studies of research and development programs and 

potential system changes, The program also includes the assessment 

of activity correlated system errors, system delays and accident data 

with system performance measures involving aircraft safety, controller 

productivity, and controller workload, Any necessary changes in system 

design resulting from these efforts will be reflected, as appropriate, 

in the mainstream design guidelines, 

In the area of advanced concept investigations, a current activity 

having future interface/design implication with Terminal/Tower E~D 

efforts is the work being done to further rhe development of a concept 

for Automated Terminal Services (ATS) (see Report No, FAA-EM-76-6, A 

Description of the Phase I Automated Terminal Service Concept, dated 

November 1976), In brief, this concept envisions the automatic provis

ion of essential terminal services at lower activity airports by the 

installation of a system comprised of a beacon surveillance subsystem, 

a mini-computer with appropriate operational software, a voice response 

subsystem and VHF transceivers, It is envisioned that such a system 

could delay the need for implementation of manned airport traffic con

trol towers as traffic activity levels increase as well as provide ad

ditional safety at presently uncontrolled airports, Where systems of 

this nature were installed at airports having authorized instrument 

operations, a tie-in with the ATC facility having control of these 

operations is required, It is this aspect of the concept that has the 

most significant interface/design implications and will require close 
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coordination with the development activities in Program 14. 

5.3 Program 02 - Radar 

This program includes development of techniques and modifications to 

realize improvements in performance of in-service and subsequent pro

duction versions of primary radar sensors. Also included are such 

adaptation or new design activities as might be necessary to achieve 

compatibility between primary radar sensors and the Discrete Address 

Beacon System (DABS) (eee Program 03), 

The present Automated Radar Terminal System (ARTS III) makes provi

sions for interfaci.ng with the following types of airport surveil

lance radars: ASR-3B, ASR-4, ASR-5, ASR•6, ASR-7 and ASR-8. The 

present display system interface is broadband analog; the interface 

with a digitizer for processing primary radar data is being devel

oped in the terminal development program, 

In Phase I efforts*, the interface between terminal radar sensors and 

terminal systems is direct and dynamic via a digital interface that 

includes moving target detection (MTD), For Phase II developments*, 

present design guidelines indicate primary radar data will be inte· . 
grated with beacon derived data in the DABS system, thus the relation-

ship between the Terminal/Tower Control and Radar Programs will be 

less direct, i.e., through ~rogram 03, Air Traffic Control Radar Beacon 

System (ATCRBS), 

5.4 Program 03 - Air Traffi~.; Control Radar Beacon System {ATCRBS) 

This program includes development of techniques and modifications to 

realize improvements in performance of in-service and subsequent pro

duction versions of beacon ground interrogation and receiving equip-

* The terms "Phase I" and "Phase II" appearing in this section refer to 
the broad phase characterization of the overall system upgrading ef
forts as reflected in paragraph 3,4, 
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ment and associated aircraft avionics, The program also includes 

design and development of the new DABS and associated avionics, 

The present ARTS III interfaces with three types of beacon interrogat

ors, viz,, ATCBI-3, ATCBI-4, and ATCBI-5, Future interfaces are ex

pected to be established with a la.ter version ATCBI and with DABS, 

The present ARTS III display interface is broadband analog while the 

processing interface is via a digitizer, 

In Phase I efforts, the interface between beacon interrogation and 

receiving equipment associated with terminal radar sensors and term

inal systems is direct and dynamic via a digital interface that pro

vides monopulse detection and processing, For Phase II development 

activities, the direct and dynamic relationship between the ATCRBS 

Program and the Terminal/Tower Control Program will continue, Pres

ent design guidelines indicate the interface of systems developed un

der each of the programs to be digital, computer-to-computer, two-way 

interface for the transfer of aircraft position data and up-down link 

messages, Analyses leading to more definitive guidelines regarding 

various configurations of the DABS system, the allocation of functions 

between DABS and ATC facility processors, and resultant information 

exchange requirements are being carried out under the System Program, 

Activities to develop DABS (see FAA-ED-03-1, Technical Plan for Dis

crete Address Beacon System) and for the integration of software to 

provide Automatic Tratfic Advisory and Resolution Service (ATARS) 

capabilities (see paragraph 5,6) are being carried out in this program. 

5,5 Program 04 - Navigation 

This program includes the development of ground station and associated 

aircraft avionic improvements to increase the precision and flexibil

ity of aerial navigation by electronic means, Since the capabilities 

afforded the pilot to independently determine the aircraft's position 

and make good a predetermined flight path have influence on the pro

cedures and criteria employed in the control of air traffic, develop-
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ment activities in this program that are expected to result in pro

cedural or criteria changes are directly related and must be closely 

coordinated with the development efforts in Program 14, At present, 

the only effort of this nature in the Navigation Program is Area 

Navigation With principal interaction being the capabilities and 

limitations associated with its procedural application on the auto

mation of terminal control functions, 

5,6 Program OS - Airborne Separation Assurance 

The potential capability for predicting conflicts between aircraft 

exists in both the air environment and ground environment, Efforts 

pertaining to the airborne capabilities are carried out under Pro

gram 05. The current efforts underway in this program are related 

to the development of a beacon based system identified as BCAS, This 

system incorporates ranging on the basis of secondary radar replies 

which are either precipitated by ground interrogation, an air inter

rogation or both, 

There are two approaches being pursued with respect to ground based 

collision avoidance, One of these utilizes the processing capability 

available within the DABS site processor to exercise the conflict 

prediction algorithm and is referred to as ATARS (Automatic Traffic 

Advisory and Resolution Service), The work to integrate this capa

bility with other DABS functions is being carried out as an integral 

part of the DABS development effort under Program 03, The other ap

proach is to use the processing capability of systems serving ground 

ATC facilities to predict conflicts and develop possible escape man

euvers. For ARTS III equipped terminal facilities, this approach is 

being pursued in Program 14 under Subprogram 142-174, The work neces

sary to evaluate interaction between either the BCAS or ATARS and the 

ARTS Ill conflict alert and resolution capabilities will be carried 

out a~ part of the Program 14 development activity, 
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5.7 Program 06 - Communications 

This program includes activities to provide improvements to the voice 

and digital data communications switching and control systems for 

TRACONS and towers that permit continuous voice communications be

tween pilots and air traffic controllers in addition to communica

tions between ground positions within a common air traffic control 

facility or external facilities, Upgrading of the FAA's communica

tions system is continuing in an evolutionary manner to nandle tne 

post-1980 automated environment, An integrated approach is being 

taken to the communications system design, This requires continuing 

coordination and liaison with the Terminal/Tower Control Program to 

assure that the reduced maintenance, greater safety, higher reliabil

ity and reduced cost objectives are met and to assure that the system 

architecture provides compatible interfaces with the automated func

tions being developed under Program 14, 

In the area of digital data transfer between TRACONs, towers and other 

FAA facilities, the National Airspace Data Interchange Network (NADIN), 

presently being designed, will provide the capability to transfer dig

ital data to meet existing communications needs as well as for modular 

expansion to meet future requirements. The terminal components of 

NADIN will be provided in the first enhancement package, Continuing 

liaison is required to assure that all functional capabilities now 

available are provided and that adequate provisions are made to accom

odate future requirements stemming from terminal development activities, 

5,8 Program 07 - Landing Systems 

This program includes efforts to improve the performance of convention

al Instrument Landing Systems (ILS) to achieve Category I, II and III 

capabilities at a large number of the more difficult sites, Also in

cluded are the efforts to develop the new Microwave Landing System (MLS) 

and associated avionics, 
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For Phase I, efforts are oriented to realization of approach and land

ing capabilities at problem sites in lower ceiling/visibility condi

tions (see FAA-ED-07-1, ILS Improvement Plan), Activities are addressed 

to reducing site-induced problems affecting signal in space performance 

and monitoring to detect course deteriorations, The only potential 

impact of these activities on terminal/tower development efforts now 

appears to be in the area of status monitoring required of the control 

facility, Conceivably, the facility configuration and work station 

design could be affected, 

For Phase II, activities are directed toward development of the MLS 

(see FAA-ED-07-2, National Plan for Development of the Microwave Land

ing System), In addition to providing substantial improvement in 

instrument landing capability at a variety of airports, this system 

is intended to provide precise guidance signals to facilitate simul

taneous instrument approaches to closely spaced parallel runways and 

to permit (with appropriate airborne processing) the use of flexible 

(selectable and curved) flight paths, There are no plans at this time 

for a direct hardware interface between MLS and the terminal control 

system, Nonetheless, exploitation of the flexible path capability 

to increase capacity and/or achieve noise reduction/redistribution is 

directly dependent on the applications made by the control system, 

Additionally, the minimum runway spacing for simultaneous instrument 

approaches as well as the concept and methods for control system mon

itoring of such operations are closely related to the capabilities and 

characteristics of MLS. Therefore, there is a direct and interacting 

relationship between activities in the MLS development effort and activ

ities in the Terminal/Tower Control Program, particularly in the area 

of operational application, 

5.9 Program 08- Airport/Airside 

This program includes efforts intended to increase attainable airport 

capacities with various airport geometries and to improve layouts in 

order to reduce limiting effects on airport surface movements. Ex-
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amples include dual lane and close spaced parallel runways, high speed 

runway exits/entrances, and interconnecting taxi networks, Also in

cluded is the design and development of a semi-automatic airport sur

face traffic control system*, and efforts to minimize problems assoc

iated With aircraft wake turbulence, 

Since the control of aircraft departing and approaching the airport 

and aircraft operating on the airport surface is accomplished by ter

minal/tower facilities, operating concepts and procedures associated 

with landings, takeoffs and airport ground traffic movement are directly 

related to and interact with terminal/tower development activities, It 

is expected that the Airport Surface Traffic Control (ASTC) development 

effort will include devices to be located in control towers which will 

have to be considered in facility configuration and work station design, 

In addition, it is expected that there will be a requirement for a 

direct interface and information exchange (e,g,, flight identification, 

present position, destination on airport) between the ASTC automation 

system and the terminal/tower automation system, Further insight on 

the nature of this interface and what data exchange is required is 

expected to result from experimental design efforts being carried out 

in the ASTC program, 

The wake turbulence efforts fall in two general areas, One area of 

work has the objective to reduce the severity of wakes generated by 

aircraft either by modifications to existing aircraft designs or by 

new design approaches, The second area of work has the objective to 

predict the location and intensity of wakes in such a manner that those 

constituting a hazard can be avoided, It is the latter of these two 

* This airport surface traffic control development effort has recently 
been transferred to Program Element 143 (Subprogram 143-103), A project 
plan, leading to the generation of an E&D Program Plan for development 
of the system, is contained in DOT/FAA/SRDS, Pvojeat PLan: Tower Auto
mated Ground SurveiLLanae System DeveLopment Pro~am. Report No, FAA-RD-
78-4, January 1978, 
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categories that is ultimately expected to result in a Wake Vortex 

Avoidance System (WVAS) rectuiring interface with terminal automation 

systems, 

Though considerable knowledge has been gained about the general char

acteristics and behavior of wakes, there remains much to be d~ne be

fore the degree of hazard can be forecast for dynamic application in 

specific situations, At present, the primary concentration is on de

veloping techniques to detect and quantify the presence and intensity 

of wakes, Having these capabilities and data concerning pertinent 

meteorological conditions (e,g,, wind direction and velocity), it is 

conceivable that the intensity and drift of a wake that would ensue 

a given aircraft's passage along a given path could be predicted with 

some reasonable degree of accuracy using techniques in which the pre

diction coefficients are continually smoothed by a comparison of de

tected values against those previously predicted, 

Concerning efforts under the Terminal/Tower Control Program to provide 

automation assistance in the execution of air traffic management func

tions, severe wake turbulence (like conflicting aircraft, obstructions 

and severe weather) represents a potential hazard to flight operations, 

~t thus may be viewed as one of a number of constraints that must be 

considered in the choice of control instructions that specifically 

govern an aircraft's future position, Lacking more definitive criteria, 

as well as practical means for its application, the present control prac

tice is to apply a special (extended) set of separation criteria with 

respect to flights following or crossing behind certain classes of 

aircraft whose waKes are known to constitute a hazard exceeding the 

protection volume of standard separation minima, Aa efforts to detect 

and quantify the intensity of wakes progress, it is expected that a 

more extensive breakdown of potential wake hazards by type-pairings of 

aircraft will emerge, While it is unrealistic to expect that such ad

ded, conditional criteria could be applied by the controller using con

ventional techniques, it does appear reasonable and is intended that 
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any such additional criteria be applied in the spacing determinations 

involved in the metering and spacing program. Thus, the intermediate 

implications of the wake turbulence efforts are that they will result 

in more complex spacing criteria that will need to be accomodated 

in the data base and logic designs of the terminal automation programs. 

Presently, there are too many unknowns to spell out the nature of sys

tem interfaces and information exchanges that might ultimately be re

quired between terminal automation systems and wake vortex avoidance 

systems. It is evident, however, that when the capabilities for pre

diction are achieved, there will be need for such an interface. 

5.10 Program 11 - ATC Systems Command Center Automation 

This program includes development efforts to provide a capability for 

monitoring the National Airspace System status and activities of air 

traffic control resources from a centralized facility (see FAA-ED-11-lA, 

Technical Program Plan for ATC Systems Command Center Automation). The 

program includes the establishment of a Central Flow Control Computer 

Facility at the Jacksonville, Florida ARTCC which will interface with 

the 20 CONUS ARTCCs through five store-and-forward computers and the 

ATC Systems Command Center in Washington, D.c •• This system will also 

replace the "Airport Information Retrieval System (AIRS)" that is pres

ently operating within a commercial time-sharing computing system. 

Effective accomplishment of the Central Flow Control Function requires 

continually updated information on the current and projected capacity, 

demand, operations rates, weather, nav-aid status and other known in

formation in order to provide an optimum flow while maintaining safety 

and efficiency in the use of the airspace, Since the same data (and 

more) are also required by the ARTCCs for accomplishment of their 

functions, no direct digital data interfaces between Central Flow Con

trol and the terminal automation systems are now envisioned. Instead, 

it is expected that status/capacity/flow data available in the high 

activity terminal facilities will be provided to Central Flow Control 

and ARTCCs via direct access telephone channels. Information on 

5-10 



selected flights will be transmitted from the ARTCCs to the Central 

Flow Control Computer via digital data intertaces, In vie~ of the 

nature of these interfaces, specific technical development activities 

relative to the processing and transfer of flow control data will be 

handled through the En Route Control Program. However, direct liaison 

between Central Flow Control and Terminal/Tower Control Programs will 

be effected for coordination of general concepts, requirements and 

objectives, especially as additional functional capabilities are added 

to Central Flow Control, 

5.11 Program 12 ·En Route Control 

This program includes efforts to develop significant functional and 

system enhancements to increase the capabilities and upgrade perform

ance of the en route ATC system (see FAA-ED-l2-2A, En Route Control 

Program Development Plan), 

The close relationship between the en route system and the terminal 

system requires continuous coordination of the E&D activities in both 

areas, There are general similarities in a number of the capabilities 

to be developed, the problems to be overcome in their development and 

in the relationship with efforts in other programs, Therefore, liaison 

must be maintained on the nature and proposed approach to all activities 

in both programs and detailed coordination effected on activities hav

ing direct interface implications, 

The primary en route development activity bearing on the Terminal/Tower 

Control Program is the development of the en route metering function, 

This function has the objective of improving the efficiency of metering 

air traffic from en route airspace to major terminals which should re

duce holding in terminal airspace and thus minimize disruptions in the 

flow of arriving traffic, The design concept envisions an eventually 

automatic interchange of information between the en route centers and 

terminals, Terminal information to the centers will establish inbound 

feeder fix arrival rates matched to acceptance capabilities; en route 
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outputs to the terminals will identify optimum arrival times at the 

established terminal feeder fixes, The Terminal/Tower Control Program 

activities wil1 include the definition of display outputs and com

puter message inputs to accomodste the requirements of the en route 

metering function and the development of the required software for 

the ARTS computer, Development of the terminal' side of the en route 

metering function will involve close coordination with the en route 

E&D activity as well as the Air Traffic Service to ensure that oper

ational requirements are satisfied, 

Over the longer term, the plan is to interface the en route metering 

function with the terminal metering and spacing function to provide 

greater continuity in the handling of terminal arrival traffic. In 

this effort, the Terminal/Tower Control Program will be responsible 

for definition of the information interchange as well as development 

and test of the expanded capability, 

The primary terminal development activity bearing on the En Route Con

trol Program is TIPS. TIPS will require modifications to software 

within the en route computers to provide for the transfer of expanded 

flight data from the centers to the terminals and for the processing 

of additional types of messages, This activity will be closely co

ordinated with the en route E&D activity to assure development and 

test of the en route software necessary to interface with the TIPS 

prototype, 

5.12 Program 13- Flight Service Stations 

This program includes efforts to (1) achieve a reconfiguration of the 

Flight Service Station (FSS) network into a series of multi-level 

station complexes, (2) modernize the station environments and equip

ment, and, (3) apply automation to assist in the performance of flight 

service functions. 

Except as they may affect the configuration of operating quarters and 

equipment rooms in combined station/tower facilities, near term activ-
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ities in the FSS Program are not expected to interact with efforts 

in the Terminal/Tower Control Program, In the long term, it is pos

sible that an interface may be required between terminal and FSS 

automation systems to provide for the exchange of essential flight 

plan and control data on VFR flight plan traffic, 

5.13 Program 15- Weather 

This program includes efforts to improve detection, accuracy of pre

diction, and dissemination of weather information tailored to the needs 

of pilots and the air traffic control system, Several of the activ

ities within the program have direct relationships requiring close co

ordination with the Terminal/Tower Control Program development efforts, 

Activities of this nature in the Weather Program (see FAA-ED-15, Pro

gram 15 - Weather) include efforts to develop: 

• ASR Weather Processing Improvements 

• Aviation Weather and Aeronautical Data Systems (AWADS) 

• Low Level Wind Shear Alert Systems (LLWSAS) 

• Thunderstorm Gust Front Detection Systems (TGFDS) 

The ASR improvement work will include modifications to provide improved 

weather information through reflectivity mapping and calibration, With 

these modifications, broadband weather outlines can be presented on 

TRACON controller displays, Longer term activities will include mod

ifications to ASR-7 and 8 radars to incorporate doppler processing 

and/or the development of a doppler Weather Radar System for integra

tion into the terminal system, 

AWADS is envisioned to be a system of processors and displays for the 

collection, distribution and presentation of weather information in ' 

towers and TRACONS, The system will interface with ARTCC weather sys

tems providing for rapid interchange of operationally significant 

weather information, The Terminal/Tower Control Program will closely 

coordinate with the AWADS activity to ensure maximum consolidation of 
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the processing and display requirements of both the AWADS and TIPS 

systems, System studies will consider design approaches for maximum 

utilization of common hardware devices (i,e,, computers, displays, 

communications channels), 

The Low Level Wind Shear Alert System is intended to detect hazardous 

winds near the touchdown and liftoff areas, The Thunderstorm Gust 

Front Detection System is designed to measure pressure jumps at the 

outer marker to provide an early warning of thunderstorm gust hazards, 

Over the longer term, more advanced sensors are to be designed to 

measure the low-level wind shear in the terminal area through the use 

of doppler radar or pulsed doppler laser techniques, 

The various wind shear and gust measurement systems will require dis

plays for the presentation of their information, The Terminal/Tower 

Control Program efforts will include coordination with these weather 

activities to ensure consolidation of display requirements With a 

goal toward use of common hardware devices, 

5.14 Program 16- Technology 

This program includes initial investigations of new techniques and 

assessment of promising technological advancements that appear to have 

applicability in meeting FAA's engineering requirements, Also included 

are exploratory human factor efforts to improve man-machine relation

ships and interfaces in applications of concern to the FAA. As con

fidence in a particular technique or innovation is advanced to a point 

where its potential and applicability to specific activities in a par-· 

ticular program are clearly established, responsibility for future 

application efforts is shifted to that program, In some instances, 

the assessment process is expected to involve interface with and util

ization of terminal automation test facility resources. 

While Technology Program items are in initial investigation phases, 

the relationship between Program 14 and this program is one of liaison 
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to maintain a general awareness of a~tivities and the status o£ efforts. 

As the potential and applicability to terminal development efforts become 

increasingly clear or the need to interface with or otherwise utilize 

terminal test bed resources becomes evident, the activities in the two 

programs must be more closely coordinated, 

Activities currently in the Technology Program that are of interest to 

the Terminal/Tower Control Program include the following: 

• Efforts to develop a coherent plan for meeting the post-1985 

ATC computing needs with a computer complex that can be im

plemented and maintained at a reasonable cost and that can 

evolve easily as functions and technology change, The activ

ity will emphasize a top-down, broad-view approach to the 

computing complex design but will, when necessary, undertake 

detailed technology studies that are critical to the design, 

• Efforts to investigate improved man-machine interface tech

niques and to define the proper role of humans in highly auto

mated ATC systems and cockpits, 

5.15 Program 21 -Support 

This program is comprised of E&D efforts in a variety of areas consider

ed, in general, to be of a supporting nature, Of these, the principal 

activities having interface or design implications on activities in the 

Terminal/Tower Control Program are efforts directed at fuel conservation 

and efforts to provide additional training capabilities for air traffic 

controllers at the FAA Academy and at field sites, 

The fuel conservation efforts at the present are in the study and sim

ulation stages in which investigations are being made to improve fuel 

utilization by profile departure and arrival techniques and by elim

inating the 250 knot speed limit in terminal control areas, Special 

attention is being directed to these efforts to assure that any select

ed technique is compatible with all aspects of the Terminal/Tower Control 
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Program, particularly the metering and apacing development activity, 

The training efforts involve coordination within the Terminal/Tower 

Control Program to assure that the terminal radar training facilities 

being developed for the FAA Academy provide adequate simulation of 

operational TRACON environments to assure realistic training for stu

dent air traffic controllers, In addition, the field training enhance

ments for field site TRACONS are being developed utilizing the ex

tended target generators (ETG) developed for ARTS III facilities, 

Additional categories of effort under the Support Program that require 

periodic coordination and information exchange with respect to possible 

future impact on terminal developments include: 

Electrical power system design activities, 

Ground monitoring investigations, 

Control tower design criteria, 

Mobile ATC facility design criteria, 

5-16 



6. PROGRAM STRUCTURE AND ALLOCATION OF TECHNICAL DEVELOPMENT EFFORTS 

6.1 Subprogram Structure 

The activities encompassed by the Terminal/Tower Control Program are 

divided among a number of subprograms to facilitate technical admin

istration and accomplishment of the various efforts, As a practical 

matter, and in the interest of continuity, the subprogram structure 

reflected in this plan is based on the previously established division 

of on-going activities, In general, the allocation of activities pro

vides for emphasis along the following lines: 

• Initial planning, analyses and definition efforts leading to 

establishment of functional, engineering and interface re

quirements at a sufficient level of detail to guide inter

related development activities carried out within the var

ious subprograms, 

This type of activity is cove:red unde:r "P:rog:ram Planning and 
System Enginee:ring" (Subp:rog:ram 142-121), 

• Engineering and development of the various hardware and soft

ware systems for the acceptance, processing, correlation, dis

tribution and display of flight plan, control, surveillance 

and environmental data, 

Activities of this natu:re a:re subdivided by type of system 
and a:re cove:red unde:r the f o ZZO!Jing: 

"ARTS III Ea:pansion" (Subp:rog:ram 142-171) 

"ARTS II Enhancements" (Subp:rog:ram 142~175) 

. "Te:rmina~ Info:rmation P:rocessing System" (Subp:rog:ram 142-173) 

"Advanced System Design" (Subp:rog:ram 142-178) 

• Development of concepts, software and associated operational 

procedures for the application of automation assistance in 

the execution of air traffic management and control functions. 

These activities a:re dist:ributed among the foZZO!Jing th:ree 
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subprogl'ams lJith the p:l'ima:l')j area of concentration in eaoh 

as indicated by their titZes: 

''Metering and Spacing" (Subprogram 142-1?2) 
"Conflict AZe:l't and ResoLution" (Subprogl'am 142-1?4) 
"ATC AppUcations of Data Link" (Subprogram 142-1?6) 

• Establishment, operation and maintenance of a terminal test 

environment necessary to carry out Terminal/Tower development, 

experimentation and test activities, 

These aotivi ties al'e covered under 11Te:rminaZ Automation Test 

FaoiUty" (Subprogl'am 142•1?9), 

• Follow-up assessments of the adequacy of fielded improvements 

in terms of utility, capacity and performance, and technical 

assistance in the design of changes/modifications to overcome 

deficiencies encountered in Terminal/Tower in-service equip

ment and facility environments, 

These aotivi tie<J are covered undel' "SU<Jtaining Engineering 11 

(Subpl'O(J:l'am 144-1?0), 

More detailed information concerning the purpose, scope and principal 

tasks to be accomplished within each subprogram is provided in the 

paragraphs that follow, 

6.2 Program Planning and System Engineering (Subprogram 142-121) 

Ihis subprogram provides for the initial planning and follow-up mon

itoring of technical activities carried out within the Terminal/Tower 

Control Program, Ihe planning activity consists of analyses and def

inition efforts to convert the broad guidelines emanating from the 

System Program into functional, engineering and/or interface require• 

ments sufficient to identify and guide the development activities that 

need to be carried out in the individual subprograms, Ihe monitoring 

activities consist of follow-up reviews of design approaches and prog· 

ress to assure they remain in consonance with objectives, that inter· 
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faces and dependent schedules are compatible and that there is a 

cross-feed of pertinent information between affected activities. 

Principal tasks included in the subprogram are as follow: 

a, Pl'epamtion and Updating of the TerminaZ/Tower ControZ 
Engineering and DeveZopment Program PZan 

This activity consists of periodic reviews of the plan 

and the preparation of revisions or new editions as 

necessary to keep the plan current and/or improve its 

utility as a guidance document. 

b. Preparation of TerminaZ/Tower Inter-SystP~ Interfaae 

Speaifiaations 

As indicated in Figure 4-1, the configuration of TRACON 

and control tower facilities within a given terminal control 

environment requires the establishment of interfaces between 

different types of terminal automation systems, The purpose 

of this task is to assess the allocation of functions between 

systems when deployed in these configurations, define the 

data exchange necessary between systems and specify the tech

nical interface characteristics required, 

a, AnaZysis and Definition of TerminaZ Automation System Mod
ifiaations Required .for DABS Integration 

To properly function during the initial phase of the ATC 

system upgrading process, the de.eigns of the ARTS II and 

Expanded ARTS III data processing and display systems have 

been based on the technical characteristics of current vin

tage surveillanc.e systems (viz,, ATCRB and ASR.). In Phase 

II of the upgrading process, the ATCRBS is to be replaced 

by the Discrete Address Beacon System which, in addition to 

improving the reliability and accuracy of surveillance data, 

will provide a two-way digital data link for automatic 
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ground-air-ground communication, In addition to ftmdamental 

changes in technic.al characteristics of the ground beacon 

station (as contrasted to current systems), changes in the 

primary radar sensors to assure compatibility with DABS are 

also anticipated, 

Analyses relative to various configurations of the Discrete 

Address Beacon System and the allocation of functions between 

DABS and ATC facility processors are being carried out under 

the System Program, Efforts to develop the DABS are being 

carried out under Program 03, Air Traffic Control Radar Beacon 

System, The purpose of this task is to identify and define 

the specific changes required in the Phase 1 ARTS 11 and Ex

panded ARTS 111 systems to interface and function with DABS 

(1) as the source of surveillance data, and (2) as a media 

for the automatic transmission/receipt of control data, 

d, AnaLysis and Definition of Terminal Automation System .~od
ifiaations Required for Interfaae/Integration ~1ith Other 
Systems 

ln addition to the Discrete Address Beacon System, there are, 

as indicated in Section S, various other development efforts 

planned or in progress in other E&D programs that have inter

face and/or design implications relevant to the terminal auto

mation systems, The objective of this task is to develop fur

ther details on the technical nature of these interfaces, de

termine the impact on the terminal automation systems affected 

and define the changes or additions required for effective 

integration, 

6.3 ~I II Expansion (Subprogram_ 142-171 L 
This subprogram provides for the design, fabrication and test of devel

opment packages to expand the configuration and technical capabilities 

of the ARTS 111 data processing and display system from the present 
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level to the capabilities required to support medium to high density 

terminal ~nvironments in the 1980's, 

The basic ARTS III system, as originally implemented, consists of a 

data conversion and processing complex coupled with plan view displays 

that employ high speed deflection and time-shared writing techniques 

to provide a composite display of alphanumeric data with broadband 

radar/beacon target and map video data on cathode ray tubes, Operated 

in conjunction with its associated operational software, the basic sys

tem provides the capability to automatically track beacon equipped air

craft, correlate beacon track and flight data, and display the flight 

identification, beacon reported altitude (for appropriately equipped 

flights) and track velocity (analogous to ground speed) in the form of 

alphanumeric tags associated with appropriate beacon targets, The sys

tem also provides the capability to transfer the control of tracks from 

one equipped position to another in conjunction with intrafacility hsnd

offs and includes provisions for exchanging abbreviated flight plan and 

control data with NAS Stage A Centers to facilitate initial establish

ment of track data files and enable semi-automatic accomplishment of 

interfacility handoffs of beacon equipped flights, The system is con

figured to serve the arrival and departure radar controller positions 

of a TRACON, Through a modification to the BRITE display system, the 

capability to display alphanumeric tag data in association with. beacon 

targets has been extended to serve the local controller in collocated 

tower cabs where the remoting involved is within rormal cabling distance 

for the system, Components of the basj.c system essential only to the 

alphanumeric c.apabilities are single thread (i,e,, non-redundant) with 

the fall-back method of operation being the use of broadband video data 

and conventional (pre-ARTS) radar monitoring and control techniques in 

the event one of these components fail or is otherwise not available, 

Initial development packages derived from this subprogram resulted in 

the enhancement of the basic system to include radar tracking in ad

dition to and correlated with beacon tracking, continuous data record-
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ing (CDR) of all critical data during system operation, and the 

capability to detect and isolate faults and to reconfigure system 

resources for failsafe/failsoft operation, 

With automatic tracking of all detected flights, rather than just 

controlled flights, the ARTS system is in a posture to accept con

trol automation functions such as conflict resolution and to facil

itate all digital display operations, 

Effective support of future terminal operations will require the pro

vision of numerous additional automation capabilities, Those which 

are key to the objectives and activities of this subprogram include 

capabilities and features to: 

• Enable narrowband remoting of digitized data from radar sites 

to the TRACONs, 

• Eliminate the need for displaying "raw" broadband air traffic 

data on plan view displays. 

• Expand and extend data processing and display capabilities to 

include digital surveillance displays at remote towers located 

at satellite airports served by the TRACON, 

• Accomodate the control automation software capabilities devel

oped under other subprograms (e,g,, metering and spacing, and 

conflict alert and resolution), 

• Enable processing of surveillance data from DABS sites, 

• Enable processing and display of improved primary radar data 

derived from Moving Target Detector (MTD) equipped sites, 

• Accept, process and display data from local weather sensors 

and data circuits, 

• Interface With automated airport surface traffic control, Til'S, 

wake vortex detection, and wind shear detection systems, 

The principal developments to be accomplished under this subprogram 
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include the following! 

a, AU DigitaZ System Ope:r>ation 

This task will establish the capability to derive all-digital 

radar data at the radar site, to remote the data over tele

phone lines to the TRACON and to initiate operational usage 

of all digital plan view displays, Initial application of 

this capability is envisioned for selected high density fac

ilities to (l) provide more writing time for the presentation 

. of additional digital data, (2) provide more selectivity and 

increased clarity of displayed data, (3) facilitate the com

posite display of surveillance data derived from more than 

one radar site, and, (4) 

band remoting equipment, 

eliminate the need 

Eventually, it is 

for costly broad

expected that this 

capability will be required at all sites as new functional 

capabilities are incorporated into the terminal automation 

environment, 

b. AU DigitaZ DispZays fo:r> SateZZite Towe:r> Cabs 

The purpose of this task is to develop the additional hardware 

and software to enable the operation of Tower Cab Digital Dis

playa (TCDD) in satellite tower cabs within the radar coverage 

area of the associated TRACON, Functionally, the TCDD will 

operate as an additional display for the ARTS III system, How

ever, in order to meet the requirements dictated by the remote 

tower cab environment, the equipment located at the remote site 

must include (l) buffer/refresh capability to enable narrowband 

communications between the TRACON and the remote tower, (2) a 

bright display with contrast enhancement features to enable 

operational usage in the bright environment of a tower cab, 

and, (3) compact, flexible design features to meet the limiting 

and varied space constraints encountered in tower cabs, 

In addition to application at satellite towers associated with 
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ARXS IIIA TRACONS, the TCDD is also a logical replacement 

for the RRITE and RRITE A/N equipment in the towers which 

are collocated with the TRACON, 

In addition to the hardware and software development, this 

task will include an operational evaluation at a field site 

to establish the acceptability and/or determine additional 

requirements for TCDD application at satellite towers, 

c, New Te~inaZ TRACON DiepZay 

This task is for the development of a new terminal display 

leading to the replacement of the basic ARTS III displays as 

they become a major limiting factor in new automation efforts, 

Features not now provided by the basic ARTS III which are to 

be included in the new display consist of vector generation 

capability, internal refresh, video compression, color capa

bility and various operational options to provide greater 

flexibility as functional enhancements are added to the auto

mation system, Recent advances in technology make it possible 

to produce a display that, while using fewer parts and less 

power, offers greater capability, flexibility and reliability 

at lower cost, The objective in the display design will be 

to exploit these technological advances to the maximum prac

ticable extent, 

The new display will be capable of all digital operation but 

will also retain the rho-theta sweep (time-compressed) to en

able its application at ARTS IliA, basic ARTS III or ARTS II 

sites, 

d. Data Acquisition Enhancements 

This task is to develop the hardware and software capability 

to interface and operate with the Moving Target Detector (MID) 

system for primary radar data and With the ATCRRS Monopulse 
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Processing System (AMPS) for secondary radar data, (The AMPS 

will be built to the DABS specification requirements for mono

pulse,) This effort will include the necessary hardware and 

software to correlate the MTD and AMPS data and will provide 

a major improvement in the performance of automatic tracking 

of all aircraft including flights not equipped with a trans

ponder or whose transponder is malfunctioning, The hardware 

making up the MTD, AMPS and correlation function is referred 

to as the Sensor Receiver and Processor, Model II (SRAP II), 

It Will be designed to be consistent with the anticipated 

changes from the SRAP I of ARTS IliA to the implementation 

of DABS and MTD. The SRAP II will embody enhancements to 

provide improved azimuthal accuracy, more reliable and con

sistent tracking data and the capability to more readily sup

port all digital operations, 

This task will also include efforts to derive more meaningful 

weather data for presentation on the terminal plan view dis

plays through the application of filtering techniques embodied 

in the MTD, 

e, TIPS/ARTS III Interfaae 

The Terminal Information Processing System (TIPS) is being 

developed to provide for the processing, distribution and 

display of flight data at control positions in TRACONs and 

control tower cabs (see paragraph 6,5), The TIPS design calls 

for an interface with the ARTS III system and for the capabil

ity to display abbreviated, TIPS derived, flight data on the 

ARTS III plan view display in alternate data modes controlled 

by switch action at the display console, This task is to de

velop the ARTS III software/hardware modifications required 

for integration with TIPS, 



f, DABS/~anded ARTS III Integration 

As indicated in preceding portions of this plan, the nature 

and technical characteristics of the interface between Ex

panded ARXS and DABS equipped surveillance sites is expected 

to be significantly different than With the present day 

radar/beacon systems, These differences are expected to 

result in the need for changes in interface hardware and 

modifications of the surveillance input processing and track

ing software, 

Efforts to identify and define the specific changes required 

in the Expanded ARTS III systems are included in Subprogram 

142-121, "Program Planning and System Engineering" (see para

graph 6,2c), The purpose of this task is to accomplish the 

ensuing detailed design, engineering, fabrication and test

ing of the hardware/software modifications/additions applic

able to the Expanded ARTS III system, 

g. Intex>faoes with AdditionaZ Systems 

In Sections 4 and 5 of this document, there are brief descript

ions of efforts that are planned or are in progress that are 

expected to result in additional interface requirements and/or 

other design changes to the ARTS III system (e,g,, Airport 

Surface Traffic Control, Wake Vortex Avoidance, Wind Shear 

Detection Systems, etc,), A task to develop further details 

on the technical nature and impact of these additional require

ments on terminal automation systems and to define the changes 

or additions required for effective integration is included 

under Subprogram 142-121 (see paragraph 6.2d). 

Under this subprogram, the task is to carry out the detailed 

design; fabrication and test of the changes or additions that 

are applicable to the enhanced ARTS III system, 

6-10 



6.4 ARTS II Enhancements (Subprogram 142-175) 

It is presently the intent of the operating services to undertake the 

development/incorporation of such features as may be considered neces

sary to enhance the capabilities of the basic ARTS II system, The 

purpose of this subprogram is to provide for the possibility that fu

ture E&D assistance may be requested for the design, fabrication and 

test of upgrading packages to expand the configuration and technical 

capabilities of the ARTS II data processing and display system to the 

capabilities that may be required in facilities served by these systems 
in the 1980's, 

The basic level ARTS II system, as being deployed in the National Air

space System, consists of two configurations, viz,, TRACON and TRACAB, 

The· hardware consists of data conversion, processing and display equip

ment, Beacon conversion (i,e,, interrogation and reply pulse digitiz

ing) is accomplished using techniques similar to those employed in the 

basic ARTS III system, Data processing, however, is based on the use 

of mini-computer technology and employs a single mini-computer in the 

system configuration, The TRACON displays employ medium speed deflect

ion and time-shared writing techniques to generate composite present

ations of digital alphanumeric data with broadband radar/beacon target 

and map video data on cathode ray tubes, Modifications to the BRITE 

display system (using the same concept and techniques as employed with 

ARTS III) enable the presentation of alphanumeric data with broadband 

target and map video data on BRITE displays in the tower cab, In the 

TRACAB configuration, only BRITE displays are used, Operated in con

junction with the associated operational software, the basic system 

will digitize, decode and display numeric beacon code and altitude 

data adjacent to broadband beacon targets on plan view displays, For 

aircraft equipped with discrete code transponder capabilities, the 

system will also correlate and display the appropriate alphanumeric 

flight identification, Provisions are included to transfer the control 



of tags on discrete code flights in conjunction with intrafacility 

handoffs. Provisions are also included for on-line exchange of abbrev

iated flight plan and control data with NAS Stage A Centers to facili

tate initial establishment of discrete code/flight identification cor

relation files and enable transfer of control actions to be handled 

semi-automatically in conjunction with interfacility handoffs of dis

crete code beacon equipped flights. 

Compared to the above, a number of additional capabilities/features 

are expected to be required for these systems to effectively serve 

the low to medium density environments in the mid- to late 1980's. 

These may include any or all of the following: 

• 
• 
• 
• 
• 

Beacon tracking • 

Minimum safe altitude warning • 

Conflict alert . 

Interface and integration with TIPS • 

Interface and integration with a radar/beacon system from 

which the output is in the form of all digital, target report 

messages (e.g. SRAP). 

• Target generation, training. 

• Radar augmented tracking. 

• Interface with a digital, plan view display system serving 

a remote tower cab, 

• Interface and integration with DABS surveillance sites. 

• Multiple processor configurations. 

It is anticipated that the techniques developed under the ARTS III 

expansion program for providing these capabilities at ARTS III sites 

will, for the most part, be applicable to ARTS II configurations. 

Nonetheless, it is to be expected that considerable detailed design 

and engineering effort will still be required to realize the actual 
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interface/integration with ARTS 11 as well as extensive testing to 

verify the integrity of the detailed design, 

6,5 Terminal Information Processing System (TIPS) (Subprogram 142·173) 

This subprogram provides for the design, fabrication and test of a 

computerized data processing and electronic display system to serve 

TRACONS 1 collocated control tower cabs and remotely located control 

towers, The Terminal Information Processing System is intended to pro

vide an improved capability for entering, displaying and distributing 

flight plan and other non-radar data in the terminal environment, 

The initial phase of the TIPS engineering and development activity is 

directed towards providing basic flight data handling capabilities for 

the high and medium activity terminal environments served by ARTS III 

systems, The longer term E&D plan is to develop functional enhance

ments for these higher activity facilities and define configurations 

for application at lower activity ARTS III facilities, ARTS II facil

ities and 1 eventually, non-radar towers, 

Currently, the acquisition, distribution, display and updating of flight 

plan and other non-radar data (e,g,, meteorological information) in 

terminal facilities are accomplished through the use of paper flight 

progress strips, manual recording and distribution of information, and 

by voice communications within and between facilities, In many term

inal facilities, flight progress strips are printed via the Flight 

Data Entry and Printer (FDEP) Subsystem which interfaces the term-

inals with host Air Route Traffic Control Centers (ARTCC), The FDEP 

System has basic capacity limitations which affect the availability 

and timeliness of flight data, especially in the more active terminals, 

Being largely of a mechanical nature, the FDEP equipment is also the 

source of a number of maintenance problems, In general, the use of 

flight strips and manual methods to access and distribute information 

in the terminal environment have a significant impact on controller 
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workload and adversely affect productivity and system capacity, 

The TIPS design concept is to eliminate the need for the FDEP system 

and paper flight progress strips by the introduction of electronic 

displays, and, to improve data availability, accessibility, recording 

and distribution by automatic data processing and electronic routing, 

The effects of TIPS are expected to be reduced controller coordination 

workload, more timely availability of essential information and great

er flexibility in controlling which positions must be staffed. 

The TIPS efforts have progressed through the prototype specification 

stage, A functional prototype system is to be installed and tested 

at both NAFEC and an operational ARTS III site, The primary E&D ac

tivities leading to the prototype specification included a comprehens

ive field survey of current flight and control data handling methods, 

the testing of alternative display and data entry design concepts at 

NAFEC, and a system configuration study to establish the basic TIPS 

hardware configuration, 

The field survey served to define the requirements for flight and con

trol data at each operational position in the TRACON and tower cab, The 

survey identified the types of information needed, when it is needed, 

revision requirements and distribution requirements. Based on these 

requirements, alternative display and data entry designs for TIPS 

were defined and then subjected to testing at NAFEC using an available 

Flight Data Distribution System test bed, The NAFEC testing led to 

definition of the basic requirements for data display and data entry, 

In the system configuration study, several alternative hardware config

urations were addressed in which a basic issue was whether the TIPS 

functions should be integrated into the ARTS III hardware/software or 

be accomplished in a separate complement of hardware and software ele

ments. The study concluded that a separate configuration offers more 

benefits and this approach was adopted. Some of the more noteworthy 
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advantages of the separate configuration include: 

• Lower net costs over ARTS III expansion. 

• Setter adaptability to facilities of different size and 

automation level. 

• Better expansion capability (i.e., easier to expand in capacity 

and functions performed). 

Once the basic configuration was established, the functional and per

formance requirements for the hardware and software elements of TIPS 

were defined and the requirements relevant to interfacing the system 

with the NAS En Route and ARTS III computers were established. Addit

ionally, a failure mode design concept was formulated to ensure that 

the TIPS system could be adapted to provide levels of operation ranging 

from fail s·afe to fail soft depending on the type and size of facility 

in which it is installed. 

Current and planned efforts under this subprogram are divided into two 

groups with principal emphasis and activities as follow: 

a. Basia TIPS 

These efforts are directed towards establishing flight data 

handling capabilities in a system configured to serve the 

higher activity ARTS III locations. The activities include 

the acquisition of two functional prototype systems for which 

the detailed design, fabrication and integration of hardware 

and software components will be based on the previously estab

lished prototype specifications. In parallel With these ef

forts, coordination and monitoring of efforts to deyelop in

terfacing software under the En Route and Expanded ARTS III 

programs will be carried out. 

One of the systems will be installed in the Terminal Automation 

Test Facility at NAFEC where it will be subjected to hardware 
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and software design verification tests and to tests of the 

NAS En Route system and ARTS III system interfaces, Later, 

this system will be used to support the development of follow-

on enhancements. 

The other system will be installed at an operational field 

site to assess its operational suitability in a live· traffic 

environment, These tests will be carried out in two phases, 

the first of which will consist of running the system in paral

lel with but not in support of facility operations, During 

this phase, the system will be assessed from a technical and 

operational viewpoint and such changes as may be necessary 

to support the second phase will be incorporated, In the sec

ond phase, the TIPS will be used as the primary operational 

system with the FDEP system serving as back-up, 

The results of these test efforts will be used in preparation 

of the technical data package to be handed off to the Airway 

Facilities Service for their use in the acquisition of systems 

for implementation, 

b, TIPS Enhancement 

These efforts are directed towards (1) determining TIPS con

figurations most suitable for application in lower activity 

TRACONS/TRACABS and control towers, and (2) the development 

of enhancements to further the utility of the system, 

The efforts to establish TIPS configurations for lower activ

ity sites will include investigation and consideration of 

interface and other requirements that may be unique to lower 

activity ARTS III, ARTS 11 and non-radar tower sites, The 

object of these efforts is to establish configurations which, 

though initially scaled down, may subsequently be expanded 

in a modular fashion to meet future needs, 
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Efforts to develop enhancements to upgrade the basic TIPS 

are in the areas of failure mode capabilities, interfaces 

with new automation functions and interfaces with new and 

existing systems, 

Failure mode activities will include the development of tech

nical requirements for hardware redundancy, automatic failure 

sensing and equipment switching for application in TIPS con

figurations serving high activity facilities, Additionally, 

design requirements will be developed for the incorporation 

of fail soft capabilities in configu~ations serving medium 

as well as high activity sites, 

Activities relative to interfacing with new automation func

tions include the determination and development of changes 

necessary for TIPS to function with and aid in the effective 

accomplishment of such new functions as metering and spacing 

and longer term control message automation functions utiliz

ing the DABS data link. 

The efforts relative to interfacing with new and existing 

systems include the engineering and development work neces

sary to realize an effective consolidation of hardware, soft

ware and communications requirements where TIPS is interfaced 

with other systems. Systems in this category, where a poten

tial interface with TIPS may be involved, include: 

o Aviation Weather and Aeronautical Data System (AWADS) 

o National Automatic Data Interchange (NADIN) System 

o Airport Surface Traffic Control (ASTC) System 

o Wake Vortex Avoidance System (WVAS) 

o Automated Flight Service Station System 

o Discrete Address Beacon System (DABS) - Data Link 

The TIPS display will also be considered for consolidating many 

of the existing.operational non-radar functions in the tower cab. 

6-17 



6.6 Metering and Spacing (Subprogram 142-172) 

This subprogram provides for the design, development and verification 

of automation techniques to aid in the sequencing, metering and spac

ing of terminal traffic arriving/departing medium to high activity air

ports, The goal is to establish methods to expedite the movement of 

traffic to the maximum degree commensurate with available runways, 

safety, and an orderly and equitable process of honoring user requests. 

"Metering and Spacing" is a generic term which, applied to the oper

ations of a given airport, covers the composite of activities neces

sary to plan and regulate the rate, order and separation of successive 

arriving/departing flights that are utilizing common airspace and/or 

common or interfering landing/takeoff surfaces, In current operations 

this is accomplished through the combined efforts and judgements of a 

team of controllers comprised of the local controller stationed in the 

tower cab and arrival/departure radar controllers located in the oper

·ating quarters of a TRACON facility, In substance, the operation in

volves the following: 

Acceptance of inbound traffic at various altitudes from various 

transfer of control or VFR entry points and the issuance of 

maneuvering instructions to organize and position aircraft on 

the final approach course in proper sequence with proper spac

ing, These functions are performed by the arrival radar con

trollers with handoff to the local controller normally occurri~g 

in the vicinity of the ILS outer marker as flights proceed in

bound on final approach, 

Sequencing and control of all operations involving use of the 

active runways, These functions are performed by the local con

troller with handoff of departures to the departure radar con

troller normally occurring immediately after takeoff, 

Delivery of outbound flights to various specified transfer of 

control or VFR exit points at various specified altitudes, These 

functions are performed by the departure radar controllers. 
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The conduct of operations requires very close coordination of each 

controller's actions and the efficiency is directly dependent on the 

capabilities of controllers to continually extrapolate and determine 

those control actions that are presently necessary to bring about the 

desired future results, When traffic is light to moderate and rea

sonably well spaced in time, the task ia not overly difficult; however, 

as traffic increases in volume the job gets extremely complex and, 

with the introduction of additional variables in the spacing criteria 

to be applied, it can become overwhelming, In this respect, it is 

significant to note that the advent of larger, heavier aircraft has 

brought about a reappraisal of separation minima in light of the in

creased intensity and duration of their attendant wakes. Increasing 

the separation minima applied to all flights to a value that may be 

appropriate in the case of a light following a heavy aircraft would 

obviously result in a drastic and unacceptable reduction in system 

capacity, thus, different minima have been established for applica

tion on final approach between aircraft of different weight classifi

cations designated as Small, Large and Heavy, As the volume of traf

fic continues to increase and more quantitative data on the behavior 

and effect of wakes from all types of aircraft becomes available, it 

is evident there will be increasing motivation to devise and apply 

separation minima keyed to additional classifications and pairings 

of aircraft types. Further, when the means to accurately predict 

wake behavior in prevailing atmospheric conditions have been realized, 

it will become additionally desirable to dynamically change the ap

plicable separation criteria in consonance with changes in prevailing 

conditions. Consequently, if safety is to be maintained and capacity 

is to be increased, it is obvious that automation assistance is needed 

to cope with the additional variables and increase the precision with 

which control can be exercised, 

With the introduction of ARTS and various expansion packages, capabil

ities for inter and intrafacility transfer of essential flight data 

and for the correlation and display of flight and surveillance data 
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have become available. The efforts under this subprogram are aimed 

at extending these capabilities to include decision assistance in the 

performance of metering and spacing functions. This entails the de

sign and development of software capabilities incorporating adaptive 

sequence and control logic, time and space computation algorithms, 

versatile control geometry and input/output features that will enable: 

• Determination of realizable arrival/departure sequences, in

tervals and schedules for optimum utilization of available 

runways. 

• Metering of arrivals from terminal entry points and release 

of departures awaiting takeoff clearance at rates and times 

consistent with schedules, separation minima and limitations 

of control geometry. 

• Application of fuel conservation flight profiles. 

• Continual assessment of flight progress and determination of 

control actions necessary to maintain schedule/spacing con

formance. 

• Dynamic adjustment of stored wind values on the basis of 

achieved vs, anticipated flight paths and ground speed. 

• Dynamic revision of schedules/sequence when variations from 

anticipated performance exceed the range of control adjustment. 

• Application of varied separation minima based on the type/cat

egory of particular aircraft pairings, 

• Adjustment of minimum separation values on the basis of inputs 

and updates from a wake vortex pred.iction system, 

• Formulation and transfer of messages to the associated en route 

control system conveying such·data as expected approach clearance 

times applicable to each inbound flight, fix/altitude availabil

ity, average arrival delays and acceptance rate forecasts. 
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Initially, computer generated metering and spacing instructions ap

plicable to the individual aircraft will be displayed to the appro

priate controller for delivery via voice communication. Following 

implementation of DABS, it is expected that automatic delivery of 

metering and spacing instructions via the DABS data link will be 

introduced. 

The principal activities to be carried out under this subprogram 

consist of the following: 

a. Basia Arrivat Metering and Spaaing 

This task is to establish a metering and spacing capability 

that will enable the conduct of a field trial of the basic 

concept at a medium to high activity airport served by a 

basic ARTS Ill system. The objective is to determine what, 

if any, flaws exist in the basic concept when exposed to 

field operations so that any necessary changes may be in

corporated in the design of the implementation version. 

Since tracking in the basic level ARTS III is limited to 

beacon targets, provisions will be included in the design of 

the field trial package for creating slots in the arrival 

sequence to enable manual integration of flights that are 

either not equipped or that have a malfunctioning transponder. 

Also, since the package is limited to arriving traffic, these 

same provisions may be used as necessary to provide additional 

opportunities for departures. 

The task involves the design, development and debugging of 

appropriate software modules as well as integration and ver

ification of the capabilities with a basic ARTS Ill config

uration and such other hardware components as may be neces

sary to support the field trial effort. Program integration, 

technical performance tests and initial assessment of the ad

equacy of design features will be accomplished at the Terminal 
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Automation Test Facility at NAFEC where facilities are avail

able for both dynsmic simulation and live flight verification 

tests under controlled conditions. Following initial shake

down at the Terminal Automation Test Facility, the capabil

ities will be added at a representative ARTS III site for 

appraisal under operating conditions in the field. 

b. Imp~ementab~e Metering and Spaaing 

The objective of this effort is to establish an arrival meter

ing and spacing capability suitable for field implementation, 

Since this capability is intended to serve high activity sites 

and these sites are presently being upgraded to an ARTS IliA 

level, the metering and spacing function will be designed for 

integration into systems of this level. Additionally, the 

effort will involve the development, integration and test of 

(1) modifications to overcome flaws uncovered during tests of 

the basic metering and spacing field trial package, (2) pro

visions to accomodate simultaneous arrival operations to de

pendent and independent parallel runways and to independent 

non-parallel runways, and, (3) provisions for effecting changes 

in the active runway(s) without the need for shutdown and 

start over of the M&S function, Accomplishment of these ef

forts will require capabilities for extensive and realistic 

dynamic simulation as well as for live flight verification 

tests under controlled conditions. Therefore, it is expected 

that the bulk of the experimentation and design verification 

activities will be carried out in the Terminal Automation Test 

Facility, 

a. Metering and Spaaing Expansion 

This activity encompasses a number of efforts that involve 

addition to or modification of the metering and spacing capa

bilities previously cited. It provides for the necessary 

analyses and/or design, programming and test effort associated 
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with each of the following: 

o Departure Metering and Spacing: This effort is to ex

pand the arrival metering and spacing capabilities to 

provide assistance in (1) the release of successive 

departures and interleaving departures/arrivals using 

the same or dependent runways, and, (2) the precise 

delivery of departures to the en route system at re

quested points and times, Since accomplishment of these 

functions require data on the specific runway to be used 

by each departure, its position in the departure queue 

and its readiness to depart (in addition to aircraft type 

and departure fix data already available in the system), 

the prior introduction of TIPS capabilities will be pre

requisite to these efforts, 

o RNAV/Metering and Spacing·Integration: With the increased 

availability of various area navigation systems, there is 

a growing desire to expand the application of these systems 

in terminal area operations, While there is considerable 

variation in the capabilities of the different RNAV systems, 

all require some form of input that serves to define the 

route to be flown, Where this route is subjected .to fre

quent change (as in the case of radar vectoring), the in

put actions required to keep the RNAV system updated ob

viously increase the cockpit workload of the flight crew 

and thus reduce the advantages of the system to the user. 

In contrast to this, metering and spacing seeks to organ

ize and position a number of aircraft so as to achieve, 

without violating, minimum spacing intervals in a sequence 

of successive operations. Key to attainment of these ob

jectives is the capability to respond to variations between 

the actual vs. the predicted progress of flights in a man

ner that will both avoid the development of insufficient 
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intervals and minimize the development of excessive 

intervals. This not only requires the capability to 

adjust each flight's progress to achieve conformance 

with a predetermined schedule but also requires the lat

titude to adjust individual schedules (within realizable 

bounds) as the overall situation dictates, The approach 

in metering and spacing is .to use both path and speed 

adjustment to achieve precision in delivery while gener

ally conforming to speed regimes considered within the 

normal and most economical range for the operation in 

progress, Limiting the freedom to alter flight paths 

of RNAV equipped users would thus impose an additional 

constraint adversely affecting the attainment of meter

ing and spacing objectives. 

This task is to investigate and determine methods whereby 

the additional navigation capabilities of RNAV may be 

utilized to advantage by equipped users in an automated 

metering and spacing environment without derrogating per

formance of the metering and spacing function, 

o DABS and Data Link Integration: DABS equipped surveil

lance sites are expected to exhibit increased reliability 

and accuracy in the detection and determination of air

craft position which is expected to lead to substantially 

improved tracking capabilities, This, in turn, should 

serve to reduce the magnitume of uncertainties encountered 

in the metering and spacing process and enable a reduction 

in the amount of guard space added to separation minima 

to compensate for potential errors, Widespread appli

cation of the DABS data link capabilities should, in ad

dition to reducing controller communications workload, 

reduce the time variance between derivation and delivery 

of control instructions and thus permit some further 
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reduction of the guard space, 

This task is to determine and design the metering and 

spacing modifications/additions necessary to realize 

maximu•• advantage from these capability improvements. 

o Wake Vortex Prediction: It has been noted earlier that 

as efforts to detect and quantify the intensity of wakes 

progress, it is expected that a more extensive breakdown 

of potential wake hazards by aircraft type pairings will 

emerge and will result in added, conditional variations 

0 

in separation minima. It is probable, however, that these 

criteria will be based on a given set of atmospheric con

ditions. With wske vortex prediction capabilities, the 

concept is to not only tailor the criteria on the basis 

of particular aircraft type combinations but also to ad

just the criteria on the basis of existing atmospheric 

conditions that influence wake behavior. Obviously, this 

will require modifications to the metering and spacing 

programs to accept and be responsive to such changes. 

It may also prove advantageous to provide. updated wind 

values developed in the metering and spacing program to 

the wake prediction system to aid in the prediction pro-

cess. 

The efforts under this task are to design and develop 

the modifications necessary for effective interface and 

integration of metering and spacing with a wake vortex 

prediction system, 

Microwave Landing System: 

course and glide slope of 

In contrast to the fixed 

present ILS systems, MLS will 

provide means to precisely determine azimuth, range and 

elevation angle from the MLS site. With this data, the 

airborne system may then compute the aircraft's position 
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with respect to any of a set of selectable approach 

paths (including curved) and glide slopes (including 

multi-angle) that may be desired. It is envisioned 

that these capabilities may be used to achieve noise 

reduction/redistribution and capacity increases. In 

any event, exploitation of the capability will require 

corresponding and complimentary changes in metering and 

spacing. This task is to design and integrate the soft

ware changes necessary for effective operation with MLS 

where curved approach paths and/or multi-angle glide 

slopes are to be applied. 

6.7 Conflict Alert and Resolution (Subprogram 142-174) 

This subprogram provides for the design, development, verification 

and test site implementation of automation techniques to aid in de

tecting and resolving potential conflicts in the movement of terminal 

air traffic at ARTS III equipped terminal facilities. The goal is to 

establish the means to maintain or improve upon present levels of safety 

as the density of traffic and rate of operations increase. 

The primary mission of terminal ATC facilities is to promote the safe, 

orderly and expeditious movement of controlled traffic arriving and 

departing the airports served. This includes both IFR flight plan 

traffic and VFR traffic operating in airspace that may also be traversed 

by VFR flights not necessarily known to the terminal facility. The 

function is accomplished as a cooperative effort between controllers 

and the pilots of controlled flights in which: 

• Pilots request approval of their intended operation from the 

controlling facility. 

• Controllers issue: 

- clearances, representing authorization to proceed under 

specified conditions based on known traffic (i.e., traf

fic in communication and cooperating with ATC), or 
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advisories, representing information on flight conditions 

(including essential traffic whose whereabouts is known) 

to assist the pilot in the safe operation of his aircraft 

(including visual acquisition and avoidance or spacing 

with respect to other aircraft. 

Though totally dependent on human judgment, the system has accumulated 

an excellent safety record over the years. Nonetheless, collisions 

have occurred and the system is taxed more severely as the pace and 

density of operations increases. 

To reduce the hazard engendered by uncontrolled VFR flight operations, 

actions have been taken to establish two levels of Terminal Control 

Areas encompassing the maneuvering airspace associated with the higher 

density airports. Operation within this airspace requires two-way 

communication with and authorization by the controlling ATC facility. 

It also requires that the flight be equipped with a VOR or TACAN re

ceiver and with a beacon transponder. In Level I TCA's (highest den-. 

sity), Mode C automatic altitude reporting capability is an added re

quirement. For the remaining airports where ARTS systems are located, 

it is intended that Terminal Radar Service Areas (TRSA) be established 

in which two-way communication and participatio·n with the control facil

ity is encouraged but on a voluntary, rather than mandatory, basis. 

While these measures significantly enhance the safety of flight oper

ations in terminal airspace, they do place an increased burden on the 

controlling ATC facility in terms of the number of flights whose posi

tion and movement must be monitored and instructions/advisories form

ulated and issued to avoid potential conflicts. 

With the tracking and alphanumeric display capabilities of ARTS, pro

visions are now available for the presentation of beacon altitude data 

and, in the case of known flights, the flight identification in associ

ation with the present positions of aircraft detected by the radar/ 

beacon sensors. The efforts under this subprogram are directed to provid

ing assistance in predicting the near future air situation and deter-

6-27 



mining appropriate conflict resolution actions considering all flights 

with known altitude that are operating in controlled airspace under 

jurisdiction of the facility and within the service volume of the 

facility's radar/beacon sensors. At locations having metering and 

spacing automation, the conflict alert and resolution capabilities 

may function as an additional monitor of these operations but Will 

principally serve in guarding against potentially unsafe situations 

developing with overflights or traffic transitioning to/from nearby 

lower activity airports. 

In the context of desired end results, conflict prediction (alert) 

and avoidance (resolution) functions are inseparable in that the only 

motivation for prediction is to avoid the occurrence of unsafe separ

ation and the only basis for avoidance action is the anticipation (pre

diction) that an unsafe situation would otherwise develop. In terms 

of achieving automation capabilities, however, it is obvious that 

alerting capabilities must be reasonably well established before 

resolution efforts can progress, Accordingly, initial efforts are 

being directed toward achieving viable prediction and controller alert

ing capability. When this has been accomplished, efforts will be con

centrated on establishing suitable means of providing resolution assist-

ance. 

Initially, advisories and resolution instructions will be provided to 

aircraft in the form of voice communications. Following implementation 

of DABS, it is expected that automatic delivery of advisories via the 

DABS data link will be introduced followed by the automatic delivery 

of conflict resolution commands. 

Previous efforts under this subprogram included the development of 

MSAW (Minimum Safe Altitude Warning) capabilities for use in ARTS Ill 

equipped facilities, This capability, developed in response to a re

quest from the Air Traffic Service, provides for the automatic monitor

ing of the present and projected position of controlled flights having 
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automatic altitude reporting equipment with respect to a stored map 

of minimum safe altitudes and approach/departure obstructions clearance 

data. The controller having jurisdiction over the flight is. alerted 

when the monitoring function indicates a flight is presently or pre

dicted to be at an unsafe altitude for the course it is flying. The 

MSAW feature has been implemented at all ARTS III sites. 

In addition to MSAW, earlier efforts have been carried out under this 

subprogram toward development of conflict prediction and resolution 

capabilities suitable for application in terminal airspace where flight 

activity is concentrated and considerable maneuvering occurs. During 

the course of these efforts, a determination was made to restructure 

the development approach into three stages to provide for earlier 

implementatin of some alerting capabilities at the ARTS III field 

sites. 

In the first stage, being developed to function in the basic ARTS III 

system, prediction and alert capabilities apply only to automatic 

altitude reporting flights that are controlled (tracked) by the 

ARTS Ill facility. In the second stage, being developed to function 

in ARTS IliA system configurations, the Stage I capability is expanded 

to include non-controlled flights equipped with automatic altitude 

reporting transponders that might be moving into conflicts with 

controlled flights. In the third stage, resolution assistance will 

be added to the capabilities of Stage II to aid controllers in quickly 

determining a course of action that will not result in an equal or 

greater hazard. 

The principal efforts under this subprogram are as follows: 

a. Stage I Connlict At~ (ARTS III) 

This task includes the design, development and integration of 

software to provide the Stage I capabilities for ARTS Ill 

systems receiving surveillance data from a single beacon site 

as well as a version for ARTS III systems receiving surveil-
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lance data from two beacon sites, The task also includes 

shakedown, test and evaluation of each version at NAFEC and 

at the first of each of the two types of field installations 

to receive the capability, 

As previously indicated, the objective of the Stage I design 

is to alert controllers in advance when two or more aircraft 

that have automatic altitude reporting capability and which 

are under control of the facility are predicted to come with

in potentially hazardous proximity of one another, The pro

gram is extensively parameterized to facilitate the determin

ation and use of optimum alerting values such as look-ahead 

time and minimum miss distance, Additionally, provisions are 

included to enable the application of different values for 

aircraft operating in close proximity to the airports served 

and those operating in transition airspace, 

b, Stage II Conftiat Atert (ARTS IIIA) 

The type of development and test activities in this stage are 

the same as those outlined for Stage I except (1) the program 

is being designed to function in ARTS IliA systems and (2) 

the functional capabilities are being expanded to include 

assessment and alert of potential conflicts between flights 

under control of the facility and other detected automatic 

altitude reporting flights operating in airspace of concern 

to the facility. Additionally, during the development of 

this stage, an· investigation will be made of the practicality 

of including controlled flights without automatic altitude 

reporting equipment where the flight's present and future alt

itude intentions are known to the controller, 

a, Stage III ConfUat ResoLution (ARTS IIIA) 

The objective of this task is to develop demonstrable conflict 

resolution capabilities that may be added to and compliment 
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the capabilities of the Stage II conflict alert function, 

The resolution function is to .derive and present to the con

troller recommended resolution maneuvers that will (1) assure 

a safe miss distance, (2) not result in an equal or greater 

prospect of conflict with another aircraft, terrain or man

made obstacle, and (3) not require penetration of severe 

weather, restricted airspace or airspace outside the juris

diction of the control facility, In view of the obvious com

plexities and extensive data base necessary to meet all of 

these requirements, the effort will be conducted in phases with 

the initial phase concentrating on developing suitable means 

for determining and presenting resolution options open/not open 

to the controller to avoid a predicted conflict without creating 

another between aircraft pairs, 

Additionally, during the course of this effort, investigations 

will be made to determine and resolve any· potentially adverse 

interactions between the conflict alert and resolution function 

and the airborne Beacon Collision Avoidance System (BCAS) or 

the Automatic Traffic Advisory and Resolution Service (ATARS) 

provided through DABS when these functions are being simultan

eously employed in common airspace, 

6.8 ATC Applications of Data Link (Subprogram 142-176) 

This subprogram provides for the accomplishment of special tests, data 

collection and analysis efforts relative to the application of automatic 

data link capabilities in the provision of terminal air traffic manage

ment and control services, 

One of the major goals of the development efforts to upgrade the ATC 

system is to achieve an effective capabilitY for automatic ground-air· 

ground communication of air traffic control data, Conceptually, it 

is envisioned that such capabilities, when coupled with the automation 

of air traffic management and control functions, can expedite the 

6•31 



delivery of time critical messages, decrease voice communications re

quirements and reduce controller and pilot workloads, 

Realization of the capability requires a reliable, high capacity data 

link, automatic derivation/interpretation of up-link/down-link messages 

respectively, and effective means for controllers and pilots to function 

with the system, In this respect, 

• Technical capabilities for high speed, two-way transmission of 

digital messages are being developed as an integral part of DABS, 

• Efforts to achieve automation capabilities in the accomplish

ment of various air traffic management and control functions 

are being carried out in the En Route and Terminal/Tower Con

trol programs, These efforts are oriented towards initially 

interfacing with the controller .for voice relay of instruct

ions, 

Application of the DABS data link for control communications .will be 

preceded by the integration of DABS as the source 9f surveillance 

data for the ATC system, As this is accomplished, efforts will be 

undertaken to modify available control automation programs to form

ulate appropriate up-link messages and process associated down-link 

replies, Since the area of concentration in these efforts will be 

focused primarily on the accomplishment of only a given set of functions, 

there is a need to separately consider the total impact in terms of 

the controller's role and what is necessary to carry it out, 

The task under this subprogram is to provide initial insight into 

controller interface implications and considerations pertinent to 

the introduction and use of data link capabilities in TRACON/Tower 

operations, The task will include the design and execution of ex

periments to determine the most promising means of keeping the con

troller attuned to the automatic transactions With data link equip

ped aircraft while providing voice instructions to those that are not 

equipped, k is anticipated that the efforts Will entail dynamic, 
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real time simulation of controller work stations in which the various 

postulated automation and data link capabilities and control concepts 

are emulated, 

6.9 Advanced System Design (Subprogram 142-178) 

This subprogram provides for the studies and engineering analyses lead

ing to the definition of the next generation terminal automation system, 

The objective of the activity is to identify applications of modern 

technology and advanced system design technictues to problems in the 

terminal area, 

The initial activity will define considerations and factors to be used 

as the basis for the development of an upgraded terminal system design, 

Primary considerations and factors include! 

• Limits of the ARTS Ill design which will constrain functional 

growth and affect traffic handling capacity, 

• Increasing implementation and integration problems in ARTS III 

stemming from the introduction of additional automation sys

tems, each rectuiring interface with and computer processing, 

display and communications capabilities on the part of 

ARTS Ill (e,g,, TIPS, WVAS, ASTC), 

• Increasing maintenance and logistic problems caused by aging 

ARTS III equipment, 

• Long term benefits that might be achieved by a consolidation 

of more control facilities into Common IFR Rooms With ad

vanced configurations and capabilities, 

Studies will be undertaken to define the engineering and operational 

characteristics of the next generation system, Alternative design 

approaches will be developed for upgrading the terminal automation 

capabilities in several areas, In this regard, potential design 

features to be considered include the following: 
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· • Distributed computer architecture, 

• Digital radar inputs and multiple radar input mosaicking, 

• Automated control message delivery via digital ground-air

ground data link, 

• Display innovations to reduce space, power and processing 

requirements while improving the organization and presentation 

of pertinent data, 

• Integrated tower displays of surveillance, TIPS, weather and 

ASIC data, 

• Expanded simulation and training capabi.lities, 

6.10 Terminal Automation Test Facility (TATF) (Subprogram 142-179) 

This subprogram provides for the establishment, operation and upkeep 

of the terminal automation test facility at NAFEC, The purpose of 

this facility is to support the accomplishment of terminal/tower 

development efforts, 

Engineering and development activities necessary to realize the up

graded capabilities sought for the various terminal environments in

volve numerous tests that are widely varied in purpose, scope and 

nature, Some may be oriented to determining the feasibility of a 

concept; others to the performance of a component, subsystem or sys

tem; and still others to operational and technical performance of ad

vanced features, interfaces with related subsystems, etc, It is ob

viously impractical and unmanageable to attempt to accomplish the 

full range of all types of test efforts in one test facility, On the 

other hand, it is neither realistic nor economically feasible to es

tablish all of the supporting instrumentation and facilities required 

to carry out all types of test efforts at a number of different sites, 

Accordingly, the general approach in the Terminal/Tower Control Program 

is to disperse some of the testing efforts to relatively small, temp-
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crary test environments (e,g, contractor's plants, field trial sites, 

etc,) where this is advantageous and practical or is essential to 

meet the objectives of the particular teat efforts, The provision 

of necessary support for test activities of this nature is normally 

an integral part, of the activities of the subprogram with which the 

test effort is aligned, The objective of the Terminal Automation 

Test Facility supported by this subprogram is to provide an environ

ment that Will facilitate testing where proximity and accessibilitY 

to related systems, greater controllability of teat variables and/or 

extensive instrumentation and supporting facilities are required, 

Activities of this nature include! 

• Development and debugging of terminal system interfaces with 

other systems as well as between different types of terminal 

systems, 

• Int.egration of proposed upgrading features and technical/oper

ational assessment under realistic but controlled conditions 

representative of the range expected to be encountered in 

various applications, 

• Conduct of live test operations with instrumented test air

craft and provisions for obtaining independent, precise, 

time-space position measurements, 

Toward this end, the Terminal Automation Test Facility will include 

appropriate Expanded ARTS III, ARTS II TRACON/TRACAB, and TIPS hard

ware/software modules and ancillary items necessary to enable repre

sentation and testing of the various capability levels, configurations 

and interfaces applicable to the various terminal environments, The 

efforts covered by this subprogram are oriented to establishing, main

taining and updating this facility and providing associated operating 

services to support accomplishment of the terminal/tower development 

tasks under the various subprograms, 
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6.11 Sustaining Engineering (Subprogram 144•170) 

This subprogram provides for E&D support in the determination of mod

ifications or methods to overcome persistent or unique problems en

countered in the day-to-day operation of TRACON/Tower field facilities 

or associated data processing and display equipment, It also provides 

for the periodic reduction and analysis of field recorded data samples 

to assess the adequacy of recently fielded upgrading packages in terms 

of utility, capacity and performance and to derive quantitative data 

pertinent to the design of future improvements, 

Field problems requiring E&D assistance are generally determined by 

the operating services during their routine monitoring and analysis of 

facility problem reports. Normally, these are then conveyed to the 

E&D organization via a Form 9550-1, "Request for RD&E Effort", out

lining the nature of the problem and assistance requested, After 

initial processing and investigation within E&D to determine if there 

is a reasonable likelihood of devising an effective solution, efforts 

are undertaken to develop the appropriate modifications/methods to 

resolve or minimize the problem, With the advent of automation systems 

and automatic data recording capabilities in field facilities, the 

potential exists to augment this process, as relates to the efficacy 

and performance of automation related functions, by periodic exam

ination of data automatically recorded during facility operations, 

These same capabilities lend themselves to the derivation of quanti

tative measures of actual loading and operational conditions that will 

aid in trade-off determinations relevant to the detailed design of 

subsequent packages, 

The activities of this program are to apply E&D efforts in the above 

areas on items applicable to TRACON/Tower operations or systems, 

These efforts are of a continuing and supportive nature and generally 

consist of1 
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• The investigation, design, development, verification and docu

mentation of "fixes" or methods to correct deficiencies noted 

in in-service equipment or facility configurations, 

• The periodic collection, reduction and assessment of data 

automatically recorded at representative field sites to 

determine such information as1 

Maximum and average loads and rates for various cate

gories of data (e,g,, flight plan messages, tracks, 

radar/beacon targets, etc,), 

Reliability and performance of detection and tracking 

systems, 

Density, distribution and flight paths of aircraft 

within the surveillance volumes of the sensors, 

Frequency of use of various automatic and manually 

initiated features, 

Type, mix, equippage and performance profiles of 

controlled flights using the system, 
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7, IMPLEMENTATION CONSIDERATIONS AND TRANSITION OF MANAGEMENT 
RESPONsf81LfT1Es 
7.1 General 

Deployment and implementation activitiea are not ordinarily within 

the purview of the Engineering and Development organization, thus, 

implementation plans, per se, are outside the scope of this docu

ment, It is obvious, however, that development and implementation 

planning efforts are not totally iaolable from each other or else 

the results will be development products with no plans to implement 

or implementation plans for products that are not being developed. 

By presenting on-going and planned E&D efforts in the context of 

long range end objectives, it is expected that this and companion 

E&D program plans will serve as the initial instruments to aid in 

assuring a proper mesh of implementation and development programs, 

The purpose of this section is to highlight some of the more signif

icant aspects of the Terminal/Tower Control Program as they apply to 

implementation planning efforts and to set forth guidelines regard

ing the division of organizational responsibilities in transitioning 

from the development to implementation phase, 

7.2 Field Implementation Packages 

The concept for evolving from present operating system capabilities 

is to incrementally add to the field system through a series of field 

implementation packages, These packages will be comprised of the 

combined results of one or more development tasks configured in such 

a manner that they can be added to, replace, or be integrated with 

the in-being deployed system, 

The order and content of specific implementation packages is influenced 

by a number of factors, including the followings 

• The priority of need for a given capability as perceived by 

the operating services, 
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• 

• 

The state of development (degree of readiness) of the 

capability sought. 

The degree of dependence of the capability sought on other 

capabilities and their state of development. 

• The availability of funds. 

• The practicalities of production and implementation. 

Uncertainties in each of the above, particularly the latter four, 

increase as a function of the length of time projected for realization. 

Since all of these influencing factors have direct bearing on the 

decision to proceed with implementation of a given package, the ultimate 

content and order of specific packages is subject to frequent reassess

ment, adjustment and refinement as more details become available and 

as uncertainties are reduced. The development process is aimed at 

reducing technical and operational uncertainties and providing 

increasingly refined estimates of funding requirements. 

7.3 Transition of Management Responsibilities 

The definition of the point at which responsibility transitions and 

the methodology for the transfer have been the subjects of many dis

cussions. One can pose a hard and fast rule which will make the 

planned process neat and clean but it is clear that such a rule will 

be viola ted man:• times in the cold pragmatism of accomplishing the 

program. Normally ARD will accomplish the development activity 

and AAT/AAF will accomplish the installation activity. It is not 

easy, however, to get the job done with these restraints. The 

following are some examples of situations which require departure 

from such a generalization: 

• AAF has an implementation project which requires some develop

ment effort but it makes economic and temporal sense to 

include it as part of the system acquisition activity • 

• ARD has completed a development effort and the urgency of 
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immediate deployment dictates that they manage the imple

mentation, 

• A field operational test and evaluation is necessary before 

an implementation decision is made, In this case, ARD man

ages the installation at the field site, 

• A specific product of a development is a computer program 

which AAT would prefer to incorporate immediately in the 

field rather than wait for it to be included in a larger 

package. In this case, ARD will furnish appropriate soft

ware documentation directly to AAT with no AAF involvement, 

For major system enhancements, ARD will include a number of develop

ment products in a technical data package for transmittal to AAF, 

Generally, this will be in a form to satisfy the documentation re

quirements for a system acquisition, Specifically, it Will contain 

the "General Requirements" portion of a specification and, when ap

propriate, the "Quality Assurance" provisions, The intent is to pro

vide hardware performance requirements and computer program function

al requirements along with any special provisions necessary for system 

and subsystem testing, 

This method of transition is the preferred way and will be followed 

except when found necessary to deviate, In this case, the method 

adopted will be based on the results of coordination among ARD, AAF 

and AAT on an ad hoc basis, 

Closely allied with the transition of management responsibility is 

the configuration control function, For development products, ARD 

is responsible for configuration control prior to transition but 

afterwards it is shared between AAT and AAF, It is important to the 

development program that ARD continue to participate in configuration 

management after transition, Additionally, ARD should be represent

ed on all configuration control boards. 
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7.4 Package Interdependencies 

As discussed in Section 5, many of the terminal development efforts 

covered by this plan are closely related, and in many cases dependent 

on, development efforts being carried out in other programs. These 

dependencies also apply to the implementation effort and thus require 

that the acquisition and deployment of interdependent items be sched

uled in a manner that will provide for concurrent implementation. To 

aid implementation planners in this regard, items that are essential 

to but not within the scope of a particular implementation package 

developed under this program will be identified in the description of 

the package, 

7.5 Training Considerations 

With the advent of new hardware/software packages and additional func

tional capabilities, it is to be expected that changes will be requir

ed in the agency's training programs and facilities, While it is 

highly desirable to establish and implement such changes as early as 

possible to assure the availability of trained personnel coincident 

with new hardware/software capabilities, it would hardly be prudent 

to embark on these efforts before a firm commitment is made to pro

ceed with implementation of the package requiring the changes. 

As part of its package definition efforts, ARD will project any 

special requirements for training and/or training devices associated 

with the package, Following a decision to proceed with implementation, 

actions to initiate appropriate training programs and acquire any 

necessary training equipment should be undertaken by the Operating 

Services and the Office of Training as part of the implementation 

program, 
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APPENDIX B 

ESTIMATEV FUNVING REQUIREMENTS 

FOR PROGRAM 14 - TERMINAL/TOWER CONTROL 

Tw a.ppe.ncU.x <">wnna!UzM the e..~:Wna.ted 6uncU.ng Jtequ.Utement6 ;to <1uppoJt;t the devdopment. 
p!tojec..tA de..~wbed .&! Sec.tiort 6 on tW p.ta.n. The 6uncU.rtg <1umna1ty <1h.own .i.n Ta.b.te B-I 
itep!tMenU the yea.Jt.ty teve.t on expe.ncU.t.U!te tha-t ~ judged ;to be nec.MM!ty ;to c.a.My out. 
:the deve.topnent. p!tog!ta.m a.c.c.o!tcJ..i.YifJ ;to the <'> c.hedu.tM <'> hown .i.n AppencU.x A. 

The 6uncU.ng e..!:Wna.te-6 .{_yt Ta.b.te 8-II p!tMent. ;(;o:ta.£. C.Ol>U nOll ail. ite,.IOUltC.M itequ.{_/ted ;to 
l>uppo!t;t the va!UoU<I TeJ!»U.na.L/Towelt Subp!toglta.ml>. The :to:ta.£. C.O<'>U .i.ncl.ude nuncU.ng 601t: 
Syl>:te.ml> Re,.~ea.Jtc.h a.nd Veve.to~ent. Seitv.i.c.e peMonnd; NAFEC pe.Monnd, l>uppo!t;t 6a.~e,.~, 
a.nd l> eltv.i.ee..~; l> y<l:tem el'lfl.i.neeJt.{.l'lfl eon;(;!ta.dolt l> uppo!t;t; and deve.to~ent. eo n;(;!ta.e;tolt l> uppo!t;t 
601t ha.Jtdwa.Jte a.nd <~on.twa.Jte. Both the p!tojed l>c.hedu.te..~ and a.e:tua..t experteU.:tu!tM depend 
upon the a.va.U.a.bilay o6 M:Wn.Ued 6undll M weU M the expecU.;t.{_o(L<I pltoee.<~l>.i.ng o6 
pMC!Ultemen:t a.C!Uonl> ;to obt.Mn eon;(;!ta.e;tolt .6uppoit:t. 
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TABLE B-I 

SU~WARV OF FUNVING REQUIREMENTS 
FOR TERMINAL/TOWER CONTROL PROGRAM 

(VoUaJLO .<.n ThouL>and6) 

PROGRAM 14 RESOURCE REQUIREMENTS FY-79 FY-80 

TERMINAL/TOWER VEVELOP,I.IENT 8,283 8,974 

SUSTAINING ENGINEERING 
(F&E/E&V FUNVS) 740 740 

AIRPORT SURFACE TRAFFIC CONTROL** 1' 949· 1,617 

TOTALS 10.972 11,331 

FY-81 

9,800 

980 

2,500 

13,280 
- -~ ·- -

**Described in Report No. FAA-RD-78-4 Project Plan: Tower Automated Ground 
Surveillance System Development Program, January 1978 

FY-821 FY-83 

I l 
I 

! 11,200 11,200 
I 

I 

I 
I 

980 980 

2,500 2,500 

13,280 14,680 
-··-- . - --
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TABLE B-II 

ESTIMATEV FUNVING REQUIREMENTS 
FOR TERMINAL/TOWER CONTROL SUBPROGRAMS• 

(Vo.Ua.,'L6 -<.n ThotU>a.nd.l} 

Plan Subprogram 
Ref. SUBPROGRAM Number FY-79 FY-80 FY-81 FY-82 FY-83 

Pla.nn-<.ng & Sy~;t. Eng-<.neeting 142-121 
! 

6,2 1,095 1,185 1,200 1,300 1,300 i 

I I 

6.3 ARTS III Expa,M-<.on 142-171 2,224 1,450 1,450 500 ; -

6.4 ARTS II Enha.neemei'!U 142-175 - 985 ' 720 920 I 920 

6.5 Te~. In6o. P~oe~~. Sy~;tem 142-173 1,050 410 100 100 ' -

6.6 Me;teting a.nd Spacing 142-172 818 439 1,700 1,400 1,400 I 
I 

6.7 Con!SU& At~ & R~oR.u.U.on 142-174 ' 553 772 100 100 - i 
I 

I 

ATC Api&M o6 Va;ta. Unk 142-176 1,063 1,161 600 500 I 
6.8 

' 
500 I 

142-t78 I : i 
6.9 Adva.need Sy~;tem V~-<.gn - 822 2,100 4,080 I 4,780 ! 
6.10 Te~. Au:to T~;t FaciU;ty 142-179 1,470 1,750 1,830 2,300 i 2, 300 I 

6. 11 SUJ>;ta,{.n.{.ng Eng-<.neeting 144-170 ! 740 740 980 980 980 

TOTALS l I ' 9,023 9, 714 10,780 12,180 ' 12,180 
I 

*These funding estimates include funding requirements for both in-house and contractor support. 


