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PREFACE

The system described in this document was prepared to make explicit

the system interfaces implied by the current FAA program of planned

ATC system improvements and to identify those interfaces that merit

FAA planning attention. The descriptions in this document were based

on information available to the authors as of September 1978. Specific

features of the system described herein may be modified as the

development cycle provides more information about the technical feasi-

bility and operational desirability of proposed improvements. Also ,

some improvements may be deferred or dropped from the program and

others will be expedited or added as the perceived operational needs

of the ATC system, internal FAA priorities, and availability of funds

change over time. Thus, while this document may be viewed as an aid
to the technical planning for system implementation, it does not

necessarily reflect the ATC system that will actually be in place by

a given time period , nor does it imply that the FAA is committed to
the implementation of all or any of the features described in this

report.
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1. INTRODUCTION

1.1 Background

Approx imately ten years ago , in the summer of 1968 , the Depart-

ment of Transportation (DOT) in conjunction with the Federal

Aviat ion Administration (FAA) formed an Air Traffic Control

Advisory Committee (ATCAC) for the purpose of recommend ing an

F A ir Traffic Control (ATC) system for the 1980’s and beyond .

The ATCAC ’s techn ical staf f  included represen tation from all
segmen ts of the av iation indus try and rela ted governmen t agenc ies

including the FAA, the DoD , and the National Aeronautics and

* Space Administration (NASA). Its recommendations as to how the

ATC system should evolve during the 1970’s and 1980’s provided
the basis for many of the FAA ’s development efforts in subse-

quent years and , in a sense , provided a summary description
of how the ATCAC thought the ATC system should look in the late

1970’ s and the 1980’s.

In 1972 , the FAA publ ished a document on the “Concepts , Design
and Description for the Upgraded Third Generation ATC System .”

That document was in essence a description of how the FAA ’s

Engineering and Development (E&D) community thought the future
ATC system would evolve if the E&D programs underway or planned

at that time were implemented . The document emphasized possible

future operational capabilities rather than technical and opera-

tional interfaces since many of the planned improvements were

still in the conceptual stage. For the most part , the 1972
future ATC system description was an expansion of the ATCAC

description to reflect the FAA work that had been accomplished
in the intervening years.
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Some t ime later , the DOT conducted an extensive review of the

FAA’s E&D program aimed at providing products fo’ the evolu-

tionary improvement of the ATC system. The res’jitant DOT report

recommended that the FAA ’s E&D program , then in progress , be

pursued but indi~ ated that a description of how the various

improvements would work together in the operational system

was desirable.

Still later , the FAA ’s Office of Systems Engineering Management

(OSEN ) tasked The MITRE Corporation to develop a description of

the ATC system as it might look in Lhe future after the F roducts

of the E&D program were implemented.

1.2 Purpose

The purpose of the sys tem des cr ip tion e f f o r t as def in ed by the

Office of Systems Engineering Management was to:

• Describe the Conterminous U.S. Air Traffic Control

(ATC) system after current major E&D features are

developed and integrated into the operational system.

• Identify and describe the interfaces that would have

to be provided between the system elements.

• Identify and describe design and time phasing aspects

of the program that required action on the part of

the FAA.

This document, Volume I, provides a summary and an overview of

the results of that work. A companion document , Volume II ,
contains more detailed iT formation on t’ie expected improvements

1—2
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to FAA operated ATC facilities . In addition , at the conclusion
of each facility description in Volume II, an interface plann ing

summary ci tes two types of system concerns : “Interface/Evolution

Open Items” and “Interface Adjustments.” The topics included in

the Open I tems discuss system desi gn/configuration options that
the FAA will be addressing during the evolution of the ATC system.

They also involve major assumptions that were made as to how the

ATC system will incorporate the results of the FAA E&D program.

The second area, “Interface Adjustments ,” describes some small

changes that would be considered by the FAA program managers

in improving the interface between certain subsystems.

1.3 Scope

The scope of this project was limited to those systems within

Conterminous U.S. that are operated by the FAA and that are

directly related to the provision of ATC services. In addition ,

the system improvemen ts described were limited to those items in

the current E&D program that were targeted for implementation ,

and that had been defined to a level of detail that their inter-

faces with other systems could be examined . Such efforts as the

Automated Terminal System (ATS), the Automated En Route Air

Traffic Control (AERA), and the use of cockpit displays, were

considered to be at a preliminary stage of development and were

not considered in detail, bu t their potential impac t was br iefly

noted where applicable. Evolutionary system improvements planned

for widespread implementation by the Air Traffic Service (AAT)

and the Airway Facilities Service (AAF) were also included , but

limited application system patches were excluded.

1—3 
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This description considers the transition of the current ATC

system to the time period when most of the major elements of

the current E&D program will be implemented. Although it was

difficult , and not essential to this document, to select specif ic

implemen tation dates , the period covered roughly extends un til

the 1990 time frame.

The ATC system descrip tion is bas ically a set of ATC facility
descriptions plus the interfaces that will have to he realized

between them. Furthermore , the descrip tion is limi ted to norma l

mode operations intended to provide ATC services to users. As

a result, certain functions are not considered. These functions

include fa i lure mode opera tions , administrative features , and sys-
tem maintenance and record—keeping func tions that are purely in-
ternal to the FAA. Some remote maintenance and monitoring improve-

ments that are an integral part of future operational systems are

included , however.

For a large par t of the audience , the fac ility descr ip tions are

informative and show how the elements can be made to interface

and operate as a system. For others, such as the decision—

makers , the descriptions will show how the ATC system is likely

to evolve under the assumptions made . This docum ent does not

present a justification for the described program elements, nor

does it examine system—wide alternatives to them. The document

could be used , however, as an inpu t to the process of deciding
whether the programs should proceed as assumed or that some

changes are needed to provide the capab ilities desired by the

decision—maker . The major assumptions stated as Open Items at

end of Volume II may be of special interest to such decision—
maker.

1—4 
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1.4 Approach

In developing the future ATC system description , steps were

taken to first describe the various elements of the system and

to then exam ine how the elemen ts f it toge ther as par t of the

overall system . More specifically ,  the f i r s t step was to

iden t if y the classes of facilities that would be examined

ind ivid ually. The facility breakdown used is shown in Table

1—1. The second step was to develop descr ip tions of each

fac ility class based on current FAA p lans and inpu ts from FAA

personnel responsible for improving those subsystems . In the

case of each fac ility class , a determination was made as to the
functions to be performed , the inputs that were expected from

other subsystems , and the ouptuts that were to be provided to
other subsystems. Finally, the facility classes were examined

collectively to ensure that there was a match between planned

inputs and outputs. Cases where some additional examination

may still be needed to assure compatibility were noted .

Facility descriptions were prepared for three time periods:

Curren t, Near Term , and Far Term. The “Current System ” was

defined as cons isting of those systems subs tan tially i.’i place
by the end of calendar year 1978, including those system improve-

ments that were funded for implementation in fiscal year 1977

or earlier years , but that were not completely operational by

the end of calendar year of 1978. The Current System was used

as the reference point for examining system changes and is pre—

sented only to a level of detail that is necessary to highlight

system changes.
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The “Near Term System” was defined as the Current System modi-

fied to Include those system improvements that could , according

to current system plans, be substantially implemented by the

F end of calendar year 1982. Many of the anticipated Near Term

improvements have already been approved for implementation and

some have active procurement contracts. System improvements

that have been approved for implementation have been noted in

the documentation.

The “Far Term System” was defined as the Curren t System modi-

fied to include implementation of all system improvements in

the current FAA E&D and operational service programs excluding

non—CONUS, non—ATC, or long range research system improvements.

In several cases, it was found that f i rm plans as to the

course—of—ac tion to be pursued by the FAA have yet to be made

due to the evolutionary nature of the ATC improvement program .

In those cases, an attempt was made to select the course—of—

action that the FAA seemed to be favoring and to describe the

future system configura t ion accordingl~,. Major assumptions

were then formulated and stated at the end of each chapter in

Volume II. For the most part , the system descriptions contained

in this Volume I and in the body of Volume II do not reflect

those uncertainties, but instead describe the future system
configurations as if they reflect firm FAA plans . The reader

should recognize, however, that many plans are neither firm nor ,

in some cases, f ully agreed to within the FAA. This degree of

uncertainty of future improvements is a natural by—product of

the evolutionary nature of the ATC system improvement process

where the E&D program provides the tools for making improvemen ts,
but where the decision to implement them is deferred until the

capabilities of the new improvements have been demonstrated and



until the implications of implementing them are fully under-

stood. Thus, the “Near Term” and “Far Term” system descriptions

should be viewed as reflecting the current thinking of those

responsible for developing the new capability . They should not

be viewed as reflecting a coordinated FAA plan .

1.5 Document Organization

The balance of this Volume I of th is repor t is structu red as

follows : Section 2 identifies the various improvements wh ich

are expec ted at each of the ATC facilities , and summar izes how

each func t ional area may ac tually evolve from today ’s conf igura-

tion into the Near Term and the Far Term configurations. Sec-

tion 3 presents a broader overview as to how the entire ATC

sys tem conf igura tion would change in time , showing the evolu—

tion of connec tivi ty and informa tion flow be tween the var ious
facilities that constitute the whole system . Section 4 presents

a single thread description of how an IFR aircraft fly ing thro ugh
high dens ity airspace would be accommoda ted in today ’s system ,

in the Near Term System and in the Far Term Sys tem . The sing le

thread description provides an added dimension to the overview

of improvemen ts since it cuts across fac ility lines. Section

5 presen ts the tentative imp lementat ion schedules tha t were
assumed herein.

1—8 
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2. DESCRIPTION OF EVOLUTIONARY IMPROVEMENTS FOR EACH FACILITY CLASS

A summary of the various improvements that were assumed to be

implemented in the Near Term and the Far Term Future ATC Sys tem

Configurations are shown in Table 2—1. The table also identi-

fies those improvements that have FAA and Department of Trans—

portation approval for implementation . Most of the other Near

Term and Far Term capabilities have been the subject of con-

siderable development effort. Furthermore , it is the expecta-

tion of the FAA program managers that these capabilities would

be implemented in the time frames indicated. A list of addi-

tional “potential” improvements is also included . These poten-

tial improvements include capabilities which are still in the

concep tual stage or advanced developmen t stage and have no t ye t
been fu l ly  formula ted to the point where they may be targe ted

for implementation in any of the time frames listed .

The improvements summarized in Table 2—1 are discussed in more

detail in the following subsect ions. Each subsection describes

the Near Term , Far Term and potential improvements for one of

the facility classes. “Connectivity” diagrams are used in each

subsection to describe the changes expected to take place in the

capabil it ies , connectivity and information flow associated with

each of the ATC facilities. In those diagrams, italics and heavy ,

broken lines were used to highlight the changes tha t would take

place in the facilities if the system evolves as described herein.

2.1 En Route Facilities

Figure 2—1 depicts some of the major functions that are performed

today within an Air Route Traffic Control Center (ARTCC). It also

illustrates the connectivity and the information flow between the

ARTCC and other FAA facilities .

2— 1
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2.1.1 Near Term Improvements

Major changes that are expected to occur in the ARTCC in the

Near Term are illustrated in Figure 2—2. These changes include

the addition of new automation aids to provide the controller

with enhancements to the separation assurance function (Conflict

Alert) and avoidance of violation of safe altitudes (En Route

MSAW). Currently, Conflict Alert alerts the controller if two

IFR aircraft are likely to approach one another so closely that

separation standards will be violated . The conflict alert

capability is to be enhanced to provide alerts when an IFR

aircraf t and a VFR aircraf t equipped with Mode C are pro—

jected to approach one another too closely. The En Route

Minimum Safe Altitude Warning (EMSAW) would provide con-

trollers with automated warnings when aircraft are in dan-

ger of violating established minimum safe altitudes . Cur-

ren tly, the controllers manually compare aircraft altitudes

with minimum safe altitudes in their airspace . Instead,

EMSAW would use computer software to provide that compari-

son and would disp lay warnings of potential violations.

Two new automa tion aids to assist controllers in the p lanning
function are expected to be implemented in this time frame .

These are En Route Metering and Flight Plan Conflict Probe

• (FPCP). En Route Metering automation would prov ide the
controller with estimated and desired arrival times at coordi—

• nation (handoff) fixes. It would also provide advisories to

imp rove spacing , sequencing , and delay management . En Route

Me ter ing is also expe cted to cons ider prof i le  descen t pa ths
designed for maximum fuel efficiency . Fligh t Plan Confl ic t
Probe (FPCP) would provide controllers with an automated

capabil ity of anticinating potential conflicts many minutes

2—7
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in advance. The conflict probe would be automatically triggered

by f l igh t plan amendments and upon handoff acceptance . Ad-

di tionally,  the controller could manually initiate the conflict

probe. If conflic ts are anticipa ted , the con troller would

make ten ta tive changes in f l igh t p lans and repea t the probing
and chang ing of f l igh t p lans until a conflict—free path is

found .

A new hardware/software backup capability that will be added in

the Near Term to enhance the con tinuity of opera tions of the en

route center is the Direct Access Radar Channel (DARC) capability .

DAPm.C will provide the radar controller with displays of aircraf t

targe ts , da ta blocks , maps and weather in the event of unavail-

ability of the Central Computer Complex (CCC) or the Data Entry

and Display System (DEDS). DARC would also allow some level of

radar data processing to be operational on a 24—hour—per—day

basis while permitting maintenance of other parts of the auto-

mation system and checkout of new programs.

A Center Weather Service Unit (CWSU) would be established at the

ARTCC to be manned by a meteorologist who would be provided with

an operating position and supporting aids. The main functions of

the CWSU include providing in terpre ta tion of avia tion wea ther wi th
emphasis on hazardous condi t ions , and to achieve more coordina-
tion and organized dissemination of weather information . According

to the Aviation Weather System program p lan , which is currently

undergoing coordination within the FAA , the me teorolog ist at the
CWSU would be provided with a PVD with access to the ARTCC radars ,

access to the NWS weather radars , and facsimile displays of NWS
weather information including the NOAA satellite pictures. The

NWS weather radar information supplied to the CWSU is digitized

and three—d imensional (i.e., provides azimuth , range , and altitude) .

2—11
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In addi tion , the meteorologist would be provided with the capa-

bility to communicate by voice with air traffic controllers and

FSS specialists within the Center ’s area or wi thin airspace

adjoining that of the center.

It is anticipated that the ARTCC would be the host facility for

a remote maintenance monitoring central processor that would be

implemented in the near term as part of the Remote Maintenance

Monitor System (Ru MS). It is intended that this processor would

service the Remote Communications Air—Ground (RCAG) facilities ,

the navigation facilities , and the radar surveillance facilities.

However , in the near term , only the RCAGs would be serviced .

The RInIMS would maximize the u tiliza tion of personnel resources

and enhance system availability. More specifically , the capa-

bili ties ob tained would be remote moni toring of equipments and
alarms , remote certification , trend analysis, automated record—
keeping , and remote control of backup power sources.

2.1. 2 Far Term Improvements

Figure 2—3 highlights the major changes that are expected to
occur in the ARTCC in the Far Term . First, the planning and

flight data handling function would be enhanced by the intro-

duc tion of the Electronic Tabular Display Subsystem (ETABS)

which would provide controllers with efficient means of commu-

nicating with and displaying the flight data base by using

simplified data updating and data entry procedures/devices .

This eliminates the handling of flight progress strips and
reduces controller workload . The planning function would be

fur ther enhanced by the eventual integration of En Route Metering
with Flight Plan Conflict Probe so that metering instructions

would be conflict—free.
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Another expected improvement is the availability to the en route

controller of digitized display of 3D weather turbulence infor-

mation. This would be made çossib le with the imp lementation of

the Joint Use (FAA/NWS) Weather Radars which would use high

resolution pencil beams and sophisticated dopp ler processing

techniques. The Conflict Resolution Advisory function would

be added to provide solutions to conflicts and to recommend

them to the controller on his display devices. The Automated

Traffic Advisory and Resolution Service (ATARS) would also be

made available to provide pilots with proximity warnings and

collision avoidance messages as a back—up to Conflict Alert if

threat of collision persists after a Conflict Alert has been

issued . The ATARS messages would be provided by the DABS/data

link to equi pped aircraf t , and the appropriate en route con-

troller would be advised of the ATARS messages sent to the

aircraft under his control. Other uses of the data link by

en route ATC have not been fully defined as yet , but the poten-

tial that the data link holds for the transmission of various
— ATC and advisory messages and for increasing controller pro-

ductivity has been recognized .

Also in the Far Term, the RNMS processor , in addi tion to handling
the RCAG remote mai~itenance monitoring requiements , would also
handle similar requirements for en route surveillance radars

and for en route navigation facilities as well. Thus, the

RMMS processor would become a central facility for remote
maintenance monitoring .

2.1.3 Other Potential Improvements

Other possible changes include the Automated En Route ATC (AERA )

program , which aims at exploring the potential for automating

the routine aspects of generating confl ict—free fligh t paths ,
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monitoring flight progress and planning sector clearances . Another

potential improvement is Control Message Automation (CMA) which

would provide the link between the en route processor and the data

link. CMA is the system that handles functions such as formatting ,

message rou ting , and priorities for data link messages. CMA would

handle messages that may be generated through such subsystems as

Conflict Alert , Conflic t Resolution Advisory , ETAB S , etc. All

three systems , AERA , CMA, and data link or variations of them may
be required to achieve the desired capability of the automated

generation and delivery of some ATC and advisory messages. Another

potential change is the replacement/augmentation of the en route

computers (9020, CDC). This point continues to be raised as air

traffic volume increases, as software capabilities are added to

the en route system threatening to exceed current hardware limi—

tations , and as the equipment grows older and as the maintenance
costs begin to rise. There is general agreement within FAA

management that improvements in this area are required , and
various investigations and studies are currently underway to
determine a desirable course of action.

The Center Weather Service Unit (CWSU) may be provided with ac-

cess to the air—ground communications frequencies availab le at

the en route center. The meteorologist would then be capable

of monitoring pilot to controller communications vis—a—vis weather

and would be capable of directly communicating wi th the pilot

for the acquistion of more specific weather information. The

feasibility and cost considerations of providing this capability

to the CWSU are currently under discussion within the FAA .

2.2 TRACON Facilities

Figure 2—4 illustrates some of the major functions that are per—
formed today within the ARTS III TRACON facilities. The figure
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In addition to improvements in ARTS III facilities , other lower

level TRACON facilities are designated for some level of auto-

mation. ARTS II automation equipmen t would be imp lemented in

some of those facilities. ARTS II equipment provides displays

of beacon and search radar target reports , and disp lay of da ta

blocks associated with beacon reports. Unlike ARTS III however ,

the ARTS II equipment does not provide automatic tracking .

2.2.2 Far Term Improvements

Figure 2—6 shows some of the major Improvements expected to

occur in the TRACON facilities in the Far Term. Automation

aids in Metering and Spacing (M&S) would be provided in the

ARTS III terminal facilities to assist the approach controller

in achieving desired spacing and sequencing to improve accuracy

in the delivery of aircraf t to the runway threshold and thus

aid in increasing airport capacity. Metering and Spacing is

expec ted to include considera tion of profi le  descen t pa ths

(i.e., paths designed for maximum fuel efficiency) and to incor—

pora te a capabil ity for  handling mul tiple runways , depar tures ,
arrivals, tower en route and VFR aircraft. The final design

of the implementable M&S is expected to provide the En Route Me-

tering algorithm with sequencing informa tion , arrival times at
feeder fixes , or (possibly) terminal acceptance rate.

One of the improvements expected for all TRACON5 including ARTS

II and TPX—42 facilities, is the implemen tat ion of the Terminal

Information Processing System (TIPS) , which would accept , pro-
cess , distribute , and display f l ight da ta for  the terminal
area. The use of TIPS would eliminate the use of the Flight

Data Entry and Printout (FDEP) equipment , and the associated
fligh t progress strips in approach con trol faci l ities and their

associated tower cabs. The TRACON controllers would have
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.Elso illustrates the connectivity and the information f low be-

tween these TRA~ONs and othe r FAA facilities.

2.2.1 Near Term Improvements

Figure 2—5 highlights major changes t hat are t-xpected to occur

in the ARTS III TRACON during the Near Term. These’ improvements

include imp lementation of Terminal Conflict Alert wh ich will

alert the controller to any impending conflict situation involv—

ing a controlled aircraft. The alert will be tri ggered when

aircraft are projec ted to be within a relative ly close range of

one another. The alert is not based on the violation of separa-

tion standards as is the case with En Route Conflict Alert , nor

does it make use of stored flight plans.

Anothe r improvement is the introduction of Search Radar Tracking.

Currently only beacon equipped aircraft are tracked based on

their beacon target reports. In the Near Term, the search radar

targe t repor ts will be digi tized by the Sensor Rec eive r and

Processor (SRAP) equipment. This digitization will facilitate

the tracking of nonbeacon equipped aircraft which are known to

the ATC System only through reflections from the aircraft of

“raw” electromagnetic radar transmissions. SRAP will also off—

load from ARTS III processor the digitizat ion of the beacon tar-

get replies. Additionally,  SRAP will correlate search and beacon

returns and send the correlated reports to the ARTS III proces-

sor for tracking and display.

The availab ility of improved weather information is another change

which would come about because of the implementation of the Cen—

ter Weather Service Unit (CWSU) in the ARTCC . The CWSU would

become a focal point in obtaining and disseminating Pilot Weather

Reports (PIREP8) and weather reports from the TRACON , as well as

from other ATC facilities .
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In addition to improvements in ARTS III facilities , other lower

level TRACON fac ilities are designated for some level of auto-

mation. ARTS II automation equlpmert would be implemented in

some of those facilities. ARTS II equipment provides display s

of beacon and search radar targe t repor ts, and display of da ta
blocks associated with beacon reports. Unlike ARTS III however ,

the ARTS II equipment does not provide automatic tracking .

2.2.2 Far Term Improvements

Figure 2—6 shows some of the major improvements expected to
occur in the TRACON facilities in the Far Term. Automation

aids in Me tering and Spacing (M&S) would be provided in the
ARTS I I I  terminal f ac i l ities to ass ist the approach con troller

in ach iev ing desired spac ing and seq uencing to improve accuracy
in the delivery of aircraft to the runway threshold and thus

aid in increasing airport capacity. Metering and Spacing is

expected to include consideration of profile descent paths

(i.e., paths designed for maximum fuel effic iency) and to incor-

pora te a capab ili ty for handling multiple runways , departures ,
arrivals , tower en route and VFR aircraft. The final design

of the implementable M&S is expected to provide the En Route Me-

tering algorithm with sequencing information , arrival times at
feeder fixes , or (possibly) terminal acceptance rate.

One of the improvements expected for all TRACONs including ARTS
II and TPX—42 facilities , is the implementation of the Terminal

Informa tion Process ing Sys tem (TIPS) , which would accept , pro-

cess , distribute , and d isplay f l i ght data for the terminal
area. The use of TIPS would eliminate the use of the Flight

Data Entry and Printout (FDEP) equipment , and the assoc iated

flig ht progress strips in approach control facilities and their

associated tower cabs. The TRACON controllers would have
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available to them full flight plan data on separate TIPS dis-

plays. Additional simplified information may be made available

to the controller on his PVD . The tower controllers would also

communicate with T1PS via tabular displays and data entry devices .

Th us , TIPS would provide a means of communications between devices

within the tower or TRACON facilities , between towers , and be-

tween towers and TRACONs . Furthermore , TIPS wou ld provide the

communications medium between TRACONs and their host ARTCCs .

For example , weather information edited by the CWSU would now be

prov ided through TIPS.

Another anticipated improvement is the eventual interface between

Metering and Spacing (M&S) and Conflict Alert in order to ensure

that ~&S advisories provided to the controller are conflict—free .

Fur thermore , Conflict Resolution Advisory would be implemented
to automatically provide recommended solutions to controllers

that have been alerted to the potential occurrence of a conflict.

In today ’s system , a broadband display of aircraft and weather

targets is provided together with digital data blocks and lists

of aircraft. An expected change in this area would come about

by the use of an all— digital display of aircraft targets (beacon

or search) on the TRACON PVD. In addition to making the displayed

information more distinct and less variable (no fading) , the

all—digital display would facilitate the display of more digital

information than is currently possible. It would also provide

the user with additional selectivity and filtering capability

over and above what is currently available .

The all—digital TRACON PVD would be used to provide the con-

troller wi th a digitized three dimensional (i.e., range , azimuth
and altitude) display of weather turbulence. This capability
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would be made available through the use of inputs from the

Joint Use Weather Radars where covt~rage permits or by the imp le-

mentation of the ASR Pulse Doppler Weather Channel.

The DABS/data link would also be made available not only for the

ATARS services but also for various other uses including the

automated generation and delivery of ATC messages in the terminal

area in a fashion similar to that envisioned in the AERA programs

for advanced en route automation. ATARS would provide the pilot

with proximity warnings and collision avoidance messages as a

backup to Conflict Alert if a collision threat persists after a

Conflict Alert has been issued. The appropriate terminal con-

troller would be advised of the ATARS messages sent to the air-

craft under his control.

The currently numerous status disp lays associated with airport

communications , navigation , and surveillance facilities would

be replaced by the ATC Tower Consolidated Disp lay (ACD) wh ich

integrates and consolidates the status data into one disp la~ -

Weather sensor indicators (wind , temperature , barometric pres-

sure , etc.) would also be incorporated into the consolidated

display. It is expected that the terminal processor that would

handle the consolidated disp lay functions, would also incorpora te
some remote maintenance and monitoring functions.

2.2.3 Other Potential Improvements

It is anticipated that future advanced automation in the terminal

facilities would be somewhat alonc’ the line of En Route Automa-

tion (AERA) and thus include the automation of the routine as-

pects of generating conflict—free flight paths , monitoring the

flight progress , and pl ann ing and del iver ing the clearances via
data link . Associated with advanced automation is Control Message
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Automation (CMA) which provides the connectivity between the

TRACON computers and the automation systems on the one hand and

the data link on the other. CMA could , for instance , handle

possible data link traffic generated by Metering and Spacing,

MSAW , Conflict Alert or any other ATC or advisory messages that

are desirable to transmit to the pilot.

Another potential change is the replacement of the ARTS III

main frame computer capability since it represents older tech—

nology that may not provide the most efficient means of absorbing

all of the new automation programs discussed above .

Since it is expected that an all—dig ital display capability would

be implemented in the Far Term system , a period of transition

is fo~ eseen where both analog and digital display capabilities

might be used. In order to facilitate this transition , the use

of a Full Digital ARTS Display (FDAD) capability is being invest-

igated . FDAD would display analog as well as dig ital info rmation.

Various functional enhancements such as conflict alert , MSAW ,

or Automatic Tracking, have been considered for app lication in

the ARTS II facilities , but they are not being actively developed

at this point .

2.3 Tower Facilities

This section is concerned with those facilities that handle air-

port ATC control of IFR and VFR landings , takeoff s and gr ound
control. Figure 2—7 highlights some of the major functions that

are currently performed within the tower cab facilities . The

figure also illustrates the connectivity and the information

flow between the tower cab and other FAA facilities .
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2.3 . 1  Near Term Impr ovements

Major changes that are expected to occur in this time frame are

illustrated in Figure 2—8. These improvements include the in-

stallation of the Vortex Advisory System (VAS) at some of the

high IFR activity airports. The sensors of this system are to

be mounted on towers located in the vicinity of the middle mark-

ers and would measure the wind direction and speed at that point.

This information will be used as input data to a VAS processor

which would then indicate whether the wake vortex dissipation

conditions justify reducing the longitudinal separation stan-

dards between successive aircraft (and therefore increasing

runway throughput). Tower controllers would be informed by

means of VAS displays located in the tower cab . The same VAS

information would also be communicated to the TRACON controllers

via VAS displays.

It is anticipated that the Low Level Wind Shear Alert System

(LLWSAS) would be implemented at most of the high IFR activity

airports. This system would detect (at ground level) the vector

difference in wind velocity between a centrally located sensor

and peripheral sensors. This vector difference would be an in-

dication of wind shear conditions due to updrafts and downdrafts.

An ale rt would be declared and disp layed in the tower cab when

this vector difference exceeds a certain threshold. Wind shear

data would be forwarded to the TRACON from the tower by con-

troller voice communication.

2.3.2 Far Term Improvements

Some of the major changes that are expected to occur in the

tower facilities in the Far Term are depicted in Figure 2—9 .

First , there would be significant improvements in the handling

of flight data by the implementation of the Terminal Information
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Process ing System (TIPS). TIPS would also provide the tower

controllers with displays and associated keyboards for fast data

entry and retrieval. This would eliminate the need for the out-

dated Flight Data Entry and Printout (FDEP) equipment and the

flight progress strips.

It is anticipated that the VAS system would evolve into the

Wake Vor tex Avoidance System (WVAS) which is envisioned to have

the capability of detecting and predicting the presence and move—

ment of wake vortices along the approach path . Theoretically ,

th is would allow an even grea ter reduction in separa tion cri ter ia
and further increases in runway throughput. WVAS information

would be displayed to controllers in the tower cab and would be

forwarded to the TRACON to be used as an input to the Metering

and Spacing algorithm .

Another improvement is the replacement of the Low Level Wind

Shear Alert System (LLWSAS) with the Advanced Wind Shear Detec-

tion System (AWSDS) which would measure wind shear conditions

along the approach path in both the horizontal and vertical

planes. Data from the AWSDS sensors would be provided to the

tower cab via appropriate displays. It is also expected that

wind shear data would be forwarded to the ARTS III processor

to alert the TRACON controllers to this condition .

Some major changes are anticipated to occur in the ground sur-

veillance area. First , the vacuum tub e search radar Airpor t

Surface Detection Equipment (ASDE—2) which is currently in

use at some airports would be replaced with solid state ASDE—3

search radars . The ASDE—3 radar will operate at a lower fre-

quency than ASDE—2 and incorporate disp lay improvemen ts tha t

should provide enhanced performa nce duri ng adverse wea ther
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conditions . Additionally, some high activity airports that

currently have no ground surveillance equipment would have the

ASDE— 3 installed in them . A few of the high activity airports

would have the Tower Automated Ground Surveillance (TAGS) System

implemented in them to provide the controller with alphanumeric

flight identity information i1i addition to the ASDE—3 search

radar information. A study of alternatives for the selection

of the best technical approach to achieve the TAGS capability

is currently underway .

The numerous disp lays associa ted with the status of airpor t
communicatons, navigations and surveillance facilities would be

replaced by the Airport Traffic Control Tower Consolidated Display

(ACD) which integrates and consolidates this data into one display ..*

It is also expected that the ACD Processor would conduct some

Remote Maintenance and Monitoring functions . Wind shear data ,

wake vor tex data , and weather sensor information (wind , temper-

ature , barometric pressure , etc.) would also be incorporated

into the consolidated display .

The existing analog ASR/ATCBI BRITE displays would be replaced

by a digital display capability provided at the tower cabs of

the major terminal areas . The Tower Cab Digital Display (TCDD)
would provide a more reliable and easily maintainable disp lay

than today ’s BRITEs . The TCDD is capable of displaying digitized

radar and alphanumeric information.

*
In work related to the System Description effort , the FAA tasked TSC
to conduct a study of this subject. The conclusion of that work was
that all of the planned improvements could be physically located in
existing tower cabs but that a possible integration of certain input!
output devices , processors and displays would pr obably improve the
effic iency of operation and reduce overall costs.

2—30

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- ----a ---- —



r ~~~
V isual Confirmation of Voice Takeoff Clearance (VICON) systems

would be installed at most airports equipped with a control

tower. VICON consists of a set of signal lights installed at

runway departure points , and a control panel in the Tower Cab .

The VICON lights are turned on by the controller after takeoff

clearance has been delivered . The lights would be turned off

automatically after takeoff.

Some of the high VFR activity airports would have Semi—Automated

Meteorological Observation Systems (SANOS) implemented in them .

SANOS would aid the controllers by automatically taking some

weather observations and distributing this data to other ATC and

NWS facilities. Furthermore , some of the medium VFR activity

towers would be provided with Automated Low—Cost Weather Obser-

vation Systems (ALWOS). Weather data would be broadcast from

these systems to aircraft executing instrument approaches . Wind

and altimeter data would also be broadcast to these aircraft by

the Wind and Altimeter Voice Equipment (WAVE).

2.3.3 Other Potential Improvements

TLe FAA is tentatively exploring the utilization of an Automated

Terminal Services (ATS) system to provide air traffic control

services at VFR airports without a tower cab facility and also

at VFR airports with towers that are unmanned during certain

shifts when operations are infrequent. The ATC computers are

expected to automatically process the surveillance data and

issue traffic advisories to arriving and departing aircraft by

computer generated voice.

2.4 ATC System Command Center

Major functions currently performed at the ATC System Command

Center (ATCSCC) are shown in Figure 2—10. Improvements to the
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ATCSCC will tocus on the Central Flow Control (CFC) function ,

the Central Altitude Reservations Function (CARF), and the Air-

port Reservation Office (ARO). The CFC serves as the focal

point for evaluating and approving system—wide traffic flow

redistributions . The CARF function supports Central Flow Control ,

and the military , and provides coordination with local flow con-

trol specialists at the ARTCCs by providing information on pend-

ing military exercises and VIP flights which require air traffic

restrictions. The ARO function is intended to relieve congestion

at the four highest activity airports.

Ultimately , the operational objective of both Near Term and Far

Term improvements in the Central Flow Control function is to

enhance the capability of accurately predicting ATC delays and

to make available to the en route control centers information

that would enhance the management of traffic flow and the

equitable distribution of ATC delays . Currently , central flow

reacts to major traffic flow crisis situations after they

actually happen. While it is impossible to predict all adverse

situations , it is the objective of both Near Term and Far Term

improvements to improve the accuracy of the predictive capability

of central flow , whenever pred iction is at all possible.

2.4.1 Near Term Improvements

Major changes expected to be introduced into the ATCSCC in the

Near Term are shown in Figure 2—11. One of these changes in-

volves making the Central Flow Control data base more dynamic

in that it would reflect more current information . Currently ,

fligh t plans for only 15 pac ing airports are used by the CFC

data base. In the future , flight plans for non—air carrier

flights affecting an expanded number of airports serviced by

the NAS en route system would be added to the data. Also ,
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cu r r en t  I v , -~ r~ r -i t k - p u t  ure i n f o r m a t ion yr  onl y 15 p a c In g

a i r p o rt  -
~ a re s e t it  f rom t h u  en F O d i t  e 1Hfl~~ l I t a -  rd-~ t . t t ~- CFC da t a

base.  In th  ~- N. - .t  r Te r-u i , dL-p ~I r t u  re and i r r ival i n f y r m . t t  ion f~ - r
ni expande d n umbe r of . i  r p 1 r t  -i and , in add i t f 1 f l , dep ar t ur e s  ot

intt-rnat ional I l i gh t s  h ead ing ~~~ U . S .  A RTCC , would be sen t  to

the CFC d l t~~ base . Th~~e i mp r a v er n e I l t s  in th~ nat ure and ‘
~ urr eri1 v

l i l t  a ~t re  expected to imp rove- the ll~ I IraI -v  of the  s imula-

t ions and t - - r u -~~ a~~ t s .

Another improvement t-x ; L-~ ted  in the Near Term is augmen ta t i on
1 1  t i l t- s imulat ion - i p i b i  i t v  to enable obtaining traffic loadings

on c r i t i c a l  I ix ed- . i n  t i l t . - I l t i o n a l  a i rspac The c u r r e n t  s imula -

t ion - i p a b i l i t v  i - . based on d a t a  f rom 15 airports. The expan-

s ion ut t i e  i t t ~~ base i n c l u d e  more a i rpo r t s  would enhance

t he a L c u r J ~~y y f  t h e  s i m u l a t i o n  r e s u l t s .

Me re a i r p e r t s  w o u l d  p a r t i l  i pat ~ in th e  Fue l  A d v i s o ry  D e p a r t u r e

( FAD ) p u l l t.-Ju r a - - which i i i m e d  a t  t u e  conseriat ion ef f ue l  by

I V  1 n~. a r~ r a t  t ~t b 5 s  rb a S u i) - ~ I in I ia l  p e r t  ion o t h e i r  e x p e c t e d

de la y , on t h e  ~r l u lJ r a t h~-r t : i i in the  a i r .

A d d i t i o n a l l y ,  in the N e a r  Term , the  CARF ~i l n I  l ion w i l l  be

automated and r e l o c a t e d  t I  J a c k s o n vi l l e .  CARF would  be provided

w i t h  an automated  p 1o t t i n g  system tha t  replaces the  c u r r e n t

manual system . The ARO function -~i i i c h  ha s  a l r ea d y  been re located

to Jacksonvil le)  would be provided w i t h  access to the NA DIN

communications and the  CFC data  base. This would al low accomp lish-

ing reserva t ions, and the associated checking for  the a v a i l a b i l i t y

of a t ime slot fo r  air  c a r r i e r  and non—air car r ie r  a i r c r a f t  on a

real t ime bas is .

The simulation and data base activities of the ATCSCC are con-

ducted by a dedicated 9020 computer located in Jacksonville.
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This computer is the basis of what is termed the CFJC——Central

FLow Jacksonville Computer. The communications connectivity

between the ATCSCC and the en route control centers is currently

accomplished via a combination of relay ARTCCs , store and for— —
ward ARTCCs and dedicated high data rate lines . These dedicated

lines are expected to be absorbed in the Near Term into the

NADIN data communications network .

2.4.2 Far Term and Other Potential Improvements

An expected Far Term improvement is the introduction of correla-

tion between an aircraft airframe identification and Flight ID

which would mean that all aircraft would be uniquely identified.

Other changes to the Central Flow Control function in the Far

Term aystem have not yet been fully defined . However , one

potential change that has been studied by the FAA in the past

is centralized f l ight plan processing . This concept implies that

some central facility would have knowledge in its data base of

all f l ight plans , current and future. Such a data base could be

used in determining (with sufficient lead time) the expected

loadings on various sectors of the airspace.

2.5 Flight Service Facilities

Cu rren tly the grea t major ity of the serv ices prov ided by Fl ight

Service Facilities are conducted manually. Some of the major

functions currently performed at these facilities are illus-

trated in Figure 2—12 along with the connectivity to other

f a c i l i t i e s .

2.5.1 Near Term Improvements

Some of the major changes expected to occur in Fligh t Service
Facil ities in the Near Term are highlighted in Figure 2—13.

An expec ted improvement is the availability of Flight Service
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Data Processing Systems (FSDPS) which will be colocated with

the ARTCCs, and would provide centralized computer support to

some flight service facilities. Other facilities would continue

their manual mode of operation. Those facilities that would

have automation support are referred to as Automated Flight

Service Stations (AFSS).

The automation aids available to the flight service specialist

include the automated monitoring of lists of inbound aircraft

and the generation of an alert to the specialist when an air-

craft is overdue. The specialist at the destination AFSS would

continue to manually initiate the Search and Rescue (SAR) alert

and information requests. The retrieval of data on the overdue

aircraft would be done automatically at the departure or en

route AFSS , but the data must be manually addressed to the

requesting AFSS.

Automation support would be provided for the input , maintenance

and retrieval of Pilot Reports (PIREPs) which provide the basis

of weather plo ts manually maintained by the AFSS specialists
that handle the En Route Flight Advisory Service (EFAS). PIREPs

would be entered by the specialist at the AFSS and would be

forwarded to the FSDPS which would in turn forward it to the

Weather Message Switching Center (WMSC) . PIREPs from other

sources would also be sent  to the WMSC where a national PIREP

— data base would be mainta ined and d i s t r i bu ted  to the FSDPSs ,

for use by the automated flight service facilities .

Automated support  would also be provided to the  f l i g h t  service

specialists in the retrieval of weather and aeronautical condi-

tions information. The retrieval of this information from the

data base could be by predefined sequences of locations and
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weather message type or can be by geographical area or given

routes of flight . Graphics from the NWS are made available

more conveniently using closed circuit television. Digital

weather radar would be available at the 44 EFAS positions.

Automated support in formating and error checking of flight

plans entered by the specialist would also be provided by the

FSDPS . Flight plan filing by the specialist would be simplified

in that flight plan information entered for the purpose of a

weather briefing would be retained and used for filing instead

of having to be reentered.

The specialist would continue to manually monitor t1ie Naviga-

tional Aids (NAVAIDS) that are associated with the flight ser—

vice facility, but automated support for the entry , distribution

and retrieval of Notices to Airmen (NOTAM ) information would be

provided to the specialist. NOTANs would be entered into the

FSDPS da ta base in accord ance with  f ormats prov ided by the

computer. The FSDPS would transmit the NOTAMs to the WMSC fo r

nationwide distribution.

Instead of the c u r r e n t  manual search f o r  in fo rmat ion to be used

in preparing recordings for the Pilot Automatic Telephone Weather

Answering Service (PATWAS) and the Transcribed Weather Broadcast

(TWEB) functions , the AFSS specialist would use the extensive

and flexible data accessing capability to obtain the appropriate

text required for the broadcast. The text would include canned

statem ents as well as the dynamic weather and aeronautical

messages required for that specific broadcast. The retrieved

information would be presented to the specialist on a display

device for editing . The specialist would then record the

repor ts as in the current system . Pilot access to PATWAS may

be accomplished using push button control.
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2.5.2 Far Term Improvements

In this report , the assumption was made that in the Far Term

there  wi l l  be no consol ida t ion  of f l i ght services into twenty

hub locations . A decision , however , on whether or not to con-

solidate is expected to be made by 1983. In this report , both

manual and automated flight service facilities were assumed to

cont inue  to exist  dur ing  the post—1983 t ime period . Regardless

of the consolidation decision , it is expected that the improve—

ments that are indicated in Figure 2—14 would occur. One of

these improvements is the availability of an expanded weather

data base from the Aviation Weather Processor (AWE). The AWE

would provide data base maintenance for weather and aeronautical

information including editing and reformating capabilities for

the data distributed to the FSDPSs to be utilized in support

of both specialists and pilots. Other improvements include the

availability of Direct User Access Terminals (DUAT) to be used

by pilots in interactively accessing the data base and in filing

flight plans . Some DUAT terminals would have the added capa-

bility of displaying graphics to pilots as part of the self

briefing . Pilots can retrieve weather and aeronautical infor-

mation by routes or by specific location. The pilot may also

request weather information by push button telephone entry and

receive it by computer generated voice utilizing the Voice

Response System (VRS). Flight plans entered by push button

telephones would be echoed back to the pilot by the VRS system

for confirmation or correction. (Although the VRS system is

expected to be implemented in the Far Term , certain elements

of it might be implemented in the Near Term , depend ing on the

outcome of ongoing studies.) IFR flight data entered by the

pilot into the system would be transmitted automatically to the

departure ARTCC . VFR flight data would be transmitted auto-

matically (upon aircraft departure) to the departure and the

destination AFSSs.
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FIGURE 2-14
EXPECTED CAPABILITIES AND CONNECTIVITY OF FLIGHT

SERVICE FACILITIES IN THE FAR TERM
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Retrieval of weather briefing information by specialists is

expected to be made more selective and flexible; route oriented

briefings may utilize preferred routes; reports could be fil-

tered on the basis of weather activity. Thus , the spec ialist

would be provided only the data that is pertinent to the route

of fl ight. Graphic weather charts and weather radar data would

reside in the FSDPS and in local storage at the AFSS. The

graphic data would be displayed on dedicated video terminals.

Automation support in the transmittal of fligh t plans would also
be made available to the special is ts .

Far Term improvements in Search and Rescue (SAR) and aid to lost

aircraft are also expected . In addition to automated alerts ,

a SAR message would be automatically generated and displayed to

the destination AFSS specialist prior to transmittal to the

appropriate en route and departure facilities. The automation

system (FSDPS) would provide automatic message addressing. Upon

receipt of the SAR message at en route and/or departure AFSSs ,

the requested information would then be automatically generated

and d isp layed at a specialist position prior to transmittal

back to the requesting facility .

To provide position location to lost or disoriented pilots ,

spec ialists would manually inpu t aircraft bearing information

(obtained from navigation aids or direction finder sites) into

the FSDPS. The FSDPS would then compute and display the loca—

tion and the aircraft heading to a specified làcation.

The En Route Flight Auvisory Service (EFL-S) specialist who

handles the PIREPs would be provided a flexi~’1 e wea ther and

graph ics retrieval capability. For example , the specialist

may retrieve PIREPs for a corridor along a route or for a given
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distance from some location. PATWAS and TWEB recordings would

be simplified in that the weather report for a location would be

recorded once and the system would insert the report in the files

under all the appropriate routes which contain that location.

Reports would also be automatically entered into the PATWAS !

TWEB recordings by the Voice Response System ( V R S ) .  Access to

PATWAS may be done utilizing push button contro l or via a

limited voice recognition capability.

2.5.3 Other Potential Improvements

Potential system improvements that are being considered by the

National Weather Service focus on improving the prediction and

dissemination of weather information. These include the develop-

ment of a nationwide “grid” weather data base and the inclusion

of more current upper air wind/temperature in that data base .

This data base would have weather information at points of a ti~1 —

dimensional grid equally distributed and covering the whole

United States. The information at these points would include

weather  at various a l t i tudes .

A potential improvement being considered by the FAA is the

eventual combining of the Aviation Weather Processor (AWP) and

the Weather Message Switching Center (Wl1SC).

2.6 Surveillance Facilities

2.6.1 En Route Surveillance Facilities

Figure 2—15 highlights the capabilities and connectivity of Cur-

rent En Route Surveillance facilities. The Current capabilities

consist of a Search Radar, a Beacon Interrogator , and Surveil-

lance Data Preprocessor.

2—48

Ii.. - ______ ---— — — -



[~
ECIPITA T I ON

I I AIRCRAFT

J

2D Radar
L band ATCRBS

3D Radar Interrogations ,

EN ROUTE SURVEI LLANCE SITE

I NWS WEATHER RADAR I 1. Search Radar
1 2. Beacon Interrogator

3. Surveillance Data Preprocessing

V DDC V

Broadband Broadband Digitized Broadband
3D Weather 2D Weather Aircraft Aircraf t
( P r e c i p i t a t io n )  (Precipitation ) Target Returns and
Da ta Da ta Reports and Replies ,

2D Weathe r 2D Weather
(Preci pitation ) (Preci pitati on )
Data Returns

FSS I ARTCC

LEGEND

D = Directl y Wired
.~ DDC = Digital Data Channel
TTY = Teletypewriter Channel

I. V = Video Channel

[ VP = Voice Phone
I VV = Voice , VHF or UHF Ra di o

FIGURE 2-15
CAPABILITIES AND CONNECTIVITY OF CURRENT

EN ROUTE SURVEILLANCE FACILITIES
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2 6 1 1  Near Term Improvement s

As shown in Figure 2—16 , an expected change associated with

search radars in en route surveillance facilities is the replace-

ment of some vacuum tube Air Route Surveillance Radars (ARSR—l)

with new solid state radars (ARSR—3) to improve equipment relia-

bility and maintainability. Furthermore , additional surveil-

lance coverage would be attained by wider deployment of these

solid state radars . Another expected improvement is the re-

placement of the Common Digitizer (CD) with a dual Common

Digit izer (CD—2) to enhance system reiiability, and to aid in

attaining a 24 hour/day operational capability . Furthermore ,

the CD—2 would have circuitry that replaces the Wea ther Fixed

Map Unit (WFMU) circuitry . This would result in improving the

qual ity of digitized weather data forwarded to the ARTCC .

No major improvements are anticipated in the availability of

hazardous weather information to the en route controllers in

the Near Term. However , it is expected that at some ARTCCs, the

Center Weather Service Unit (CWSU) would be provided with three

dimensional (range, azimuth , altitude) weather information pro-

vided by the National Weather Service (WSR—57) radars . The

interpretation of the weather data would be disseminated from

the CWSU to the air traffic controllers .

2.6.1.2 Far Term Improvements

As shown in Figure 2—17 , it is expected that discrete addressing

capability would be made available by the implementation of the

Discrete Address Beacon System (DABS). With DABS , each equipped

aircraft is assigned a unique addres s, which is transmitted as

part of the beacon interrogation message . This ~s an improve—

ment over the current ATCRBS system where all aircraft within

the beam of the beacon antenna would respond to the interrogation .
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EXPECTED CAPABILITIES AND CONNECTIVITY OF EN ROUTE
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a ,

i l i e  DABS un ique addressing capability decreases the possibility

of garbling due to simultaneous beacon rep lies.

Since  it is expected that b o t h  the  DABS and ATCRBS environments

would co—exist for sometime , the DABS equipment would be designed

to be compat ible with the  existing ATCRBS equi pment. Thus ,

the DABS interrogators would be capable of interrogating both

DABS and ATCRB S equipped aircraft. Similarly, DABS transponders

would be capable of responding to ATCRBS interrogators.

A n o t h e r  improvement  is the  i n t r o d u c t i o n  of the Automated Traffic

A d v i s o ry  and R e s o l u t i o n  Service (ATARS ) a t  each of the DABS

surveillance sites. Messages to resolve a conflict would be

automaticall y generated based on DABS surveillance information

and would be communicated to the pilot via the DABS Data Link.

Conceptually, ATARS messages would be communicated to the

pilot after Conflict Alert has been issued and yet the threat

of collision continues to persist. ATARS messages would be

sent  to the  a p p r o p r i a t e  con t ro l l e r  to appr ise  him of the  i n t e n —

dons of the involved aircraft. Terrain avoidance and avoidance

of obstacles and restricted airspace are possible future addi-

tions t( the ATARS capability. In addition to its use for the

transmission of the ATARS messages , th e DABS Data Link would

be available f or the  a u t o m a t i c  t r ansmiss ion  of ATC messages  or

other advisories.

Search radar equipment reliability would be improved by the

continued implementation of solid state radars to rep lace the

remaining older tube type radars. Thus , in the Far Term the

ARSR—4 would be implemented. This radar would have an improved

aircraft detection capability and a separate weather channel

to improve  wea the r  d e t e c t i o n .
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The use of the same channe l for both weather and aircraft

targets as is c u r r e n t l y  done has been recognized to be less

than optimum for the detection of weather. In the Far Term ,

a separate ARSR weather channel may be used in the AR SR— 3 and

ARSR—4 radars to provide processing to optimize the detection

of weather. This weather channel may actually be one of two

redundant channels or it may be a new channel which would be

implemented if it was found desirable to maintain the sane

level of redundancy.

A further improvement in this era is the implementation of the

Movi n g T a r get Detector (M TD) within the search radar target

detection circuitry to replace the older Moving Target Indica-

tor (MTI) circuitry . The use of MTD would result in improving

aircraft detection when the airc raft is moving at or near zero

radial velocity and in an environment of heavy clutter. Heavy

clutter may be due to weather or due to ground targets.

Another improvement in the Far Term is the expected introduc—

don of the Joint Use weather Radar network for use by the FAA ,

Nat io nal Weather  Service (NWS) , and Air Weather  Service (AWS) .

These radars would utilize pencil beam antennas to obtain three—

dimensional weather information and would also utilize doppler

frequency processing to automatically detect weather turbulence

and forecast its movements ten to twenty minutes in advance.

Finally , improved surveillance system availability and maximum

utilization of personnel would be attained by the introduction

of the Remote Maintenan~-e Monitoring System ( RMN S) ,  which also

encompasses navigation facilities and ARTCC air-ground communi—

cations sites. According to current RMM S planning , key status

parameters from the search and beacon radars and from the common
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digitizer would be remoted to t i l e  ARTCC , for monitoring, certi-

fication and trend analysis.

2.6.2 Terminal Surveillance Facilities

Figure 2—18 highlights the capabilities and connectivity of ter-

minal surve illance facilities . The same capabilities that are

provided by the surveillance facilities in the Current system

would continue to be provided in the Near Term system as well.

Thus , the re are no major improvements expected in the Near Term

in terminal surveillance facilities.

2.6.2.1 Far Term Improvements

As shown in Figure 2—19 , it is expected that surveillance in

the ARTS lilA terminal area would be enhanced with the introduc-

tion of discrete addressing by implementing the DABS capability.

Currently , without discrete addressing , simultaneous rep lies

by aircraft ATCRBS transponders could result in garbling of

the information. With DABS , garbling would be reduced .

The DABS equipment would be compatible with ATCRBS equipment ,

both on the ground and in the aircraft. Another improvement

is the introduction of ATARS at each DABS surveillance site at

the ARTS III facilities. DABS surveillance information would

be used by the ATARS processor to resolve a conflict and mes-

sages would be automatically generated and communicated to the

pilot via the DABS Data Link. This service is provided by

ATARS if a conflict continued to persist after other warnings

from terminal Conflict Alert have been issued. ATARS messages

would be sent to the controller in charge of the airspace of

the invo lved aircraft in order to keep him advised of the in-

tentions of those aircraft. ATARS may be augmented to include

an advisory service for terrain avoidance and avoidance of

obstacles or restricted air traffic control areas . As in the
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en route system , the DABS Data Link would be available for the

relay of ATC messages and advisories to the pilot.

As in the en route facilities , the use of a separate ASR weather

channel is expected to improve the detection of precip itation.

This channel would be optimized for the detection of weather

against a background of clutter and aircraft targets.

Improvement in a i r c r a f t  detection is expected due to the imple-

mentation of the Moving Target Detector (MTD) to replace the

Mu circuitry in the detection of targets in the search radars.

It is also expected that the replacement of the vacuum tube

ASR—4s , ASR—5s , and ASR—6s with the new solid state ASR—9s would

occur in the Far Term. Implementation of the new ASR—9 is

expected to take place throughout the entire terminal ATC sys-

tem and not only at ARTS III facilities. It is expected that

the Joint Use Weather Radar surveillance information would be

made available at some major terminal facilities . These radars

would utilize pencil beam antennas to obtain three—dimensional

weather information with doppler frequency processing to auto-

matically detect weather turbulence and forecast its movements

several minutes in advance. Other major terminal areas that

do not have coverage by the Joint Use Weather Radars would

obtain turbulent weather information through the use of pulse

dop pler techniques that would be implemented as a modification

to the termina]. radars. It is also expected that wind shear

data would be provided to the tower cab and to the TRACONS of

the terminal areas that have coverage by the sophisticated

radars .
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2.6.2.2 Other Potential In~provements

Potential improvements include the use of the Limited Surveil-

lance Radar (LSR). The LSR is a low cost radar with a range

of 20 nau tical miles as compared to the 60 miles de tec t ion
range of the ASRs . The LSRs would be used at some airports

tha t could no t qual ify for  a fu l l  radar approach con trol
service.

2.7 Navigation Facilities

2.7.1 Imp rovements in En Route and Terminal Area Navigation
Facilities

An anticipated improvement in the navigation facilities (see

Figure 2—20) in the Near Term is the replacement of old vacuum

tube VORs and VORTACs with new solid state equipment in order

to increase the reliability and maintainability of the naviga-

tion equipment. In the Far Term , a remote maintenance and

monitoring capability would be app lied to the navigation

facilities , in order to reduce maintenance costs and to imp rove

availability. Key parameter information would be remoted to

the central processor at the ARTCC where records are kept and

t rend analyses would be performed , as par t  of an overall  pro-

gram (RNMS) that handles RCAGs and en route surveillance sites

as well. Remote certification would also be made possible by

RMMS .

A potential improvement in the navigation facilities is the use

of Satellite navigation such as the NAVSTAR Global Positioning

Sys tem (GP S) ,  wh ich may be considered when feasibility and

desirability are proven . Another potential improvement is

the utilization of time navigation (P.NAV with  t ime as a para —

meter) as a backup to a fully aucomated ATC system.
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2.7.2 improvements in Approach and Landiu’_Navi ’at ion
I-~~’jlities

In the Ne.tr Term , the improvements e x p e c t e d  in the approach

and landing navigation tac ilities includc the replacement of

vacuum tube equipment used in the Instrument Landing System

(ILS) with solid state equipment . In the Far Term (Figure

2 — 2 0 ) ,  it is anticipated that the Time Reference Scanning Beam

Microwjve Landing System (1a.S) would be implemented . Due to

its high (C—Band) frequency , MLS is not as susceptible to

interference from nearby structures or terrain. Such inter-

ference precluded the installation of ILS in some locations due

to questions of economical feasibility. MLS would make landing

guidance economically feasible at such airports. The ~‘U.S system

will also provide highly accurate horizontal and vertical guid-

ance signals over a large volume of approach airspace. This

would allow pr operly eq uipp ed air craf t the use of spec i f ica lly

defined curved approach procedures under instrument as well

as visual meteorological conditions .

NLS would be provided with a digital link capability for improving

the quality of the guidance signal transmitted to the aircraft.

Other data such as runway visibility and status would also be trans-

mitted . However , this uplink is not an all purpose digital link

for the transmission of ATC messages .

2 .8  Communications Faci l i t ies

2 .8 .1  Data Communicat ions Fac i l i t i e s

Figure 2—21 presents a brief illustration of the current con—

nectivity of various FAA facilities through the existing data

communications networks . The FAA is planning to replace these

existing data networks with a more efficient data communica-

‘- ion system called the National Data Interchange Network (NADIN).
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NADIN would allow any user who has access to NADIN to communi-

cate with any other user through the use of data concentrators

and two centrall y located switches. NADIN could result in the

reduction in the number of data terminal devices at certain

busy facilities , a reduction in the number of communications

lines , and a more efficient utilization of the communication

medium as a whole. The NADIN implementation is initiated

through the NADIN I program , which would be followed by the

NADIN II and the NADIN III phases . Subsequent phases would

be defined at a later date.

2.8.1.1 Near Term Improvements

In the Near Term , NADIN I and NADIN Ill would be implemented .

Figure 2—22 illustrates the data connectivity of the various

facilities at that time . With the imp lementation of NADIN I

and NADIN II , the data transmissions between en route centers

and between en route centers and the terminal areas they ser-

vice would be conducted through NADIN. NADIN would also pro-

vide communications to the Flight Service Facilities , military

baseops , VFR towers and airline offices . Some of the data

input/output equipment used today would continue to be used

and some others wou ld be upgraded , but the transmission medium

would be provided by NADIN. The automated terminal facilities

(ARTS III and ARTS II) are expected to have two links through

NADIN. One is a l ink between the ARTS computers  and the cen te r

computers , and the other one is a link between the FDEP at

the terminal facilities and the en route computers. In addi-

tion , all three teletypewriter circuits (Area B, Utility B ,

and Center B), would be rep laced with transmission and switch-

ing by NADIN. The ATCSCC would in the Near Term utilize the

NADIN network for the connectivity between the Central
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I - l ow  C o n t r o l  fj c i i l t v  at J a c k s o n v i l l e  and the  Command Center

at l-’AA Head quarters in Washington , D.C. NADIN would also

provide connectivity between t h e  FSS facilities and WNSC.

The latter would also be connected through NADIN to NWS and

the  FSDPS .

2.8.1.2 Far Term Improvements

The NADIN III system is expected to be implemented as part of

the Far Term system. The data connectivity between various

FAA facilities at that time period is shown in Figure 2—23.

It is expected that there would be no need for the Computer B

network as a backup, as NADIN alone could be capable of pro-

viding the ARTCC—ARTCC connectivity. In addition , the FDEP

equipment would be removed from automated terminal facilities

and replaced by a 2400 bps data rate link that connects the

center and the terminal computer facilities through TIPS .

Terminal and en route surveillance sites would continue to be

connected to the TRACONs and the en route centers through

dedicated circuits. NADIN III would supply the connectivity

between the AWP and the Flight Service facilities . If there

were consolidation of flight services , the FS Hub would be

conne ted to the ARTCC through the NADIN system .

2 .d .l.3 Other Potential Improvements

F u t u r e  changes in data  communicat ions  are expected to he des igned

within an overall conceptual plan providing for an integr~ Lod

FAA communicat ion  sys tem.  Such an i n t e g r a t e d  sys tem w o u l d  have

Data , Radio , and Ground—Ground Voice Subsystems .

2.8.2 Voice Communications Facilities

Figure 2—24 briefly illustrates the current connectivity be-

tween various FAA facilities via the voice communications systems .
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2.8.2.1 Near Term Improvements

The voice communications connect iv i ty  in the Near Term system

F remains the same as it is in the Current system . There are

improvements , however , that impact the air—ground communications .

It is anticipated that radios would be replaced by solid state

equipment in all of the FAA air—to—ground transceivers . The

facilities involved would be the Remote Communications Air-

Ground Facilities (RCAG) in the en route system , local rad ios

and Remote Transmitters and Receivers (RTR) in the TRACONs and

towers , the FSSs ’ local rad ios and the Remote Communications

Outlets (RCO), the FSS ’s Limited Remote Communications Outlet

(LRCO) , and the FSS ’s Single Frequency Outlet (SF0). Also

involved are the FSS ’s direc tion f inder receivers and the FSS ’S

VOR/NDB voice channel transmitters .

The availability/maintainability of the RCAGs would be en-

hanced by the expected implementation of the Remote Maintenance

Monitoring System (RNNS). In addition to remote monitoring,

the RMMS would provide record keeping and trend analysis and

would make remote certification possible.

2.8.2.2 Far Term Improvements

The expected voice communications connectivity in this time

frame is shown in Figure 2—25. A basic improvement under con-

sideration is the introduction of the Voice Communications and

Control System (VSCS) which has an integrated radio and ground

voice concept. This program consists of three ingredients:

first , the RCAG Tone Control Replacement; second , the Radio
Communications Control System (RCCS); and third , the Ground

Voice Communications component. The RCAC Tone Control Replace-

ment program is aimed at replacing the outdated equipment used
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for remotely controlling the RCAG t r a n s c e i v e r s  fo r  f u n c t i o n s

such as main/standb y selection or frequency selection. New

solid state equi pment would be used which could include digi-

tal signaling techniques. The throw—away cost would be mini-

mized by a modular design of the Tone Control Replacement

equipment and by making this system compatible with the RCCS/

VSCS system.

The RCCS is expected to provide the link (and in many cases is

a remote link) between the en route and terminal facilities

on t h e one hand and their air—to—ground radios on the other.

Assuming no FS consolidation , there would be no RCCS component

for the flight service facilities; however , should the deci-

sion to consolidate be made , an RCCS subsystem for the FS Hub

would be imp lemented . RCCS could prov ide inband digital sig-

naling, and like the NADIN system , it would provide a more

efficient communications medium to rep lace many dedicated

lines and networks . RCCS also provides automated ncnitoring,

reconfiguration , trunk restoral functions as well as main!

standb y selection and frequency selection .

The ground voice components of the VSCS are expected to

rep lace the electromechanical switching systems consisting of

the WECO 300 at the ARTCC and the WECO 301 at the terminal

areas. The detailed concepts for the replacement systems

have not been defined as yet , but they are expected to include

some level of technical control. New higher gain antennas

would be introduced in the Far Term system in all the air—

ground communications facilities. The antennas would incor—

porate some directivity and would be ruggedized and radorned .

Another Far Term improvement expected at low level towers is

the implementation of the Small Voice Switching ~vstem (SVSS)
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which is an integrated radio and ground voice system that

provides signaling , switching , monitoring and reconfiguration

and trunk restoral.

2.8.2.3 Other Potential Improvements

As an alternative to the VSCS integrated system concept , the

FAA has been considering separate and independent voice systems :

an air—ground system (an independent RCCS) and a ground voice

communication system . The long range view at the FAA is to

eventually attain an integrated communications system capa-

bility which incorporates not only radio and ground voice ,

but also data communications . Furthermore , the FAA may con-

sider extending the implementation of these improvements to

the FSS facilities .

2.9 Avionics

Certain of the changes in the ATC system call for associated

changes in avionics in some of the aircraft using the system.

The purpose of this section is to describe the avionics

changes implied by the ATC improvements stated in this docu-

ment. It is anticipated that there will be many other air-

borne improvements in the areas of flight control systems ,

auto pilots , and navigation instrumentation . However , these

will not be discussed here since they are outside the scope

of this report.

No change from ATCRBS transponders to DABS transponders would

be required for a large majority of the users of the airspace

but a gradual transition from the ATCRBS transponders to DABS

transponders is expected . However , implementat ion of ATARS

would require the use of a DABS transponder and an ATARS

d isplay for those aircraft wishing to receive the ATARS
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collision avoidance service and flying in airspace where the

ATARS service is provided. In general , to receive the ATARS

service both aircraft must be within the surveillance coverage

of the DABS site , at least one of the two aircraft mus t have

an ATARS display and the other aircraft must have at least an

ATCRBS beacon with altitude readout.

One improvement for additional collision avoidance which would

require new avionics for users desiring the service is the

Beacon—based Collision Avoidance System (BCAS). It is anti-

ci pated that BCAS avionics would be compatible with DABS and

would be installed in most air carrier and high performance

general aviat ion a i r c r a f t .  In cur ren t  concepts , BCAS may

have several modes of operation . The utility of the various

modes depends on the degree of surveillance coverage where
the aircraft is operating . Initially , it is anticipated that

the active BCAS mode would be implemented. In this mode ,

BCAS would interrogate transponders within BCAS operating

range (20 miles). In other modes , BCAS does not interrogate

other aircraft but monitors interrogations from ground based

ATCRBS and DABS sites and monitors the replies of aircraft

to these interrogations . The full BCAS capability is expected

to combine both features . The full BCAS philosophy has

resul ted  f rom a desire to minimize potential interference

with the regular operation of ATC surveillance in a fu l l

spectrum of ATC environments  rang ing  f rom hi gh dens i ty  to

low density.

The details of the current BCAS conceptual design may change

in time as i t s  role relat ive to o ther  FAA collision avoidance

systems gets better defined. But , regardless of the detailed

design , BCAS is expected to perform calcu~ ations , bas ed on
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information available to the airborne system , which would lead

to a prediction of conflict on the basis of close proximity

and short lookahead encounters. Collision avoidance assist-

ance is provided to any aircraft equipped with BCAS equipment

if the other aircraft has an ATCRBS transponder with altitude

reporting capability and if both aircraft are operating

within airspace where BCAS is expected to work .

The availability of the DABS Data Link for the communications

of DABS and ATARS messages , makes it also available for the

transmission of other ATC and advisory messages . A candidate

set of add i t iona l  messages tha t  is currently being considered

by the FAA for transmission via the data link includes alti-

tude confirmation , hazardous weather advisories , MSAW advi-

sories , take—off clearance confirmation , and real time surface

winds. The specifics as to what will be displayed and how

to display it are still in the definition phase; however , it

is expected to requi re  some addi t ional  avionics over and above

that required by the DABS/ATARS and BCAS systems .

Providing the pilot with a display of traffic information in

airspace adjacent to the aircraft is also currently being

discussed as a potential improvement. The work aimed at

defining this future display is being done under the Cockpit

Display of Traffic Information (CDTI) program . The concepts

generally proposed for the use of the CDTI range from pilot

centered contro l concepts ( s t r a t egic) to concepts tha t  are

an extension of the current ground based ATC system where

more information is made available to the p ilot , but  con t ro l

is maintained from the ground .

2—79 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~~~~
--- -

~~~~~
-

~~~



Various Levels of avionics capabilities for the MLS system

are expected in the Far Term . The minimum level capability

provides deviations from azimuth and glide slope . The more

sophisticated capability expected for air carriers would enable

curved approaches and would include angle and other guidance

messages for use by existing onboard computers such as the

RNAV and Flare systems . For example , local way—points could

be broadcast by the MLS uplink . Similarly, other approach

and landing data could potentially be sent to the aircraft

on the MLS data channel which is a one way link from the

ground to the aircraft.

A potential future improvement is the implementation of the

Head Up Display (HUD) to provide the pilot with visual cues

as to whether the aircraft is above , below or on the glide

path during descent.
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3. ATC SYSTEM CONFICURAT IJN

This section presents an overall system descri ption of the im-

provements for each facility class described in Section 2. It

illustrates how these improvements fit together as a compl ete

ATC system in the various time frames considered . Figures 3—1 ,

3—2 , and 3—3 present an overview of the ATC system configuration

in the Current time period , in the Near Term and in the Far Term ,

respectively. The ATC facilities in these figures , from top to

bottom , are as follows : surveillance sites , tower cabs , TRACONS ,

ARTCCS , f l ight service facilities and system elements interfacing

with them , and the ATC System Command Center. At the bottom of

the charts are presented non—ATC facilities that interact signi-

ficantly with the ATC system . The direction of flow of informa-

tion from one fac ility to another is also indicated .

The block representing each one of the facilities has indicated

iri it the significant ATC system functions that are performed

within the facility . The Near Term and Far Term improvements

ar e also indicated wi thin the fac ility blocks in Figures 3—2

and 3—3 , respec tively. The impact of these improvements

on the functional flow of information is indicated in the figures

in the appropriate time frame . A specific change from one t ime

frame to another is highl igh ted by shad ed areas and italics if
the changes are within a facility. The impact of changes on

the information flow is indicated by the use of italics. It

should be noted tha t these f i gures are intended to highl ight

changes and improvements and they are not meant to be exhaus t ive

in depic ting capab il ities , information flow , or connectivity.

Thus , some systems features that do not change wi th the time were
not included in the illustrations . Furthermore , Figure 3—1

presents only a brief listing of the capabilities of the Cur-

rent system , since these capabilities are used only as a
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starting point for describing the future improvements. For

example , the capabilities currently resident in the NAS Stage

A system have been summarized by the following : Radar Data

Processing (RDP), Mosaicking and Tracking , Flight Data Pro—

• cessing (FDP), Input/Output and Display Processing , and Conflict

Alert.

Finally , the number of each type of facility at the present

time is shown in Figure 3—1. For example, there are currently

126 en route search radars. The numbers of facilities are not

indicated in future periods because of the uncertainty asso-

ciated with the deployment of various system elements.

The follc~~ing is a listing of the major deploym ent assumptions

made in developing the expected future ATC system configurations :

• The DABS capability would be achieved through a

direct transition from ATCRBS to DABS, instead

of an evolutionary transition which would result in

developing an interim monopulse detection and process-

ing capability.

• Surveillance improvements, including DABS, would be

introduced throughout the En Route System and through—

out all of the ARTS III surveillance sites . No

Improvements were assumed for surveillance sites

associated with lower level TRACONs. Search radar

surveillance information is expected to remain an

ATC requirement in both the en route and terminal

environments. The ATARS collision avoidance service

would be ~mplemented in both En Route and ARTS III

terminal facilities. Similarly, the DABS Data Link

3—9
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capability would be available for the relay of ATC

messages and advisories at all facilities where DABS

is deployed .

• Digitized three dimensional weather information from
S the NWS weather radar would be made available in the

Near Term to the Center Weather Service Unit (CWSU)

at the ARTCC and also to some of the flight service

facilities. In the Far Term, the Joint Use Weather

Radars would provide not only digitized three di-

mensional weather data but also some information on

weather turbulence. This weather data would be ob-
t ained through the implementation of sophisticated
doppler techniques at the joint use radars . These
radars would provide weather turbulence information

to the Flight Service Data Processing System (FSDPS),

to the ARTCCs and to some ARTS III TRACONs. Other

ARTS III TRACONs would have weather turbulence data

through modifications of the terminal radars to in-

clude pulse doppler radar techniques.

• In the Near Term, weather surveillance inform ation is

provided to some flight service facilities (those with

an EFAS position) either from the NWS weather radar or

from the en route surveillance radars , depending on con-
venience of access. In the Far Term, the availability
of weather data would no longer be limited to the EFAS

position: any specialist position at the AFSS would

have access to weather radar data from the FSDPS.

• The Vortex Avoidance System and the Low Level Wind

Shear Alert Systems would be deployed at some of the

high activity airports. In the Far Term , these

3—10
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capabilities would be upgraded to the Wake Vortex Avoid-

ance System and the Advanced Wind Shear Detection System .

The ASDE—3 radars would replace the ASDE—2 at some of

the high activity airports and would be deployed at

others that currently have no airport surface detection

radars. The Tower Automated Ground Surveillance (TAGS)

Systems which would augment the ASDE—3 broadband infor-

mation by alphanumeric aircraft identity are assumed to

be limited in deployment to a few high activity airports.

• In the Far Term, new installations of landing systems

would largely be MLS. Both MLS and ILS are expected

to co—exist for some time.

• The Terminal Information Processing Sy stem (TIPS) wou ld

be deployed in all TRACONs and TRACAB facili t ies.  TIPS

would be located in the TRACON itself , but all towers

associated with TRACONs would have access to it. FDEP

equipment would thus be eliminated from all TRACONs and

associated towers. A goal of the TIPS program is extending

its implementation to VFR Tower Cab facilities.

• Deployment of terminal automation improvements, including

Metering and Spacing , Conflict Alert , and Conflict Re-

solution Adivsory , would be limited to ARTS III facilities

only.

• All of the ARTCC automation capabilities would be added

to all CONUS en route centers. These capabilities

are: Conflict Alert Enhancement , Conflict Resolution

Advisory , En Route Metering , Flight Plan Conflict

Probe , En Route MSAW, DARC , Tracking Enhancements,

Electronic Tabular Display , DABS data link , and the

CWSU.

3— 11
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• As implied in Figures 3—2 and 3—3 , it was assumed in

this report that there would be no flight service

consolidation into 20 Hubs. It is assumed , however ,

that the Flight Service Data Processing Systems

(FSDPS) would be implemented and would be colocated

with the ARTCC. Each of the Automated Flight Service

Stations (AFSS) would be directly associated with an

FSDPS. In the Near Term the improvements provided

to these facilities (AFSS/FSDPS) include automated

support to the specialist in information retrieval

and maintenance and in flight plan filing . In the

Far Term it is assumed that pilots would have access

to the data base through Direct User Access Terminals

and the Voice Response/Recognition System . Further—

more , the accessed data base is provided with cen-

tralized maintenance and distribution of weather and

f light conditions information.

• TRACON/TRACA B sites that currently have a TPX —42
capability would be upgraded either to an ARTS II

or a programmab le TPX—42 capability.

• Improvements provided to the Central Flow Control

Function emphasize more real time data and more

accurate simulations.

• The Airport Traffic Control Tower Consolidated Dis-

play (ACD) which consolidates status data currently

available on numerous displays, would be deployed at

ARTS III and ARTS II terminal areas , both in the
tower cab and in the IRACON .

3—12
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• The Tower Cab Digital Display (TCDD) would replace

the BRI TEs at primary tower cabs associated with

ARTS III terminal areas. The TCDD would display

digitized radar and alphanumeric information.

• The Remote Maintenance Monitoring System would be

deployed to service the ARTCCs navigation, surveil—

lance and air—ground communications facilities . A

host processor would be deployed at each ARTCC to

service the center’s facilities. Separate RNMS pro-

cessors are assumed to be deployed at the terminal
faci lities . These processors are associated with
the Airport Traffic Control Tower Consolidated

Display (ACD) .
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4. SINGLE THREAD OPERATIONAL DESCRIPTION

This ch apter describes the sequence of events associated with

an IFR air carrier flight departing from a high density airport ,

transiting en route airspace , and landing at a high density

airpor t .  It is recognized that the selection of any one type
of f l ight  for attempting to i l lustrate  how the ATC system works

falls far short of describing the full operational capability of

the system. It does , however, help convey more understanding

of the system than is possible in the faci l i ty  oriented discus-

sions in the previous chapters. Further , the use of the high

density terminal areas as points of departure and landing , serves

to illustrate most of the Improvement features in an operational

context. The single thread description is discussed from the

viewpoint of the ATC system operational authority . Since it is

impossible to cover all the possible ways in which various ac-

tivities get accomplished , the discussions focus on a normal

flight although some pertinent rare events are noted to illu-

strate how some exceptional events are handled .

The operationally oriented single thread was constructed under

the assumption that tI.~ mode of operation within the ATC system

would remain basically ground based . It is recognized , however,

tha t  in th e longer term certain potential  improvements such as
AERA , fu l l  use of the data link , and pos sibly CDT I cou ld cause

sig n i f i c a nt changes in the methods of operation in the delivery

of ATC services even within the constraints of the ground based

ATC system.

The first section (Section 4.1) contains a narrative description

of a single thread flight through the Current System. Section

4 .2  addresses the changes that will  take place when the Near Term

4—1 



System is available. Section 4.3 i l lustrates  the additional

changes that will take p lace when the Far Term System is ope ra—
tionalE A series of tables in Section 4 . 4  summarizes the same

information presented in a narrative fashion in Sections 4.1,

4.2, and 4.3. In those tables, changes associated with a

particular ATC function are highlighted by the use of an asterisk.

4.1 Current ATC System

Preflight Activities

Air carrier flight plans are bulk stored on magnetic tape in the

computer of the en route center where the flight begins. These

tapes are loaded daily into the en route automation system through-

out the ATC system. Any changes or cancellations to these flight

plans are communicated from the airline dispatch offices to the

ARTCC and these changes are directly entered into the computers.

At a certain time parameter prior to departure , the flight plan

data is transmitted to the departure ARTS III facility: flight

plan data is transmitted to the ARTS System , and flight strips

which present pertinent information about the flight are printed

by FDEP. Flight plan data is also transmitted through the en

route computer—to—computer link to the adjacent en route

facility where the flight is planned to enter after leaving the

departure center. This flight plan is transmitted at a specified

time parameter prior to center boundary crossing . Flight plan

data is also transmitted from the ARTCC to the departure tower

cab through FDEP at a specified time parameter before departure.

The aircraft receives the Automated Terminal Information System

(ATIS) information on the appropriate radio frequency . This

information may include runways in use, departure routes in use,

noise abatement procedures , terminal area weather , predicted de-

parture delays and NOTANs. A time parameter prior to departure ,

a flight strip carrying departure clearance information is

4—2
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printed at the terminal departure ~ector and also at the tower

cab. This information is then delivered to the aircraft by

the clearance del ivery posi tion in the tower cab us ing the

appropriate radio frequency. The clearance delivery position

passes the flight strip to the ground control (GC) position and

instructs the aircraft to switch to the CC radio frequency. The

ground controller issues taxi clearance using visual observations

or procedural separation and (at some airports) using the ASDE—2

surveillance information if his vision were obstructed . In

issuing the taxi clearance , he also uses information on the air-

craf t ’s position in the sequence of departing and arriving air-

craft. The aircraft follows the instructions of the ground

controller and heads for the runway . As it approaches the run-

way and as it joins the departure queue , the pilot is advised

to switch to the local controller radio frequency for further

instructions. The local controller clears the aircraft onto

the active departure runway and clears it for takeoff when an

appropriate departure slot is available .

Departure Activities

As the aircraft gains in altitude , it is picked up by the ATCRBS/
search surveillance sensors, and automatic tracking begins. The

aircraft data block is displayed on the controller ’s ARTS III

Plan View Display (PVD) adjacent to the aircraft position which

is derived from the broadband surveillance data. Weather and

aircraft target information are derived from a common search

radar channel. The automatic track acquisition by ARTS causes a

departure message to be sent automatically from the ARTS computer

to the ARTCC computer. The departure controller in the TRACON

monitors the progress of the aircraft as it traverses the air-

space under his control , detecting and resolving conflicts as

they arise. If the aircraft is in danger of violating

- 41 ~~~~~~~
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the minimum safe altitude , an au toma ted warn ing is given to the

controller by the terminal MSAW system . As the aircraft approach.~s

the cen ter boundary,  the en route computer automatically initiates

a track on the aircraf t , based upon inputs from the en route ATCRBS

sensors and based on correlatiTig tracking inf ormation transfer red

automatically from the ARTS computer to the en route computer .

Aircraft and weather surveillance information displayed in the en

route system is all digital with broadband as backup .

The handoff initiation process is currently automatic and is con-

ducted through an ARTS to en route computer communication . An

ind ication of the process at hand is displayed to the TRACON con-

troller on his PVD , and to the appropria te cen ter con troller on
his PVD , in the form of a blinking display. Manual handoff accep-

tance is done by the en route con troller thr ough keyboard action .

The TRACON controller then advises the aircraft to contact the en

route center on the appropriate radio frequency. A display of the

comp letion of the handoff  process is provided to appropriate con-

trollers.

En Route Activities

As the aircraft is about to enter the departure sector of the en

route airspace , the planning controller (the D—man who assists

the radar controller) examines other fligh ts and f l ight data for
conflicts with this particular flight. He does this by exatnin ing

rou tes , al titudes , and times of arrival at certain fixes. He

does this con tinuously to assure tha t all separa tion cr iteria
are expected to be met .  In the case of a potential  confl ic t , he

contacts the controllers of other sectors and requests a change

of al titude , route or speed . Tracks and flight data are auto-

matically transferred from a sector to an adjacent sector as the

4—4
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aircraft flies through the en route system . Handoff between

sectors is automatically initiated , and an indica tion of the

beginning of the handoff  process is disp layed to the appropr iate

controllers on their PVDs.

Manual handoff acceptance through keyboard action is done by the

“re ceiving ” controller . After the handoff is completed , the air-

craft is advised by the con troller to change the rad io frequency

to that of the adjacent sector which is to be entered soon after

the handoff. The p lann ing controller of the “rece iving ” sec tor
examines other f l igh ts and f l igh t data for  possible conflicts

with this particular flight. Flight p lan amendme nts are initiated
based on a potential conflict or due to pilot requests. All of

the above ac tivi ties will be bas icall y the same regardless of
whether the aircraft is flying from sector to adjacent sector

wi thin the same cen ter or whether those sec tors happen to be in

two different centers. Whenever the en route computer detects

the presence of a poten tial confl ic t , a conf l ic t aler t is displayed

on the PVD s of the sector or sec tors involved (wi thin the same

center). The controller resolves the conflict by issuing appro-

priate commands to the aircraft. If another sector is involved

he coordinates action with the radar controller of that sector .

Violation of safe altitudes are detected by the con troller by
manually comparing aircraf t al titudes and al titude changes wi th
established minimum safe altitude. The controller advises the

aircr af t accord ing ly.

The aircraf t finally enters the arrival sector of the ARTCC

which serves the destination ARTS III facility. The controller

of that en route sector gives the aircraft en route metering

ins truc tions , i . e . ,  the tim e of arrival at the ou ter/coordina tion

4—5
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fix. The en route controller ’s ac tions are based on his knowl-

ed ge of the TRACON accep tanc e ra te , desired spacing or des ired

arrival times communicated to him by the approach controller at

the destination ARTS III facility.

Descent and Approach Activities

At a time parameter prior  to the arr ival of the f l ight into the

TRACON airspace , the fligh t da ta on the arr iving aircraf t are

transmitted from the En Route system to the TRACON controller

through ARTS and FDEP. As the aircraft approaches the TRACON

boundary , tracking is automatically accomplished by the ART S

computer and tracks are displayed to the controller on his

TRACON display. These tracks are based both on ATCRBS terminal

surveillance da ta and on correla ting tracking information trans-

ferred from the en route computer to the ARTS computer. If a

confl ict suddenly developed , the en route controller is notifi~~1

through the PVD by the flashing en route Conflict Alert. If

necessary and appropr iate, the controller communicates the con-
flict alert situation to the TRACON . As the aircraft descends

towards the TRACON airspace, initiation of handoff is automatically

done , and the controllers are alerted to that by means of a

flashing display on both the TRACON PVD and the center PVD. The

approach controller accepts the handoff by keyboard action . The

en route controller advises the aircraft of contacting the approach

control facility on the appropriate radio frequency. An indica-

tion of the handoff acceptance is displayed to all appropriate

controllers. The approach controller then sequences the air-

craf t by giv ing commands which will resul t in deliver ing the
a i rc ra f t  in the prope r sequence to the runway and without any
potential conflicts. If such a conflict should develop , the con-

troller detects and resolves the conflict. The Instrument Landing

System (ILS) is used by the pilot for straight—in approaches

4—6
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during low visibility conditions. Curved approaches are some-

times used during VFR weather for noise avoidance.

Landing Ac tivities

As the a i r c r a f t  app roaches a distance of about five miles from

the runway , the approach controller advises the aircraft to

contact the local controller on the appropriate radio frequency .

He also ve rbally (b y interphone) contacts the local controller

to initiate the handoff process. The local controller provides

ATC services to the aircraft in the airspace within five miles

f r o m  the airport and until the aircraft lands. In guiding the

a i rc ra f t  the local controller uses ASR/ATCBI BRITE Surveillance
infor ~iation provided by the TRACON fac i l i ty .  If the landing
is successful , the a i rcraf t  would stay in con tact with the local
controller until it turns off of the active runway , whereupon

the local controller hands off the aircraft to the ground con-

troller. The ground controller determines the best routing and

timing of the aircraft to the assigned gate , using visual ob-

serva tions , procedural separation or ASDE—2 under low visibility
conditions. The ground controller issues the taxi clearances

to the aircraft and monitors it as it follows those instructions

in its path to the gate. The flight plan and associated data

are removed from the active file a time parameter after landing .

4.2  Near Term ATC System
Pref l ight Activities

An expected change in the near term is the increased use of the

Fuel Advisory Procedures (FAD), due to the availability of bet-

ter delay forecasting at Central Flow Control. FAD procedures

would allow controllers to give the aircraft delay credit f1r

taking a portion of the aircraft expected delay on the grot...d

Instead of In air.
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Departure Activities

A significan t change to the current system that is expected to

occur in the Near Term is in the area of the separation assurance

functions where the controller would be alerted to the occurrence
of a possible conf l ic t  by the automated Termi nal Conflict Alert
system.

En Route Activities

Several major changes are expected in the near term for the en

route centers . Firs t the planning controller (D—man ) would no

longe r have to perform the conflict  prediction associated with
the pl anning activities manually ,  but would be provided with an
automat ed Flight Plan Conf l ic t  Probe (FP CP ) which would be trig-

gered automatically based on handoff acceptance, and flight plan

amendments. Additionally, the controller himself could manually
initiate the conflict probe. The FPCP would not provide the

controller with suggested resolutions for detected conflicts.

It only predicts conflicts between a flight entering the sector

airspace and other flights either already in the sector or that
are programmed to be in the sector in a time frame such that
fli ghts being compared occupy common elements of the airspace
(routes, fixes, etc.).

In the event that the aircraft were to descend below predefined

minim um en route altitudes , an automatic alert wo uld in the Near
Term be given to the controller via the En Route Minimum Safe

Altitude Warming (MSAW ) system.

Another change is an enhancement to the metering function pro-

vided by the en route controller. Automated En Route Metering

would be implemented which would aid the controller in providing

aircraft with appropriate instructions on the time of arrival to
an outer/coordination fix.

4—8
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Better weather information would be available to the controller

due to the establishment of the Center Weather Service Unit

(CWSU). The CWSU meteorologist would be provided with an opera-

ting position for the collection , coordination, and dissemination

of center weather information. The CWSU would be provided with

three—dimensional weather data from the NWS radars.

Descent and Approach Activities

The Vortex Avoidance System (VAS ) would provide indications to
the controller of when reduced longitudinal separation between

arr ivals on f in al app roach could be used , depending on the current
wind conditions . Another major  automation aid expected to be
dvailable fo r the TRACON radar con t roller in the Near Term is

the Conflict Alert whereby the controller is provided with an

alert on his PVD whenever a conflict situation arises.

Landing Activities

En the Near Term, the local controller may use data from the Low

Level Wind Shear Alert System (LLWSAS) to advise aircraft  how to
avoid encounter with dangerous wind shear conditions. Depending

on whether the VAS display indicates a green or a red signal,
the local controller would use reduced separations or would re-

vert back to increased longitudinal separations.

4.3 Far Term ATC System

Preflight Activities

A major change affecting preflight activities in the Far Term

is expected to be brough t about by the introduction of the Ter—
minal Information Processing System (TIPS). Flight plan data

would no longer be transmitted from the en route computer to

ARTS III facilities via FDEP and the ARTS III system, but would

4_ 41 9
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be t ransmit ted  from the en route computer to TIPS and stored

there for later use by either ARTS III or the TIPS displays.

Instead of printing the departure strips (as is currently done)

to indicate en route clearance , departure information would be

displayed by ETAB S at the ARTCC departure sector , and would
also be disp layed b y TIPS on a tabular  display at the clearance

delivery position in the tower cab . The clearance delivery

position would continue (as in today ’s system) to deliver the

clearance to the aircraft and to instruct the aircraft to con-

tact the ground controller on the appropriate radio frequency.

But when the aircraft is handed off to the ground controller ,

the TIPS keyboard would be used to cause the flight data to be

displayed on the ground controller ’s disp lay instead of the
cu rrent passing of f l igh t  strips . The ground controller may

issue taxi clearances based on procedural separation or using

Improved ASDE (ASDE— 3) surveillance information if g round vis-
ibility was obscured . ASDE—3 is not only expected to replace

ASDE— 2 , but it is also expected to have wider deployment than

the current ASDE—2 . The ground controller may also use the TAGS

surveillance information which is expected to be introduced in
tower cabs of a few ARTS III facilities in the Far Term to pro-

vide alphanumeric aircraft identification to be associated with

displayed airport traffic. In issuing clearances, the ground

controller would use the sequence established by the M&S system

at the TRACON facility.

Departure Activity

In the surveillance area, the major change expected in this phase

of the f l ight  in the Far Term is that  the DABS surveillance in—
formation would be available to the controller . The ground

surveillance sites would have the capability of interrogating

4— 10
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both DABS and ATCRB S equipped a i r c ra f t .  The use of DABS dis-
crete addressing would enhance the quality of information
available to the controller since there is no possibility of

garbling associated with the DABS interrogations and replies.

Furthermore , en route tracking would be based on the en route

DAB S/ATCRB S sensor information, but targets at facility boundary

wou ld be correlated with the terminal DAB S/ATCRB S surveillance

data.

Another significant change in the surveillance data display at

the TRACON facility is that the display would be based on digi-
tized search and beacon radar and ARTS would no longer use

broadband surveillance data, except for back—up .

Another change impacting the f l ight  data available to the TRACON

controller , is the availability of the TIPS computers. Timely

and “current” flight plan and weather data would be provided

to the controller through TIPS . The controller would no longer
use f l ight progress strips , but would use TIPS units for the

entry as well as the retrieval of flight and weather information.

Conflict Alert would be complemented by the Conflict Resolution

Advisory improvement which would automatically provide the

controller with a recommended solution to the conflict. However,

should the confl ic t  continue to exist after the issuance of a

conflict alert, collision avoidance messages would be issued to

the pilot by the Automated Traffic Advisory and Resolution Ser-

vice (ATARS). These messages would be conveyed to the pilot

via the DABS Data Link and the controller would be advised of

them. If, however, the aircraft is faced with a conflict outside

surveillance coverage , the BCAS system would provide collision
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avoidance advisories in the case of a conflict with ai rcraft

equipped with either a DABS or ATCRBS transponde r with alti—

tude report ing capability.

Air Tr a f f i c  Control lers  at some of the ARTS I l l  terminal facilit ies

would be provided with three dimensional weather turbulence infor-

mation from the Joint Use Weather Radar. At other facilities ,

controllers would be provided with weather turbulence information

f ro m the ASR radar which would be modif ied to incorporate pu lse

dopp ler techniques.  The control lers  in the major te rminal  areas
would therefore  be equi pped wi th  b e t t e r in format ion  to deal wi th

thunderstorms and turbulent weather.

En Route Activities

A major change in this phase of the f l i ght is the avail ab i l i t y
to the controller of the DABS surveillance information which

would be displayed if the airc r a f t  is equipped wi th  a DAB S
transponder . The DABS Data Link would also be made available

for the possible transmission of ATC and other advisory messages.

Another change expected in this phase of the flight in the Far

Term is due to the implementation of ETABS. Whenever the Flight

Pla n Confl ic t  Prob e is exercised (due to a handoff or a f l ig ht

pla n amendment) , the planning controller would be advised of a

conf l i c t , if any,  by means of the ETAB S display . Further , the

automated handoff initiation process would be communicated to

the controllers via the STABS as well as the PVD displays. When

a conflict alert is issued , the controllers would be alerted by

both the PVD and ETABS and a recommended solution would be dis-
played to the controller. This solution would be automatically

generated by the Conflict Resolution Advisory which would be

imp lemented in the en route centers in Far Term . If the conf l i c t
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persists , the ATARS issues advisories to the pilot via the data

link and the controller is informed of them.

Another change in the far term involves an automated interface

between En Route Metering and the terminal Metering and Spacing

(M&S) systems. It is expected that either the desired spacing ,

a desired time of arrival at a fix, or the acceptance rate would

be conveyed digitally to the en route system. En route metering

inf orma tlom would also be relayed by the automated interface to
the terminal Metering and Spacing system . Furthermore , tied

into the interface between M&S and En Route metering is the

use of optimum descent profiles with the objective of minimizing

th e a i rc ra f t  operating costs and minimizing the expenditure of

fuel. Different airlines may have different descent profiles

that they prefer to use. These profiles could also vary for any

one airline depending on environmental conditions . The En

Route Metering advisories delivered to the controller are ex-

pected to be conflict free because of the anticipated integra-

tion of the Flight Plan Conflict Probe and the En Route Metering

functions.

Turbulent weather information would be made available to the

controller from the Joint Use Weather Radars. Additionally ,

the weathe r detection in general would be optimized at the ARSRs

by the use of a separate ARSR weather channel.

Descent and Approach Activities

As the aircraft approaches the TRACON/center boundary , the flight

plan data would be communicated from the ARTCC to the ARTS III

f ac i l i t y  th rough TIPS. Thus , the controllers in the ARTS III
facilities would no longer use flight strips. As in other time
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frames , surveil lance and tracking information would be communicated

for  corre la t ion f rom the en route computers to the ARTS computers

with differences being that the transmitted information would be

ba sed on DABS surveill ance ins tead of ATCRBS for  those a i r c r a f t

that  are appropria te l y equi pped , and tha t  t h i s  i n fo rmation would

go through TIPS. In the Far Term , it is expected tha t  ARTS I I I

would no longe r use broadband surveillance data for  the PVD dis-
plays , but would use di gitized information . Automated handoff

initiation to the TRACON would be displayed to the TRACON con-

troller on his PVD .

A major change expected in this phase of the f l i ght in the far

term is the availability of automated aids for the Metering and
Spacing (M&S) function to assist the approach controller in

conduc ting his duties. The M&S algorithm would include multip le

runways , ar r ivals , departu r es , tower en route and VFR a i r c r a f t .
It is also expected that p rof i le  descents based on the controller ’s

reques t would be considered by the M&S algorithm . Optimum pro-

f i l e  descen ts for  var ious aircraf t and und er vari ous condi tions
would be provided by the a i r c r a f t  ope ra tors .

The TRACON controller in charge of metering and spacing is ex-

pected to obtain information from a more sophisticated tower cab

automation aid that would predict the wake vortices based on

environmental conditions and aircraft characteristics . Currently ,
the Wake Vortex Avoidance System (WVAS) and the M&S system de—

signs include limited provisions for an automated interface. A

more ex tensive in terfa ce would permit M&S to automatically
assist the controller with reorgan izaing the arrival  stream when
suggested longi tudinal  separation standards are changed based
on vary ing wake vortex conditions .

4—14
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Another expected change is the detection of potential aircraft

collisions . If the aircraft was faced with a conflict with

anothe r a i r c r a f t , a recommended solution is displayed to the

controller . This solution would be generated automatically

by ~he Terminal Conflict Resolution Advisory function. If the

conflict alert persists , the ATARS system would provide messages

to the p ilot via the DABS Data Link , and the controller would

be advised of these messages . If the a i rcraf t  in the terminal
a rea is outside the  ATAR S service area, the airborne collision

avoidance system , SCAS , provides appropriate commands to the

pilot , provided the aircraft is ECAS equipped and the intruding

aircraft has either a DABS or ATCRBS transponder with altitude

reporting capability.

Another expected change associated with descent is due to the

introduction of the Microwave Landing System (MLS). As the air—

craft enters the approach airspace , it  could use MLS for pre—
cision guided curved approaches . At some locations , these ap-
proaches could make more flexible use of existing airspace than

the st raight—in ILS type of approaches .

Landing Activities

As the aircraft approaches the tower, the approach controller

would hand—off the aircraft to the local controller. Flight data

would appea r on the local controller ’s TIPS display, and on his

situation display . During landing, the local controller would
advise the aircraft of the data on environmental conditions. This

data is made available to him through the Wake Vortex Avoidance

System (WVAS) and the Advanced Wind Shear Detection System (AWSDS).

WVAS and AWSDS information would be displayed via the ATC Tower

Consolidated Display (ACD). Furthermore , digital surveillance
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data is made available to the local controller through the Tower

Cab Digi tal Disp lay (TCDD). TCDD improves the display presenta-

tion. When the aircraft lands and upon turning off the active

runway,  the local controller  would handof f  the a i r c r a f t  to the
ground con troller by TIPS keyboard action . The ground controller

would issue taxi instructions using visual observation , procedural

separation or ASDE—3/TAGS ground surveillance informat ion if

the airport is so equipped and if the controller ’s vision is ob-

structed . The flight plan would be taken off active file from

both en route and TIPS computers according to certain pre—defined

time parameters after landing .

4.4 Single Thread Summary

Tables 4—1 through 4—5 present a summary of the opera tional
ac tivities associated wi th the sing le thread of an IFR air
carr ier f l igh t throug h high density airspace. The tables il-

lus tra te how the even ts associa ted wi th the sing le thre ad change
in time depending on the system configuration. Table 4—1 dis—

cusses pref l ight activities ; departure activities are summarized
in Table 4—2; Table 4—3 addresses en route a c t i v i t i e s ;  Table 4—4
illustrates descent and approach ; and finally , Table 4—5 illus—

t rates landing ac t iv i t ies .
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CURRENT SYSTEM N EAR TERM SYSTEM FAR TERM SYS~

14 . AS A/C DEPART S. AUTOMATIC TRACKING IS NC 
* 

S AS A/C DEPARTS A1’TOMAT
ACCOMPLISHED BY ANTS BASED UPON ATCR RS/ IS ACCOMPLISHED BY ARTS
SEARCH RADAR SURVEILLANCE. BROADBAND DABS/A TCRES/S FARCH RADA
SURVEILLANCE DATA DISPLAYED Ill ARTS PVD. DIGITIZED NL’RVEILLANCE

1)5 ARTS PVD.

11 • AUTOMATIC TRACK ACQUISITION CAUSES A NC IC
DEPARTURE MPSSAGE TO BE SENT AUTO MATICALLY
PR OM ART S TO NAS.

* *16 • IF CONFLICT OCCURS , CONTROLLER HAS 10 • IF CONFLICT OCCu RS , CONTROLLER IS • CONTROLLER IS AUT OMATE!
• DETECT AND RESOLVE. ALERTED BY TERMINAL CONFLICT Al ERT WITH A CONFLICT RESOLUI

CONTROLLER RESOLVES CONFLICT IF CONFL ICT PERSISTS. 4
MANUALLY . CA MAY BE COSQ-(KNICATED ADVISORIES TO PILOT V14
TO ARTCC. AND CONTROLLER IS IN FOI

17 . IF A/C IS DANGEROUSLY CLOSE TO VIOLATING NC
MINIMUM SAFE ALTITUDES , TERMINAL MSAW NC
WARN S CONTROLLER.

18 • S EARCH RADAR RETURNS ARE USED FOR NC * • 3D WEATHER TURBIJLENCF I
WEAT’rlER INFORMATION ; WEATHER ANT) OBTAINED THROUGH JOINT
BEACON REPORTS ARE SENT OVER RADAR. SEPARATE ASR ~
SAME CHANNEL. USED TO OPTIMIZE WEATHI

19 • IF A/C IS OUTSIDE SURVEILLANCE NC * • IF A/C IS OUTSIDE SURVI
COVERAGE AND IT GETS INTO A CON— COVERAGE SKI) GETS INTO
FL I C T S I T UA T I O N , PILOT DETECTS FLICT SITUATION , BCAS
VISUALLY AND TAKE S CORRECTIVE ACTION . P ILO T AND GIVES CORRECI
CONTROLLER COULD ASSIST. CO)-~-’.ANDS .

20 • AS A/C APPROACHES CENTER/TRACON NC • AS A .’l APPROACHES CEWE
BOUNDARY , NAS TRACKS A/C BASED ON BOL’VlAR’. , GAS TRACKS A
ATCRBS/SEARC H RADAR SENSORS AND DABS ATC RB S/SEARCH RAfl
CORRELATES WITH TRACKING INFOR— AND CORRELATES WITH TP~MATION TRANSFERRED AUTOMATI— FORMATION TRANSFERR~~
CALLY FROM ARTS TO NAS . P115’ ARTS TO NAS THR~~

21 S AUTOMATIC HANDOFF INITIATION ANT) NC * • AUTOMATIC HANDOFF INtl
DISPLAY OF IIANDOFF ON TRACON AN!) PISPLAY OF HAI’OOFF ON
CENTER PVD . CENTER PVD AND ON CENI

22 • MANUAL HANDOFF ACCEPTANCE BY .N NC NC
ROUTE CONTROLLER (THROUGH KEY-
BOARD ACTION).

23 • AIRCRAFT ADVISED TO CHANGE RADIO NC NC
FREQUENCY TO THAT OF ARTCC DEPARTURE
SECTOR.

NC NC) CHANGF INCL1’DED IN CURRENt PSI) PLANS .

7
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!ERM SYSTEM REMARKS

AUTOMAT I C T R A C K I N G
BY ARTS BASED UPON

ICRI RADAR SURVEILLANCE.
ILLAI1CE DATA I)ISPI.AYED

NV’ . HAS —— ARTS COMMUNICATIONS
ACCOMP LISHED THROUGH TIPS IN
FAR TERM.

‘IITOMATICALLY PROVIDED
RESOLUTION ADVISORY .

SISTS , ATARS ISSUES
ILOT VIA DATA LINK
IS INF ORMED OF THEM.

NC . A POTENTIAL IMPROVEMENT IS WARNING
THE PILOT VIA DATA LINK.

ULENCF INFORMATION • HAZARDOUS WEATHER INFORMATION COULD
H JOINT USE WEATHER POTENTIALLY BE SENT TO PILOT VIA
E ASR CHANNELS ARE DATA LINK .
B WEATHER DETECTION .

DE SURVEILLANCE
I’S INTO A CON—

• BCAS W ARNS
CORRECT IVE

~ S CES4TER/TRACON
lACKS A/C BASED ON

~ CH RADAR SENSORS
WITH TRACKING IN-
-FERRED AUTOMAT I CALLY
S THROUGH TIPS .

1FF INITIATION AND
10FF ON TRACON AND
ON CENTER ETAIIS.

NC

NC . THIS FUNCTION IS A CANDIDATE
FOR DATA LINK.

TABLE 4-2
- SINGLE THREAD FOR AN AIR CARRIER FLIGHT—DEPARTURE ACTIVITIES

~ANS. 
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REMARKS

RAISED I’S ‘S TIME P,NPJ,l1}1IFR,

I THIS F N’ I I I ’ S  IS CANDIDATE FOR DAT,5 LINK,

HAZAKSII ’, NTA TNER LNF ’OKMATI’)TL
COt’! [I I’ ITFNTIAI .I Y  Al. SENT TO
PILOT V I A  ‘-51,1 I If-i)!

PII.OT COULD BE ALERTED VIA DATA LINK.

HETERINP. CONNAPROS ARE CANDIDAIF.
FOR DELIVERY BY DATA lINK.

l AB !  - 4 . 5
NI’,).! I 111K! Al ) I-OK -N’. AIR (ARRII I! I-tI (.I IL I-N RI)! II A! 11 5 1 1 1 1 ’,
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I’VRR)’FI SYSTPY’I NEAR I’EBI-’ SYSTEM 5 ,0) 151’!” 11011”

17 5 PP DATA ON ARRIVIN). AIRCRA FT TRANSM !TTFS FRI1M 1/ 5 Fr SAl,’, ON BlOC ‘SI )‘ k/,5’ ,9I’ Ill
l ESTER TI) TRAI’ON THRLI ARTS A P’DFP. FROM CENTER TO IF-K),)’. THROIX’,H TIPS.

18 • AS A/C APPROACHES CENTFR/TRACI)N BOUNDARY NC * 
• AS A/C APPROACHES I 55115 ‘TPA) .I)’i

ARTS TRACKS A/C BAZIF.D ON ATCKZS/SEARCII BOUNDARY , ARTS ! HI  A/C BASS I ’ OIL
RADAR SENSORS AN!’ ON TRACKING INFORMA I)AIIS/ATCRBS/SEARC II RAI,AP ‘,E\’..sE’. AND
111 ’S TRANSFERRED AUTI)MA’TICALLY FROM NBA ON ‘O R) ELATI NI. ISA ) S i ! ’.)  !‘.l - l)l,M.A)  III’,
TO ART S , RROADBAN!) SURVEILLANCE DATA TRANJFERRF.U AUTOMATICALLY )5 I l~ ‘lAS ‘tO
DISPLAYED ON ARTS IVD, ARTS THROVCH TIPS , DIGITIZE!) ‘S RI ! , ! ! .—

LANCE DATA DISPLAYED 1)5 *5,1’. P50.

39 • IF CONFLICT SUDDENLY DEVELOPS • EN ROUTF FIG 
- 

• CA IS 0105,11 FIs  U’S 1111CC PCI. (I)’ .-
CA IS DISPLAYED ON CENTER CONTROLLER PVI). FLI( ’T RESOLUTION ADVISORIES ARE
CONFL ICT IS COMMUNICATED VERBALLY TO TRACON AI’TOMATICA! l . Y l I ’ . V 1 1 1 1 i l . IF 1 )51! ICT
IF APPLICABLE. PERSISTS , AJAR ’  ISSI’ES A.DV! f - I ) l,’’.FS

TO PILOT VIA DATA LINK , Bill) JO’S-
TROI,LER IS IRFORMFO OP TH1~~.

40 • AUTOMATIC HA.NDOFF INITIATION A DISPI.AY OF NC * 
• AL’TO FIANDOFF INITIATION *551, DISPLAYHANDOFF ON TRACON AND CENTER PVD. 

Il’S HAM!)OFP 1’)’ TRACON AND CFSTFS PVI5%
AND (15 CENTER ETAR’..41 . MANUAL HANSOFF ACCEPTANCE ES T RACON CONTROLLER ‘Sc ‘SC(THRU KEYBOARD ACTION).

42 • A/C ADVISED TO CHANCE RADIO FREQUENCY TO NI: sc
THAT OF IRACON APPROACH CONTROL ,

43 • APPROACH CONTROLLER SEQUENCES THE A/C AND 
A 
• A CERTAIN LONGITUDINAL SEPARATION • AI,’TOIVA I’ED MPIIFRINP. a YPACINC 15*1,1

RESOLVES POTENT IAL CONPLICrS AS lIPS REFINES STANDARD RECOMMENDED RAISED ON VAS . AIDS THE AI’PROACM C ONTROLLER IN IS’! DINGTHE SEQUENCING OF THE A/C. THE A/C If- S HIS AIRSPACE. VASIIA’AS PRO—
VIDF1S LONG ITUDINAL SEPARATION ‘STAN TlARDS .
HAS INTERFACFS WITH CONFLICT ALERT,

44 • IF CONFLICT SUDDENLY DEVELOPS . CONTROI.LER * 
• IF CONFL I CT SUDDENLY DEVELOPS, CONTROLLER * 

S IF CONFLICT DEVELOPS CONTROLLER ISHAS TO DETECT AND RESOLVE. IS ALERTED BY TERMINAL CA. ALERTED BY TERMINAL CA. CONFLICT
REOSLIJTION ADUVSORIES AR.}1 AUTOMATICALLY
I’RSiIEMTF.S TO CONTROLLER Il’S DISPLAY .
IF CONFLICT PFRS!STS , ATARII 1Sf-l I ES
ADVISORIES TO FILlIP VIA DATA I I’ll
AND CONTROLLER IS ADVISED OP TIlE’..

43 . CURVED APPROACHES ~,IRINC VFR Il-RATHER FOR NC * 
• ‘s/C COULD F_XECS’TF PRECISION )!I’IflFD

NOISE AVOIDANCE. STRAIGHT IN APPROACH CL’RVED APPROACH 5151 ILL” !‘Nl)F’EDURING LOW VISIBILITY USING ILS GUIDANCE. ROTH IFR AlIT) V P’)) )‘)‘lN!IIT IO’S S

NC - NO CHANCE INCLUDED IN CURRENT EAT! FLAIlS.
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RR1)AARS

• A 11)15 PARANETER I’RII) R TI) BOUNDARY
I 5,11,5)5,; ,

ID

TO
ilL-

IS

• CANDIDATE FOR DATA LIME .

• AUTOMATED INTERFACE BETWEEN WAS AND MAS
DING MAY BE USED. HAS COPQ4.AI4DS COULD RE P0—
PRO- TENT 1ALLY C~ 4MIJNICATED TO PILOT VIA DATA
lARDS. l I NK ,

- 
RUT

TAB I.E 4 4
SINGl E THREAD FOR AN AIR CARRIER FLIGHT . DESCENT AND APPROA )~H ACTIVITIES
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CURRENT SYSTEM NEAR TERM SYSTEM FAR TERM SYST~~

46 . APPROACH CONTROLLER ADVISES A/C TO CONTACT NC NC
LOCAL CONTROLLER (IC) AT THE LU RADIO
FREQUENCY .

*47 . APPROACH CONTROLLER CONTACTS LC BY NC . BY KEYBOARD ACTION APPROAC
INTERPHONE TO HANDOFF CONTROL OF IROLLER CAUSES FLIGHT DATA
A / C .  ON LC TIPS  AND SITUATION D

THUS HANDING OFF A/C CONTI
LOCAL CONTROLLER.

* *48 . LOCAL CONTROLLER PROVIDES ATC . LC ADVISES A/C OF WIND SHEAR • LC ADVISES A/C OF ENV IROIM
SERVICES TO A/C DURING LANDING . CONDITIONS USING LLWSAS DATA. CONDITION S USING WVAS AND
BRITE DATA IS AVAILABLE TO LC. LC ASCERTAINS THAT SEPARATION DIGITAL SURVEILLANCE DATA

IS CONSISTENT WITH VAS ADVISORES. AVAILABLE TO LC THROU( H ‘TC

*49 . UPON LANDING AND TURNING OFF THE NC • UPON LANDING AND TTJRNINC
ACTIVE RUNWAY LOCAL CONTROLLER ACTIVE RUNWAY , LC BY KEYIC
HANDS OFF A/C TO GROUND CONTROLLER CAUSES FLIGHT DATA TO APPI
(CC). LC ADVISES A/C TO CONTACT GROUND CONTROLLER TIPS DII
CC ON GC RADIO FREQU ENCY .

*50 . GC DETERMINES BEST ROUTE TO ASSIGNED NC • CC DETERMINES BEST ROUTE 1
GATE USING ASDE—2 GROUND SURVIELLANCE GATE USING ASDE-3 OR TAGS
WHERE AVAILABLE AND IF VISION IS AT SOME AIRPORTS .
OBSTRUCTED.

51 S CC ISSUES TAXI INSTRUCTIONS . NC NC

52 . A TIME PARAMETER AFTER LANDING THE NC S A TIME PARAMETER AFTER LA
FLIGHT PLAN IS TAKEN OFF ACTIVE PLIGHT PLAN IS TAKEN OFF
FILE IN THE NAS SYSTEM. IN BOTH HAS AND TIPS

NC — NO CHANGE INCLUDED IN CURRENT EA D PLANS.

_ _ _ _ _ _ _ _ _  _ _ _  ~~~~~~~~~~~~~~
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REMA RKS

• A CANDIDATE FOR DATA LINK.

*GH CON-
r* TO APPEAR
DISPLAYS.

I’ROL TO

MENTAL
B AWSDS .

~ IS
TCDD .

OFF THE • FREQUENCY CHANGE COMMAND IS CANDIDATE
~IOARD ACTION FOR DELIVERY VIA DATA LINK .
~PEAR ON
flSPLAY .

B TO ASSIGNED
GS SURVEILLANCE

• A CANDIDATE FOR DATA LINK.

LAND ING , THE
‘P ACTIVE FIL’I

TABLE 4.5
SINGLE THREAD FOR AN A IR CARRIER FL IGHT . LAND ING ACTI V ITIES
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5. TENTATIVE IMPLEMENTATION SCHEDULE

Figure 5—1 presents a tentative implementation schedule for the

var ious impr ovemen ts tha t are expe ct ed to be imp lemented in the

ATC system in both the Near and Far Terms. The schedule is or-

ganized by facility starting with the ARTCC and proceeding in

accordance with the organization adopted in’ the rest of this

report. Within any f a c i l i t y , the schedule is organized so that

the improvements whose implementation starts earliest are men-

tioned first , regardless of the expected completion date. The

schedule  s tar t s  w i t h  the expected date of implementation of the

imp rovement at the first site and ends with the implementation

at the last site. The implementation date at a site means that

the operational capability becomes available at that site, Some

of the schedules reflect an FAA approval for  implementat ion but
in many cases ( e . g . ,  ETABS ) a decision has not yet been made to

implement the function . Those functions that are approved by

the FAA for imp lementation are noted. The schedules are based

on the best estimate available from personnel associated with

the specific projects listed . Some of the schedules may prove

to be optimistic when viewed in ligh t of availability of funds

and internal FAA priorities; hence , they should be viewed as

representing earliest possible implementation dates, Additionally,

the schedules assume that all the improvements discussed herein

will  be Implemented . That may also be another optimistic view .

5—1
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AP P ENDIX A

ABBREVIATIONS AND ACRO NYMS

ABDIS Automated Se rvice B Data Interchange System
ACD Airport Traffic Control Tower Consolidated Display
ACD Automatic Call Distribution
AERA Automated En Route Air Traffic Control
AFCD Airpor t Facili t ies Consolida ted Display
AFOS Automation of Field Operations and Services
AFS Airway ~‘acili ties Service
AFSS Au tomated Flight Service Station
AFTN Aeronautical Fixed Telecommunications Network
A/G Air/Ground
A/C/A Air to Ground to Air
AGL Above Ground Level
AIRS Airport Information Retrieval System
ALWOS Automated Low—Cost Weather Observation Systems
ARO Airline Reservation Office
ARS R Air Rou te Surveillance Radar
ARTCC Air Route Traf f ic  Con trol Cen ter
ARTS Automated Radar Terminal System
ASDE Airport Surface Detection Equipmen t
ASR Airport Surveillance Radar
ATARS Automated Traffic Advisory and Resolution Service
ATCBI Air Traffic Control Beacon Interrogator
ATCRBS Air Traffic Control Radar Beacon System
ATCSCC Air Traffic Control Systems Command Center
ATIS Automated Terminal Information System
ATS Automated Terminal Services
AUTOVON Automatic Voice Network
AV—AWOS Aviation Automated Weather Observation System
AWP Aviation Weather Processor
AWS Air Weather Service
AWSDS Advanced Wind Shear Detection System
AWSS Airborne Wind Shear System

BCAS Beacon—Based Collision Avoidance Syst em
BRITE Bri ght Radar Indica tor Tower Eq uipmen t
BUE C Back—Up Eme rgency Communicat ions

CAL Commercial Airlines
CARE Central Altitude Reservation Function
CCC Central Computer Comp lex
CCP Contingency Command Post
CCTV Closed Circui t Television
CD Common Digitizer

A-l
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CDC Computer Display Channel
CFC Cen t ral Fl ow Cont rol
CFJC Central Flow Jacksonville Computer
CHA Contro l Message Automation
CONUS Conterminous United States
CRD Computer Readout Device
CS/T Combined S tat ion/Tower
CTA Calculated Time of Arrival
CWSU Center Weather Service Unit

DABS Discrete Address Beacon System
DARC Direct Access Radar Channel
DCS Data Communications Subsystem
DDD Direc t Dis tance Dialing
DEDS Data Ent ry and Displ ay Subsys tem
DF Direc t ion Finder
DME Distance Measuring Equipment
DR&A Data Record ing and Analysis
DTE Data Terminal Equipment
DUAT Direct User Access Terminal

EBCDIC Extended Binary Coded Decimal Interchange Code
EFA S En Route Fli gh t Adv isory Service
EMSAW En Route Minimum Safe Altitude Warning System
ETABS Electron ic Tabular Display Subsystem

FAD Fuel Advisory Depar ture
FAX Facsimile
FDA D Full Digital ARTS Display
FDEP Flight Data Entry and Printout
F&E Facilities and Equipmen t
FP Fl ight Plan
FSAS Flight Service Automation System
FSDPS Fligh t Service Data Processing System
FSH Flight Service Hub
FSS Flight Service Station
FTS Federal Telephone Sys tem
FWS Fl ight Watch Specialist
FX Fore ign Exchange

GA General Aviation
GPS Global Positioning System
GOES Geostationary Operational Environmental Satellite

HSP High Speed Pr in ter
BUD Head Up Disp lay

A-2
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ICAO Internat ional Civil Aviation Organization
IFR Instrument Flight Rules
IFSS International Flight Service Station
ILS Instrument Landing System
IOCE Input/Output Control Elen~ nt

LASS Line Automatic Sensing and Switching
LF Low Frequency
LLWSAS Low Level W ind Shear Alert System
LORAN Long Range Navigation
LRCO Limited Remote Communications Outlets
LSR Limited Su rve illance Radar

MIL Military
MLF Medium Low Frequency
MLS Microwave Landing System
M&S Metering and Spacing
MSAW Min imum Safe Al titude Warn ing
MTBF Mean Time Be tween Fa ilure
t’ff BR Mean Time Between Repair

~‘ffD Moving Targe t De tector
MTI Moving Target Indicator

NADIN Natioi al Airspace Data Interchange Network
NAFAX Nat ional Facsimile Circuit
NAFEC National Aviation Facilities Experimental Center
NAS Nat ional Airspace System
NASCOM National Aviation Systems Communications
NATCOM National Communicat ions
NAVAID Navi gational Aid
NDB Nondirectional Beacon
NOAA National Oceanic and Atmospher ic Adminis tra tion
NO RAD North American Air Defense Command
NOTAN Notice to Airmen
NNC National Meteorological Center
NWS National Weather Service

OAG Official Airline Guide
ORB Operational Readiness Demonstration
OTC Over the Counter

PATWAS Pilot Automatic Telephone Weather Answering Service
PDME Precision DME
Pt REP Pilot Weather Report
PVD Plan View Disp lay

A- 3 — 
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RCAG Remote Commun i cat ions A i r — G r o u n d
RCO Remoto Communica t ions  O u t l e t
RCCS Radio Communica t ions  and Con t ro l  Sy s t e m
RCS Radio  Communicat ions  Subsy s tem
RDF Radio  Di rect ion Finder
RML Radar  Microwave Link
RNM S Re mote Main tena cioc Moni tor  Sy s t e m

Area Navi g a t i o n
R/T  R OL - e i v e r / T ran s ln i t t e r
RTR Remote T r a n s m i t te r / R e c e i v e r
RVR Runway Visual  Range
Rx Receiver

SAC St r a t eg ic Ai r  Comman d
SAM Sv~ tem A c q u i s i t i o n  Managemen t
SAMO S Semi—Automa ted  Meteoro l og ical O b s e r v a t i o n  Sy s t e m

P SCC (ATC) Sy s t e m  Comman d Cente r
SF0 S ing le  Frequency Out let
SFSS S a te l l i t e  Field S er v i c e  S t a t i o n

Sy stem Ma in tenance  M o n i t o r i n g  Console
S RAP Sensor Rece iver and Processor
SRG ~~‘stems R e q u i r e m e n t s  Group
STC Sensitivity Time Contro l
SW L Severe W~~ithe r Labs
SVSS Small Vo ice  S w i t c h i n g  Sy s t em

TAG Tact ica l  Ai r  Command
TACAN Tact ica l  Air  Navi g a t i o n
TAGS Tower A u t o m a t e d  Groun d S u rv e i l l a n c e  Sys tem
TCDD Tower Cab Di g i t a l  Disp lay
TCS Technical Control Subsystem
TDP Technical Data Package
TIPS Terminal Info rmation Processin g System
TSARC Transportation Systems Acquisit ion Review Council
TRACAB Terminal Radar Approach Control , Tower Cab
TRACON Terminal Radar Approach Control , IFR Room
TRSB Time Re feren ce Scanning Beam
TTY Teletypewriter
TWE B Transcribed Weather Broadcast
Tx Transmitter

VAS Vortex Advisory System
vA.sr Visua l Approach Slope Indicator
VCS Voice Communica t ions Subsystem
VFR Visual Fli ght Rules
\ICON Visual Confirmation of Voice Takeoff Clearance
VLF Ve ry Low Frequency
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\MC Visual  Me teorological  Condi t ions
VOR Ve ry High Frequency Omn irange S t a t i o n
VORTAC Colocated VOR amd TACAN
VRS Voice Response System
VSCS Voice Switching Control System
V .T. Vacuum Tube

WAVE Wind and Altimeter Voice Equipment
WBRR Weather Bureau Remote Radar Recorder
WECO Western Electric Company
S’FMU Weather and Fixed Map Unit
WMSC Weather Message Switching Center
WSFO Weather Service Forecas t Office
WSR Wea ther Servi ce Radar
WVAS Wake Vortex Avoidance System
Wx Weather
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