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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 

This document summarizes work performed by MITRE Metrek for the 

FAA I s Office of Systems Engineering Management Technical Programs 

Division (AEM-200). The objective of the task was to: 

describe the CONUS ATC system after current major E&D 

features are developed and integrated into the operational 

system, 

identify and describe the interfaces between systems 

that will have to be provided, and 

identify and describe design and time phasing concerns 

that need to be addressed by the FAA. 

1.1 Scope 

The scope of the project was limited to systems within CONUS 

operated by the FAA that are directly related to the provision 

of ATC services. In addition, the system improvements 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 interfaces with other systems 

could be examined. Such efforts as the Automated Terminal 

System (ATS) and Automated En Route Air Traffic Control (AERA) , 

for example, were considered to be at a preliminary stage of 

development and were not considered in detail, but their 

potential impact was briefly noted where applicable. Evolu

tionary system improvements planned for widespread implementation 

by the Air Traffic Service (AAT) and the Airway Facilities 

Service (AAF) were also included, but limited application sys

tem patches were excluded. 

This description considers the transition of the current ATe 

1-1 
FAA WJH Technical Center 

I111111 11111 11111If 11111 11111 11111 mil 1111 111I 

00092044 



system to the time period when most major element of the cur

rent E&D program will be implemented. Although it was difficult, 

and not essential to this document, to select specific implemen

tation dates, the period covered roughly extends until the 1990 

time frame. 

The system description is limited to normal mode operations in

tended to provide ATC services to users. As a result, certain 

functions are not considered. These functions include failure 

mode operations, administrative features, and system maintenance 

and record keeping functions that are purely internal to the FAA. 

Some remote maintenance and monitoring improvements that are an 

integral part of future operational systems are included, however. 

Finally, the system description was intended to serve as an in

ternal planning aid based on current management decisions as to 

the proper courses of system design action. The document does 

not try to justify these decisions or examine system-wide al

ternatives to these planned courses of action. Cost, benefit, 

and system requirements relationships were not examined. However, 

the need for additional studies of this sort to select among 

known active alternatives or to explore system additions where 

no design decisions have been made, were noted as a part of the 

identification of interface planning concerns. 

1.2 Approach 

To meet the stated objective, a strawman future ATC system des

cription was prepared to illustrate the expected ATC system 

configuration if current FAA system improvement plans were 

realized. This description is facility-oriented and focuses on 

the technical operation of the hardware, software, and sensors 

used by ATC personnel to deliver new or improved services. 

1 
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This description shows how the particular ATC facilities are 

connected to other parts of the system and how these facilities 

and their associated connections are expected to change over 

time. Features that do not change are either deemphasized or 

set aside. 

1.2.1 ATC Facilities 

For this study the ATC system was subdivided into facilities as 

noted in Table 1-1. The grouping of facilities falls along 

rather natural lines with some arbitrary assignments being made 

for some services. For example, the flight plan data distribu

tion system for TRACON and towers was primarily treated in the 

TRACON Facility chapter as the TRACON is generally a user of 

the current Flight Data Entry and Printout (FDEP) and is pro

jected to be a user of the future Terminal Information Processing 

System (TIPS) equipment, although tower facilities may also use 

this equipment. Also, ATC services, such as separation assurance 

that use features that reside in a number of facilities were 

discussed in several chapters of the document. For example, the 

Beacon-based Collision Avoidance System (BCAS) and Automated 

Traffic Advisory and Resolution Service (ATARS) were described 

in both the En Route and TRACON chapters. 

1.2.2 Time Periods 

Facility descriptions were prepared for three time periods: 

Current, Near Term, and Far Term. The "current system" was 

defined as consisting of those systems substantially in 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 is 
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6. Flight Service Facilities 

7. Surveillance Facilities 

8. Navigation Facilities 

9. Communication Facilities 
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Primary Operational Services ProvidedFacilities 

ARTCC 

ARTS lIlA, ARTS Ill, ARTS II, 
TPX-42 

Tower Cabs, electronic ground 
traffic su"veillance, wind shear 
and wake vortex monitoring 

ATC System Command Center 

FSS, Automated FSS, Flight 
Service Data Processing 
System, Aviation Weather 
Processor 

Search Radar, ATCRBS, DABS, 
Joint use weather radar 

VOR/DME, TACAN, RNAV, ILS, 
MLS, NDB 

FAA voice and data input, 
output, switching, signaling, 
transmission, receiving and 
distribution facilities 

En route ATC control and flight data 
handling of IFR flights 

Terminal ATC control of IFR and VFR 
arrivals, departures, ~nd overflights 

Airport ATC control of IFR and VFR 
landings, takeoffs, and ground traffic 

Central IFR traffic flow management and 
central ATC emergency command center 

Preflight and weather briefing, VFR flight 
plan filinE and monitoring, IFR flight plan 
filing, emergency location and search coor
dination services, weather and flight con
dition data acquisition and dissemination. 

Electronic surveillance of airborne 
aircraft via primary and secondary radar 
and radar surveillance of weather 

Electronic guidance for en route, terminal 
and landing operations 

Voice and data communication linking the 
facilities cited above -- ground/ground 
and ground/air/ground 
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the reference point for examining system changes and is presented 

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

changes. This description is incomplete in most cases and is not 

intended as a tutorial on current system operations. 

The "Near Term system" was defined as the Current system modified 

to include those system improvements that could, according to 

current system plans, be substantially implemented by the end of 

calendar year 1982. Many of the anticipated Near Term improve

ments 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 Current system modified 

to include implementation of all system improvements in the cur

rent FAA E&D and operational service programs excluding non-CONUS, 

non-ATC, or long range research system improvements. This post

1982 Far Term system is somewhat tentative because of the addi

tions, deletions, and modifications that naturally occur in a 

dynamic research and development program. 

1.2.3 Document Structure 

The work undert.aken in this study is reported in several docu

ments. Volume II describes the system evolution and interfaces 

for specific facilities. Volume I merges the specific facility 

information in Volume II into a description of the overall sys

tem configuration. A series of short papers that focuses on the 

system configuration and design questions that FAA management will 

be considering as the future ATC system evolves was also prepared 

during the course of the study. These papers were prepared as a 

result of the major assumptions that were made in this document 
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as to how specific E&D products would be incorporated into the 

ATC System. 

Each facility description chapter in Volume II follows roughly 

the same outline. The intent was to highlight system interface 

requirements between particular facilities and between particu

lar improvements within a given facility for each of the three 

time periods. For example, the En Route Facilities Chapter 

highlights interfaces between ARTCC automation and en route 

surveillance sites as well as interfaces internal to the ARTCC 

automation, such as between the Electronic Tqbular Display Sub

system (ETABS) and the Direct Access Radar Channel (DARC). 

Each facility description in Volume II consists of: 

• 

• 

an improvements summary. 

a connectivity diagram. 

I 

J~ 

• an information flow diagram. 

• a tentative implementation schedule. 

• an interface planning summary. 

The improvements summary gives a brief description of the nature 

of each improvement and the expected advantages that will accrue 

to the system by its implementation. 
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The connectivity diagram specifies the type of data directly re

lating to the delivery of ATC services and the general transmis

sion media (directly wired, digital data channel, teletypewriter 

channel, video channel, or facsimile transmission) associated with 

interfaci1ity communication links. Within the facility chapter, 

the designation of communication media is at the general level; 

the specific FAA leased or operated switching and transmission 

capabilities used for these links is given in the Communication 

Chapter. 

The information flow diagram presents the specific inputs, out

puts, and internal functions that must be accomplished for each 

ATC system improvement. 

For each of the preceding sections, the emphasis is on the sys

tem interface changes that will occur in the two time periods, 

with minimum attention given to explaining the operation of the 

existing system except as a point of reference. 

The tentative implementation schedule is based on projected tech

nical data package (TDP) handoff dates for Far Term improvements 

and on budgetary information for most Near Term improvements. 

The implementation dates shown follow TDP handoff by one to three 

years, depending on the estimated complexity of the procurement. 

The changeable and rather optimistic nature of these estimates, 

particularly for Far Term items, limits their usefulness in ex

amining fine grained precedence relationships. 
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The interface planning summary cites two types of system con

cerns: "interface/evolution open items" and "interface adjust

ments." The topics included in the "interface/evolution open 

item" category require examination and decision at or above the 

FAA Division Chief level. In general, they involve major 

assumptions that were made in this document as to how the ATC 

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

"interface adjustments" can generally be resolved below the 

FAA Division Chief level and generally involve minor changes 

in system plans. Many of the adjustments and open items dis

cussed in this section have been under review by FAA managers 

as this document was published. The circumstances that prompted 

citing open items were generally of a transitory nature and are 

likely to be modified substantially in a short time. 
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2.	 EN ROUTE FACILITIES 

As described in this chapter, an En Route Facility consists 

generally of those portions of the en route air traffic control 

system that are contained in the ARTCC (Air Route Traffic 

Control Center) building. The facility consists of en route 

ATC (Air Traffic Control) system equipment, en route ATC 

system software, and the personnel associated with this equip

ment and software. Other equipment and functions are physically 

located at en route facilities but are not discussed in this 

chapter. For example, NADIN (National Airspace Data Interchange 

Network) concentrators, NADIN switches, and voice radio equip

ment are, or will be, located at en route facilitiesJ These are 

described in Chapter 9. Similarly, Flight Service Data Process

ing Systems (FSDPS) are to be located at ARTCCs but are described 

in Chapter 6 rather than in this chapter. 

The emphasis in this chapter is on those en route functions 

directly related to the providing of ATC services. Administra

tive functions, maintenance, logistics, etc., are not included. 

The communications within the building and between the building 

and other elements of the system are generally not described; 

however, the external interfaces and the types of information 

sent	 across these interfaces are indicated. 

The remainder of this chapter consists of the following sections: 

•	 En Route Facilities Improvements Summary (2.1). This 

section lists important functional areas and the improve

ments planned for these areas. For each function, there 

is a separate brief description of the method by which 

the function is currently performed, the planned improve

ment(s) and the manner in which the improvement(s) would 

enhance the performance of the function. 
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(Further, more detailed information in regard 

improvement is contained in Section 2.3). 

to each 

• En Route Facilities System Connectivity (2.2). This 

section contains three connectivity diagrams - one for 

each of the three system phases: Current, Near Term, 

and Far Term. The changes in connectivity between 

phases are briefly described. 

• En Route Facilities Information Flow (2.3). This 

section contains three Information Flow Diagrams -

one for each of the three system phases (see above). 

The diagrams show the facilities that provide inputs to 

an ARTCC, the principal types of inputs provided by each 

of these facilities, ARTCC functions, the facilities 

that are provided with outputs from an ARTCC, and the 

principal types of outputs provided to those facilities 

by the ARTCC. The information flow for each function 

that was identified in Section 2.1 is then described in 

a separate series of paragraphs. 

L 

• En Route Facilities Tentative Implementation Schedule 

(2.4). This section contains a figure that shows the 

tentative imp1e~entation schedule for the principal 

improvements affecting the En Route Facilities. 

• En Route Facilities Interface Planning Summary (2.5). 

This section summarizes the major assumptions that were 

made in regard to: what improvements would be imple

mented, when they would be implemented, how they would 

function in an En Route Facility, and how they would 

interact with other facilities. 
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2.1 En Route Facilities Improvements Summary 

Table 2-1 summarizes the En Route Facilities Improvements that, 

according to current plans, are expected to be implemented in 

the Near Term and Far Term. Each of these functions/features 

and the improvements in them are briefly described in the 

following paragraphs. More detailed information is contained 

in Section 2.3. In addition to the improvements that are 

listed in Table 2-1, there are other potential improvements that 

are less likely to be implemented according to current plans. 

Such additional potential improvements are briefly described at 

the end of this section. 

Monitoring Nearness to Ground 

Currently, controllers detect aircraft that are too close to 

the ground by comparing displayed aircraft altitudes to the 

minimum safe altitudes of the areas in which the aircraft are 

operating. 

In the Near Term, this function is expected to be automated 

through the implementation of EMSAW (En Route Minimum Safe 

Altitude Warning System). EMSAW would use ~omputer software to 

compare aircraft altitudes to the minimum safe altitudes of the 

areas in which the aircraft are flying and warn controllers of 

aircraft that are at dangerously low altitudes. No Far Term 

changes are included in the current plans. See 2.3.1 for 

further information. 

Management of Traffic Flow Near Terminals 

Currently, metering position personnel or controllers manually 

calculate estimated times of arrival and manually determine means 

of improving the spacing and sequencing of aircraft to the ter

minal feeder fixes in a fuel-conservative manner. In the Near 
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TABLE 2-1
 
EN ROUTE FACILITIES IMPROVEMENTS SUMMARY
 

Near Term Improvements Far Term ImprovementsCurrent System
Functions/Features (1979-82) (Post-1982)
 

MOnitoring Nearness to
 

(1978) 

NC
 

Ground
 
En Route MSAWManual 

En Route Metering NC
 
Flow Near Terminals
 

Manual2. Management of Traffic 

'-_0
NC NC
 

of Traffic Load
 
3. Real-Time Management Manual 

Flight Plan Conflict NC
 
Free Paths
 

4. Planning of Conflict- Manual 
Probe 

Conflict Alert Enhance-Conflic t Alert5. Determination of • ATARS
 
Immediate Potential
 menta
 
Aircraft Conflicts
 

• ATARS
 
diate Potential
 

Manual6. Resolution of Imme- Manual 

• Conflict Resolution 
Aircraft Conflicts Advisory 

ETARS
 
Controllers' Flight
 

7. Entry and Display of Computer Entry & Readout NC 
Devices and Fli'ght
 

Data
 Strip Printers 

DARC* Replaces Broadband NC
 
Display Capability
 

Broadband8. Backup Surveillance 

Data Link (DABS) Available 
Aircraft 

NC9. Communication with Voice via Radio 

CCC and Data Entry and10. Input, Output, and • Additional Weather 
Display Processing 

• Weather Display 
Display EnhancementsEnhancementsDisplay Subsystems 

• Backup through DARC 

with DARC as DABS Added
 
ing and Automatic
 

11. Radar Data Process- CCC • CCC 
Backup
 

Tracking
 • Tracking Enhancements 

12. Computer Systems' 9020A, 90200, 9020E Computing Element NC 
Capacity & Processing Offloaded
 
Reliability
 

CDC 
onto lOCEs 

Automated (CCC) NC NC
 
ing
 

13. Flight Data Process-

CWSU Enhancements 
Collection & 

Center Weather Service14. Aviation Weather NWS Remote Weather 
Services for the Unit (CWSU)
 

Dissemination
 ARTCC 

RMMS for Navigation Aids 
and Monitoring 

• SMMC Remote Maintenance15. Sys tern Maintenance 

• Manual Monitoring Monitor System & En Route Surveillance 
and Certification (RMMS) for RCACs Sites 

Approved by the FAA for Implementation 
NC No Change Included in Current Plans 
NA = Not Applicable 



Term, it is expected that an automated En Route Metering 

function will be implemented. En Route Metering would de

randomize the arrival of aircraft at the terminal feeder fixes 

so as to minimize congestion, delays, fuel consumption, and 

noise in and around terminal areas. It would calculate esti

mated and desired arrival times and would provide advisories 

to improve the spacing and sequencing. 

In the Far Term, En Route Metering would be integrated with 

Flight Plan Conflict Probe so as to provide conflict-free meter

ing instruc~ions. An automated interface would be provided 

between En Route Metering and Terminal Metering and Spacing (M&S) 

so as to allow the exchange of metering data including such 

real-time information as runway acceptance rates, runway slot 

usage, or flight data for specific terminRl flights. En Route 

Metering would also incorporate analytical capabilities for 

the selection of the most fuel-conservative manner of absorbing 

delays involving one or more aircraft. Profile descents, speed 

changes, path stretching, and holding patterns would be among 

the possibilities considered by the function. See 2.3.2 for 

further information. 

Management of Traffic Load 

Currently, local flow controllers manage traffic load with 

virtually no automation aid. Although no direct improvements 

are planned in either the Near Term or Far Term, indirect 

improvements would be available through En Route Metering and 

Flight Plan Conflict Probe. Thus, En Route Metering would 

simplify local flow controllers' work because of its organiza

tion and smoothing of traffic flow to terminal areas. Through 

the use of Flight Plan Conflict Probe, local flow controllers 

would be able to detect future overloading of sectors and would 
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be able to test tentative rerouting of aircraft. See 2.3.11 

for further information. 

Planning of Conflict-Free Paths 

Currently, controllers attempt to plan conflict-free paths 

through a sector or sectors by manually examining the Calculated 

Times of Arrival at selected fixes or sector boundaries for the 

various aircraft that will be in a sector or sectors. It is 

expected that Flight Plan Conflict Probe will be implemented in 

the Near Term. It would provide controllers with warnings 

many minutes in advance of potential violation of separation 

standards by aircraft and would provide automated means by 

which controllers could test tentative methods of resolving 

these future potential conflicts. 

In the Far Term, Flight Plan Conflict Probe would be integrated 

with En Route Metering so that En Route Metering would be able 

to provide conflict-free metering instructions. See 2.3.3 for 

further information. 

Determination of Immediate Potential Aircraft Conflicts 

Currently, through Conflict Alert, controllers are provided with 

warnings of immediate potential conflicts between Mode C equip

ped IFR aircraft. When Conflict Alert coverage is in operation 

down to the floor of surveillance coverage, an excessive number 

of false alerts may occur -- particularly at low altitudes 

near terminals. Improvements in Conflict Alert are expected 

to provide: (1) automatic detection of immediate potential 

conflicts between a normally tracked aircraft and a Mode C 

equipped VFR intruder aircraft, (2) fewer false alerts with 

full altitude coverage and (3) conflict protection for aircraft 

in holds. These additions and improvements are expected to be 
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implemented in the Near Term. Related improvements (ATARS and 

BCAS) are planned for the Far Term. See 2.3.4 for further 

information. 

Resolution of Immediate Potential Aircraft Conflicts 

Currently, controllers determine their own solutions to conflict 

situations. No Near Term changes are included in the current 

plans. It is expected that the Conflict Resolution Advisory 

function will be available in the Far Term. It would aid 

controllers in resolving many of the aircraft conflicts pre

dicted by the Conflict Alert function; The Conflict Resolution 

Advisory function would provide resolution advisory services 

for those potential conflicts that have reached an advanced 

state according to adjustable criteria. See 2.3.5 for further 

information. 

Entry and Display of Controllers' Flight Data 

In the present en route system, controllers must handle flight 

progress strips and must use some\oJhat difficult means of 

entering messages into the computer. No improvements in this 

area are currently planned for the Near Term. ETABS (Electronic 

Tabular Display Subsystem) is expected to be implemented in 

the Far Term. It would eliminate flight progress strips, would 

provide controllers with easier methods of entry and control of 

flight data, and would provide more usable and more timely 

information (flight data and other). It would also provide 

support to sector operations when the eec (Central Computer 

Complex) is not operational. See 2.3.6 for further information. 

Backup Surveillance Display Capability 

Currently, broadband surveillance information is available for 

backup display use. The broadband capability does not provide 

displayed data blocks, association of aircraft identification 
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with beacon codes, etc. DARC (Direct Access Radar Channel) 

will be implemented in the Near Term. It is a digital backup 

surveillance data processing capability that will be used when 

the normal radar display capability is not available. It will 

provide aircraft targets, data blocks, weather data, and map 

data on radar controller PVDs (Plan -View Display). 

Various improvements in DARC are under consideration; however, 

current plans do not provide for specific improvements in the 

Far Term. See 2.3.7 and "Additional Potential Improvements" 

for further information. 

Communication with Aircraft 

Currently, controllers send and receive much information through 

voice radio connections with aircraft. In many cases, the 

available radio channels are heavily used and have little 

spare capacity. 

No Near Term changes are included in the current plans. In 

the Far Term, Data Link is expected to be implemented and 

available for use. It would be available to provide rdpid 

non-voice communication between the ARTCC and aircraft. Many 

routine and high priority messages could be transmitted via 

Data Link. Work is underway in this area, but as yet, final 

determination of the use of Data Link for communication between 

ARTCCs and aircraft has not been made. See 2.3.8 for further 

information. 

Input, Output, and Display Processing 

In the current system, Input, Output, and Display Processing 

are performed by the CCC and Data Entry and Display Subsystem 

within the ARTCC. (The Data Entry and Display Subsystem 
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consists of a Computer Display Channel (CDC) or Display 

Channel Complex (9020E) and other input/output related 

equipment.) 

Improvements in this area would provide improved backup capa

bilities and better displays of turbulent weather conditions. 

In the Near Term, a backup capability for ARTCC sector control 

positions would be provided through the implementation of DARC. 

In the Far Term, further backup capability for ARTCC sector 

control positions would be available through the implementation 

of ETABS. Also in the Far Term, ARTCCs would be indirectly 

aided as a result of the implementation of TIPS at TRACONs 

(Terminal Radar Approach Control, IFR Room) and TRACABs (Termi

nal Radar Approach Control, Tower Cab). The automation equip

ment at TRACONs and TRACABs would no longer be dependent upon 

the automation equipment at ARTCCs on a minute-by-minute basis. 

Instead, ARTCCs would deliver flight plans as much as two hours 

in advance of flight arrivals or departures. Furthermore, 

ARTCCs would no longer have to prepare flight progress strips 

for TRACONs/TRACABs. 

In the Near Term, improved Common Digitizers (CD-2) are expected 

to be available at en route surveillance sites, and digitized 

three-dimensional weather data would be available from NWS 

Weather Radars. Both would provide improved weather data for 

display on PVDs. In the Far Term, further improvements in the 

display of en route weather are expected through the use of digi

tized turbulent weather data that is planned to be newly available 

from Joint Use Weather Radar Sites and/or ARSR Weather Channels. 

See 2.3.9 for further information. 
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Radar Data Processing and Automatic Tracking 

Improvements in this area would provide a backup capability 

for the CCC and would provide enhanced Automatic Tracking. 

In the Near Term, DARC will be implemented and enhancements 

to Automatic Tracking are expected to be implemented. DARC 

will provide substantial information to controllers when the 

CCC is not available. The improvements to tracking would 

include enhancements to the altitude tracker and improved 

reasonableness testing. In the Far Term, DABS is expected to 

be implemented and would provide improved surveillance data 

for use by the CCC. See 2.3.10 for further information. 

Computer Systems' Capacity and Reliability 

The possible replacement or augmentation of en route computer 

equipment and software is being considered because of the 

increased needs that are anticipated in regard to computer 

capacity, reliability, and maintainability. Increases in 

traffic load and the incorporation of new functions/features 

will require increased computer capacity. Reliability needs 

to be increased because it is expected that fewer ATC people 

per controlled aircraft will be available for manual backup in 

case of automation failures. Because of aging equipment and 

possible difficulties in obtaining replacement parts, main

tenance may become increasingly difficult. In the Near Term 

it is expected that some additional Computing Element capacity 

will be made available through the transfer of a portion of 

Computing Element load to the under-loaded IOCEs (Input Output 

Control Elements) in each ARTCC. There are no definite plans 

for improvement in the Far Term, but various investigations 

and studies are now underway. See 2.3.12 for further 

information. 
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Flight Data Processing 

Currently, Flight Data Processing is performed automatically 

in the CCC. This function collects and processes Flight Plans 

and related data so as to provide information to controllers 

and to other processing functions (e.g., Flight Plan Aided 

Tracking, Conflict Alert). No changes in the automated Flight 

Data Processing function are currently planned for the Near 

Term or Far Term. See 2.3.13 for further information. 

Aviation Weather Collection and Dissemination 

Currently, aviation weather collection and dissemination is 

not an integrated function within an ARTCC. In the Near Term, 

Center Weather Service Units (CWSU) will be located in all 

ARTCCs to provide a consolidation of ARTCC weather services. 

The CWSUs will be the major focal points for real-time 

collection, monitoring, interpretation, and dissemination of 

hazardous weather information. In the Far Term, CWSUs will be 

enhanced through their inclusion within NWS AFOS (Automation 

of Field Operations and Services). See 2.3.14 for further 

information. 

System Maintenance and Monitoring 

Currently, much of the monitoring of system performance, 

monitoring of equipment status, routine maintenance, and 

equipment certification is performed by maintenance personnel 

through hands-on examination of the equipment and software. 

Within an ARTCC area, most of the equipment is within the 

ARTCC building, but some is at remote sites. The System 

Maintenance Monitoring Console (SMMC) in the ARTCC provides a 

centralized monitoring and control position for the ARTCC's 

Systems Engineers. For the equipment within the ARTCC 

building, extensive status information is automatically sent 
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to the SMMC on a regular schedule. For remotely located 

equipment, much less information is automatically made 

available to the SMMC, and therefore, periodic visits of 

maintenance personnel to the remote sites are required in order 

to perform most maintenance and certification functions. (For 

en route surveillance sites, status messages are periodically 

sent to the SMMC. For Navigation Aids and RCAGs (Remote 

Communications Air-Ground), information must be entered manually 

at the SMMC after it is received by voice telephone). 

The FAA is pursuing remote maintenance monitoring concepts with 

the objectives of maximizing personnel resource utilization and 

of improving system availability. The Remote Maintenance Moni

tor System (RMMS) is being formulated to provide such capabi

lities to RCAG facilities, navigation (VORTAC) facilities, 

and En Route Surveillance Radars (ARSRs). Current concepts 

propose the use of a central processor to be located at the 

ARTCC. All maintenance information would be transmitted from 

the above facilities via existing communication links to the 

processor for storage and processing. The main capabilities 

sought are: monitoring equipments and alarms, remote certifi

cation, automated recordkeeping, trend analysis, and remote 

control of power sources. 

In the Near Term it is expected that the Remote Maintenance 

Monitor System (RMMS) will be available to provide remote 

monitoring and certification of RCAGs. In the Far Term it is 

expected that the same capability will be available for en 

route surveillance sites and navigation aids. See 2.3.15 for 

further information. 
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Additional Potential Improvements 

Additional potential improvements in Management of Traffic 

Load (Local Flow Control) would provide Local Flow Controllers 

with printed or displayed information such as: 

•	 automatic counts of aircraft that are predicted 

to be in sectors, over fixes, on airways, etc,. 

•	 automatic monitoring of the above counts to detect 

potential overload situations, 

•	 automatic warning of potential overload situations, 

and 

•	 automatic generation of recommended solutions to 

overload situations 

No	 work is currently planned or underway in this area. 

AERA (Automated En Route Air Traffic Control) is an additional 

potential improvement that could have a significant effect on 

both Management of Traffic Flow Near Terminals (En Route 

Metering) and Planning of Conflict-Free Paths (Flight Plan 

Conflict Probe). AERA would solve routine spacing and sequenc

ing problems and implement the solutions through automatically

generated messages sent to pilots via Data Link or voice radio. 

AERA would also provide aid for non-routine problems. 

Experimental work is currently underway with AERA. 

Another potential improvement is CMA (Control Message Automa

tion).' CMA would provide the link between the ARTCC and DABS 

data link. CMA would handle functions such as formatting, 

bookkeeping, and the establishment and use of priorities for 
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data link messages. CMA would handle messages that may be 

generated through functions/features such as Conflict Alert, 

Conflict Resolution Advisory, ETABS, etc. 

Another potential change is the replacement/augmentation of the 

en route computers (9020, CDC). As air traffic volume increases 

and software capabilities are added to the en route system, the 

possibility of exceeding current hardware capabilities increases. 

An added incentive for change results from the equipment growing 

older, and maintenance cos~s rising. See 2.3.12 for further 

information. 

Access of the CWSU to all of the air-ground frequencies of the 

Center may be provided. The meteorologist would then be 

capahle of monitoring weather (PIREP) communications hetween 

controllers and pilots and would he ahle to communicate directly 

with the pilot for the acquisition of more specific weather 

information. 

In the future, it may be desirable to exchange Conflict Alert 

and Conflict Resolution Advisory information between facilities 

(ARTCC and ARTCC; ARTCC and TRACON). This would be done so 

that both facilities could have the same conflict information 

for aircraft that are at, or near, the boundary between the 

two facilities. As currently performed, the Conflict Alert 

function at one facility might declare an alert for a pair of 

aircraft, but the Conflict Alert function at the adjacent 

facility might not declare an alert until a later time, or 

might not declare an alert at all. This could OCCUr because 

of differences in scan rates, separation standards, conflict 

alert algorithms, and use Or non-use of flight intent data. 

Similarly, in the future, one facility might provide a 
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conflict resolution advisory before another facility, and the 

maneuvers recommended in the two advisories might not be the 

same. Considering this lack of common conflict information, 

it may be desirable to exchange such information between 

adjacent facilities. 

Another Additional Potential Improvement is the enhancement of 

the "R" Position Console. A capability similar to that provided 

to the "D" and "A" Positions through ETABS appears to be 

desirable. Investigation and experimentation are underway on 

the use of tabular display panels with touch input capabilities 

at the "R" Position. Investigation and experimentation are 

also underway on the use of color cathode ray tubes instead 

of the present monochromatiG (black and white) tubes for PVDs. 

A number of potential improvements are being considered in 

connection with DARC. The possibility of isolating Radar Data 

Processing (RDP) from Flight Data Processing (FDP) within the 

CCC is being investigated. The goal would be to remove RDP 

from the CCC and perform it within DARC. This removal of the 

RDP load from the CCC would allow the CCC to perform FDP even 

if there were substantial increases in traffic load and/or 

there were fewer storage elements available. DARC II is being 

considered as an improvement that would provide two-way 

communication between the CCC and DARC. Consideration is being 

given to an Upgraded DARC that would have full RDP and FDP 

capability including tracking,mosaicking, conflict alert, 

conflict resolution advisory, etc. 

2.2 En Route Facilities System Connectivity
 

Figures 2-1, 2-2, and 2-3 show respectively, the Current, Near Term,
 

and Far Term connections between an En Route Facility (ARTCC)
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and other elements of the ATC system. The principal changes in 

connectivity from the Current system to the Near Term system are 

shown in italic type in Figure 2-2. Changes in complete functions 

and groups of improvements are further emphasized by being enclos

ed in blocks outlined with heavy, broken lines. Similarly, italics 

and heavy, broken lines are used in Figure 2-3 to indicate the 

principal changes in connectivity from the Near Term system to the 

Far Term system. These changes are briefly described in the 

following paragraphs. 

Near Term 

In the Near Term, the broadband surveillance data would be 

eliminated. It would no longer be needed once DARe is imple

mented and dual common digitizers (CD-2) are implemented at 

the surveillance sites. Tower En Route messages that currently 

are routed from one TRACON to another through the host ARTCC 

would be eliminated because of the availability of direct 

TRACON to TRACON communication through NADIN (National Airspace 

Data Interchange Network). With the implementation of En Route 

MSAW in the Near Term, EMSAW advisory messages would be sent 

from the ARTCC to aircraft via voice radio. Information on 

progress reports, arrivals, and diversions would be sent to 

the ATCSCC from the ARTCC for use in Central Flow Control 

calculations. Line speeds for communications between the ARTCC 

and some other elements would be increased in the Near Term. 

The transmission speed to and from FDEPs (Flight Data Entry and 

Printout equipment) would be increased so that it would be 

approximately double the current 75 baud rate. Through NADIN, 

the transmission speed to and from Flight Service Facilities, 

Airline Dispatch Offices, and Military Base Operations Offices 

would be increased to 2400 bits per second from the current 

teletypewriter speed. Center Weather Service Units (CWSU) would 

be implemented at all ARTCCs. Digitized three-dimensional 
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weather data is expected to be sent from NWS Weather Radars 

and would be available for display on plan view displays 

in the CWSUs. The Remote Maintenance Monitor System (RMMS) 

would be available for ~emote monitoring and certification of 

RCAGs. 

Except as noted above, the following improvements are internal 

to the ARTCC and would cause no significant changes in 

connectivity: En Route MSAW, En Route Metering, Flight Plan 

Conflict Probe, Conflict Alert Enhancements, DARC, and Automatic 

Tracking Enhancements. 

Far Term 

Data Link capabilities would be available through DABS. The 

ARTCC would be able to send messages to the surveillance sites 

for uplinking to aircraft, and would receive (from the surveil

lance site) messages that have been downlinked from aircraft. 

The ARTCC would continue to receive two-dimensional digitized 

weather data from the surveillance site, but would also receive 

digitized three-dimensional turbulent weather data from Joint 

Use En Route Weather Radar Sites. The en route surveillance 

sites would also provide the ARTCC with information concerning 

ATARS warnings and ATARS recommended maneuvers that have been 

sent to aircraft, as well as pilots' responses to such messages. 

RMMS would be provided with the additional capability of remote 

monitoring and certification of en route surveillance sites and 

navigation aids. The capability of CWSUs would be improved 

through their inclusion within AFOS (Automation of Field Opera

tions and Services). Also in the Far Term, the ARTCC would no 

longer send flight progress strip data to FDEPs in TRACONs and 

TRACABs. Instead, TIPS would use the Flight Plans that it 

receives from the ARTCC to prepare flight progress data to be 
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displayed to Tower Cab and TRACON/TRACAB controllers. PIREPs 

(Pilot Weather Reports) and Requests for PIREPs from the WMSC 

would be sent through NADIN digital data communication channels 

instead of by voice. Except as noted above. the following 

improvements are internal to the ARTCC and would cause no signi

ficant changes in connectivity: Conflict Resolution Advisory 

function; ETABS; Input. Output. and Display Processing 

enhancements; and Radar Data Processing and Tracking enhancements. 

2.3 En Route Facilities Information Flow 

Figures 2-4. 2-5. and 2-6 show respectively t~e Current. Near 

Term. and Far Term information flow between an En Route Facility 

(ARTCC) and other elements of the ATC system. In each figure. 

the ARTCC is shown as a large box in the middle. The inputs to 

the ARTCC are shown to the left of the box; the outputs from the 

ARTCC are shown to the right. 

The box itself contains the names of most of the major functions 

that are performed within the ARTCC and very brief descriptions 

of how the named functions are expected to be performed at the 

end of the period (Current. Near Term, or Far Term) for which 

the figure has been prepared. The inputs and outputs that are 

listed are the general types of inputs and outputs for an 

ARTCC.not the total set of input and output message types. 

The principal changes in information flow and in functions from 

the Current system to the Near Term system are shown in italic 

type in Figure 2-5. Similarly, italics are used in Figure 2-6 

to indicate the principal changes from the Near Term system to 

the Far Term system. The changes in functions, the inputs to 

the functions, and the outputs from the functions are described 

in the following paragraphs. 
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INPUTS 

From Adjacent ARTCC 
•	 Flight Plans, FP Changes 
•	 Handoff and Track Messages 

•	 Holds 

from TRACON/TRACAB (ARTS lII, ARTS II, or TPX-42) 
•	 Handoff and Position Messages 
•	 Departure Messages 
•	 Terminate Beacon Code Messages 
•	 Flight Plan Data (FDEP)
 

General Information Nessages (FDEP)
 
Tower En Route Messages
 
PIREPs
 
Coordination
 

From Tower Cab 
•	 Flight Plan Data (FDEP) 
•	 Coordination 

From Military Base Operations Office 
•	 Flight Plans, FP Changes 

From Airline Dispatch Office 
•	 Flight Plans, FP Changes 
•	 Bulk FP Readout Reque!-;ts 

From Non-U.S. En Route Facility 
•	 Flight Plans, FP Changes 
•	 Departure }1essages 
•	 Handof f Messagt'.s 

From Aircraft .(Air Crew) 
•	 FJ ight Plans, Requests for FP Changes 
•	 Requests for Information 
•	 Progress Reports 
•	 PIREPs 

fro:':! En Route Surveillance Site 
- Search Radar 

•	 Digitized Aircraft Target Reports (range. azimuth) 
•	 Digitized Two-dimensional Weather Data (WFMU) 
•	 Broadband (Video) Aircraft and To.ro-ditnensional 

Weather Returns (range, az.imuth) 

-	 ATCRBS 
•	 Digitized Aircraft Target Reports (range, azimlith, 

identification, altitude) 
•	 Broadband (Video) Aircraft Replies (range, azimuth, 

identification, altitude) 

From National Weather Service 
•	 NAFAX (Alden r::Jcs im i I (:) M,1PS 

From ATCSCC 
•	 Assistance in Handling Calamities or Impending 

CaVlmities
 
Traffic Forecasts
 
Traffic Quota!-;
 
FAD Information
 
NOAA Satellite Pictures
 

From Flight Service Facility (flight Service Station) 
•	 Requests for PIREPs 
•	 IFR Flight Plans, FP Changes 
•	 ~O'I'AMs 

From Weather Message Switching Center 
•	 Weather and Al timeter Data 
•	 PIREPs 
•	 NOTAMs 

,-------- 

Current En Route Facility 

fUNCTIONS 

1.	 Monitoring Nearness to Ground
 
Controllers manually check airc:-aft for safe ::Iltitudes
 

2.	 Management of Traffic Flow Near Terminals
 
Random arrivals at feeder fixes
 
Manual metering to feeder fixes
 

3.	 Real.Time Management of Traffic Load
 
Manual Local Flow Control
 

4. Planning of Conflict-Free Paths 
Controllers	 manually compare future times and altitudes 

over fixes 

5.	 Conflict Alert
 
CCC Predicts potential conflicts
 

6. Resolution of Immediate Potential Aircraft Conflicts 
Controllers	 manually evaluate and resolve potential 

conflicts 

7.	 Entry and Display of Controllers I F1 ight Data
 
Computer Entry and Readout Devices
 
Flight Strip Printers
 

8.	 Backup Surveillance Di.splay Capabi I i ty
 
Broadband search radar and beacon
 

9.	 Connntlnication with Aircraft
 
Voice Radio
 

10.	 Input, Output, and Display Processing
 
Through ~CC and Data Entry and Display Subsystems
 

11.	 Radar Data Processing and Automatic Tracking
 
Through CCC
 

12.	 Flight Data Processing 
Processing	 of flight data to provide information that 

aids: Controller!>, Flight Plan Aided Tracking (FLAT), l'tC. 

13.	 Aviation Weather Collection and Dissemination
 
Not consolidated in ARTCC
 

14.	 System Maintenance and MonitOring
 
SMH Console; manual on-site maintenance dnd certifi.cation
 

15.	 Adaptation 
Storage	 of environmental data (fh.es. map boundaries. routes, 

etc.) to be used in processing 

16.	 Beacon Code (ATCRBS) Allocation 
Automatic	 assignment and bnllkh·t·pin~ l,f the id~ntil icatiol\ 

codes (Mode 3/A) for aircraft for discrece, non-discrete, 
specific ARTCCs, specific altitudes, departures, internal 
flights, external flights, military, terminal, VFR, 
oceanic. etc. 

OUTPUTS 

To Adjacent ARTCC 
•	 Flight Plans. FP Changes 
•	 Handoff and Track Messages 

•	 Holds 

To TRACON/TRACAB (ARTS Ill, ARTS II, or TPX-42) 
•	 Flight Plans. FP Changes 
•	 Handoff ami Track Messages 
•	 Flight Plan and Flight Progress Strip Data (FDEP)
 

General Information Messages
 
Tower En Route Messages
 
PIREPs
 
Coordination
 

To Tower Cab 
•	 Flight Plan and Flight Progress Strip Data (FDEP) 
•	 Coordination 

To Military Base Operations Office 
•	 General Information Messages 

To Airline Dispatch Office 
•	 General Information Messages 
•	 Bulk Flight Plan Readouts 

To Non-U.S. En Route Facility 
•	 Flight Plans, FP Changes 
•	 General Information Messages 
•	 Departure Messages 
•	 Handoff Messages 

To Aircraft (Air Crew) 
•	 Clearances 
•	 FP Modifications 
•	 Instructions, Ad.... isories 
•	 Requests for PIREPs 

To ATCSCC 
•	 Requests for Assistance in Handling Calamities or 

lmpending Calamitil?s
 
Flow Control Data
 
Status and Weather Data
 
Activity	 Messages for Pacing Airports (Non-Air-Carrier 

Flight Plans, Departure. Hessages (Domestic Flights). 
Remove Strip Messages) 

To Flight Ser.... ice Facility (Flight Service Station) 

•	 PIREPs 

To National Weather Ser.... ic(> 

•	 l'IREPs 

FIGUARE 2-4
 
CURRENT EN ROUTE FACILITIES INFORMATION
 

FLOW DIAGRAM
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INPUTS 

From Adj acent ARTCC 
•	 Flight Plans, FP Changes 
•	 Handoff and Track Messages 
•	 Holds 

From TRACON/TRACAB (ARTS Ill, ARTS II, or TPX-42) 
•	 Handoff and Position Messag~s 

•	 Depar ture Messages 
•	 Termin.:lte Be.:lcon Codl;' l";·s."a.ges 
•	 Flight plan Data (FDEP)
 

General Infonoation Messages (FDEP)
 
PIREPs
 
Coordination
 

•	 MetePing Data 

From To....er Cab 
•	 Flight Plan Data (FDEP) 
•	 Coordination 

From Military Base Operations Office 
•	 Flight Plans, FP Changes 

From Airline Dispatch Office 
•	 Flight Plans. FP Changes 
•	 Hulk FP Readout Requests 

From Non-U.S. En Route Facility 
•	 Flight Plans. FP Changes 
•	 Departure Messages 
•	 Handof f Messages 

From Aircraft (Air Crew) 
•	 Flight Plans, Requests for FP Changes 
•	 Requests for Information 
•	 Progress Reports 
•	 PIREPs 

From En Route Surveillance Site 
- Seart:h Radar 

•	 Digitized Aircraft Target Reports (range, azimuth) 
•	 Digitized r ....o-dimensional Weather Data (CD-2 Conmon 

Digitizer) . 

ATCRBS 
•	 Digitized Aircraft Target Reports (ranf,e, .1zimuth. 

identification. altitude) 

From NWS Weather Radar 
•	 Digitised 1'hree-dimensional Weather Data 

'From National Weather Service 
•	 NAFAX (Alden Facsimile) Maps 

From ATCSCC 
•	 Assistance in Handling Calamities or Impending Calamities 
•	 Traffic Forecasts 
•	 Traffic Quotas 
•	 FAD I nfonnat ion 
•	 NOAA Satellite Pictures 

From Flight Service Facility 
.• IF:R Flight Pl~ns. FP Changes 
•	 Requests for PIREPs 
•	 NOTAHs 
•	 Coordination 

From Weather Message S.... itching Center 
•	 Weather and Altimeter Data 
•	 PI REPs 
•	 NOTAMs 

Near Term En Route Facility 

FUNCTIONS 

1.	 En Route HSAW
 
CCC ....ould automatically check aircraft for safe altitudes
 

Z. En Rou.te Meterittg 
CCC lJould provide advisories to cont1'Otlel"8 to eause 

oroerly arrivals of aircraft at feeder fixes in a fuel
conservative manner 

CCC would plan based on multiple l"'W1Ways .. etc. 

3.	 Rl'.al-Time Management of Traffic Load
 
Manual Local Flow Control (no change)
 

4. Flight P7.an Conflict Pttobe 
cec	 would look for' potential conflicts many rm:nu.tes in 

advance 

5.	 Conflict Alert Er111ancewmts
 
Would fun<::tion 1Ui th Mode C intM~c1er aircruft
 
Few false alerts with full altitude coverages
 

6. Resolution of Immediate Potential Aircraft Conflicts 
Controllers	 manually evaluate and resolve potential 

conflicts 

7.	 Entry and Display of Controllers' Flight Data
 
Computer Entry & Readout Devices (no change)
 
Flight Strip Printers (no change)
 

B. DARe 
Will provide data blocks for beacon aircraft 
Will allow limited keyboard entry of data 
w·ill providE position symbols for Gearch & beacon tarr;ets 

9.	 Colldtlunication ....1th Aircraft
 
Voice radio (no change)
 

10.	 Input, Output. and Display processing 
Backu.p through DARC 

11.	 Radar Data Processing and Automatic Tracking 
'through cec with DARC as baekup; enhanced altitudE tra~kina 

12.	 Flight Data Processing 
Processing	 of flight data to provide information that aids: 

Controllers, Flight Plan AidE:d Tracking (FLAT). etc. 
(no change) 

13.	 Aviation W'ea-f;her Collection & Dissemination 
CWSfJ would consolidate this activity 

14.	 System Mainten.ance rmd Moni toring 
RMMS	 would providc roemot:e maintenance an.d certifi(!(,t:ion 

of l?CAG~: . 

15.	 Adaptation 
Storage	 of environmental data (fixes, map boundaries, routes, 

etc.) to be used in processing (ne change) 

16.	 Deacon Code (ATCRBS) Allocation 
Automatic	 assignment and bookkeeping of the identification 

codes for aircraft (no change) 

Italico = change from previous ven~ion of system 

OUTPUTS 

To Adjacent ARTCC 
•	 FUgh t Plans. FP Changes 
•	 Handoff and Track Messages 
•	 Holds 

To TRACON!TRACAB (ARTS III, ARTS li, or TPX-42) 
•	 Flight Plans, FP Changes 
•	 Handoff and Track Messages 
•	 Flight Plan and Flight Progress Strip Data (FDEP) 
•	 General Information Messages 
•	 PIREPs 
•	 Coordination 
•	 CWSU weather Cata 
•	 Metering Data 

To Tower Cab 
•	 Flight Plan and Flight Progress Strip Data (FDEP) 
•	 Coordination 

To Military Base Operations Office 
•	 General Information Messages 

To Airline Dispatch Office 
•	 General Information Messag~s 

•	 Bulk Flight Plan Readouts 

To Non-U. S. En Route Fac UHy 
•	 Flight Plans, FP Changes 
•	 General Information Messages 
•	 Departure Messages 
•	 Handoff Messages 

To Aircraft (Air Crew) 
•	 Clearances 
•	 FP Mod if ications 
•	 Instruction, Advisories 
•	 Requests for PIREPs 

To ATCSCC 
•	 Requests for Assistance in Handling Calamities or 

Impend ing Calamit ies 
•	 Flow Control Data 
•	 Status and Weather Data 
•	 Activity Messages for Expt2"1dE.d N1Q,.}Jer of Se7.eetad 

Airports (Non-Air-Carrier Flight Plans, Departure 
Messages (Domestic and Intemationa! Flights). 
Remove Strip Messages) 

Anoival an.d Diversion Messages
 
Progresf; Reports
 

To Flight Service Facility 

•	 PIREPs 
•	 Coordination 

To National Weather Service 
•	 PIREPs 

FIGURE 2-5
 
NEAR TERM EN ROUTE FACILITIES INFORMATION
 

FLOW DIAGRAM
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Far '(t"rm r:n Rout", la,-Jl1~\ 

~PUTS .~~:IP..I-t:..~_
Ft;scrlu~~	 If 

FrtJ1Jl Adjacent .\RICe	 To Adjacent ARTCCI 1.	 fn Route MSAW I•	 Flight Plans, Ff' Chang~i> 

•	 Handoff and Track Me:<;s.:lr.es 

•	 Holds 

From TRACON/'!'RACAB (ARTS III, ARIS fI, or TPX-42 1,)·i.tJ: TIP,:' 
D·:1.:;a. Interj"ae8J 

•	 H.andoff .:md Position ME'ssag('s 
•	 Departure Messages 
•	 Terminate Beacon Code Messages 
•	 Flight Plan Dat.9. (TIT'S) 
•	 General Information H{<ssages (tIPS) 
•	 PIREPs 
•	 Coordination 
•	 Meter ing Data 

From Tower Cab 
•	 Flight Plan Data (FDEP) 
•	 Coordination 

FrODl Military Base Operations Office 
•	 Flight Plans, FP Changes 

From Airline Dispatch Office 
•	 Flight Plans. FP Changes 
•	 Bulk FP Readout Requests 

}<"rom Non-U.S. En Route Facility 
•	 Flight Pldns, FP Changes 
•	 Departure Messages 
•	 Handoff Messages 

From Aircraft (Air Crew. Data Link Available) 
•	 Flight Plans. Requests for FP Changes 
•	 Requests for Information 
•	 Progress Repor.ts 
•	 PIREPs 

From En Route SurVf!illance Site 
- Search Radar 

•	 Digitized Aircraft Target Reports (range. azimuth) 
•	 Digitized Two-dimensional Weather Data (CD-2 Com~n 

Digither) 

-	 DABS 
•	 Digitized DABS/AI'CRBS Aircraft Targ8t Reports (range, 

azimuth, identificat1:on, altitude) 
•	 LJABS, ATARS Coordination Messages 

-	 DABS Data Link 

-	 DABS ATAFS 
•	 Controller Notification of Collision Avoid:tnce Advisori86 

From Joint Use En RO'Ute Weather Radar Site 
•	 Digi tized Three-dimensional Weather Radar 

From National Weather Service 
•	 NAFAX (Alden Facsimile) Maps 
•	 AFOS Data 

From	 ATCSCC 
Assistanc.e in Handli.ng Calamitiel; or Impending Calamities 
Traffic Forecasts 
Traffic Quotas 

•	 FAD Information 
•	 NOAA Satell ite Pictures 

From Flight Service Fa<;ility 
•	 IFR Flight Plans, FP Changes 
•	 Requests for PIREPs 
•	 NOTAMs 
•	 CC'ordination 

From Weather Message Switching Center 
•	 Weather and AltImeter Data 
•	 PIREPs 
•	 NOTAMs 

•	 Flight Plall';, rp Chanp,e~cee would autom.:J.tlcJtly (her:k ilU,-r.1.Tt fo~ safe a1 tHudch 
•	 HilnJoff ,)nd )"r.jck X('.!"s,)gt;>"I (no ch2<,gc)	 I 

2.	 En RoutE: Metering 
C(C woutd provide advisories to cor.trolIe! ~ tv cause 0rJerty 

·:lrriv:Jls ('If ;lirl:r,lft at re~der fix('s in d fUl'l-cons€"!"v;ltlv(' 
m~nner (no Chani~f') 

3.	 R<.>al-Time Management of Tr<l.ffic LC'ad
 
Manuai Local Fl('lw Control (no chanrse)
 

4. Flight Plan Conflict Prc..b(: 
cec	 would look for potential conflicts rr, ..my millut~5 in advance 

(no change) 

5.	 Conflict Alert
 
Would function uith Mode C intruder aircr,)ft (no change)
 
Few false alerts with full altitude cDverage (nu Ch')flg{~)
 

ATAR8 & Bc.."A.S woui.d protri.de related inrpro,,-'en;i?n"t.~
 

6.	 . ,,, ....? ..... ! ::'r'<-l:1?;;/ ion .·L!t<:,nr':.
 
ecc >..Jould det,emn.ne maneuvers to avo,td conlZic.:·t
 
r-;."C l.JOuld provide .Jontro7.1crs L,'rith resolu.tion adv-iiJvl"!.1
 

infomQtion
 
,1TARS & l::ICAS would provide related improvel"'!er!£-s
 

7. ETABS 
Tabular di8play devir:es L,louZd elirrr~nata need for printed 

flight strips 
AlphanumeriC! keyboards and toUC!h ent1"'J deviC!es (on disrlays) 
Could provide flight data base to ecc after ece fai lure 

8. IlARC 
Will provide data blocks for b~acon aircraft (no change)
 
Will allow limited keyboard entry of data (no change)
 
Will provide position s)'tllbols for search and beacon targets
 

(no change) 

9.	 Communication with Aircl'Ooft by VoiC!e FadEo, Dat.a Link Available 
Pos8ibl8 appliootierns of Data Link: 

Uplinking of Confl'ict Resolution adTJisor';e8, !.fete.:rirlg 
adTJi80ries, NSAW lJa.l'"ningfl, etc. 

DCMnlinking of complianC!e with advisories, requ8stG fQr 
altimeter settings, etc:. 

Data	 Link would 1'€quire cce to perform some additional 
pl'Oc86sing 

10.	 Input, Output. and Display Processing 
cce Processing for FDEP striP8 offloaded through TIP:; 
Pa:rtial· offloading of eee processing through ETABS 
Display of Digitized Turbu!ent Weather 

11.	 Radar Data Processing and Automatic Tracking 
Addi tion of DABS would improve survei l lanC8 data used by 

ARTCC 

12.	 Flight Data Processing 
Processing	 of flight data to provide information that aids: 

Controllers, Flight Plan Aided Tracking (FLAT), etc. 
(no change) 

13.	 Aviation Weather Collectiern & Dis8emination 
CWSU enhanC!ements suC!h as its inclusion in. AFOS 

14.	 System Naint8na1'lce and Merni toring 
RMMS	 expanded to provide remote maintenance and certifieation 

of 8n route surv8illanC!e sites and navigation ai,:e 

15.	 Adaptation 
Storage	 of environmental data (fixes, map boundaries, routes. 

etc.) to he used in processing (no change) 

16.	 Beacon Code (ATCRBS) Allocation 
Automatic	 assignment and bookkeeping of the identification 

codes for aircraft (no change) 

Italic:> "" change from previous version of system 

•	 HoJ ds 

Tel TRACUN/TR:\(,M~ (l\RT~ III. t\I{TS It, ur Tf'X-q/: :...,..:th 
FT.'r::: :":!:: :,.'_, ."/a,.~,-) . 

•	 Flight Plans, Fl' Changes. 
•	 lIandoff and Track Messagf~s 

•	 l;eneral Information ~.fcssugl?~:
 

Coordinati.on
 
CWSU l,./e.:l tht!1." Data
 
l'1(>t~rtng Data
 

To Tower Cdb 
•	 Pli(!ht i'lan Data (TIPS or FDEP) and Ft ight Ptogress 

Strip Data (FilEP) 
•	 Coordination 

Tv Nilitary Base Operatiol~!> Office 
•	 General Information Messages 

To Airline Dispatch OffiCE: 
•	 General Information Messages 
•	 Bulk FlIght Plan Readouts 

To Non-G.S. En Route Facility 
•	 Flight Plans, FP Changes 
•	 General Informati.on 'MeSSClgCS 

•	 Departure Messages 
•	 Handoff Messages 

To Aircraft (Air Crew, Data Lin.k Available) 
•	 Clearances 
•	 FP Mod if icat ions 
•	 Instructi.ons. Advisories 
•	 Requests for PIREPs 

To En Route Surveillance Site 
-	 DABS 

• DABS, ATARS Coo:I'Jirtation Messa(jes
 
- DABS Data Link
 

To ATCSCC 
•	 Requests for Assistance in Handling Calamities or 

Impending Calamities
 
Flow Control Data
 
Status and Weather Data
 

•	 ActiVity Messages for Expanded Number of Selected 
Airports (Non-Air-Carrier Flight Plans, Departure 
Messages. Remove Strip Messages) 

Arrival and Diversion Messages
 
Progress Reports
 

To Flight Service FaciUty 

•	 PIREPs 
•	 Coordination 

To National Weather Sel'vice 

•	 PIREPs 
•	 AFOS Data 

FIGURE 2-6
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FLOW DIAGRAM
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2.3.1 Monitoring Nearness to Ground 

In the current system, controllers manually compare aircraft 

altitudes to minimum safe altitudes in order to detect dangerous 

situations. Controllers then advise the aircraft air crews of 

the potential dangers through voice radio. 

In	 the Near Term, En Route MSAW is expected to be implemented. 

It	 would provide controllers with visual warnings when aircraft 

are at altitudes that are too low for the area in which the 

aircraft are operating. All outputs would go to controllers 

within the ARTCC. The inputs that would be required in order to 

perform the function would come from information that would 

(in the future) be available in the CCC. Inputs that would be 

required are: 

•	 minimum safe altitudes for the areas being probed. 

Obtained from the CCC's Adaptation data base. 

•	 aircraft altitudes. Obtained from the CCC's
 

Automatic Tracking program.
 

The software would compare the present altitude for each aircraft 

with the minimum safe altitudes for the area in which the air 

craft is operating and for the areas in which the aircraft would 

be operating in the near future. The program would detect 

instances in which an aircraft is now, or in the near future 

would be, below the minimum safe altitude. Outputs ~hat would 

be provided are: 

•	 displayed warnings. Provided on the PVDs of the 

appropriate controllers. 

No	 Far Term changes are included in the current plans. 
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2.3.2 Management of Traffic Flow Near Terminals 

En Route Metering organizes the flow of en route traffic bound 

for terminal areas. In the current system, metering is performed 

manually. Metering position personnel (or controllers) manually 

calculate estimated times of arrival and manually determine means 

of improving the spacing and sequencing of aircraft to the ter

minal feeder fixes in a fuel-conservative manner. In the Near 

Term, it is expected that an automated En Route Metering function 

will be implemented. This function would help plan the delivery 

of arrival flights to the feeder fixes so that the aircraft would 

be prepared to arrive at the runways in the proper sequence and 

with proper separation from other arriving and departing aircraft. 

The function would provide the following features to as large 

an extent as possible without compromising safety: 

•	 maximum use of the runway(s) (capacity), 
I. ./
,--"'

•	 conservation of fuel, 

•	 equitable distribution of ATC caused delays (including
 

previous delays in the air and on the ground) among
 

the various flights,
 

•	 maximum use of those altitudes and maneuvers that
 

are preferred by the owners and pilots of aircraft,
 

and
 

•	 minimum discomfort of passengers (few maneuvers, low
 

climb and descent rates).
 

In the Near Term, current FAA plans call for En Route Metering 

automation to be implemented in two phases: 
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•	 Phase 1, Landing Time Calculations, and 

•	 Phase 2, Automated En Route Metering. 

The two phases differ in the extent and sophistication of the 

planning and of the advisory information that they would provide. 

Phase 1 would provide basic, real-time information (arrival 

times, etc.) for arriving aircraft. The information would 

help metering personnel plan the de~ays, holds, and speed 

corrections needed to achieve proper flow and separation. 

Phase 2 would automate the planning itself and would present 

detailed advisory information for each aircraft. Phase 2 

would make use of Profile Descent Paths and would include 

multiple runways. It would organize the flow so as to 

minimize congestion, delays, fuel consumption, and noise in 

and around the terminal areas. 

Inputs that would be required for Phase 2 are: 

•	 flight information for each en route aircraft
 

that would make use of a runway
 

- position information (current and future). 

Obtained from the eee's Automatic Tracking 

program and Flight Plan Position Processing 

program. 

- aircraft type, aircraft data (including 

takeoff weight or estimated aircraft weight 

in Arrival Sector). Obtained from the Flight 

Plan stored in the eee. 

2-35 



1_

- previous ATC delays incurred by each aircraft. 

Obtained from other sectors or ARTCCs and 

stored in the CCC. 

•	 flight information for each terminal aircraft (VFR 

(Visual Flight Rules), Tower En Route, or Departure) 

or runway slot reservations. Obtained from each 

terminal (digital or voice data from TRACON). 

•	 current acceptance rate for each runway of each 

airport in the terminal area. Obtained from each 

terminal (digital or voice data from TRACON). 

•	 preference as to routes to be traveled in approaching 

the terminal. 

- Profile Descent Paths, Preferred Arrival 

Routes, etc. Obtained from the CCC's Adapta

tion data base. 

- paths predicted to be free of future conflicts. 

Obtained from the Flight Plan Conflict Probe 

function in the CCC. 

Outputs that would be provided are: 

•	 sequenced arrival lists with indicated holds, delays, 

etc. Provided on the metering position display. 

•	 specific advisories as to actions that should be taken 

in regard to specific aircraft (e.g., decrease speed 

to 325 knots). Provided on radar controllers' displays. 
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In the Far Term, En Route Metering would be integrated with 

Flight Plan Conflict Probe so as to provide conflict-free 

metering instructions .. An automated interface would be provided 

between En Route Metering and Terminal Metering and Spacing 

(M&S) so as to allow the exchange of metering data including 

such real-time information as runway acceptance rates, runway 

slot usage, or flight data for specific terminal flights. En 

Route Metering would also incorporate analytical capabilities 

for the selection of the most fuel-conservative manner of absorb

ing delays involving one or more aircraft. Profile descents, 

speed changes, path stretching, and holding patterns would be 

among the possibilities considered by the function. 

2.3.3 Planning of Conflict-Free Paths 

Currently, controllers attempt to plan conflict-free paths 

through a sector or sectors by manually examining the Calculated 

Times of Arrival at selected fixes or sector boundaries for the 

various aircraft that will be in a sector or sectors. It is 

expected that Flight Plan Conflict Probe will be implemented in 

the Near Term. It would provide controllers with warnings 

many minutes in advance of potential violation of separation 

standards by aircraft and would provide automated means by 

which controllers could test tentative methods of resolving 

these future potential conflicts. 

A probe would automatically be initiated for an aircraft when 

a handoff would be accepted, when the flight's CTAs (Calculated 

Time of Arrival) would be changed, or when a message is entered 

and accepted that causes applicable changes in the Flight Plan. 

Probes could also be manually requested. 
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Initiation of a probe would cause the CCC to examine the path 

that the aircraft should follow according to its flight plan. 

The path would usually be followed only through a single 

sector although it could be followed through two or more 

sectors when advance planning information is desired. The CCC 

would compare the subject aircraft's path with the paths of 

other aircraft that would be scheduled to be in the sector 

(or sectors) at the same time. The paths of these latter 

aircraft would have been previously probed through the use of 

those aircrafts' flight plans. 

For the new probe, the various successive positions (in both 

the vertical and horizontal planes) and the times at those 

positions would be compared to similar information that would 

be stored for the other previously processed aircraft. Each 

position for the new aircraft would be compared to the other 

aircraft positions for the same time, taking into account 

possible lateral and longitudinal errors. If a potential 

conflict were found, a conflict message would be displayed to 

the appropriate controller on his CRD. 

Using the results of the probe, the controller could, if 

necessary, modify the flight plan of the new aircraft on a trial 

basis. This would automatically initiate a new probe to 

determine if the potential conflict(s) had thus been eliminated. 

When a satisfactory modification of the flight plan had been 

found, the controller could have this trial amendment made 

permanent. At that time, the stored flight plan would be up

dated, and revised flight strips would be printed if necessary. 

The automated capability would be implemented in the Near Term. 

Inputs that would be required in order to perform the function 

are: 
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•	 flight plans for each aircraft for which a probe 

is to be performed. Obtained from the CCC's data 

base; could be tentatively altered through control

ler's keyboard entries. 

•	 geographical data concerning the area that would be 

probed. Obtained from the CCC's Adaptation data base. 

Outputs provided by the function would be: 

•	 advisories that indicate the identities of aircraft 

that might be in future conflict, the time and location 

of the situation, the altitude overlap and the vertical 

behavior (ascending, decending, level) of each aircraft 

at that time. 

In the Far Term, Flight Plan Conflict Probe would be integrated 

with En Route Metering so that En Route Metering would be able 

to provide conflict-free metering instructions. 

2.3.4 Determination of Immediate Potential Aircraft Conflicts 

Currently, through Conflict Alert, controllers are provided 

with warnings of immediate potential conflicts between tracked 

aircraft. When Conflict Alert coverage is in operation down 

to the floor of surveillance coverage, a significant number 

of false alerts may occur -- particularly at low altitudes 

near terminals. Improvements in Conflict Alert are expected to 

provide: (1) automatic detection of potential conflicts between 

a normally tracked aircraft and a Mode Cequipped VFR intruder 

aircraft, (2) fewer false alerts even when Conflict Alert is 

extended to the floor of surveillance coverage, and (3) conflict 

protection of holding airspace from aircraft outside the 

holding airspace. 
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· Changes in Message Entry and Checking, Multiple Radar Data 

Processing, and Automatic Tracking would cause better informa

tion to be provided to the Conflict Alert function. Many of 

the improvements in information would be in regard to altitudes: 

interim altitudes, reasonableness of Mode C replies, and 

altitude tracking. The Conflict Alert logic would be altered 

to make use of the improved information from the other functions. 

The Conflict Alert function, and the inputs and outputs for 

that function, are contained within the CCC. Alerts are 

currently displayed to appropriate controllers. 

Current plans do not provide for any specific improvements
 

in Conflict Alert in the Far Term. However, related improve


ments are expected to be made through systems that would not be
 

contained within ARTCC buildings. Specifically, BCAS
 

(Beacon-based Collision Avoidance System) and ATARS (Automated
 

Traffic Advisory and Resolution Service) are planned for
 

implementation in the Far Term.
 

BCAS would serve as a backup to the Conflict Alert capability
 

provided by ARTCCs. It is anticipated that BCAS avionics
 

would be installed in most air carrier and high performance
 

general aviation aircraft. BCAS concepts are still evolving,
 

so the descriptive information contained in these paragraphs
 

should be considered to be tentative.
 

BCAS is an airborne collision avoidance system thAt would
 

function through replies that it would receive from DABS and
 

ATCRBS (Air Traffic Control Radar Beacon System) transponders
 

on other aircraft. It would use these inputs to calculate
 

range, relative altitude, and closing rate information in
 

relation to the other aircraft that are possible collision
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threats. When the projected time to collision is about 30 

seconds, BCAS would indicate recommended avoidance maneuvers 

on a display in the cockpit of the BCAS-equipped aircraft. 

A full capability BCAS is being designed to make use of 

interrogations from the ground as well as from the BCAS

equipped aircraft itself. However, in order to meet immediate 

needs, an Active BCAS is being developed for implementation 

early in the Far Term. Active BCAS would obtain its data by 

interrogating the transponders that are within range (approxi

mately 20 miles). Such interrogations might interfere with 

the interrogations generated by ground-based ATC surveillance 

facilities. Aircraft with Active BCAS would therefore have to 

turn off this equipment when they are near major terminals or 

are in other high activity areas .. 

According to current concepts, Full BCAS would have three modes 

of operation -- with the choice of mode dependent upon the 

degree of surveillance coverage that is available in the area 

in which the aircraft is operating. The three-modes philosophy 

was developed to minimize the generation of interrogations by 

the BCAS-equipped aircraft, and therefore minimize potential 

interference with the normal operation of ATC surveillance. 

In its active mode, Full BCAS would function in the same manner 

as Active BCAS. That is, it would interrogate the transponders 

that are within range (approximately 20 miles). In its passive 

mode, Full BCAS would not interrogate other aircraft. It 

would monitor the interrogations from ground-based ATCRBS and 

DABS sites and monitor the replies from the transponders on 

other aircraft. The hybrid mode would combine features of 

the active and passive modes. It would be used when the 
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passive mode could not be operated satisfactorily, but full use 

of the active mode is not required. According to one design 

concept, this would occur when aircraft in the vicinity of the 

Full BCAS-equipped aircraft are being interrogated by only 

one beacon ground site. (Two or more beacon ground interroga

tors would be required for satisfactory operation of Full BCAS 

in the passive mode). 

In the hybrid mode, Full BCAS would monitor the replies that 

it receives from the single ground interrogator and determine 

which aircraft might prove to be collision threats. Full BCAS 

would then interrogate these threat aircraft to obtain more 

information. 

Full BCAS would automatically adjust its mode (active, passive, 

or hybrid) of operation to its environment. It would switch 

modes according to a priority scheme in which passive is pre

ferred over hybrid, and hybrid is preferred over active. In 

any of its modes, Full BCAS would be able to calculate range, 

relative altitude,and closing rate from information from 

other beacon-equipped aircraft. In its passive mode, it would 

be able to obtain bearing and bearing rate information. In 

any of its modes, Full BCAS would be able to detect potential 

conflicts and prepare avoidance maneuvers when the projected 

time to collision is about 30 seconds. These maneuvers would 

be shown to the pilot on a BCAS display in the cockpit. 

ATARS is a collision avoidance capability that would be part of 

DABS sites in terminal and en route areas. ATARS would have 

its own processor which it would use to track target data 

obtained from DABS and to check all pairs of aircraft for 

closeness to one another and for danger of collision. When 
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appropriate, ATARS would prepare warning messages and recommended 

maneuvers and would have them uplinked to the aircraft through 

DABS Data Link. The information would be displayed to the pilot 

on an ATARS display in the cockpit. This information would 

also be sent to TRACONs and ARTCCs for display at appropriate 

sector positions. ATARS concepts are still evolving, so the 

descriptive information contained in these paragraphs should be 

considered to be tentative. 

It is expected that each DABS site will track all aircraft 

operating with beacon Mode C equipment in the DABS area. This 

would be done independently of the en route and terminal compu

ter systems through the use of the radar (beacon and search) 

and computer that would be installed at each DABS site. 

ATARS would have its own processor which it would use to 

track target data obtained from DABS and to check all pairs of 

aircraft to see if the~ are close to one another or are in 

danger of colliding. When appropriate, ATARS would prepare warn

ing and command messages and have the DABS computer uplink the 

messages to DABS-equipped aircraft. The information would be 

displayed to the pilot on the ATARS display in the cockpit. It 

would warn him of danger or instruct him to take specific 

actions in order to avoid collision. 

The DABS computer would not (and could not) send warning and 

command information to ATCRBS-equipped aircraft. It would, 

however, send to the en route and terminal computers, informa

tion on all aircraft pairs that are in conflict. The computers 

would discard the information concerned with those pairs in 

which neither aircraft is tracked. 
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L 
If there is a danger that an IFR aircraft would collide with a 

VFR or IFR aircraft, the en route and/or terminal computers 

would provide controllers with appropriate information on 

their PVDs. The first warning to a controller would be a 

Controller Alert that would cause th~ data blocks of the subject 

flights to blink and would generate an entry in a Conflict 

Alert List that would show the Aircraft Identifications of 

the flights that are in conflict. If the conflic.t were 

resolved by the controller and/or pilot(s), the data blocks 

would stop blinking, and the entry would be removed from the 

Conflict Alert List. If, however, the conflict were not 

resolved after the Controller Alert, and conditions worsen, 

ATARS maneuvering recommendations would be issued for the con

flict pair. The data blocks would continue to blink and would 

also show the recommended maneuvers that have been issued, 

would show any indication of compliance or non-compliance on 

the part of each aircraft, and in the case of an aircraft that 

is not equipped with an ATARS display, would indicate the need 

for the controller to voice (via radio) the recommended maneu

vers to the aircraft. Similar information would simultaneously 

be shown in the Conflict Alert List and the Voice Communication 

Sub-list on the PVD. 

In addition to hplping avoid collisions between aircraft, ATARS 

may be able to provide other services to the aviation community 

at small additional cost. It appears that ATARS might be able 

to provide: 

•	 Terrain Avoidance (hills, valleys, sloping land), 

•	 Obstacle Avoidance (TV towers, microwave relay
 

towers, radio towers, tall buildings), and
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•	 Avoidance of Special Airspace (Terminal Control 

Areas, Restricted Airspace, Prohibited Airspace). 

Preliminary investigations of these functions have been made. 

More extensive work would be required before decisions could 

be made as to their possible implementation. 

2.3.5 Resolution of Immediate Potential Aircraft Conflicts 

Currently, controllers determine their own solutions to 

conflict situations. No Near Term improvements are included 

in the current plans. It is expected that the Conflict 

Resolution Advisory function will be available in the Far Term 

to aid controllers in resolving many of the aircraft conflicts 

predicted by the Conflict Alert function. The Conflict Resolu

tion Advisory function would provide resolution advisory 

services only to those potential conflicts that have reached 

an advanced state. The criteria for determining the existence 

of such an advanced state would be capable of adjustment. 

All of the inputs to the Conflict Resolution Advisory function 

would come from information in the ARTCC's data base. Air

craft positional information would come from the Automatic 

Tracking function.· Indications of potential conflicts would 

come from the Conflict Alert function. Resolution advisories, 

the outputs of the Conflict Resolution function, would be 

displayed to appropriate controllers. 

Two functions, BCAS and ATARS, are related to the Conflict 

Resolution Advisory function and are expected to be available 

in the Far Term. Both would provide recommended solutions to 

conflict situations. They were previously described under 

2.3.4, "Determination of Immediate Potential Aircraft Conflicts." 
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2.3.6 Entry and Display of Controllers' Flight Data 

In the current system, controllers must handle flight progress 

strips and must use somewhat difficult means of entering 

messages into the computer. No specific improvements in this 

area are contained in the current plans for the Near Term. 

ETABS (Electronic Tabular Display Subsystem) is expected to be 

implemented in the Far Term. 

The primary purpose of ETABS is to improve controller pro

ductivity to the point that "A" Controllers would not be needed 

at most sectors. ETABS would replace the Flight Strip Printers, 

the Computer Entry Devices at "A" and "D" positions, and 'the 

Computer Readout Devices at "A" and "D" positions within ARTCCs. 

ETABS would eliminate flight progress strips, improve control

lers' entry of flight data, allow greater control of the display 

of flight data, provide better formatting of displayed data, L/
and provide more timely information (flight data and other) to 

controllers. It would also provide substantial automated sup

port to sector operations when the CCC is not operational. 

The support' would allow controllers to update displayed flight 

data, perform handoff actions, and request (and receive) flight 

plan readouts. Such controller actions could be forwarded to 

the CCC when it resumes operations. ETABS would also update 

flight data and would route information among sectors when the 

CCC is not operational. 

All of the inputs to ETABS would come from within the ARTCC: 

•	 flight plans, flight data, other data. Entered by
 

controllers and/or obtained from the CCC through
 

the Data Entry and Display Subsystem.
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All of the outputs from ETABS would go to equipment within 

the ARTCC: 

•	 displayed, sequenced flight data entries. Used by 

"D" Controllers. 

•	 displayed menus of potential messages (e.g.: Departure, 

Hold, Cancellation) and message components (e.g.: alti 

tudes, fixes). Used by "D" Controllers to enter 

messages. 

•	 up-to-date flight data. To be provided to the CCC if 

needed after CCC has been down. 

2.3.7 Backup Surveillance Display Capability 

DARC will provide radar controllers with a backup capability 

when the normal radar display capability is not available. 

Because of the need for 24-hour-a-day operation of ARTCCs, 

DARC will also be used to free the CCC and/or the Da~a Entry 

and Display Subsystem or portions thereof, for maintenance 

work. 

DARC will be implemented in the Near Term. DARC equipment is 

in production, and the first system is expected to be in 

operation within the first half of Calendar Year 1979. The 

DARC system at each ARTCC will consist of a Radar Multiplexer 

Subsystem, Display Processor Subsystem, Control Processor 

Subsystem, and a System Status and Control Subsystem. The 

inputs to DARC will corne from En Route Surveillance sites, 

the CCC, and Radar Console Controls: 

•	 beacon codes, aircraft identification, assigned 

altitudes. Obtained from the CCC. 
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•	 target returns and replies. Obtained from the 

surveillance sites. 

•	 assigned altitude changes, beacon code changes, 

controller-entered reported altitudes. Obtained 

from Radar Console Controls through keyboard entry. 

Outputs from DARC: 

• aircraft targets, weather, data blocks, map data. 

Displayed on PVDs at "R" Controller Positions. 

The capability of displaying broadband surveillance information 

is available in the current system. As DARC is implemented and 

accepted in the Near Term the broadband capability will be 

removed from ARTCCs. 

Current plans do not call for specific changes in Backup 

Surveillance Display Capability in the Far Term; however, 

various changes are under consideration. See "Additional 

Potential Improvements" in 2.1 for further information. 

2.3.8 Communication with Aircraft 

No improvements in this area are planned for the Near Term. 

In the Far Term, Data Link (DABS) is expected to be imple

mented and available to provide rapid non-voice communication 

between the ARTCC and aircraft. As yet, specific plans or 

decisions have not been made in regard to its use for communi

cation between ARTCCs and aircraft. The en route applications 

that are currently the most favored candidates for initial 

implementation are: ATARS, altitude assignment confirmation, 
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MSAW advisories, hazardous weather advisories, and routine 

weather data on request. En route applications favored for 

later implementation are: metering commands, route-oriented 

weather, status of Category II/III precision approach pro

tected areas, frequency assignment, heading/speed instructions, 

holding instructions, airborne situation display, and down

linked weather. 

2.3.9 Input, Output, and Display Processing
 

In the current system, Input, Output, and Display Processing
 

are performed in an ARTCC by the ecc and the Data Entry and
 

Display Subsystem. ARTCC sector control positions and TRACONs/
 

TRACABs are heavily dependent upon these functions on a minute


by-minute basis.
 

In the Near Term, a backup capability will be provided to 

ARTCC sector control positions through the implementation 

of DARC. This improvement has previously been described. 

In the Far Term, further backup capability for ARTCC sector 

control positions would be provided through ETABS (previously 

described). Some of the TRACON/TRACAB minute-by-minute 

dependence on the host ARTCC would be eliminated by the 

implementation of TIPS (Terminal Information Processing System). 

TIPS would decrease the TRACON/TRACAB near-time dependence on 

ARTCCs, in that the delivery of flight plans to TRACONs/TRACABs 

would not be time-critical, and flight progress strips would 

not be prepared for TRACONs/TRACABs. In the present system, 

TRACONs/TRACABs regularly receive flight progress strips 

(FDEP) and flight plans (ARTS III or ARTS II) from their 
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host ARTCCs. Since ARTS computers can store only a few 

flight plans at a time, they are only sent flight plans for 

those aircraft that are to arrive or depart within the next 

few minutes. During an ARTCC or communications failure 

(ARTCC to TRACON), a TRACON would receive no further flight 

plans and in a short time would not have up-to-date flight 

data available. In the Far Term, with TIPS available, such 

momentary outages would have less effect on TRACON/TRACAB 

operations, since it is expected that TIPS would store the 

available flight data for up to two hours in advance of the 

scheduled arrivals or departures. Such advance flight data 

would also be used for long-range flow planning within the 

terminal airspace. TIPS would also provide TRACON/TRACAB 

controllers with flight data entry displays instead of the 

flight progress strips formerly provided by the ARTCCs. 
I 

In the Near Term, Dual Common Digitizers (CD-2s) are expected to 
I
"-'

/ 

be available at surveillance sites. In addition to improving 

reliability through redundancy, they would provide improved weather 

data for display on PVDs. Improved display of ARTCC weather would 

also be available through three-dimensional digitized weather data 

that is expected to be obtained from NWS Weather Radars in the Near 

Term. Digitized turbulent weather (instead of precipitation) data 

would be obtained from Joint Use En Route Weather Radar Sites and/ 

or ARSR Weather Channels in the Far Term. It is expected that the 

ARTCC display would not make full use of the three-dimensional 

capabilities and multiple contour capabilities (eight levels of 

weather intensity) until the Far Term. 

2.3.10 Radar Data Processing and Automatic Tracking 

These functions currently provide processed surveillance data 

to controllers and to other ARTCC automation functions. 
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In the Near Term, DARC will be implemented. It will provide 

a backup capability for the CCC. Although DARC does not 

mosaic radar data from multiple sites and does not perform 

automatic tracking, it will provide substantial information 

to controllers when the CCC is unavailable. The capability 

is more fully described under "Backup Surveillance Display 

Capability." Enhancements to Automatic Tracking are also 

expected to be implemented in the Near Term. These would 

include greater accuracy and reliability in altitude tracking 

and improved reasonableness testing of altitude information. 

The incorporation of these improvements should reduce the 

number of false conflict alerts at low altitudes. 

In the Far Term, DABS is expected to be implemented. For the 

CCC, it would provide more accurate radar and beacon data. 

2.3.11 Real-Time Management of Traffic Load 

These functions are generally performed by Local Flow Control 

personnel in ARTCCs. Currently, Local Flow Controllers per

form their duties with virtually no automation aid. They 

manually monitor severe weather in the ARTCC area, unusually 

large gatherings of people for special events (e.g., sports, 

political groups, business conventions), and other occurrences 

that may result in marked increases or decreases in traffic 

flow in particular areas. They manually inspect sector 

positions to detect the buildup of overload conditions for 

specific sectors. They change the flow of traffic when 

warranted, change sectorization, attempt to equitably distribute 

ATC-caused delays, and arrange for additional controllers to 

be available to handle heavy predicted loads. 
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No specific direct improvements in Local Flow Control are 

currently planned for either the Near Term or Far Term. 

However, indirect improvements are expected to be available 

through En Route Metering and Flight Plan Conflict Probe. 

En Route Metering would simplify local flow controllers' 

work because of its organization and smoothing of traffic 

flow to terminal areas. Through the use of Flight Plan 

Confli~t Probe, local flow controllers would be able to 

detect future overloading of sectors and would be able to 

test tentative rerouting of aircraft. 

2.3.12 Computer Systems' Capacity and Reliability 

The possible replacement or augmentation of en route computer 

equipment and software is being considered because of the 

increased needs that are anticipated in regard to computer 

capacity, reliability, and maintainability. In the Near Term, 

it is expected that some additional Computing Element capacity 

will be made available through the transfer of a portion of 

Computing Element load to the under-loaded IOCEs (Input Output 

Control Elements) in each ARTCC. 

There is general agreement among FAA management personnel 

that improvements in this area are required, and various 

investigations and studies are now underway. Additional 

computer capacity will be required as a result of increased 

demand due to increased traffic load and to functions being 

added to the system in the Near Term and Far Term. Most of 

the internal ARTCC improvements would require additional 

data processing and storage. Most of the external improvements 

related to ARTCCs would also require additional data processing 

and storage because these improvements generally result in 

more and different data being transferred to and from ARTCCS. 
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The needed increases in capacity can be obtained through the 

recovery of existing capacity and/or through the incorporation 

of additional hardware. 

Productivity improvements are expected to offset the effects 

of increases in traffic load, thus allowing ATC to be performed 

without adding more control personnel. This will result in a 

smaller number of trained control specialists per controlled 

aircraft. With such a small ratio of specialists to aircraft, 

it will be very difficult to exercise manual control in the 

event of an automation failure. Thus, automation failures 

should be minimized by making the computer systems (including 

software) as reliable as possible. 

The current computer equipments may be increasingly difficult 

to maintain in the future, and parts may be difficult to 

obtain. The principal computer equipments in ARTCCs are 9020s 

(IBM-360s) and Raytheon 730s. IBM 9020As and 9020Ds are used 

as CCCs, and 9020Es are used as Display Channel processors. 

Most ARTCCs use Raytheon CDCs (Raytheon 730) as Display 

Channel processors. IBM-360s and Raytheon 730s are old, large, 

slow, and inefficient compared to present day state-of-the

art computers. 

The need for increased computer capacity, reliability, and 

maintainability may appear obvious; the best course of action 

to be taken to achieve this additional capability is not 

obvious. Replacement would require a substantial investment 

in hardware and software. The present equipment functions well, 

and could be augmented with state-of-the-art computers to 

perform some of the additional functions (such as Conflict 

Resolution and Flight Plan Conflict Probe) that are planned 
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for the future. The subject of replacing or augmenting 

ARTCC computing equipment and software is currently under 

study, but no decisions have been made. 

2.3.13 Flight Data Processing 

Currently, Flight Data Processing is performed automatically 

in the CCC. This function collects and processes Flight Plans 

and related data so as to provide information to controllers 

and to other processing functions (e.g., Flight Plan Aided 

Tracking, Conflict Alert). Processed flight data information 

is printed on flight progress strips, displayed on Computer 

Readout Devices, and sent to adjacent facilities (ARTCCs, 

TRACONs, etc.). Flight Data Processing includes: 

•	 the acceptance and processing of flight data entered 

from within the ARTCC and from remote locations 

•	 the storage and processing of pre-filed flight plans, 

and making such flight data available at the correct 

chronological time 

•	 the preparation of fix time calculations 

•	 the storing and readout upon request of selected 

weather observations, altimeter settings, etc. 

Flight data processing includes the highly complex checking 

and conversion of filed routes of flight that are contained 

within flight plans. It must process many varieties of 

routes (from random direct routes to highly structured, 

pre-stored routes) to provide check points and calculated 

times of arrival for use by controllers and by other software 

functions. 
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Current plans do not provide for any specific changes in the 

automated Flight Data Processing function for the Near Term 

or	 Far Term. 

2.3.14 Aviation Weather Collection and Dissemination 

Currently, collection and dissemination of aviation weather 

is not an integrated function within an ARTCC. Most ARTCCs 

have only a single meteorologist and do not have a position 

at which the various. weather equipment is consolidated. 

In the Near Term, Center Weather Service Units (CWSU) will be 

located in all ARTCCs. The CWSUs will be the major focal 

points for real-time collection, monitoring, interpretation, 

and dissemination of hazardous weather information. Profes

sional meteorologists will man each CWSU. They will monitor 

weather developments and provide general weather briefings 

and hazardous weather advisory services to controllers. 

One of their major duties will be the collection, interpreta

tion, and dissemination of PIREPs. Each CWSU will have: 

•	 a PVD with a capability of selectivity viewing all 

sectors within the ARTCC 

•	 two WBRRs (Weather Bureau Remote Radar recorders) 

that will receive their data from NWS WSR-57 radars 

•	 an Alden Facsimile machine for receiving weather 

maps 

•	 a GOES (Geostationary Operational Environmental 

Satellite) satellite photo recorder that receives 

its information from the ATCSCC 
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•	 a Service A teletypewriter drop for requesting 

and receiving weather information from the WMSC 

•	 telephone and interphone service. 

In the Far Term, the CWSU would have an NWS AFOS (Automation 

of Field Operations and Services) data processing, communica

tions, and display system with direct interfaces to the NWS 

National Distribution Circuit, to NADIN, and to the ARTCC's 

CCC. Also in the Far Term, the WBRRs would receive three 

dimensional weather data from Joint Use Weather Radar Sites, 

and the Service A teletypewriter would be replaced with higher 

speed communica~ion through NADIN. 

2.3.15 System Maintenance and Monitoring 

Currently, much of the monitoring of system performance, 

monitoring of equipment status, routine maintenance, and 

equipment certification is performed by maintenance personnel 

through hands-on examination of the equipment and software. 

Within an ARTCC area, most of the equipment is within the 

ARTCC building, but some is at remote sites. The System 

Maintenance Monitoring Console (SMMC) in the ARTCC provides a 

centralized monitoring and control position for the ARTCC's 

Systems Engineers. For the equipment within the ARTCC 

building, extensive status information is automatically 

sent to the SMMC on a regular schedule. For rc.illotely 

located equipment, much less information is automatically 

made available to the SMMC, and therefore, periodic visits of 

maintenance personnel to the remote sites are required in 

order to perform most maintenance and certification functions. 

(For en route surveillance sites, status messages are 

periodically sent to the SMMC. For Navigation Aids and 

RCAGs (Remote Communications Air/Ground), information must 
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be entered manually at the SMMC after it is received by 

voice telephone.) 

In order to maximize personnel resource utilization and 

improve system availability by trend analysis and failure 

prediction, the F&~ is pursuing the obtaining of a Remote 

Maintenance Monitor System· (RMMS) for some of its remote 

facilities. According to current concepts, this system would 

provide a remote maintenance monitoring capability for three 

major types of facilities: Remote COID~unications Air/Ground 

(RCAG) facilities, navigation (VORTAC) facilities, and En 

Route Surveillance Radars (ARSRs). The equipment monitored 

in the latter facilities would include search and beacon 

radars and the common digitizer. Maintenance monitoring 

information would be remoted from these facilities to a 

central processor at the ARTCC where all information would 

be stored in a central data base. Maintenance men would be 

provided with terminals through which they could address the 

central processor to obtain current status and historical 

information concerning the performance of various equipment. 

Similar capabilities are expected for TRACONs and Towers 

under a separate program; however, the relationship between 

this program and the RMMS is not well defined at the present. 

The basic capabiliti2s being addressed by the RM}lS program 

at the present time are: monitoring.equipments and alarms, 

remote certification, automated recordkeeping, trend analysis, 

and remote control of power sources. Monitored parameters 

would be continuously scanned and compared against stored 

standards. Certification would be provided remotely if the 

parameters were found to be within a specified acceptable 

range. Facility logs and facility performance reports would 
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be kept automatically by the central processor, and outages 

would be automatically reported. The trend analysis would 

provide an early detection of weak links and a long term 

evaluation of Mean Time Between Failures (MTBF) and Mean 

Time Between Repairs (MTBR). The remote control capability 

might be limited to generator activation/deactivation. 

It is anticipated that the RCAG remote maintenance monitoring 

capability will be a Near Term improvement. It would be 

followed in the Far Term by implementation of RMMS for the 

en route surveillance radars and for the navigation facilities. 

Since this document concentrates on those functions directly 

related to the providing of ATC services, RMMS and other 

maintenance functions are not shown in the connectivity 

diagrams (Figures 2-1, 2-2, and 2-3). 
I 

J~ 
Potential improvements in this field include remote diagnostics, 

isolation of failing equipment, and remote adjustment of 

equipment. They also include failure anticipation and 

scheduling of corrective action prior to malfunction. 

Computer files of equipment problems and solutions may also be 

incorporated. 

2.4 En Route Facilities Tentative Implementation Schedule 

Figure 2-7 shows the tentative implementation schedule for the 

principal improvements to the En Route Facilities, BCAS, DABS, 

and ATARS. The latter three are included since they are closely 

related to many ARTCC functions. 

Generally, the schedules for implementation are not schedules 

tha t have been approved by FAA management. In most cases, no 

I 
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Note: Schedules are shown in Calendar Years. The implementation of an improvement is shown by 
a schedule bar that starts at the time that the first operational site will become operational 
and ends at the time that the last operational site will become operational. 
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decision has been made to implement the function. The 

schedules are based on the best estimates of the times of 

availability of the Technical Data Packages. The estimates 

have been obtained from personnel who have been working on 

the specific function as well as from budgetary information. 

2.5 En Route Facilities Interface Planning Summary 

A number of system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in the various options for implementing the output of 

theE&D program to be kept open until it is possible and timely 

to make the final implementation decision. This process also 

has a tendency to cause a deferral of the detailed definition 

of technical and operational interfaces until the time when 

implementation decisions are imminent. In the preparation of 

this chapter it was necessary to make, or accept, a number of 

assumptions as to what improvements would be implemented, when 

they would be implemented, how they would function in an en route 

facility, and how they would ~nteract with other facilities. 

This ~ection identifies assumptions and areas of uncertainty by 

what are called "Open Items" and "Interface Adjustments." 

2.5.1 Open Items 

Open Items relate to major parts of the ATC evolutionary improve

ment program where improvements are to be made via the F&E 

and/or E&D program but where final decisions have yet to be 

made as to the specific course of action to be pursued. In 

most cases, an Open Item involves more than one F&E and/or E&D 
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program and involves questions of the preferred technical 

approach, technical and operational interfaces, or time. 
phasing. 

Thes~ Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness they have 

been cited in each appropriate chapter. An Open Item is 

appropriate to this chapter if it involves features or functions 

of the en route facilities; however, it should not be inferred 

that development and implementation indicated in an Open Item 

would necessarily be part of the development and implementation 

program for en route facilities. Instead, they might be con

tained within the program of another interfacing facility. The 

Open Items pertinent to En Route facilities are: 

Open Item 1:	 Interface/Integration of Automated Air Traffic 
Functions 

1. Central Flow Control predictioIlS of en route delay 

would contint:te to be improveu through enhancements in delay 

forecasting and more data inputs from the en route and 

terminal ATC facilities, but Central Flow Control (CFC) 

would not have any automated interface with En Route 

Metering or ARTS III M&S. The use of Fuel Advisory Depar

tures-wou1d be refined to reflect the improved CFC pre

dictions. 

2. Initial versions of Flight Plan Conflict Probe (FPCP) 

and En Route Metering would be developed as independent 

functions. Later versions would be integrated so that the 

En Route Metering advisories would provide for conf1ict

free metering instructions. En Route Metering would also 

be developed to consider efficient ways of absorbing delay 
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to conserve fuel. This will include profile descents, 

speed changes, path stretching, and holding patterns. 

3. The function of Local Flow Control and the concept of 

providing information specifically tailored for the Local 

Flow Controller will not be improved upon over and above 

the improvements that will be associated with en route 

metering and FPCP. 

4. The implementable version of ARTS III Metering and 

Spacing (M&S) will include flexible control algorithms 

that will permit profile descents with little or no vector

ing during low demand periods and will utilize tighter 

control procedures with potentially more vectoring during 

high demand periods. The tighter prc~edures are invoked 

to improve the interarrival spacing at the threshold and 

thus maintain high runway capacity during high demand 

periods. 

5. An interface will be developed between M&S and 

terminal area Conflict Alert to provide conflict-free M&S 

commands. 

6. An automated interface will be developed to maximize 

efficiency of operations between En Route Metering and 

ARTS III M&S. 

Open Item 2: Evolution of DABS Capability 

1. The DABS capability will be realized by a direct 

replacement of ATCRBS sensors with DABS sensors rather than 

by first upgrading ATCRBS sensors to include a monopulse 
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detection and processing capability and then, at a later 

date, upgrading those sensors to the DABS configuration. 

2. The DABS sensors installed for en route surveillance 

will include back-to-back antennas to increase the data 

rate. This assumption follows from a related assumption 

that ATARS will be implemented at the en route DABS 

sensors. 

3. DABS sensors for improved surveillance and data link 

capability will be implemented at the earliest reasonable 

date. A corollary assumption is that the complete DABS 

sensors will be impiemented sufficiently soon as to pre

clude the need for earlier installations of just the DABS 

data link capability at locations where the full DABS 

capability will eventually be,deployed. 

4. Initial DABS/ATARS implementation will be based on 

single site/colli~ion avoidance capability. DABS surveil 

lance information will be combined at the associated . 

control facilities. Subsequent to the initial implemen

taion, provisions will be made for exchanging data between 

selected DABS/ATARS sites to improve their collective 

collision avoidance capability. Several options are being 

explored to provide for the exchange of information. 

One of these options, the coordination through the 

associated ATe facility, was assumed in this document. 

5. Initially, DABS implementation at terminals will be 

restricted to those sites having ARTS III automation. 
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Open Item 3:	 Time Phasing of DABS vs Plans to Use DABS 

Data Link and Other DABS-Dependent Items 

It was implicitly assumed that the FAA will develop a plan 

for using the DABS data link capability on a schedule that 

is consistent with the DABS implementation schedule and 

that the benefits, as perceived by user groups, would 

result in installation and use of associated avionics. 

Open Item 4:	 Aircraft Separation Assurance 

1. The assumption was made that all of the programs aimed 

at providing automated aids to the pilot and the control

ler for the avoidance of midair collisions will be success

ful and will be implemented. These programs include: 

a. En Route Conflict Alert 

b. 'En Route Conflict Resolution advisory function 

c. Terminal Conflict Alert (ARTS III sites) 

d. Terminal Conflict Resolution advisory function 

(ARTS III sites) 

e. ATARS (at	 all DABS sites) 

f. BCAS -- "active only" for initial implementation 

but followed by more sophisticated systems later. 

2. It was further assumed that the technical ·designs of 

each of the capabilities listed above will be realized 

within an overall design of an airborne separation assurance 

system which will assure proper interoperability among the 

various features and avoid presenting either the pilot o~ 

the controller with conflicting instructions or advisories. 
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Open Item 5: En Route Radars 

1. It was assumed that no major changes would be made to 

improve either aircraft detection or weather detection in 

the en route airspace in the Near Term system (prior to 

1983). 

2. ARSRs (including the new ARSR-3s) will be modified to 

improve both their weather detection and aircraft detec

tion capabilities in the Far Term. Aircraft detection will 

be improved through the addition of MTD. Weather detection 

will be improved through the addition of a separate ARSR 

weather channel. 

3. As a further step in the improvement in the detection 

of weather, particularly turbulent weather, the FAA will 

join with the National Weather Service (NWS) , and the Air 

Force Weather Service (AWS) in the development of a new 

three-dimensional (3D) weather detection radar. That new 

3D radar will be implemented throughout the conterminous 

U.S. to provide coverage of airspace of interest to the 

ARTCCs. 

4. New ARSR-4s will be procured to replace older tube 

type radars to reduce maintenance costs and improve 

reliability. The new ARSR-4s will include both an MTD 

type capability for aircraft detection and a separate 

weather channel. (This implies that the FAA intends to 

continue to maintain and operate primary radars for en 

route surveillance for the foreseeable future.) 

5. For the Far Term, it was assumed that the en route 

weather detection capability would be provided by both 
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the ARSRs (ARSR-4 and the modified ARSRs) and the Joint 

Use 3D Weather Radar. 

Open Item 7:	 Surveillance Data Preprocessors 

1. CD-2s will be procured and implemented for the pre

processing of ARSR and ATCRBS en route surveillance 

data. In the Far Term, these CD-2s will be modified 

twice: first to accommodate the MTD and later to accom

modate an ARSR weather channel. Within a few years, the 

CDs will be replaced by DABS Processors (July 1984). 

2. SRAPs (sometimes referred to as SRAP I) will be 

procured and implemented for the preprocessing of ASR 

and ATCRBS terminal area surveillance data. The SRAPs 

will be located at the ARTS III TRACON facilities. Those 

same SRAPs will go through two modification programs. 
I 
L---" 

The first modification will be to accommodate the addition 

of MTD to the ASRs. The second modification would come 

about six months later to accommodate the separate ASR 

weather channel. Six months later, the modified SRAPs 

would be replaced by the DABS processors. 

Open Item 8:	 VAS/WVAS Interface/Interaction with ARTS III 
Metering and Spacing and En Route Metering 

1. A manual interface will be established between ARTS M&S, 

the Vortex Advisory System (VAS) and en route metering that 

will permit the use of reduced longitudinal separations 

when the VAS indicates that wake vortex conditions are 

favorable. 

2. As the VAS evolves to a more capable Wake Vortex 

Avoidance System (WVAS) an automated interface will be 
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implemented between the cited system elements to allow 

the benefits of further reductions in longitudinal spacing 

(possibly tailored on an aircraft pair basis) to be opera

tionally realized. 

Open Item 9:	 Replacement/Augmentation of NAS 9020 Centr~l 
Computer Complexes 

The NAS 9020 Central Computer Complexes will be the pLimary 

computer capability at ARTCCs through the 1980s. The 

9020s will be augmented as needed to accommodate forecasted 

increases in air traffic and the full spectrum of planned 

ATC improvements. These improvements include En Route 

Metering, Flight Plan Conflict Probe, En Route MSAW, 

Conflict Alert Enhancements, Conflict Resolution, Direct 

Access Radar Channel, Electronic Tabular Display Sub

system, Digitized Weather Data, DA~S Data Link, and ATARS. 

Open Item 11: DARC/ETABS/CCC Interface 

The Direct Access Radar Channel (DARC) and Electronic 

Tabular Display Subsystem (ETABS) will have the ability 

to exchange data that is sufficient to permit effective 

stand-alone operation in the event that either the ARTCC's 

Central Computer Complex (CCC) and/or the Data Entry and 

Display Subsystem (DEDS) is not available. 

Open Item 15: Voice Communications Planning 

1. Air-ground-air communication for the ARTCCs and major 

terminals will be upgraded in the post-1982 time period by 

implementation of the radio portion of VSCS, which would 

be referred to as RCCS. In the Near Term, RCAG tone 

control equipment for the ARTCCs will be replaced, possibly 
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with a modular subsystem that would be compatible with 

longer term RCCS/VSCS designs. The FSSs, which are 

assumed to remain unconsolidated, will continue to use 

switching and control equipment based on existing designs. 

In addition, the transmitters, receivers, and antenna 

systems at all FAA ground sites will be replaced with 

modern design equipment. 

2. Ground-ground communications would be modernized by 

the implementation of ground-ground portions of the VSCS 

system which would replace the \.JECO 300 system at ARTCCs, 

and the WECO 301 system at the larger terminals. The 

existing small key systems and call distributors at FSSs 

would remain in place. 

3. At some smaller terminals a Small Voice Switching 

System (SVSS) will be implemented, which will providE· an 

integrated radio and ground voice communications capability. 

0Een Item 18: Detection of Turbulence and Low Level i.Jind._----_.",_ ..._~, ...._~._ _~-.- ----. 

Shear 

1. No major improvements will be made in the detection 

of hazardous weather in the Near Term ATC system 

configuration (i.e., no major improvements implemented 

prior to 1982 with the exception of the Low Level 

Wind Shear Alert System (LLWSAS)). 
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2. The first major improvement will start to be imple

mented in the early part of the Far Term system (1984). 

The first major improvement will be achieved by modifying 

both the ARSRs and the ASRs to include what is referred 

to as a separate weather channel. The separate weather 

channel is likely to include an MTD capability for the 

special processing of the returns from precipitation to 

indicate areas of heavy precipitation. In order to achieve 

this capability, all ARSRs ann ASRs will be modified or 

replaced. In the case of both the ARSRs and the ASRs, 

the weather data will be two-dimensional (range and 

azimuth). 

3. The second major improvement will be realized by adding 

the 3D weather detection capability,i.e., range, azimuth, 

and altitude of turbulence and low level wind shear. For 

the en route system, the 3D capability will be realized 

through a joint FAA/NWS/AWS program to develop and imple

ment a Joint Use Weather Radar. For the terminal area 

system, the 3D capability will be realized either through 

a further modification to the ASRs to provide a 3D 

capability and/or through inputs from the Joint Use radars 

for those terminal areas where coverage from the Joint 

Use radars satisfy the terminal control requirements for 

detecting low level wind shear as well as turbulence. 

4. The 3D weather detection system for the terminal area 

will include the capability of detecting and analyzing 

turbulence and wind shear in clear air as well as under 

conditions where precipitation is present. 
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Open Item 19: Weather Data Dissemination 

A Center Weather Service Unit (CWSU) will be implemented 

at each ARTCC and will receive~ interpret~ coordinate~ 

and dispatch graphic and tabular weather data to control

ler operating positions within the ARTCC and in associated 

TRACONs. The distribution of weather data to controller 

positions will be accomplished by TIPS for Towers/TRACONs 

and will be accomplished by ETABS for ARTCCs. In light 

of incomplete FAA plans for accomplishing the distribution 

of graphical weather data to controller positions~ the 

specific devices used for distribution were not designated 

in this document. 

Open Item 20: Remote Maintenance and Monitoring 

1. Integrated remote maintenance and monitoring functions 

will be incorporated into the RCAG~ en route survei11ance~ L 
VORTAC and airport facilities for navigation~ communica

tions~ and surveillance. The Remote Maintenance Monitor 

System (RMMS) capabilities consist of equipment monitor

ing and fault a1arming~ remote certification~ automated 

record keeping~ trend analysis and remote control of 

redundant units and some facility functions. 

2. The RMMS at airport facilities would utilize a special 

processor to be located in the associated tower/TRACON. 

For other faci1ities~ the RMMS will utilize a dedicated 

processor located at each ARTCC. All maintenance informa

tion will be transmitted from the cited facilities via 

existing communication links to the processor for storage~ 

processing~ and access by technicians using special common 

terminals located either local to the ARTCC or at remote 

I 
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locations. No assumptions were made regarding how the 

RMMS data would be provided and displayed to the responsible 

technicians since FAA plans have yet to be made in these 

areas. 

3. The DABS and MLS systems to be installed in the Far 

Term will also incorporate RMMS functions that are com

patible with the above concept. 

Open Item 22:	 Evolution of the ATC System to Include 
Advanced En Route Automation (AERA) 

1. AERA will be operationally integrated into the en 

route ATC system after the "Far Tenn" configuration 

described in this document has been implemented. This 

means that AERA will be introduced into an en route system 

where En Route Metering, Flight Plan Conflict Probe, 

Conflict Alert, Conflict Resolution, and automated inter

faces with tenninal automation facilities have already been 

successfully implemented and are available as aids to the 

controller. (This presupposes that the current E&D programs 

will be successful and produce products that will be 

implemented.) 

2. There will be a transition period when the en route 

data processing and display complex must be able to perform 

all the functions ascribed to the "Far Term Configuration" 

plus the functions to be automated by AERA. 

3. After the transition period, some of the functions 

ascribed to the "Far Term Configuration" will be assumed by 

the AERA programs while other functions of the "Far Term 

Configuration" will be retained. For example, AERA may~ 
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provide all the assistance needed with respect to En 

Route Metering and Flight Plan Conflict Probe and thus 

eliminate the need for retaining the En Route Metering 

and Flight Plan Conflict Probe as initially developed for 

NAS Stage A in the pre-AERA period. On the other hand, 

the Conflict Alert and Conflict Resolution capabilities 

developed for NAS Stage A in the pre-AERA period may be 

retained in order to provide the alert/resolution signals 

to the controller for those hopefully infrequent occasions 

where controller intervention is required to avoid violation 

of separation standards. This is merely an illustration 

of some of the things which will need to be considered 

during the integration of AERA capabilities as a part of 

the overall en route control system. If such an integration 

takes place, there seems to be at least a reasonable 

chance that the total requirements for en route data 

processing and display may be less demanding after the 

transition phase then during the transition phase. 

4. Sometime during the 1985-1995 time frame, the FAA will 

be replacing the current NAS Stage A data processing and 

display systems with the next generation equipment. 

Implementation of AERA will take place during that same 

time frame. The FAA will time phase the implementation 

of AERA with the introduction of new data processing 

and display systems as part of a total program that will 

not adversely affect system operations and will at the 

same time minimize the costs of implementing AERA. 
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2.5.2 Interface Adjustments 

This section identifies some fairly specific smaller scale 

interface uncertainties. These uncertainties generally involve 

minor design modifications in one or more programs that are 

not considered as significant as the previously cited Open Items. 

The Interface Adjustments pertinent to the En Route Facilities 

chapter are: 

Interface Adjustment B2-1 -- Exchange of Conflict Alert Infor
mation between Facilities 

In the future, it may be desirable to exchange Conflict 

Alert and Conflict Resolution Advisory information between 

facilities (ARTCe and ARTCC; ARTCC and TRACON). This 

would be done so that both facilities could have the 

same conflict information for aircraft that are at, or 

near the boundary between the two facilities. 

Interface Adjustment B2-2 -- Communication between DARC 
and ecc 

As currently planned, DARe will be able to receive 

messages from the ece, but will not be able to send 

messages to the CCC. Two-way communication would appear 

to be very advantageous. 

Interface Adjustment B2-3 -- Three-Dimensional Weather 
Interface with En Route 
Facility 

In the Far Term, digitized weather data will be provided 

to ARTCCs. The data will have altitudes associated with 

it, and thus will be three-dimensional. Conceptual and 

experimental work should be performed to make certain 

that the weather data will be displayed in a manner that 

will make it most useful to controllers. 
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3.	 TRACON FACILITIES 

This chapter is concerned with TRACONs (Terminal Radar Approach 

Control, IFR Room) and TRACABs (Terminal Radar Approach Control 

Tower Cab). TRACONs are at airports at which approach control 

is principally performed in an IFR (Instrument Flight Rules) 

room. Additional approach control work is performed at one or 

more associated Tower Cabs at major and satellite airports. 

TRACABs are at airports at which approach control is performed 

only in the Tower Cab. 

The control exercised by TRACON/TRACAB facilities is generally 

limited to those aircraft that are operating within the terminal 

area but are not within the Airport Traffic Area. The Airport 

Traffic Area is that area that is within five miles of an airport 

and is below 3000 feet AGL (Above Ground Level). 

Automation Equipment 

All TRACONs and TRACABs are now, or will in the future be, 

equipped with data processing equipment to provide automation 

of some Air Traffic Control functions. Three general types of 

automation equipment are used: ARTS (Automated Radar Terminal 

System) III, ARTS II, and TPX-42. ARTS III is currently opera

tional at 63 sites. It is expected that all of these will be 

upgraded to ARTS IlIA sites (27 of them are currently being 

upgraded). 

The emphasis in this chapter will be on TRACONs equipped with 

ARTS	 III equipment. Such configurations provide the highest 

level of terminal automation. TRACONs and TRACABs equipped with 

ARTS	 II or TPX-42 equipment provi.de many of the same functions as 

the ARTS III TRACONs but with less sophistication and flexibility. 
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Table 3-1 shows a comparison of the features of the various 

current terminal automation equipments. Table 3-2 shows the 

Current and Near Term deployment of automation equipment among 

the various terminal ATC facilities. The following paragraphs 

briefly describe these equipments. 

ARTS III and ARTS IlIA 

ARTS III and ARTS IlIA are similar in many respects. Both 

systems are designed and produced by UNIVAC. Many of the equip

ments and much of the software are common to the two. All of the 

basic ARTS III facilities are now operational. The first 

ARTS IlIA site is expected to become operational in the Spring 

of 1979. Both ARTS III and ARTS IlIA are programmable data 

processing systems that are capable of receiving information 

from various sources (surveillance sites, host ARTCCs, control

lers' keyboard entries, etc.) and sending information to various 

destinations (controllers' displays, host ARTCCs, etc.). 

Because they are general-purpose data processing systems, they 

are capable of being programmed to provide many of the software 

functional improvements (e.g., Conflict Alert, Conflict Resolu

tion Advisory, Terminal Metering and Spacing) that are described 

later in this document. Although ARTS III and ARTS IlIA have 

limited computing capacity and storage, it appears that all 

sites would have enough capability (possibly through some augmen

tation with special purpose computers) available to support the 

functional improvements that are envisioned for TRACONs. The 

computing and storage capacity of ARTS IlIA has been increased 

over that of ARTS III, but it appears that (at least for some 

sites) both ARTS III and ARTS IlIA will need to be augmented. 

One of the key functional improvements provided by ARTS IlIA is 

the expansion of processing to include search radar targets in 
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TABLE 3-1
 
FEATURES OF AUTOMAnON EQUIPMENTS
 

CURRRNTLY USED FOR TERMINAL AUTOMAnON
 

W 
I 

W 

BASIC 
ARTS III ARTS IlIA ARTS II TPX-42 

Automatic Tracking of Beacon Targets X X 
Automatic Tracking of Search Radar Targets X 
Displays on Plan View Displays: 

• Beacon Replies X X X X 

• Search Radar Returns X X X 

• Data Blocks Associated with Beacon Replies X X X X 

- Various Alphanumeric Characters X (Limited 
or Symbols Usable as Position Symbols X X X to X and 0) 

- Aircraft Identification (Call Sign) X X X 
- Assigned Altitude (IFR Flights) X X X 
- Mode C Altitude X X X X 

• Data Blocks Associated with Search Returns X 

• Tabular Data (e.g.: Arrival/Departure List) X X X X 

Automation-aided Non-verbal Handoffs X X X 
Exchange of Radar Position & Track Data with 

Host ARTCC X X X 
Exchange of Flight Data (Flight Plans, FP Changes, 

Departure Messages, etc.) with Host ARTCC X X X 
Controller-enterable Keyboard Message X X X 
Redundant Equipment & Fail-Soft Capability X 
Multiprocessing Capability X 



TABLE 3-2 
TERMINAL A TC FACILITIES 

AIRPORT TYPE 

High IFR Activity Airports 
(67) 

ARTS 

TRACON 

III Automation 
(63) 

TRACAB 

None 

TOWER CAB 

67 Airports* 

W 
I.,.. 

Medium IFR Activity Airports ARTS II (50)** 
(112) TPX-42 (11) 

High VFR None
Activity Airports 

Low IFR (222) 
Activity 
Airports Medium and Low VFR None

Activity Airports 
(10,000 +) 

*Several of the high IFR activity airports share a 
LaG~ardia in New York City. 

**Near Term deployment 

common 

ARTS II (23) *,~ 112 Airports 
TPX-42 (28) 

None 222 Airports 

None None 

TRACON, e.g., JFK, Newark, and 
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addition to beacon targets. The system will track such targets 

and will display data blocks that identify the tracked aircraft. 

ARTS III reliability will be increased through the use of redun

dant equipment and fail-soft capability. The latter provides 

automatic switching of equipment (e.g., memories or Input Output 

Processors) so as to remove and replace improperly functioning 

units. Other features include: multi-processing, a separate 

buffer memory for each display, automatic overload sensing and 

protection, remote tower display and data entry, and continuous 

data recording that can be controlled through keyboard messages. 

A special expanded ARTS IlIA system will be installed in the 

New York TRACON. This facility will use four radar sites, 

will have 30 operational displays, and will be"used to control 

traffic in an area that is approximately 100 nautical miles by 

150 nautical miles. Displays and radars will be adapted so 

that each display can be served by either a primary or 

alternative site. The ARTS IlIA for the New York TRACON will 

include a Communications Multiplexer Controller. This device 

will allow digital data communication (at 2400 baud) between 

the IFR room and BRITE (Bright Radar Indicator Tower Equipment) 

displays in five associated Tower Cabs. At J. F. Kennedy and 

Newark airports, there will be two BRITE displays in each Tower 

Cab. Each BRITE display will have input capability through 

its associated keyboard. Similar expanded ARTS IlIA systems may 

be required at other high activity terminal areas. 

ARTS II 

ARTS II like ARTS III and ARTS IlIA -- is a programmable data 

processing system. Its computing and storage capacities will be 

considerably less than those of either ARTS III or ARTS IlIA. 

ARTS II is being designed and produced by the Burroughs 
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Corporation. The first ARTS II site is expected to become 

operational early in 1979. As with ARTS III, ARTS II will 

have the ability to communicate with its host ARTCC, with con

trollers through displays and keyboards, etc. Various software 

enhancements (e.g., Conflict Alert, Minimum Safe Altitude Warn

ing system, and Automatic Tracking) have been considered for 

ARTS II, but are not being actively developed at this point. 

Currently, ARTS II does not provide tracking, but does display 

data blocks for both discrete and nondiscrete beacon replies. 

TPX-42 

The TPX-42 has the least capability of the currently-used terminal 

automation equipment. It is not a programmable data processing 

system. However, various functions can be controlled through 

panel switches and dials. The TPX-42 was designed and 

produced by AIL, a Division of Cutler-Hammer. All of the TPX-42 

facilities are now operational. The TPX-42 does not provide 

tracking or tabular information on PVDs. It does provide labels 

for discrete and nondiscrete beacon replies. However, the labels 

contain less information, cannot contain as wide a variety of 

information, and are not as easily changed as those of the 

ARTS systems. It is expected that the TPX-42s will be replaced 

with more sophisticated equipment some time in the future. 

ARTS II and a programmable version of the TPX-42 are being 

considered as a replacement system. A decision on replacement 

is expected in 1980. 

Chapter Content and Organization 

Except where otherwise noted, when a TRACON is referred to in 

the remainder of this chapter, it will denote an ARTS IlIA 

TRACON. It should, however, be kept in mind that many of the 

same functions and capabilities will be available with TRACONs 

and TRACABs equipped with ARTS II or TPX-42 equipment. 
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Although the principal ATARS and BCAS equipment are not con

tained within TRACON rooms, they are briefly described, since 

they would be used in terminal airspace and would be part of 

the general collision-avoidance/separation-assurance area of 

which the Terminal Conflict Alert and Terminal Conflict Resolu

tion Advisory functions are parts~ 

The remainder of this chapter consists of the following sections: 

•	 TRACON Facilities Improvements Summary (3.1). This 

section lists important functional areas and the 

improvements planned for these areas. For each function, 

there is a separate brief description of the method by 

which the function is currently performed, the planned 

improvement(s), and the manner in which the improve

ment(s) would enhance the performance of the function. 

(Further, more detailed information in regard to each 

improvement is contained in Section 3.3). 

•	 TRACON Facilities System Connectivity (3.2). This 

section contains three connectivity diagrams one for 

each of the three system phases: Current, Near Term, 

and Far Term. The changes in connectivity between 

phases are briefly described. 

•	 TRACON Facilities Information Flow (3.3). This section 

contains three Information Flow Diagrams -- one for each 

of the three system phases (see above). The diagrams 

show the facilities that provide inputs to a TRACON, 

the principal types of inputs provided by each of these 

facilities, TRACON functions, the facilities that are 

provided with outputs from a TRACON, and the principal 
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types of outputs provided to those facilities by the 

TRACON. The information flow for each function that 

was identified in Section 3.1 is then described in a 

separate series of paragraphs. 

•	 TRACON Facilities Tentative Implementation Schedule 

(3.4). This section contains a figure that shows the 

tentative implementation schedule for the principal 

improvements affecting the TRACON Facilities . 

•	 TRACON Facilities Interface Planning Summary (3.5). 

This section summarizes the major assumptions that were 

made in regard to: what improvements would be imple

mented, when they would be implemented, how they would 

function in a TRACON-Facility, and how they would 

interact with other faci1itieR. 

3.1 TRACON Facilities Improvements Summary 

Table 3-3 summarizes the TRACON Facilities Improvements that are 

planned for the Near Term and Far Term. The first four functions 

are concerned with software that is internal to the TRACON. 

Function 6 involves hardware changes within the TRACON. Func

tion 5 and 7 involve hardware changes that are external to the 

TRACON, but whose implementation would cause changes in software, 

inputs, outputs, and displayed data within the TRACON. Each of 

these functions/features and the improvements in them are 

briefly described in the following paragraphs. In addition to 

the improvements that are listed in Table 3-3, there are other 

potential improvements whose implementation is less certain to 

occur. Such additional improvements are briefly described at the 

end of this section. 
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TABLE 3-3 
TRACON FACILITIES IMPROVEMENTS SUMMARY
 

(ARTS III AND ARTS iliA ONLY, UNLESS OTHERWISE DESIGNATED)
 

(,J 
I 

'0 

Functions/Features Current System (1978) Near Term Improvements 
(1979-82) 

Far Term Improvements 
(Post-1982) 

1. Monitoring Nearness to 
Ground 

MSAW Low Altitude 
Alerting System (TPX-42) 

NC 

i. Management of Traffic Flow 
in Terminal Areas 

Manual Manual -Terminal Metering and Spacing 
with Profile Descent 

3. Determination of Immediate Manual Terminal Conflict Alert· • ATARS 
Potential Aircraft 
Conflicts 

4. Resolution of Immediate 
Potential Aircraft 
Conflicts 

Manual Manual • ATARS 
• Terminal Conflict Resolution 

Advisory 

5. Communication with Aircraft Voice Radio (VHF & UHF) NC Data Link (DABS) Added 

6. Input, Output, and Display 
Processing 

ARTS III, TPX-42, FDEP • ARTS III Upgraded to ARTS IIIA* 
• ARTS II. 

• TIPS Added 
• TPX-42 Replaced by ARTS II 

or Programmable TPX-42 

7. Processing and Display of 
Aircraft and Weather 
Surv~illance Data; 
Tracking of Aircraft 

Display of Video Search Radar 
Returns and Processed 
Beacon Target Replies 

• Addition of SRAPs at TRACONS 
• Addition of Search Radar Tracking 

Through Returns Digitized by 
SRAP 

• All-Digital Display 
• Addition of Display of Digitized 

Weather Data (Turbulence) 
.• Display of Digitized Search Radar 

& Beacon Target Reports 

* = Approved by the FAA for Implementation 
NC = No Change Included in Current Plans 
NA = Not Applicable 



L 
Monitoring Nearness to Ground 

Currently, terminal MSAW (Minimum Safe Altitude Warning System) 

is operational at ARTS III sites. A similar capability, Low 

Altitude Alerting System, is expected to be implemented at 

TPX-42 sites in the Near Term. Other than that, no specific 

improvements are currently planned for this area in either the 

Near Term or Far Term. See 3.3.1 for further information. 

Management of Traffic Flow Near Terminal Areas 

Currently, terminal metering personnel manually calculate esti

mated times of arrival at runways, manually determine desirable 

spacing and sequencing of aircraft onto the runways, and manually 

determine the aircraft maneuvers that should be performed in 

order to achieve the desirable spacing and sequencing. Current 

plans do not call for changes in this area in the Near Term. 

In the Far Term, Terminal Metering and Spacing (M&S) is 

expected to be implemented in ARTS IlIA TRACONs. Through 

computer software, M&S would automatically calculate the times 

of arrival if no actions are taken by controllers, and would 

also calculate the estimated arrival times that are needed for 

proper spacing of aircraft. M&S would provide speed reduction 

and maneuver timing information to aid metering personnel in 

achieving the desirable spacing and sequencing. Improvements 

in this area would help controllers minimize congestion, 

decrease delays, reduce fuel consumption (through use of Pro

file Descent and other techniques), and decrease noise in 

terminal areas. 

Also in the Far Term, M&S would be integrated with Terminal 

Conflict Alert and En Route Metering. M&S would be dependent 

upon En Route Metering's delivery of aircraft to feeder fixes 
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within certain coarse time limits. In turn, Terminal M&S 

would provide En Route Metering with real-time metering and 

spacing information (runway acceptance rates, runway slot 

usage, or flight data for VFR (Visual Flight Rules) flights, 

Tower En Route flights, and Departures). M&S would also include 

an automated capability for analysis of the desirability of the 

use of Profile Descent and other fuel conservation methods for 

individual aircraft. See 3.3.2 for further information. 

Determination of Immediate Potential Aircraft Conflicts 

In the Near Term era, Terminal Conflict Alert is being imple

mented nationally. It provides automatic detection of immediate 

potential conflicts between aircraft in terminal areas. In the 

Far Term, Terminal Conflict Alert would be integrated with 

TeFmina1 .M&S in order to ensure conflict-free metering paths 

near terminals. It is expected that two other related functions, 

ATARS (Automated Traffic Advisory and Resolution Service) and 

BCAS (Beacon-based Collision Avoidance System) will be imple

mented in the Far Term. See 3.3.3 for further information. 

Resolution of Immediate Potential Aircraft Conflicts 

Currently, controllers must find their own solutions to conflict 

situations with little computer aid. Improvements in this area 

would automatically provide controllers with recommended actions 

to be taken in order to resolve conflicts that have been 

detected by the Terminal Conflict Alert function. No specific 

improvements are currently planned for the Near Term. In the 

Far Term, the Terminal Conflict Resolution Advisory function is 

expected to be implemented at ARTS IlIA TRACONs. The Conflict 

Resolution Advisory function would provide recommended solu

tions to conflicts that have reached an advanced state. It is 
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expected that two other related functions, ATARS and BCAS, will 

be implemented in the Far Term. The Conflict Resolution Advi

sory Function is dependent upon the implementation of Terminal 

Conflict Alert. See 3.3.4 for further information. 

Communication with Aircraft 

In order to perform their duties, controllers currently use 

two-way voice radio communication extensively. Improvements 

would relieve controllers of much of this work and would also 

decrease the load pn the heavily-used terminal radio channels. 

No improvements in this area are currently planned for the Near 

Term. In the Far Term, Data Link (DABS) is expected to be 

implemented and available for use. Data Link would be able to 

provide rapid non-voice communication between the TRACON and 

aircraft. Many routine and high priority messages could be 

~ransmitted via Data Link. As yet, ~ne manner in which Data 

Link would be used for communication between TRACONs and aircraft 

has not been fully determined. The use of Data Link is depen

dent on the implementation of DABS (Discrete Address Beacon 

System) and the implementation of a message generating and 

receiving capability that would interface with DABS Data Link 

and the TRACONs. See 3.3.5 for further information. 

Input, Output, and Display Processing 

Currently, Input, Output, and Display Processing are performed 

with FDEPs (Flight Data Entry and Printout equipment) and 

ARTS III, ARTS II, and TPX-42 systems that have limited capa

bilities. Improvements in this area would provide better, more 

timely information for TRACON controllers, would decrease the 

coordination workload, and would support VFR flight services. 
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In the Near Term, ARTS III sites will be upgraded to ARTS IlIA. 

In the Far Term, TIPS (Terminal Information Processing System) 

is expected to be implemented at all TRACONs and TRACABs. 

FDEPs would no longer be needed in the TRACONs/TRACABs as 

either input or output devices. All of the messages that 

currently can only be sent from a TRACON/TRACAB to its host 

ARTCC via FDEPs, would be capable of being entered through 

TIPS consoles. Furthermore, the ARTCC would no longer be 

required to route flight progress strip information to FDEPs in 

TRACONs and TRACABs. Instead, TIPS would prepare and display 

similar information from its extensive store of flight plan 

data that would be received from the host ARTCC as well as from 

FSSs and local entry devices. Also in the Far Term, it is 

expected that the TPX-42 equipment currently in operation at 

TRACON/TRACAB sites will be replaced either with ARTS II systems 

or Programmable TPX-42s. See 3.3.6 for further information. 

Processing and Display of Aircraft and Weather Surveillance Data; 

Tracking of Aircraft 

Currently, both digital and analog data are displayed on ARTS 

plan view displays. Data blocks and lists are displayed through 

digital techniques; aircraft and weather target data are displayed 

through (broadband) analog techniques. The brightness of broad

band targets decreases as the radar scan moves away from them, 

and the displayed returns tend to be smeared. Improvements in 

this area are expected to provide controllers with more 

distinct, less variable display of search radar targets and 

beacon replies,more digital writing time, and greater selecti

vity and filtering of information to be displayed. Also, 

improved weather information (turbulence and wind shearin 

addition to precipitation) would be available and could be 

displayed. 
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In the Near Term, SRAP (Sensor Receiver and Processor) will be 

available as part of each ARTS IlIA. It will be used to 

digitize the search radar information needed for radar tracking 

and to digitize the beacon information that is currently 

digitized by the Beacon Data Acquisition Subsystem of ARTS III. 

In the Far Term, all-digital displays are expected to replace 

the current broadband/digital displays at ARTS III sites. The 

new displays would provide the nonfading, discrete position 

symbols, etc. mentioned above. The ARTS II and TPX-42 sites 

are expected to continue using their current displays that 

provide digital tabular information, etc. and broadband display 

of aircraft and weather targets. For ARTS III sites, it is 

expected that broadband surveillance data would no longer be 

available. However, it is possible that the broadband capacity 

would be retained for backup to the digital surveillance data. 

In the Far Term, digit.ized weather data is expected to be 

available via separate channels from terminal surveillance 

sites. Also, in the Far Term, the capability of obtaining 

and controlling the display of digitized three-dimensional 

turbulent weather is expected to be provided at ARTS III 

installations. See 3.3.7 for further information. 

Other Near Term and Far Term Improvements 

As mentioned in Chapter 2, it is expected that CWSUs (Center 

Weather Service Unit) will be located at each ARTCC. The CWSU 

in each ARTCC would provide automated collection and distribu

tion of weather and PIREPs (Pilot Weather Report) to and from 

TRACONs. The CWSU would prepare and update tailored weather 

descriptions for TRACONs. These would be retrievable by 

terminal controllers at any time. The Aviation Weather 
I 
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System Program Plan calls for the implementation of CWSUs by 

1980. Although TRACONs might be able to make some use of CWSU 

capabilities in the Near Term, maximum automated aid is not 

proposed to be provided to TRACONs until TIPS would be available 

to interface with CWSUs in the Far Term. Weather information 

from CWSUs would then be displayed on TIPS displays. 

Currently, numerous status displays are associated with airport 

communications, navigation, and surveillance facilities. In 

the Far Term, these would be replaced by the Airport Traffic 

Control Tower Consolidated Display (ACD) in each TRACON. The 

status data, as well as weather sensor indicators (wind, 

temperature, barometric pressure, etc.), would be integrated 

and consolidated into the ACD. 

Additional Potential Improvements 

AutomatedT~rrnina1 ATC is an additional potential improvement 

in the management of traffic flow near terminals. Thus far, 

experimental work on automated air traffic control has been 

confined to en route airspace (AERA = Automated En Route Air 

Traffic Control) up to the terminal feeder fixes. However, 

approval has been given for the investigation of the extension 

of the AERA concepts to include terminal airspace. 

Another potential improvement is CMA (Control Message Automa

tion). CMA would provide the link between the TRACON and DABS 

data link. CMA would handle functions such as formatting, 

bookkeeping, and the establishment and use of priorities for 

data link messages. CMA would handle messages that may be 

generated through functions/features such as Conflict Alert, 

Conflict Resolution Advisory, etc. 
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Another potential change is the replacement/augmentation of the 

terminal area computers (ARTS IlIA, ARTS III, ARTS II, TPX-42). 

As air traffic volume increases and software capabilities are 

added to TRACONs/TRACABs, the possibility of exceeding current 

hardware capabilities increases. Added incentives for change 

result from the equipment growing older and maintenance costs 

rising. 

In the future, it may be desirable to exchange Conflict Alert 

and Conflict Resolution Advisory information between facilities 

(ARTCC and TRACON). This would be done so that both facilities 

could have the same conflict information for aircraft that are 

at, or near, the boundary between the two facilities. As 

currently performed. the Conflict Alert function at one 

facility might declare an alert for a pair of aircraft, but the 

Conflict Alert ·function at the adjacent facility might not 

declare an alert until a later time, or might not declare an .~ 

alert at all. This could occur because of differences in scan 

rates, separation standards, conflict alert algorithms, and 

use or non-use of flight intent data. Similarly, in the future, 

one facility might provide a conflict resolution advisory before 

another facility. and the maneuvers recommended in the two 

advisories might not be the same. Considering this lack of 

common conflict information, it may be desirable to exchange 

such information between adja~ent facilities. 

In the Far Term. as previously mentioned, the information to 

be displayed on situation (plan view) displays will be all

digital rather than the current mixture of analog and digital 

information. In order to provide a smooth transition between 

the two, it may be desirable to have a display device that can 

function with either type of input. The Full Digital ARTS 
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Display (FDAD) is being specified to provide such a capabiltty. 

FDAD as currently envisioned could also provide color (multi 

chromatic) displays, internal memory, buffer refresh capability, 

programmable functions, and interfacing capabilities for ARTS 

IlIA, ARTS III, and ARTS II. 

3.2 TRACON Facilities System Connectivity 

Figures 3-1, 3-2, and 3-3 show respectively, the Current, Near 

Term, and Far Term connections between an ARTS III(A) TRACON and 

other elements of the ATC system. The figures do not show the 

specific connectivity for TRACABs and TPX-42s. As previously 

mentioned, the emphasis in this chapter is on ARTS IlIA 

TRACONs -- the highest level of terminal automation. The TRACONs 

and TRACABs that have ARTS II or TPX-42 automation equipment do 

not have all of the functions and are not connected to all of 

the elements indicated in the figures. ARTS II functional 

capability and connectivity are similar to ARTS IlIA but more 

limited. The capability of TPX-42 equipment is much more limited, 

and the equipment itself is connected only to terminal surveil 

lance sites. 

The principal changes in connectivity from the Current system 

to the Near Term system are shown in italic type in Figure 3-2. 

Changes in complete functions and groups of improvements are 

further emphasized by being enclosed in blocks outlined with 

heavy broken lines. Similarly, italics and heavy, broken lines 

are used in Figure 3-3 to indicate the principal changes in 

connectivity from the Near Term system to the Far Term system. 

These changes are briefly described in the following paragraphs. 
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Near Term 

In the Near Term, Longitudinal Separation Criteria data from 

VAS (Vortex Advisory System) and Wind Shear data from LLWSAS 

(Low Level Wind Shear Alert Systems) are expected to become 

available from Tower Cabs at major airports. Tower En Route 

Flight Plans would be transmitted directly from TRACON to TRACON 

instead of being sent via ARTCCs. Information on aircraft arri

vals and diversions is expected to be sent via voice to the 

ATCSCC (Air Traffic Control Systems Command Center) from the 

TRACON for use in Central Flow Control Calculations. Metering 

data would be exchanged between TRACONs and En Route Metering. 

Weather information, especially prepared for use by TRACON con

trollers, would be available from the CWSU at the host ARTCC. 

Far Term 

In the Far Term, Data Link capabilities are expected to be 

available through DABS. The TRACON would be able to send mes

sages to the terminal surveillance sites for up1inking to 

aircraft, and would receive (from the surveillance sites) mes

sages that had been down1inked from aircraft. Controller Alerts 

generated by ATARS would be sent to the TRACON as would be 

indications of the ATARS recommended avoidance maneuvers that 

were sent to aircraft and the responses of the pilots. A TRACON 

would receive its principal weather inf~rmation from one of three 

sources: (1) an ASR (Airport Surveillance Radar) Weather Chan

nel from the Terminal Surveillance Site, or (2) an ASR Pulse 

Doppler Weather Channel from the Terminal Surveillance Site, or 

(3) a Joint Use Weather Radar Site. The first of the three 

sources would provide only two-dimensional precipitation infor

mation. The other two sources would provide three-dimensional 

precipitation information plus information on turbulence and 

wind shear. The Longitudinal Separation Criteria data and Wind 
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Shear data that had previously been supplied by VAS and LLWSAS 

would be supplied by WVAS (Wake Vortex Avoidance System) and 

AWSDS (Advanced Wind Shear Detection System). Metering data 

would be exchanged between Terminal M&S and En Route Metering. 

For Tower En Route flights, Tracks and Handoff messages would 

be sent between TRACONs via digital data channels. These 

handoffs would no longer require voice communications between 

controllers at the different TRACONs. TIPS is expected to be 

implemented in the Far Term. It would be intern&l to the TRAC ON , 

and would be connected to the ARTS computer, the host ARTCC, 

adjacent TRACONs, local Tower Cabs, and remote Tower Cabs. It 

is expected that all-digital PVDs would be used at all ARTS III 

sites. All surveillance data (aircraft and weather) would be 

received in digital form and would be displayed on the all

digital PVDs. Airport status and weather data would be consoli

dated into the ACD (Airport Traffic Control Tower Consolidated 

Display). 

3.3 TRACON Facilities Information Flow 

Figures 3-4, 3-5, and 3-6 show respectively, the Current, Near 

Term, and Far Term information flow between an ARTS III TRACON 

and other elements of the ATe system. In each figure, the 

TRACON is shown as a large box in the middle. The inputs to 

the TRACON are shown to the left of the box; the outputs from 

the TRACON are shown to the right. The box itself contains the 

names of most of the major functions that are performed within 

a TRACON and very brief descriptions of how the named functions 

are expected to be performed at the end of the period (Current, 

Near Term, or Far Term) for which the figure has been prepared. 

The inputs and outputs that are listed are the general types 

of inputs and outputs for a TRACON, not the total set of input 

and output message types. 
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!NPUTS 

From	 Terminal Surveillance Site 
Search Radar 
•	 Broadband (Video) Aircraft and Weather Returns 

(Two-dimensional) (range. azimuth) 

ATCRlIS 
•	 Broadband Aircraft Replies (range, azimuth, 

identification, altitude) 

From the Hos t ARTCC 
• Flight Plans, FP Changes 
• Handaff and Track Messages 
• Flight Plan and Flight Strip Data (FDEP) 
• General Information Messages 
• Tower En Route Messages 
• PIREPs 
• Coordination· 

From Ai"craft (Air Crew) 
• Flight Plans, Requests fer FP Changes 
• Requests for Clearances 
• PIREPs 
• Requests for Information 
• Progress Reports 

From Tower Cab (High IFR Activity Airport) 
• Coordination 
• Handoffs 
• Weather and Airport Data 
• Airport Weather Sensor Data 

From Tower Cab (Satellite Airport) 

• Handoffs 
• Weather and Airport Data 

From ATCSCC 
•	 Assistance in Handling Calamities or
 

Impending Calamities
 
• Requests for Situation Reports 
• Arrival and Departure Delay Predictions 

From Other TRACON Facility 
• Tower En Route Handoffs 

Current. TRACON FacH i ty (ARTS.II 1) I 
F V N C T ION S 

1.	 Monitoring Nearness to Ground 
Terminal	 Ninimum Safe Altitude \o:arning System 

ARTS J [l automatically checks '1.ircra-ft for safe altitudes 

2.	 }'ohmagement of Traffic Flow in Terminal Areas 
ManlJal calcu1ation of runway arrival times 
Manual determina tion of maneuvers r~quired to provide 

spacing and correct arrival times 

3.	 Determination of Immediate Potential Aircraft Conflicts 
l'-~nual prediction of conflicts 

4.	 Resolution of Immediate Potential Airc.raft Conflicts 
Controllers manually evaluate and resolve potential conflicts. 

5.	 Commun-:cation with Aircraft 
Voice radio 

b.	 Input, Output, and Display Processing 
Through ARTS I II 

7.	 Processing and Display of Aircraft and Weather Surveillance Data; 
Tracking of Aircraft 

. Display of broadband (video) aircraft and weather search radar 
(ASR) return. and aircraft beacon (ATCBI) replies 

Tracking of Aircraft through Beacon Surveillance Data 

_?1!lX~V~I~s_ 

To the ilos t ARTCC 
• Handoff ~nd Position Messages 
• Departure Messages 
• Terminal Beacon Code Messages 
• Flight Plan Data (FDEP) 
• General Information Messages (FDEP) 
• Tower En Route Messages 
• PIREPs 
• Coordination 

To Aircraft (Air Crew) 
• Clearances 
• FP Modifications 
• Ins tructions. Advisories 
• Requests for PlREPs 

To Tower Cab (High IFR ,'.ctivity Airport) 
• Coordination 
• Arrival Sequence Data and Arrival Flight StrIp Data 
• Handoffs 
• Weat.her Data 
• ASR/ATCBI BRITE Surveillance Data 

To Tower Cab (Satellite Airport) 
•	 Arrival Sequence Data and Arrival Flight Progress 

Strip Data 
• Handoffs 
• Weather Data 
• ASR/ATCBI BRITE Surveillance Data 

To ATCSCC 
•	 Situation Reports (personnel staffing, local weather, 

equipment status, radio frequencies, problem areas) 
•	 Requests for Assistance in Handl~ng Calamities or 

Impending Calamities 

To Other TRACON Facility 
• Tower En Route Handoffs 

FIGURE 3-4
 
CURRENT TRACON FACILITIES-(ARTS III)
 

INFORMATION FLOW DIAGRAM
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INPUTS 

1.. 

2. 

3. 

4. 

5. 

6. 

7. 

Near Term TRACON Facilhy (ARTS HIA) 

FcNCTIQ,NS 

Te,rminal Minimum Safe Altitude Warning System 
ARTS IlIA automatically checks aircraft for safe altitudes 

(no change) 

Management of Traffic Flow in Terminal Areas 
Manual calculation of runway arrival times 
Manual determination of maneuvers required to provide 

spacing and correct arrival times 

Terminal Conflict Alert 
ARTS IlIA will pl'edict potential conflicts 

Resolution of Potential Conflicts 
Controllers manually evaluate and resolve potenti.al 

conflicts 

Communication with Aircraft 
Voice radio (no change) 

Input, Output~ and Displa),P Processing 
ART:: TIl upgm.ded to Ai?fB II1.4 

Processing and Display of Aircraft and Weather Surveillance 
Data,; Tracking of Aircraft 

Display of broadband (video) aircraft and weather search 
radar (ASR) returns and aircraft beacon (ATCBI) replies 

Tracking of aircraft through Beacon and Sea:reh Radar Data 
Addi tier.. of SR.4.Ps at TRACONs	 

OUTJ>UTS 

From Terminal Surveillance Si te To the llost ART!:!:
 
Search Radar
 • Handoff and Position Messages 
• Bruadband Aircraft and Weather Returns (two-dimensional} • Depatture Messages
 

(range, azimuth)
 • rerminate Beacon Cede Messages 
• Fligllt Plan Data (FDEP)ATCRBS 
• General Information Messages (FDEP)•	 Broadband Aircraft Repli.cs (range, azimuth, identification,
 

altitude)
 • PlREPs 
• Metering Data 

From the Host ARTCC 

•	 To Aircraft (Air Crew)Flight Plans, FP Changes 

•	 • ClearancesHandoff and Track Messages 

•	 • FP ModificationsFlight Plan and Flight Progress Strip Data (FDEP) 

•	 • Instructions, AdvisoriesGeneral Informa tion Messages 

•	 • Requests for PIREPsPIREPs 
CWSU weathel' Data To Tower Cab (High IFR Activity Airport)•
Metering Data • Arrival Sequence Data and Arrival Flight Progress St r• 

• HandoffsFrom Aircraft (Air Crew) 
• Weather Data• Flight P1.':ms, Requests for FP Changes 
• ASR/ATCBI BRITE Surveillance Data• Requests for Clearances 
• Coordination

• PlREPs 
• Requests for Information To Tower Cab (Satellite Airport) 
• Progress Reports • Arrival Sequence Data and Arrival Flight Progress Str' 

• HandoffsFrcm Tower Cab (High IFR Activity Airport) 
• Weather Da ta• Coordination 
• ASR/ATCBI BRITE Surveillance Data

• Handoffs 
To ATCSCC• Weather and Airport Data 

• LongitudinaZ Sepa1'ation Criteria (VAS)	 • Situation Reports (personnel staffins, local weathpT. 
• Wind SheaI' Data (LLWSAS) ItaLics change from previous version of system	 sta tus, radio frequencies, problem areas) 
•	 Airport Weather Sensor Data • Requests for Assistance in Handling Calamities 0'(" Tm!'·' 

CalamitiesFrem Tower Cab (Satellite Airport) 
• Arrival. and ·Diversion Messages

• Handoffs 
• Weather and Airport Data	 To Other TRACON Facil ity 

• Tower En Route HandoffsFrom ATCSCC 
• Dil'ect ToWel' En Route Flight Flans• Assistance in Handling Calamities or Impending Calamities 

• Requests for Situation Reports 
• Arrival and Departure Delay Predictions 

From Other TRACON Facility 
• Tower En Route Handoffs 
• Dir-ect Towel' En Route nigh t Plans 

FIGURE 3-5
 
NEAR TERM TRACON FACILITlES-(ARTS iliA)
 

INFORMATION FLOW DIAGRAM
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1 Far Tei"iii TRACON Fal:ility (ARTS lILA)
INPUTS 

FUN C T ION S 
From Terminal Surveillance Site

Search Radar 1. Terminal Minimum Safe Altitude Warning System
• Digitized Airmoaft Target Reports (range, azimuth) ARTS IlIA automatically checks aircraft for safe altitudes 
• Digitized. Two-dimensional 01' Three-dimeYliJional (no change)

Weather Data 
2. Terminal Metering and Spacing 

- DABS ARTS IIIA ;)()uld plan arrivals and departUl'es aonsidering
• Digitized DABS/ATCRBS Airaraft Target Reports multiple l'Unwcr:ls, VFR flights, Profile Desaents, eta. 

(range, azimuth, identifiaation, altitude) ARTS IIIA would provide suggested means of resolving Froblems 
- DABS Data Link in spaaing, azorivaZ times, etc. 

M&S would be integrated r.n.th Terminal Confliat Alert and 
- DABS ATARS provided r.n.th an automated interfaae r.n.th En Route Metering 

• ControlLer Notifiaatio1l of Airaraft ColZisi01l M&S would provide real-time automated analysis of the 
Avoidanae Advisories appZiaation of varioU£ fuel aonservation methods (inaluding 

From ,Toint Use Weather Radar si te Profile Desaent) to speaifia airaraft 
• Digitized Three-dimensional Weather Data 3. Terminal Conflict AI"rt 

From the Host ARTCC r.n.th TIPS Data Interfaae ARTS	 III would predict potential conflict without current 
altitude and area limitations (no change)• Flight Plans, FP Changes. 

Terminal Confliat Alert would be -integrated r.n.th M&S• Handoff and Track Messages 
• General Information Messages 4. Terminal Conflict Resolution Adyisory
• Metering Data ARTS IIIA would deterrrn'.ne maneuvers to avoid aonfliat 
• CWSU Weather Data ARTS IIIA would provide aontrollers with resolution advisories 

From Aircraft (Air Crew, Data Link Available) 5. Communication with Aircraft 
• Flight Plans, Requests for FP Changes Data Link (DABS) avai lab le in addition to "oiae radio 
• Reques ts for Clearances 

6. Input, Output, and Display Processing• PlREPs 
TIPS would store large flight data base• Requests for Information 
TIPS would provide tabular data that would replaae the flight 

progress strips ma'r'entZy timed, prepared, and routed by 
• Progress Reports 

From Tower Cab (High IFR Activity Airport) the ARTCC 
• Coordination TIPS would provide aontroller-seleatable alte·~tive data for 
• Handoffs Zists and data bloaks on the ARTS PVDs 
• Weather and Airport Data TIPS would provide flight data displays to Tower and TRACON 
• Longitudinal Separation Criteris (WVAS) personnel
• Wind Shear Data (AWSDS) TIPS would display weather, NO'i!AMs, and other operational data 
• Airport Weather Sensor Data (ACD) 

7. Processing and Display of Aircraft and Weather Surveillance 
From Tower Cab (Satellite Airport) Data; Tracking of Aircraft 

• Handoffs Addition of display ·of digitized weather 
• Weather and Airport Data Digitized airaraft target reports used for display instead 

From ATCSCC of broadband data 
• Assistance in Handling Calamities or Impending 8. Airport Troffia Control Towel' COYliJoZidated Display (ACD)

Calamities 
• Requests for Situation Reports 
• Arrival and Departure Delay Predictions ItaZias = change from previous version of system 

From Other TRACON Facility 
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Italic type is used in Figure 3-5 to indicate the principal 

changes in information flow and functions from the Current 

system to the Near Term system. Similarly, italics are used 

in Figure 3-6 to indicate the principal changes from the Near 

Term system to the Far Term system. The changes in functions, 

the inputs to the functions, and the butputs from the functions 

are described in the following paragraphs. 

3.3.1 Monitoring Nearness to Ground 

In this area, the Low Altitude Alerting System is expected to 

be implemented at TPX-42 sites in the Near Term. No other 

specific improvements are currently planned for this area in 

either the Near Term or Far Term. 

Currently, terminal MSAW is operational at ARTS III sites. 

MSAW uses computer software to compare aircraft altitudes to the 

minimum safe altitudes of the areas in which the aircraft are 

flying. MSAW generates visual and aural alerts to the control

ler when an aircraft is at, or will in the near future be at, 

an unsafe altitude. MSAW monitoring is provided for Approach 

Paths and General Terrain. Approach Path Monitoring is accom

plished by checking the tracks of all MSAW-eligible aircraft for 

their positions relative to runways at the major airport. If a 

track qualifies for a particular runway, the approach monitoring 

function will check for any violation of the specified final 

approach area altitude. General Terrain monitoring is applied 

to all aircraft that are in the terminal area but are not on 

approach paths. General Terrain monitoring is accomplished by 

comparing a track's reported and predicted altitudes to the 

minimum altitude assigned to each bin through which the track 

passes. (Each bin is a square whose sides are two miles long.) 
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All inputs that are required by MSAW come from within the TRACON. 

All outputs go to controllers within the TRACON. Inputsrequired 

by MSAW are: 

•	 minimum safe altitudes for the areas being checked.
 

Obtained from the ARTS III Adaptation data base.
 

•	 aircraft altitudes. Obtained from the ARTS III
 

Automatic Tracking program.
 

Outputs provided by MSAW are: 

•	 displayed warnings. Provided on the PVDs of the
 

appropriate controllers.
 

•	 aural warnings. Provided at the sector control
 

positions of the appropriate controllers.
 L 
3.3.2 Management of Traffic Flow Near Terminals 

In the Current system, metering and spacing is performed manually. 

Terminal metering personnel or controllers manually calculate 

estimated times of arrival at runways, determine desirable spac

ing and sequencing of aircraft onto the runways, and determine 

the aircraft maneuvers that should be performed in order to 

achieve the desirable spacing and sequencing. 

No specific i.mprovements are currently planned for the Near Term. 

In the Far Term, Terminal Metering and Spacing (M&S) is expected 

to be implemented at ARTS III sites. M&S would help controllers 

control the arrival and departure of aircraft in the terminal 

area so that safe, efficient use could be made of the runways. 
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M&S would attempt to have aircraft arrive at the runways in 

the proper sequence and with proper separation from other arriv

ing and departing aircraft. 

M&S (Reference 3-2) would provide terminal controllers with 

information that would help them plan any delays, holds, and 

speed corrections that may be needed to achieve proper sequenc

ing and spacing of aircraft. M&S would include Profile Descent 

Paths, and ultimately would include planning for multiple run

ways, VFR flights, and departures. 

Much work has been accomplished in the design and testing of 

preliminary versions of M&S. However, it is expected that much 

more work will be required before the imp1ementab1e version of 

M&S can be completely specified. Therefore, the descriptive 

information in the following paragraphs should be considered 

very tentative. 

Inputs that would be required by M&S are: 

•	 velocity and current position information. Obtained 

from ARTS III automatic tracking program. 

•	 aircraft type. Obtained from flight plans from the 

host ARTCC, adjacent TRACON, etc. 

•	 Longitudinal Separation Criteria Data. Obtained from 

Tower Cab. 

Outputs that would be provided by M&S are: 

•	 data block information for each metered aircraft. 

Provided on terminal controllers' plan view displays. 
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number of seconds that the aircraft must 

delayed. 

be 

specific heading, altitude, 

the aircraft should be told 

time. 

or 

to 

speed to which 

change at this 

an indication of whether 

flying a Profile Descent 

or not 

path~ 

the aircraft is 

• tabular data. Provided on terminal controllers' PVDs. 

flight plan information for those aircraft that 

are to use the runways within approximately the 

next five minutes. 

a hold indication for 

held. 

those aircraft that should be 

expect~d time over feeder fix for each aircraft. 

amount of delay time that should be imposed on 

each aircraft considering its expected time of 

arrival at its feeder fix. 

real-time wind data calculated from tracking results 

versus assigned aircraft headings. 

preview of next maneuvering 

presented to controller. 

cow~nd that will be 

• proposed time of departure from feeder fixes for each 

arriving aircraft. Digital data messages sent to host 

ARTCC for use by En Route Metering. 
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•	 current aircraft acceptance rate for each runway. 

Digital or voice data sent to bost ARTCC for use by 

En Route Metering. 

•	 flight information for each terminal aircraft (VFR, 

Tower En Route, or Departure) or runway slot reserva

tions. Digital or voice data sent to host ARTCC for 

use by En Route Metering. 

Although three types of information are listed as being sent to 

En Route Metering, probably only one or two types would be sent 

once the design has been finalized. 

Also in the Far Term, M&S would be integrated with Terminal Con

flict Alert and En Route Metering. M&S would be dependent upon 

En Route Metering's delivery of aircraft to feeder fixes 

within certain coarse time limits. In turn, Terminal M&S would 

provide En Route Metering with real-time metering and spacing 

information (runway acceptance rates, runway slot usage, or 

flight data for VFR flights, Tower En Route flights, and 

Departures). M&S would also include an automated capability 

for analysis of the desirability of the use of Profile Descent 

and other fuel conservation methods for individual aircraft. 

3.3.3 Determination of Immediate Potential Aircraft Conflicts 

In the Current system, the detection of potentially hazardous 

situations between aircraft pairs has been performed manually 

by terminal controllers. 

In the Near Term, Terminal Conflict Alert is being implemented 

at all ARTS III sites. Terminal Conflict Alert automatically 

detects potentially hazardous situations between aircraft pairs 

3-33 



and warns controllers of these situations. Implementation is 

occurring in two stages. The first stage of capability func

tions only for pairs of aircraft each of which is controlled 

and is supplying Mode C altitude reports. The second stage of 

capability would provide the capabilities of the first stage, 

and in addition, would function for pairs of aircraft consisting 

of one that is controlled and is supplying Mode C altitude 

reports and another that is uncontrolled, but is supplying Mode 

C altitude reports. 

The determination by Terminal Conflict Alert of when a conflict 

alert should be declared is through the use of three detection 

modules. One predicts conflicts assuming that the tracks will 

maintain constant speed and straight line paths. Another pre

dicts conflicts based on continued maneuvering of an aircraft 

pair in the direction in which either or both aircraft are 

already maneuvering. The third module does not use prediction; 

it bases its warning on the proximity of aircraft to each other. 

Each of these detection modules is highly parameterized. 

Different parameter sets are tailored for each of three types 

of airport areas that have been defined. The three types are: 

areas around major or satellite airports, extensions of the 

areas around major or satellite airports, and any remaining 

area not included in the first two types. 

Inputs to Terminal Conflict Alert are: 

•	 positional information. Obtained from the ARTS III 

Automatic Tracking program. 

•	 airport area geographic information. Obtained from 

the ARTS III Adaptation data base. 
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Outputs from Terminal Conflict Alert are: 

•	 displayed warnings. Provided on the situation (plan 

view) displays of the appropriate terminal controllers. 

•	 aural warnings. Provided at the sector control posi

tions of the appropriate controllers. 

In the Far Term, it is expected that an automated interface will 

be developed between Terminal Conflict Alert and M&S so that 

M&S advisories will provide aircraft with conflict-free paths. 

Related improvements in detecting potential conflicts are 

expected to be made through systems that would not be contained 

within TRACON rooms. Specifically, BCAS and ATARS are planned 

for implementation in the Far Term. These functions were 

previously described in 2.3.4. 

3.3.4 Resolution of Immediate Potential Aircraft Conflicts 

Currently, controllers must find their own solutions to con

flict situations with little computer aid. No Near Term 

improvements are currently planned. In the Far Term, the Ter

minal Conflict Resolution Advisory function is expected to be 

implemented. It would provide controllers with recommendations 

as to maneuvers to be taken by aircraft in order to avoid 

collision. Inputs that would be required by the Conflict Reso

lution Advisory function are: 

•	 positional information for each aircraft that is in 

potential conflict. Obtained from the ARTS III 

Automated Tracking function and/or Conflict Alert 

function. 

3-35 



L 
•	 indications of potential conflicts. Obtained from
 

the ARTS III Conflict Alert function.
 

•	 terrain avoidance or geographic environment informa


tion. Obtained respectively from terminal MSAW and
 

the ARTS III Adaptation data base.
 

Outputs from the Conflict Resolution Advisory function would be: 

•	 resolution advisories. Provided to appropriate terminal
 

controllers.
 

Also in the Far Term, the related functions, BCAS and ATARS, are 

expected to be implemented. These functions would not be 

contained within TRACON rooms. Both of these functions would 

provide recommended solutions to conflict situations directly 

to the pilots of equipped aircraft. They were previously L 
described in 2.3.4. 

3.3.5 Communication with Aircraft 

No specific improvements in this area are currently planned for 

the Near Term. Data Link (DABS) is expected to be available 

in the Far Term to provide rapid non-voice communication between 

the TRACON and aircraft. However, as yet, its use for communi

cation between TRACONs and aircraft has not been fully determined. 

The applications that are currently the most favored candidates 

for initial implementation are: ATARS, altitude assignment 

confirmation, MSAW advisories, take-off clearance confirmation, 

digital ATIS (Automated Terminal Information System), real-time 

active runway surface winds, hazardous weather advisories,. 

routine weather data on request, and real~timeRVR (Runway Visual 

Range). Applications favored for later implementation are: 
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Metering and Spacing commands, pre-departure weather, flight 

plan clearance, route-oriented weather, status of Category 11/ 

III precision approach protected areas, frequency assignment, 

heading/speed instructions, holding instructions, airborne 

situation display, and downlinked weather. 

3.3.6 Input, Output, and Display Processing 

In the Current system, Input, Output, and Display Processing are 

performed through the data processing capabilities that are 

currently available in a TRACON or TRACAB. These capabilities 

one or more FDEPs and an ARTS III, ARTS II, or TPX-42 -- are 

limited as to speed, storage, and computing capacity to the 

point that they might not be able to be adequate considering 

the predicted traffic load and expected functional additions. 

In the Near Term, ARTS III sites will be upgraded to ARTS IlIA. 

In the Far Term, it is expected that the TPX-42 equipment 

currently in operation at TRACON/TRACAB sites will be replaced 

with a more sophisticated system. ARTS II and a programmable 

version of the TPX-42 are the principal candidate replacement 

systems. A decision on replacement is expected in 1980. Also 

in the Far Term, TIPS (Terminal Information Processing System) 

is expected to be implemented at all TRACONs (and TRACABs). 

TIPS would provide all of the capabilities currently provided 

by FDEP. TIPS would improve the availability and timeliness of 

flight data presentations to TRACON (and Tower Cab) controllers, 

reduce the controller coordination workload, and support VFR 

flight services. TIPS would accept, process, distribute, and 

display flight and other non-radar data for an entire terminal 

area, including the TRACON and its associated Tower Cab(s). TIPS 

would provide the means by which flight and control data would 

be exchanged between devices within a Tower Cab, between Tower 
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Cabs, between a Tower Cab and its associated TRACON, and between 

a TRACON and its host ARTCC. TIPS would also provide control

lers with NOTAMs (Notice to Airmen), weather data (including 

the especially tailored weather briefings prepared by the CWSU 

at the host ARTCC), and other operational information. 

Currently, most flight data from the host ARTCC is printed as 

Flight Progress Strips on FDEPs. These strips must be marked 

and distributed by TRACON and Tower Cab controllers. Coordina

tion among various control positions requires much voice communi

cation. with TIPS, full flight data could be displayed for 

IFR and VFR flights. Most voice coordination work would be 

replaced by simple computer entries made by controllers. In a 

TRACON, TIPS would provide individual Display and Data Entry 

Units for the Arrival Data and Departure Data Positions. TIPS 

(through ARTS) would also provide additional PVD (Plan View 

Display) capabilities. Radar Controllers would be able to 

chose alternative data to be displayed in lists and data blocks 

on their PVDs. A three-position switch at each console would 

allow the Radar Controller to choose among: Normal, Fix/ 

Altitude, or Aircraft Data (or other types of data if the 

TRACON is so adapted). 

Inputs to TIPS would be: 

•	 IFR flight plans and flight plan changes. Obtained 

from the host ARTCC, Adjacent TRACONs (Tower En Route 

flights), and keyboard entries by terminal controllers. 

•	 VFR flight plans and flight plan changes. Obtained from 

adjacent TRACONs and keyboard entries made by terminal 

controllers. 
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•	 Handoff, Track, and General Information messages. 

Obtained from the host ARTCC and adjacent TRACONs. 

•	 Weather Briefings. Obtained from the CWSU in the host 

ARTCC. 

•	 Miscellaneous data tq be stored, processed, or forwarded. 

Obtained from the ARTS III system. 

Outputs from TIPS would be: 

•	 Flight plans and flight plan changes (Tower En Route 

and VFR). Sent to adjacent TRACONs. 

•	 Displays of alternative list and data block data. 

Provided to TRACON Radar Controllers through 

ARTS III. 

•	 Handoff, Track, General Information, Departure 

Messages. Sent to the host ARTCC and adjacent TRACONs. 

•	 Terminate Beacon Code messages. Sent to host ARTCC. 

•	 Miscellaneous data to be displayed or transmitted at 

the request of the ARTS III system. Sent to terminal 

controllers or host ARTCC. 

•	 Requests for Weather Briefings. Sent to CWSU at the 

host ARTCC. 

3.3.7 Aircraft and Weather Surveillance Information Handling 

Currently, the aircraft and weather target data that is dis

played to ARTS III TRACON controllers is broadband data. The 

present displays and displayed data have a number of undesirable 

characteristics. The brightness of the displayed targets on the 
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PVDs gradually decreases after the rotating radar/beacon beam 

"paints" the targets. The displayed targets tend to be smeared 

lines rather than discrete targets. Digital writing time is 

severely limited since it is limited to "radar dead time." 

Display selectivity is very limited. All-digital display 

equipment and digitized weather displays are expected to provide 

ARTS III controllers with more selectivity and clearer, more 

accurate information. 

In the Near Term, a SRAP will be installed as part of each ARTS 

IlIA site. SRAP will be used to digitize the search radar 

information needed for radar tracking. 

In the Far Term, all-digital displays are expected to replace 

the current broadband/digital displays at ARTS III sites. The 

new displays would provide nonfading, discrete position symbols, 

increased display selectivity, and additional digital writing 

time. The ARTS II and TPX-42 sites are expected to continue 

using their current displays that provide digital tabular infor

mation, etc. and broadband display of aircraft and weather 

targets. For ARTS III sites, it is expected that broadband 

surveillance data would no longer be available. However, no 

firm decision has been made, and it is therefore possible that 

the broadband capability would be retained as backup for the 

digital surveillance data. 

The inputs and outputs for the all-digital displays would be 

internal to ARTS III. Inputs would be the information that is 

to be displayed at specific display coordinates. Outputs 

would be digital target and weather data displayed on Radar 

Controllers' PVDs. 
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Also in the Far Term, digitized weather data would be provided 

to ARTS III. Three-dimensional weather data would be available 

at some facilities. Turbulent weather data and wind shear 

data would be available at some sites. The available weather 

data could be displayed as weather contours with various levels 

of brightness or various colors used to indicate the relative 

severity of turbulence or precipitation. Inputs would be 

digitized weather data from FAA or Joint'Use Surveillance Sites. 

Outputs would be weather contours displayed on Radar Controllers' 

PVDs. 

3.4 TRACON Facilities Tentative Implementation Schedule 

Figure 3-7 shows the tentative implementation schedule for the 

principal improvements to the TRACON Facilities. Generally, the 

schedules for implementation are not schedules that have been 

approved by FAA management. In many cases (e.g., TIPS), no 

decision has been made to implement the function. The schedules 

are based on the best estimates of the times of availability 

of the Technical Data Packages. The estimates have been obtained 

from personnel who have been working on the specific functions as 

well as from budgetary information. 

3.5 TRACON Facilities Interface Planning Summary 

A number of system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in the various options for implementing the output of 

the E&D program to be kept open until it is possible and timely 

to make the final implementation decision. This process also 
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has a tendency to cause a deferral of the detailed definition of 

technical and operational interfaces until the time when imple

mentation decisions are imminent. In the preparation of this 

chapter it was necessary to make, or accept, a number of 

assumptions as to what improvements would be implemented, when 

they would be implemented, how they would function in a TRACON 

facility, and how they would interact with other facilities. 

This section identifies assumptions and areas of uncertainty by 

what are called "Open Items" and "Interface Adjustments." 

3.5.1 Open Items 

Open Items relate to major parts of the ATC evolutionary improve

ment program where improvements are to be made via the F&E and/ 

or E&D program but where final decisions have yet to be made as 

to the specific course of action to be pur~ued. In most cases, 

and Open Item involves more than one F&E and/or E&D program and 

involves questions of the preferred technical approach, technical 

and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness they have been 

cited in each appropriate chapter. An Open Item is appropriate 

to this chapter if it involves features or functions of the 

TRACON facilities; however, it should not be inferred that 

development and implementation indicated in an Open Item would 

necessarily be part of the development and implementation program 

for TRACON facilities. Instead, they might be contained within 

the program of another interfacing facility. The Open Items 

pertinent to TRACON facilities are: 
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Open Item 1:	 Interface/Integration of Automated Air 

Traffic Flow Functions 

1. Central Flow Control predictions of en route delay 

would continue to be improved through enhancements in delay 

forecasting and more data inputs from the en route and 

terminal ATC facilities, but Central Flow Control (CFC) 

would not have any automated interface with En Route Meter

ing or ARTS III M&S. The use of Fuel Advisory Departures 

would be refined to reflect the improved CFC delay pre

dictions. 

2. Initial versions of Flight Plan Conflict Probe (FPCP) 

and En Route Metering would be developed as independent 

functions. Later versions would be integrated so that the 

En Route Metering advisories would provide for conf1ict

free metering instructions. En Route Metering would also be 

developed to consider efficient ways of absorbing delay to 

conserve fuel. This will include profile descents, speed 

changes, path stretching, and holding patterns. 

3. The function of Local Flow Control and the concept of 

providing information specifically tailored for the Local 

Flow Controller will not be improved upon over and above 

the improvements that will be associated with en route 

metering and FPCP. 

4. The imp1ementab1e version of ARTS III Metering and 

Spacing (M&S) will include flexible control algorithms 

that will permit profile descents with little or no 

vectoring during low demand periods a~d will utilize 

tighter control procedures with potentially more vectoring 

during high demand periods. The tighter procedures are 
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inyoked t~ improve the interarrival spacing at the thres

hold and thus maintain high runway capacity during high 

demand periods. 

5. An interface will be developed between M&S and terminal 

area Conflict Alert to provide conflict-free M&S commands. 

6. An automated interface will be developed to maximize 

efficiency of operations between En Route Met~ring and 

ARTS III M&S. 

Open Item 3:	 Time Phasing of DABS vs Plans to Use DABS 
Data Link and Other DABS-Dependent Items 

It was implicitly assumed that the FAA will develop a plan 

for using the DABS data link capability on a schedule that 

is consistent with the DABS implementation schedule and 

that the benefits, as perceived by user groups, would 

result in installation and use of associated avionics. 

Open Item 4:	 Aircraft Separation Assurance 

1. The assumption was made that all of the programs aimed 

at providing automated aids to the pilot and the controller 

for the avoidance of midair collisions will be successful 

and will be implemented. These programs include: 

a. En Route Conflict Alert. 

b. En Route Conflict Resolution advisory function. 

c. Terminal Conflict Alert (ARTS III sites). 

d. Terminal Conflict Resolution advisory function 

(ARTS III sites). 
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e. ATARS (at all DABS sites). 

f. BCAS -- "active only" for initial implementation 

but fo1-1owed--by-mer-e--se-p-hi.s-t-U:at:ed syst.ems_ later. 

2. It was further assumed that the technical designs of 

each of the capabilities listed above will be realized 

within an overall design of an airborne separation assurance 

system which will assure proper interoperability among 

the various features and avoid presenting either the pilot 

or the controller with conflicting instructions or 

advisories. 

Open Item 6: Terminal Area Radars (ASRs) 

1. It was assumed that no major changes would be made to 

improve either aircraft detection or weather detection in 

the Near Term system (prior to 1982). 

2. ASRs (including the new ASR-8s) will be modified to 

improve both their weather detection and aircraft detection 

capabilities. Those two modification program will be made 

sequentially. Aircraft detection will be improved through 

the addition of an MTD. Later on, the weather detection 

capability will be improved through the addition of a 

separate ASR weather channel. 

3. As a further step in improving the detection of turbu

lent weather in the terminal area, the FAA will depend on 

the use of the joint FAA/NWS/AWS 3D weather radar at 

those terminal areas where such coverage is available 

(see Open Item 5). A 3D weather detection capability will 

be provided at other terminal locations through a further 
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modification of the ASRs to include pencil beam antennas 

and pulse doppler processing techniques. 

4. The 3D weather detection capability may also provide 

for the detection of turbulence and low level wind shear 

under all weather conditions, including clear air. 

NOTE: The above implies that the FAA intends to continue 

to operate primary radars for terminal area surveillance 

for the foreseeable future. 

Open Item 7: Surveillance Data Preprocessors 

1. CD-2s will be procured and implemented for the pre

processing of ARSR and ATCRBS en route surveillance data. 

In the Far Term, these CD-2s will be modified twice: first 

to accommodate the MTD and later to accommodate an ARSR 

weather channel. Within a few years, the CDs will be 

replaced by DABS Processors (July 1984). 

2. SRAPs (sometimes referred to as SRAP I) will be procured 

and implemented for the preprocessing of ASR and ATCRBS 

terminal area surveillance data. The SRAPs will be located 

at the ARTS III TRACON facilities. Those same SRAPs wi!l 

go through two modification programs. The first modifica

tion will be to accommodate the addition of MTD to the 

ASRs. The second modification would come about six months 

later to accommodate the separate ASR weather channel. Six 

months later, the modified SRAPs would be replaced by the 

DABS processors. 
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Open Item 8:	 VAS/WVAS Interface/Interaction with ARTS III 
Metering and Spacing and En Route Metering 

1. A manual interface will be established between ARTS 

M&S, the Vortex Advisory System (VAS) and en route meter

ing that will permit the use of reduced longitudinal separa

tions when the VAS indicates that wake vortex conditions 

are favorable. 

2. As the VAS evolves to a more capable Wake Vortex 

Avoidance System (WVAS) an automated interface will be 

implemented between the cited system elements to allow 

the benefits of further reductions in longitudinal spacing 

(possibly tailored on an aircraft pair basis) to be 

operationally realized. 

Open Item 10:	 MLS/ILS/M&S Compatibility 

Metering and Spacing algorithms will be refined/modified 

for use at those locations where it is operationally 

desirable to accommodate the concurrent use of the conven

tiona1 straight-in approaches that are flown with guidance 

by the current Instrument Landing System (ILS) and the 

more flexible approach geometries that may be flown with 

guidance by the Microwave Landing System (MLS). 

Open Item 12:	 Terminal/Tower Display and Integration of 
E&D Products 

1. The existing terminal displays for visibility, ceiling, 

wind, barometric pressure, time, vortex advisories, wind 

shear, and the status and control monitors for airport 

communication, navigation, and surveillance systems 

located in TRACONS and Tower Cabs will be integrated into 
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an operationally efficient design that uses hardware 

that also incorporates a remote maintenance and monitoring 

process capability. 

2. Subsequent to the above system improvement, the 

controller interface equipment located in Tower Cabs at 

major airports will be sufficiently integrated with pro

posed new systems to permit an operationally efficient 

installation of a full complement of new equipment 

including TIPS, ASDE~3, DABS, Wake Vortex Avoidance 

Systems, and Advanced Wind Shear Detection Systems. 

Open Item 14:	 Upgrading Terminal Area ATC Facilities 
(ARTS IlIA, ARTS III, ARTS II, TPX-42) 

1. The ARTS III will remain as the primary automation 

capability at major airports (current ARTS III locations) 

and will be adequate, with the addition of the ARTS IlIA 

packages and possibly some augmentation with special 

purpose computers, to accommodate projected increases in 

traffic and a fU1~ spectrum of ATC improvements including 

Terminal Metering and Spacing, Terminal Conflict Alert, 

Terminal Conflict Resolution, Digitized Weather Data, and 

DABS Data Link. 

2. The ARTS II systems will remain as the primary automa

tion capability at the intermediate activity airports 

currently receiving ARTS II systems. In the absence of 

specific FAA plans to enhance these systems with improve

ments such as conflict alert and MSAW, it was assumed that 

the ARTS II would not be extended beyond the basic capability 

currently being implemented. 
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3. The TPX-42 systems at low activityTRACONs and TRACABs 

will be replaced by either ARTS II or programmable TPX-42 

systems in the Far Term (post 1982) time period. Prior to 

replacem€nt T a limited terrain proximity monitoring function, 

Low Altitude Alerting System (LAAS), will be implemented. 

Open Item 15: Voice Communications Planning 

1. Air-ground-air communication for the ARTCCs and major 

terminals will be upgraded in the post-1982 time period 

by implementation of the radio portion of VSCS, which would 

be referred to as RCCS. In the Near Term, RCAG tone 

control equipment for the ARTCCs will be replaced, possibly 

with a modular subsystem that would be compatible with 

longer term RCCS/VSCS designs. The FSSs, which are assumed 

to remain unconsolidated, will continue to use switching 

and control equipment based on existing designs. In 

addition, the transmitters, receivers, and antenna systems 

at all FAA ground sites will be replaced with modern 

design equipment. 

2. Ground-ground communications would be modernized by 

the implementation of ground-ground portions of the VSCS 

system which would replace the WECO 300 system at ARTCCs, 

and the WECO 301 system at the larger terminals. The 

existing small key systems and call distributors at FSSs 

would remain in place. 

3. At some smaller terminals a Small Voice Switching 

System (SVSS) will be implemented, which will provide an 

integrated radio and ground voice communications 

capability. 
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Open Item 17:	 Display of Digitized Surveillance at TRACONs
 
and Towers
 

1. ASRs will be modified in the early 1980s to include an 

ASR weather channel for weather detection and processing 

and a Moving Target Detector for enhanced aircraft detection. 

This means that weather and aircraft surveillance information 

will be in the form of digitized data. 

2. All-digital displays will be available at ARTS III sites 

on a schedule that is compatible with displaying the 

digitized weather and aircraft data starting in the early 

1980s. 

3. No expansion of the digital display capability at the 

ARTS II and TPX-42 locations will be available. 

Open Item 18:	 Detection of Turbulence and Low Level Wind 
Shear 

1. No Major improvements will be made in the detection of 

hazardous weather in the Near Term ATC system configuration 

(i.e., no major improvements implemented prior to 1982 with the 

exception of the Low Level Wind Shear Alert System (LLWSAS)). 

2. The first major improvement will start to be implemented 

in the early part of the Far Term system (1984). The first 

major improvement will be achieved by modifying both the 

ARSRs and the ASRs to include what is referred to as a 

separate weather channel. The separate weather channel is 

likely to include an MTD capability for the special process

ing of the returns from precipitation to indicate areas of 

heavy precipitation. In order to achieve this capability, 

all ARSRs and ASRs will be· modified or replaced. In the 
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case of both the ARSRs and the ASRs, the weather data 

will be two-dimensional (range and aZimuth). 

3. The second major improvement will be realized by 

adding the 3D weather detection capability, i.e., range, 

azimuth, and altitude of turbulence and low level wind 

shear. For the en route system, the 3D capability will 

be realized through a joint FAA/NWS/AWS program to 

develop and implement a Joint Use Weather Radar. For the 

terminal area system, the 3D capability will be realized 

either through a further modification to the ASRs to 

provide a 3D capability and/or through inputs from the 

Joint Use radars for those terminal areas where coverage 

from the Joint Use radars satisfy the terminal control 

requirements for detecting low level wInd shear as well 

as turbulence. 

4. The 3D weather detection system for the terminal area 

will include the capability of detecting and analyzing 

turbulence and wind shear in clear air as well as under 

conditions where precipitation is present. 

Open Item 19: Weather Data Dissemination 

A Center Weather Service Unit (CWSU) will be implemented 

at each ARTCC and will receive, interpret, coordinate, and 

dispatch graphic and tabular weather data to controller 

operating positions within the ARTCC and in associated 

TRACONs. Th~ distribution of weather data to controller 

positions will be accomplished by TIPS for Towers/TRACONs 

and will be accomplished by ETABS for ARTCCs. In light of 

incomplete FAA plans for accomplishing the distribution 
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of graphical weather data to controller positions, the
 

specific devices used for distribution were not designated
 

in this document.
 

Open Item 20: Remote Maintenance and Monitoring 

1. Integrated remote maintenance and monitoring functions 

will be incorporated into the RCAG, en route surveillance, 

VORTAC and airport facilities for navigation, communications" 

and surveillance. The Remote Maintenance Monitor System 

(RMMS) capabilities consist of equipment monitoring and 

fault alarming, remote certification, automated record 

keeping, trend analysis and remote control of redundant 

units, and some facility functions. 

2. The RMMS at airport facilities would utilize a special 

processor to be located in the associated tower/TRACON. 

For other facilities, the RMMS will utilize a dedicated 

processor located at each ARTCC. All maintenance informa

tion will be transmitted from the cited facilities via 

existing communication links to the processor for storage, 

processing, and access by technicians using special 

common terminals located either local to the ARTCC or at 

remote locations. No assumptions were made regarding how 

the RMMS data would be provided and displayed to the respon

sible technicians since FAA plans have yet to be made in 

these areas. 

3. The DABS and MLS systems to be installed in the Far 

Term will also incorporate RMMS functions that are compatible 

with the above concept. 
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3.5.2 Interface Adjustments 

This section identifies some fairly specific smaller scale inter

face uncertainties. These uncertainties generally involve minor 

design modifications in one or more programs that are not con

sidered as significant as the previously cited Open Items. The 

Interface Adjustments pertinent to the TRACON Facilities chapter 

are: 

Interface Adjustment B2-l -- Exchange of Conflict Alert 
Information Between Facilities 

A Controller Alert or Conflict Resolution Advisory will 

sometimes be displayed at the En Route facility but not at 

the nearby TRACON, or vice versa. For aircraft that are 

at, or near, the boundaries between En Route and Termin~l 

areas, conflict information generated by either facility 

should be displayed at appropriate sectors in both 

facilities. 

Interface Adjustment B3-1 -- Three-Dimensional Weather 
Interface with ARTS III 

In the Far Term, digitized weather data will be provided 

to ARTS III sites. The data will have altitudes associated 

with it, and thus will be three-dimensional. Conceptual and 

experimental work should be performed to make certain 

that the weather data will be displayed in a manner that 

will make it most useful to controllers. 

Interface Adjustment B3-2 -- Terminal and En Route Conflict 
Alert and Conflict Resolution 
Advisory Algorithms 

Differences in Conflict Alert and Conflict Resolution 

Advisory algorithms between term~nal and en route systems 

l/3-54 



will cause false alerts, no alerts, late alerts, or 

different recommended maneuvers for one facility in 

relation to.another. Investigation should be made of the 

feasibility of adjusting the algorithms for aircraft that 

are near boundaries between En Route and Terminal areas so 

as to provide consistent results that are not confusing 

to controllers. 
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4.	 TOWER FACILITIES 

This chapter describes the ATC facilities that control most of 

the aircraft operating within an airport traffic area, i.e., 

within 5 miles of an airport and below 3000 feet AGL, or taxiing 

on the ground. Functions performed in a Tower Cab relating to 

terminal area traffic control outside the airport traffic area 

were discussed previously in Chapter 3 and will not be repeated. 

In Section 4.1, the current functions and equipment at different 

types of Tower Cabs are discussed in a general manner and the 

near term and far term improvements are summarized. Then, a 

more detailed discussion of the anticipated functional and 

connectivity changes associated with these Tower Cab improve

ments is given in Sections 4.2 and 4.3. This, in turn, is 

followed by a discussion of the tentative implementation schedule 

for the improvements in Section 4.4. Section 4.5 summarizes the 

major assumptions that were made with regard either to interfaces 

with other ATC facilities or the time phasing of the various 

tower improvements. 

4.1 Tower Cab Improvements Summary. 
Table 4-1 illustrates the four major types of airports and 

their associated air traffic control facilties. 

•	 The High IFR Activity Airports have a large amount of 

air traffic that operate in accordance with an IFR 

flight plan and a relatively small amount of VFR 

traffic. Currently, about 75% of all air carrier 

operations take place at this type of airport. 
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.,. 
N 

LOW IFR {
ACTIVITY 
AIRPORTS 

AIRPORT TYPE 

HIGH IFR ACTIVITY AIRPORTS 

(67) 

MEDIUM IFR ACTIVITY AIRPORTS 

(112) 

HIGH VFR ACTIVITY AIRPORTS 
(222) 

MEDIUM AND LOW VFR ACTIVITY AIRPORTS 

(lO,OOl>+) 

*SEVERAL OF THE HIGH IFR ACTIVITY 

TABLE 4-1
 
CURRENT TERMINAL ATC FACILITIES
 

TRACON TRACAB 

NONEARTS III AUTOMATION 
(63) 

ARTS II OR AN/TPX-42 AUTOMATION 
(73) (39) 

NONE NONE 

NONE NONE 

TOWER CAB 

67 AIRPORTS * 

112 AIRPORTS 

222 AIPl'O~_TS 

NONE 

AIRPORTS SHARE A COMMON TRACON, e.g., JFK, NEWARK, AND LA GUARDIA IN NEW YORK CITY. 
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•	 The Medium IFR Activity Airports have a higher level of 

VFR traffic and less IFR traffic than the high IFR 

activity airports and, in general, less total annual 

activity. Most of the remaining air carrier operations 

take place at this type of airport. 

•	 The High VFR Activity Airports have a large amount of 

VFR traffic and very little IFR traffic. Almost aJl of 

the traffic at these airports is small general aviation 

aircraft. 

•	 The Medium and Low VFR-Activity Airports have less VFR 

traffic and do not have a Tower Cab. While most airports 

are of this type, the annual activity at these airports 

is usually very low. In fact, less than half of these 

airports have either paved runways or runway lights. 

Table 4-2 lists the current functions and equipment associated 

with a Tower Cab at a given type of airport. Not surprisingly, 

while the functions performed at all Tower Cabs are similar, 

the highest level of equipment exists at the high IFR activity 

airports. All of the other airport types have a subset of 

this equipment. 

The control of most traffic within the airport traffic area is 

performed by air traffic controllers in the Tower Cab. Visual 

surveillance of the aircraft under control is normally used 

whenever possible. However, when aircraft are beyond visual 

range or the visibility is restricted due to the weather or 

time of day, then the controllers utilize the ASR!ATCBI BRITE 

Display for surveillance information. Voice communications 
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TABLE4-Z
 
CURRENT TOWER CAB FUNCTIONS AND EQUIPMENT
 

.,... 
I.,... 

FUNCTIONS HIGH IFR MEDIUM IFR HIGH VFR 
ACTIVITY AIRPORT ACTIVITY AIRPORT ACTIVITY AIRPORT 

l. AIRPORT TRAFFIC AREA CONTROL ASR! ATCBI BRITE ASR!ATCBI BRITE NONE 

2. RUNWAY AND TAXIWAY CONTROL ASDE-2 NONE NONE 

3. FLIGHT DATA HANDLING FDEP FDEP FDEP 

4. WEATHER DATA GATHERING WEATHER SENSORS WEATHER SENSORS WEATHER SENSORS 

5. AIRPORT. WEATHER DATA DISSEMINATION ATIS ATIS NONE 

6. AIRPORT LIGHTING CONTROL AIRPORT LIGHTS AIRPORT LIGHTS AIRPORT LIGHTS 

i-c-- \ \ 



between the controllers and the aircraft is accomplished by\ 

VHF or UHF radio. (1) 

Similarly, visual surveillance of aircraft taxiing on the 

ground is augmented at some high IFR activity airports by an 

ASDE-2 BRITE Display. 

Flight plan data on arriving aircraft is forwarded from the 

ARTCC to the Tower Cab and	 printed out on the Flight Data 

Entry and Printout (FDEP) equipment, and messages on departing 

aircraft are sent from the Tower Cab to the ARTCC via FDEP. 

Weather information, including data on the wind, barometric 

pressure, temperature, ceiling, and visibility, is periodically 

gathered at the airport either by personnel in the Tower Cab 

or at associated Flight Service Stations or National Weather 

Service (NWS) offices and forwarded to other ATC and NWS 

facilities. In addition, during periods of rapid change in 

the weather, special observations are made. 

Information on the weather and the status of the airport's 

navigation aids and runways is forwarded to aircraft operating 

in the terminal area either automatically through continuously 

broadcasted Automatic Terminal Information System (AT IS) messages 

pre-recorded in the Tower Cab, or by the air traffic controllers. 

Air traffic controllers in the Tower Cab are also responsible 

for adjusting the intensity of the approach, runway, and taxi

way lighting systems to optimize their performance under the 

current visibility conditions at the airport. 

(1) Civilian aircraft utilize VHF voice communications and 

military	 aircraft utilize VHF or UHF voice communications. 
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Having briefly described the functions performed at a current 

Tower Cab, an overview of the Near Term and Far Term improve

ments at each airport type, as shown in Table 4-3, will now be 

presented. 

In the Near Term (1979-1982), two significant improvements are 

anticipated. 

•	 The installation of the Vortex Advisory System 

(VAS) at some high IFR activity airports to 

measure the wind direction and velocity along the 

approach path and thereby allow a reduction in 

the longitudinal separation between arriving 

aircraft under the appropriate wind conditions. 

•	 The installation of the Low Level Wind Shear 

Alert System (LLWSAS) at most high IFR activity 

airports to detect sudden changes in the wind 

conditions in the vicinity of an airport due to 

updrafts and downdrafts and thus alert the air 

traffic controllers about the presence of a 

hazardous wind shear condition. 

In the Far Term (post-1982), twelve significant improvements 

are tentatively being considered by the FAA. 

•	 The evolution from VAS to the Wake Vortex Avoidance 

System (WVAS) which would detect the presence of 

wake vortices and thereby allow for an even greater 

reduction in the longitudinal separation between 

arriving aircraft. 
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TABLE 4-3 
TOWER CAB IMPROVEMENTS 

HIGH IFR ACTIVITY AIRPORTS 1

L. 

1. 

1,. 

FUNCTIONS 

AIRPORT TRAFFIC ~~EA CONTROL 

RUNWAY AND TAXHJAY CONTROL 

FL IGHT PLAN HANDL ING 

WEATHER DATA CATHERING 

CURRENT 
SYSTEM 
(1978) 

NEAR TERM 
IMPROVEMENTS 

(1979-1982) 

FAR TERM 
IMPROVEMENTS 

(POST-1982) 

NA 
ASR/ATCBI BRITE 

ASDF-2 

FDEr 

NA 
WEtlTllER SENSORS 

VAS* 
I>C 

NC 

NC 

LL1~SAS* 

NC 

WAS 
TCDD 

ASDE-3, TAGS,VICON 

TIPS 

AWSDS 
ACO, RMMS 

;lEDIIJ~j IFR ACTIVITY AIRl'llRTS ) 

3. 

1,. 

RUNHAY A"D TAXIWAY C'lNTROL 

FJ. 1GH'I pl.AN HAtml. INC 

WFATIIEIl DATA GATHERING 

NA 

FOEp 

WEATHER SFNSORS 

NA 

NC 

NC 

\lICON 

TIPS 

ACO, RMMS 

BIGII VFR ACT IVITY AI RI'ORTS :? 

J. 
, 

RL'NWAY ANO TAXHJAY CONTROL 

FLIGHT PIAN IIANDING 

WEATHEP J),\TA GATIIERIM; 

NA 

FOEI' 

WCATHER SFNSORS 

NA 

NC 

NC 

VICON 

TIPS 

SANOS 

HED [CM VFR ACTIV] TY AIRPORl~; '..J. WEATHER j),\TA IJISS~~MTNAnOl' NA NA /\LWOS, WAVE 

.(>
I 

" 

NA = NOT APPLICABLE 
NC = Nil CHANGE l,rCLeDEn I" Cl'RRENT PLA:"S 

* = APPROVED !II' TIIF FAA FOR IMpLEMEl'TATJON 



•	 The replacement of the existing analog ASR!ATCBI 

BRITE Displays at high IFR activity airports with 

Tower Cab Digital Displays (TCDDs) to improve the 

display presentation. 

•	 The replacement of all vacuum tube ASDE-2s with 

solid state ASDE-3s with an improved surveillance 

displaYt and the installation of ASDE-3s at some 

high IFR activity airports that do not currently 

have an ASDE. 

•	 The installation of a Tower Automated Ground 

Surveillance (TAGS) System at a few high IFR 

activity airports to add alphanumeric flight 

information to the ASDE-3 Display. 

•	 The installation of a Visual Confirmation of 

Voice Takeoff Clearance (VICON) system at most 

airports with a control tower to visually confirm 

to the pilot the controller's takeoff clearance. 

•	 The replacement of FDEP equipment with Terminal 

Information Processing Systems (TIPSs) at airports 

with a control tower to speed up the flow of 

flight plan and weather data t and to eliminate the 

need for flight progress strips by utilizing 

electronic tabular displays. 

•	 The replacement of the LLWSAS system with the 

Advanced Wind Shear Detection System (AWSDS) which 

would d~rectly measure the wind shear along the 

approach path and thus detect both horizontal 

and vertical wind shear. 
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• The installation of an ATCT (Airport Traffic Control 

Tower) Consolidated Displays (ACDs) at medium and 

high IFR activity airports to consolidate the 

individual airport weather sensor indicators and 

the status information on the various airport 

communications, surveillance, and navigation 

facilities. In addition, wind shear and wake 

vortex data would be added to each display at the 

airports equipped with these sensqrs. 

• The installation of ATCT (Airport Traffic Control 

high IFR activity airports to process the data for 

the consolidated display, and to provide information 

on the status of the airport communications, sur

veillance, and navigation facilities for FAA 

maintenance personnel as part of the Remote Main

tenance Monitor System (RMSS) - see Chapter 2 for 

a discussion of RMMS. 

• The installation of Semi-Automated Meteorological 

Observation Systems (SAMOSs) at some high VFR 

activity airports to aid the controllers by 

automatically taking some weather observations and 

distributing this data to other ATC and NWS facilities 

vi~ NADIN. 

• The installation of Automated Low-Cost Weather 

Observation Systems (ALWOSs) at some mediumVFR 

activity airports to provide weather data via 

an automatic VOR voice broadcast to pilots 

executing an instrument approach, and to provide 

weather data to some ATC and NWS facilities via 

NADIN. 
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•	 The installation of Wind and Altimeter Voice 

Equipment	 (WAVE) systems at some medium VFR
 

activity airports to provide wind and altimeter
 

setting data via an automatic VOR voice broadcast
 

to pilots executing an instrument approach. The
 

WAVE system is a subset of the equipment used in
 

ALWOS.
 

Beyond these anticipated Far Term improvements, the FAA is 

tentatively exploring two other improvements: 

•	 The possible utilization of Automated Terminal Service
 

(ATS) systems to provide air traffic control
 

services at a few medium VFR activity airports
 

without a Tower Cab. ATS would consist of a
 

surveillance system (either ATCRBS or DABS) and
 

an ATS Processor. The ATS Processor would digitally
 

process the surveillance data and issue advisories
 

to arriving and departing aircraft either by
 

computer generated voice messages or a DABS
 

data 1ink.- The advisories would be used to
 

improve aircraft safety in the vicinity of the
 

airport at a lower cost than the installation of
 

a Tower Cab.
 

•	 The possible utilization of an Airborne Wind
 

Shear System (AWSS) to alert the pilot to the
 

presence of wind shear during takeoffs and landings.
 

There are several possible airborne methods of
 

detecting wind shear. The most promising method
 

uses an analog display which shows aircraft ground
 

speed versus indicated airspeed. With this information,
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the pilot could detect the presence of wind shear and 

adjust his airspeed to compensate for its effects. 

4.2 Tower Cab System Connectivity 

Figures 4-1, 4-2, and 4-3 illustrate the current connections 

between a Tower Cab and the other ATC facilities and the 

changes in these connections due to the anticipated Near 

Term and Far Term improvements. 

Two significant changes in connectivity will occur when the 

Near Term improvements are implemented. 

• The installation of the LLWSAS will mean that wind 

data will be sent from the LLWSAS Sensors to the 
(1)

LLWSAS Processor in the tower , and wind shear 

information will be sent from the Tower Cab to the 

TRACON by voice communications. 

•	 Similarly, the installation of VAS will mean that 

wind data will be sent from the VAS Sensors to 

the VAS Processor in the tower, and longitudinal 

separation criteria will be sent from the VAS 

Processor in the tower to the TRACON. 

In the Far Term, seven additional changes in connectivity may 

be made. 

(1)	 The LLWSAS, VAS, TIPS, etc. systems will require processors 

which will be located somewhere in the tower but not necessarily 

in the Tower Cab. For simplicity, it ~as heen assumed in the 

connectivity diagrams that these processors are located in the 

Tower Cab. 
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•	 The replacement of the LLWSAS with the AWSDS would 

mean that wind shear data, instead of surface wind 

data, would be sent to the tower. Wind shear data 

may also be sent directly from the AWSDS Sensor to 

the TRACON if the sensor is the Joint Use Weather 

Radar (see Chapter 7 for a discussion of the Joint 

Use Weather Radar). 

•	 The installation of WVAS would mean that wake vortex 

data, in addition to wind data, would be sent to 

the tower. 

•	 The installation of Microwave Landing Systems (MLSs) 

with an automatic landing (autoland) capability 

would require that the Tower Cab furnish the MLS with 

information on runway conditions and visibility. The 

MLS, in turn, would send this data along with MLS 

siting data and current MLS status data to the 

approaching aircraft via an MLS digital uplink (see 

Chapter 8 for a discussion of MLS). 

•	 The replacement of FDEP with TIPS would mean that 

flight plan data would be exchanged with the ARTCC 

through the TRACON, rather than directly with the 

ARTCC. Other data, previously sent by voice between 

the Tower Cab and the TRACON, would now be exchanged 

through TIPS. 

•	 The installation of TAGS at a few high IFR activity 

airports would mean that aircraft identity and position 

information would be sent from the TAGS beacon 

interrogators to the Tower Cab. 

4-15 



•	 The installation of VICON at most airports with a 

control tower would mean that VICON lighting control 

signals would be sent from the Tower Cab to the 

VICON-lights located at all runway departure points. 

•	 The installation of the TCDD would mean that digital 

surveillance data instead of video data would be 

sent to the Tower Cab from the TRACON. 

4.3 Tower Cab Information Flow 

This section utilizes Figures 4-4, 4-5, and 4-6 to describe 

in more detail the impact of the Near Term and Far Term 

improvements, briefly summarized in Section 4.1, on the 

external information flow and the internal functions per

formed at each Tower Cab. 

4.3.1 Near Term Improvements 

There are two significant Near Term improvements which would 

impact the ex~ernal information flow or the internal functions 

performed at a Tower Cab located at a high IFR activity airport. 

1. Vortex Advisory System (VAS) 

As shown in Figure 4-7, aircraft in flight generate 

counter-rotating wake vortices that trail from their 

wing tips. Since the strength of-these vortices is 

directly related to the weight of the aircraft, the 

utilization of large wide body jet aircraft in 

recent years has created a potential safety problem 

in the vicinity of airports where aircraft follow 

other aircraft at relatively close distances. The 

FAA has temporarily solved this problem by adopting 

greater longtudinal separation (3 to 6 nautical miles) 

between arriving aircraft as a fucntion of aircraft type. 
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To improve the capacity of some high IFR activity 

airports, the FAA plans to install a VAS (Reference 

4-1) at the airports. VAS does not detect the presence 

of the wake vortices but rather the magnitude and 

direction of the wind. It then estimates whether the 

current wind conditions are strong enough to dissipate 

or move these vortices away from the approach path. 

VAS is being designed to reduce the longitudinal 

separation between arriving aircraft to 3 nautical 

miles for all types of aircraft when the wind's magnitude 

exceeds a threshold value which varies as a function 

of wind direction. 

VAS will consist of three Sensors along each approach 

path that will be monitored, a VAS Processor in the tower, 

and VAS Displays in the Tower Cab and TRACON. The VAS 

Sensors will be placed on 50 foot towers which will be 

located near the middle markers associated with the 

approach paths. The wind information (magnitude and 

direction) will be periodically sampled and forwarded to 

the VAS Processor which will utilize a relatively simple 

algorithm, based upon the average wind direction and 

magnitude, to determine the aircraft separation criteria. 

The air traffic controllers in the TRACON will utilize 

the information presented on their VAS Display(s) to 

adjust the separation distance between arriving aircraft. 

When the aircraft are handed off to the air traffic 

controllers in the Tower Cab, the controllers there will 

use the information presented on the VAS Display(s) in 

the Tower Cab to insure that the proper separation 

distances between aircraft are in effect at the time. 
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If they are not, the pilots may be told to go around for 

another approach. 

2. Low Level Wind Shear Alert System (LLWSAS)
 

Another safety problem that effects aircraft operating
 

in the vicinity of airports is low level wind shear.
 

-_One of . the most common causes of wind shear is a 

severe thunderstorm. This type of wind shear is 

accompanied by an ircrease in pressure, a shift in 

wind direction and magnitude, and a decrease in tempera

ture. 

To detect wind shear associated with a thunderstorn, 

the FAA is planning to install a LUiSAS (Reference 4-2) 

at most high IFR activity airports to measure the wind's 

direction and magnitude. This information will be 

periodically sampled at sensors deployed around the 

airport's periphery and sent to the tower where a LLWSAS 

Processor will compare the peripheral wind information 

with the wind at the airport's center. If there is. a 

vector difference of 15 knots between the wind velocity 

at any peripheral sensor and the center sensor, a wind 

shear alert will be given to the pilots by the air 

traffic controllers in the Tower Cab. The pilots 

will then decide whether or not to abandon their 

approach. The controllers in the Tower Cab will 

also notify the air traffic controllers in the TRACON 

about the existing wind shear condition. 

Since there is such a great amount of similarity between. 

4-22 



the VAS and LLWSAS, the FAA is considering the use of 

common sensors, processors,-and displays at those 

airports where both systems will be deployed. 

4.3.2 Far Term Improvements 

There are five possible Far Term improvements that would 

impact the external information flow or the internal 

functions performed at a Tower Cab located at a high IFR 

activity airport. 

1. Wake Vortex Avoidance System (WVAS) 

WVAS (Reference 4-1) would evolve from VAS by adding WVAS 

Sensors, and modifying the ACD Processor and Displays. 

With these changes, the presence of wake vortices along 

the approach paths would be detected, tracked, and 

forecasted 10 to 20 minutes into the future. This 

information, in turn, would be used by the metering 

and spacing algorithm in the ARTS III Processor to 

dynamically adjust the longitudinal separation between 

arriving aircraft to the minimum safe value. 

A WVAS Sensor_WQuld detect and track the vortices located 

along each approach path. Several types of sensors are 

currently being studied by the FAA for use as the WVAS 

- Sensor: acoutic doppler systems, pulsed or CW lasers, 

and an array of anemometers. At the present time, a 

linear array of anemometers deployed at a right angle 

to the runway centerline appears to be the most likely 

sensor choice. 

The wake vortex data from the WVAS Sensors and the 

wind data from ,the VAS Sensors would be sent to the 
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ACD Processor located in the tower. There the 

data would be processed to determine the minimum 

longitudinal separation between successive aircraft 

along the approach path. This information would then 

be automatically forwarded to the ARTS III Processor 

in the TRACON for use as an input to the metering and 

spacing algorithm. Separation distances as low as 

two miles between aircraft may be permitted by WVAS 

under optimum conditions. 

2. Advanced Wind Shear Detection System (AWSDS) 

Since the LLWSAS relies upon wind measurements taken at 

ground level, it can only detect wind shear created by 

strong updrafts and downdrafts such as a thunderstorm 

or a cold front. However, there is another type of 

wind shear, associated with warm fronts and low level 

temperature inversions, in which the wind conditions 

on the surface are constant but different from the wind 

conditions above, thereby creating a change in the wind 

conditions encountered by an aircraft as it descends 

during a landing. Since the AWSDS Sensor (Reference 

4-2) would directly measure the wind shear condition 

along the approach path, it could detect both types of 

wind shear. 

AWSDS would consist of an AWSDS Sensor located at the 

airport, the ACD Processor in the tower, and the ACD 

Displays in the Tower Cab and TRACON. The AWSDS 

Sensor would probably be the Joint Use Weather Radar 

described in Chapter 7. However, it should be noted 

that the FAA is also looking at pulsed or CW laser 

systems as an alternative to the weather radar. 
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The wind shear data would be sent from the AWSDS Sensor 

to the ACD Processor in the Tower Cab. The controllers 

in the Tower Cab would be alerted to the presence of 

hazardous wind shear conditions by the ACD Display driven 

by the ACD Processor. The ACD Processor would also auto

matically forward wind shear information'to the ACD Display 

in the TRACON to alert the controllers there. 

3. Tower Automated Ground Surveillance (TAGS) System 

TAGS (Reference 4-3) is being developed for use at a few 

high IFR activity airports in order to display flight 

identity information on arrivals and departures. This 

information would either be placed on the AS DE Display 

in addition to the ASDE-3 search radar data, or possibly 

on a separate TAGS Display. 

The FAA is currently exploring several alternate TAGS 

configurations. The most likely configuration utilizes 

ATCRBS trilateration to provide aircraft position and 

identity data. In this configuration, two or more TAGS 

beacon interrogators located at an airport would interro

gate an individual aircraft's ATCRBS transponder at the 

airport by dividing the airport's area into small 

rectangular cells (150' by 150') and successively interro

gating predetermined cells of interest. Replies from 

other aircraft at the airport would be electronically 

inhibited, thus allowing only one aircraft to respond 

at any given time. 

The ATCRBS transponder replies from each aircraft would 

be received by three or more TAGS beacon receivers at 
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the airport and sent to the TAGS Processor in the tower. 

The processor would use this information to determine the 

aircraft's position. The aircraft identity information 

(beacon code) contained in the transponder replies would 

be compared in the TAGS Processor with the list of beacon 
; 

codes versus flight identity information sent by TIPS, 

thus allowing the aircraft's flight identity to be dis

played on the combined ASDE-3/TAGS Display instead of 

beacon code. 

4. Visual Confirmation of Voice Takeoff Clearance (VICON) 

VICON systems may be added at most airports with a control 

tower. VICON would consist of a set of signal lights at 

all runway departure points and a control panel in the 

Tower Cab. When the controller cleared an aircraft for 

takeoff via voice communications with the pilot, he would 

also turn on the three VICON lights at the appropriate 

departure point to confirm the clearance. After the air

craft had started its takeoff, the VICON lights would be 

automatically turned off. 

ILj 

5. Terminal Information Processing System (TIPS) 

The FAA may replace the FDEP equipment in all Tower Cabs 

with TIPS equipment (Reference 4-4) in order to speed up 

the flow of flight plan and weather data, and to eliminate 

the need for flight prog~ess strips by utilizing electronic 

tabular displays. 

TIPS would consist of a TIPS Processor located in the 

tower 

Cab. 

and TIPS Displays located in the TRACON and Tower 

The TIPS Processor would interface with the ARTS 

III Processor, the ARTCC and the TIPS Displays, and would 
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control the flow of flight plan data between them. In 

addition, TIPS would also distribute weather information 

and pilot reports (PIREPS). The TIPS Processor would 

forward weather information, PIREPS, and flight plan 

data on arrivals and departures to the TIPS Displays 

in the Tower Cab where it would be monitored and revised 

by the air traffic controllers. 

4.4 Tower Cab Improvements Tentative Implementation Schedule 

Figure 4-8 provides a tentative implementation schedule for 

the Tower Cab improvements discussed previously. It should 

be emphasized that this schedule may change in the future 

depending upon the need and progress of the individual projects. 

Information on the Near Term improvements (LLWSAS and VAS) 

was obtained from preliminary budgetary information for 

Fiscal Years 1977 to 1980 (References 4-2, 4-5), and infor

mation on the far term improvements was obtained from the FAA . 

personnel involved with these projects. 

The Near Term improvements perform independent functions and, 

therefore, may be deployed separately. However, as pointed 

out in Section 4.3.1, the VAS and LLWSAS systems may be 

combined at those airports that will receive both systems due 

to the similarity of the equipment required. 

4.5 Tower Facilities Interface Planning Summary 

A number of system configuration questions were encountered. 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 
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technology and perceived changes in operational needs. This 

results in keeping open the various options for implementing 

the output of the E&D program until it is possible and timely 

to make the final implementation decision. This process also 

has a tendency to cause a deferral of the detailed definition 

of technical and operational interfaces until the time when 

implementation decisions are imminent. In the preparation 

of this chapter it was necessary to make, or accept, a number 

of assumptions as to what improvements would be implemented, 

when they would be implemented, how they would function in 

the tower facility, and how they would interact with other 

facilities. This section identifies assumptions and areas of 

uncertainty by what are called "Open Items." 

Open Items relate to major parts of the ATC evolutionary 

improvement program where improvements are to be made via the 

F&E and/or E&D program but where final decisions have yet 

to be made as to the specific course of action to be pursued. 

In most cases, an Open Item involves more than one F&E and/ 

or E&D program and involves questions of the preferred techni

cal approach, technical and operational interfaces, or time 

phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness they have 

been cited in each appropriate chapter. An Open Item is 

appropriate to this chapter if it involves features or 

functions of the tower facilities; however, it should not 

be inferred that development and implementation indicated in 

an Open Item would necessarily be part of the development and 

implementation program for tower facilities. Instead, they 

might be contained within the program of another interfacing 
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facility. The assumptions made with regard to the Open Items 

are: 

Open Item 8:	 VAS/WVAS Interface/Interaction with ARTS III 
Metering and Spacing and En Route Metering 

1. A manual interface will be established between ARTS 

M&S, the Vortex Advisory System (VAS) and en route meter

ing that will permit the use of reduced longitudinal 

separations when the VAS indicates that wake vortex 

conditions are favorable. 

2. As the VAS evolves to a more capable Wake Vortex 

Avoidance System (WVAS) an automated interface will be 

implemented between the cited system elements to allow 

the benefits of further reductions in longitudinal 

spacing (possibly tailored on an aircraft pair basis) 

to be operationally realized. 

Open Item 12:	 Terminal/Tower Display and Integration of 
E&D Products 

1. The existing terminal displays for visibility, ceiling, 

wind, barometric pressure, time, vortex advisories, wind 

shear, and the status and control monitors for airport 

communication, navigation, and surveillance systems 

located in TRACONS and Tower Cabs will be integrated into 

an operationally efficient design that uses hardware that 

also incorporates a remote maintenance and monitor process

ing capability. 

2. Subsequent	 to the above system improvement, the con

'troller	 interface equipment located in Tower Cabs at 

major airports will be sufficiently integrated with 
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proposed new systems to permit an operationally efficient 

installation of a full complement of new equipment 

including TIPS, ASDE-3, TAGS, Wake Vortex Avoidance 

Systems, and Advanced Wind Shear Detection Systems. 

Open Item 15: Voice Communications Planning 

1. Air-ground-air communications for the ARTCCs and 

major terminals will b~~pgraded in the post-1982 time 

period by implementation of the radio portion of VSCS, 

which would be referred to as RCCS. In the near term, 

RCAG tone control equipment for the ARTCCs will be 

replaced, possibly with a modular subsystem that would 

be compatible with lon~ar term RccS/vscs desi~ns. The 

FSSs, which are assumed to remain unconsolidated, will 

continue to use switching and control equipment based on 

existing designs. In addition, the transmitters, receivers, 

and antenna systems at all FAA ground sites will be 

replaced with modern equipment. 

2. Ground-ground communications would be modernized by 

the implementation of ground-ground portions of the VSCS 

system which would replace the WECO 300 system at ARTCCs, 

and the WECO 301 system at the larger terminals. The 

existing small key systems and call distributors at 

FSSs would remain in place. 

3. At some smaller terminals a Small Voice Switching 

System (SVSS) will be implemented, which will provide 

an integrated radio and ground voice communications 

capability. 
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Open Item 17:	 Display of Digitized Surveillance at 
TRACONs and Towers 

1. ASRs associated with ARTS IlIA TRACONs will be 

modified in the early 1980s to include an ASR weather 

channel for weather detection and processing and a Moving 

Target Detector for enhanced aircraft detection. This 

means that weather and aircraft surveillance information 

will be in the form of digitized data. 

2. All-digital displays will be available at ARTS IlIA 

sites on a schedule that is compatible with displaying 

the digitized weather and aircraft data starting in the 

early 1980s. 

3. No expansion of the digital display capability at the 

ARTS II and TPX-42 locations will be made. 
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5. AIR TRAFFIC CONTROL SYSTEM COMMAND CENTER 

The Air Traffic Control System Command Center (ATCSCC) described 

in this chapter contains five separate and distinct operational 

components operating under a center chief. The operational com

ponents are: 

• Central Flow Control. 

• Airport Reservation Office. 

• Central Altitude Reservations. 

• Contingency Command Post. 

• National Weather Service. 

These five ATCSCC components currently operate from the System 

Command Center located in Room 626 of Federal Office Building 

lOA in Washington, D.C. All of the operational components are 

manned by FAA employees except for the Meteorologist Duty Officer 

and his staff, assigned to the ATCSCC by the National Weather 

Service (NWS). 

Central Flow Control (CFC) is to serve as the focal point for: 

evaluat ing and approving t raffle flow redistribution; nationwide 

management of air traffic flow and providing the decisive author

ity that initiates system-wide flow control. Figure 5-1 identifiE!s 

the current CFC interfaces and capabilities. Figure 5-2 describes 

the current communications capability. 

Several times a day, the CFC specialists in the ATCSCC collect 

situational reports from each Air Route Traffic Control Center 
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(ARTCC). These reports include current and expected personnel 

staffing, local weather conditions, equipment status, radio fre

quencies and a local assessment of real and potential problem 

areas. The CFC specialists collect this information by utilizing 

a direct push-button callup and conferencing capability which con

nects all the ARTCCs. In addition, Autovon circuits and the 

Federal Telephone System (FTS) are available to communicate with 

the ARTCCs~ The same capability exists with all the major Air 

Traffic Control Towers. 

CFC has seven primary positions and one weather support position, 

each directly connected to the 20 CONUS ARTCCs and 19 control 

towers in high-activity terminals. The operating positions are 

provided with inputs Jrom the local flow controller at each ARTCC, 

airline dispatch offi.ces, and the control towers. These inputs, 

together with the national weather picture and selected real-time 

inputs from the 20 en route computers, are applied to the CFC data 

base to project forecasts of air traffic activity. The CFC data 

baSe, located in the Central Flow Jacksonville Computer, contains 

the Official Airline Guide (OAG) and locally entered (ATCSCC) 

flight plan information. The CFC data base is augmented by se

lected real-time digital inputs from the en route computers. 

By coupling the en route data with the basic reference data ob

tained from the OAG and ATCSCC inputs, the flow control special

ists at the ATCSCC have available automation support which pro

vides a capability to predict flow control problems at 15 specific 

major terminals, referred to as pacing airports. Such predictive 

accuracy for central flow control is considerably greater than 

that previously available. Because of the capability to predict 

flow control problems with greater accuracy, it is possible to 

implement required flow control ,procedures in a more timely fashion 
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so that traffic flow problems can be alleviated. In concept, 

this approach differs from the reactive nature of the previous 

capability wherein procedures had been implemented only after 

traffic flow problems had surfaced. 

The CFC program provides basic data in hourly summary form for 

each airport's arrivals and departures, simulated delay prediction 

report$ and flow_ control_r~Q:rts that are us_ed in the Quota Flow 

and Fuel Advisory Departure flow control procedures. 

Analysis of the CFC output messages are made by the CFC specialist 

and, if warranted, traffic forecasts and traffic quotas are for

warded to the appropriate ARTCC via Center B teletypewriter or 

directly to an ARTCC and major terminal via telephone. 

The Airport Reservation Office (ARO) is designed to relieve con

gestion at the four highest activity airports. Reservations to 

and from LaGuardia. John F. Kennedy, Washington National and 

O'Hare airports are made for a 60-minute period beginning with 

the first second after the hour for high activity hours. 

Commercial air carriers receive the bulk of the allocations 

based upon the published schedules. Additional sections of a 

scheduled flight (e.g., shuttles) carry the same reservation 

as the scheduled flight regardless of the number of sections. 

Each afternoon, a courier from the Airline Scheduling Committee 

delivers requested modifications to the schedules •. The ARO co

ordinates with the affected airports and makes adjustments as may 

be necessary. Air taxis receive a second allocation (also based 

on schedules) with general aviation and the military receiving 

those allocations that remain. 
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The ARO uses listings provided by CFC of air-carrier aircraft 

arriving at the four major terminals and inserts reservations 

into any remaining vacant slots as non-air carrier pilots call 

in requests to the ATCSCC. In the event that a slot is not 

available, the closest time slot is proposed. If no slot is 

available, the request is denied. Reservations are entered 

into the CFC data base. 

The purpose of Central Altitude Reservation Function (CARF) is to 

centralize the responsibility for efficiently allocating portions 

of airspace to military IDld civil users within its jurisdictional 

areas. Through the use of airspace reservations, the movement of 

aircraft is expedited and the total handling capacity of the air 

traffic control system is greatly increased. 

The CARF exists primarily to support the military and to provide 

coordination with the local flow specialists at the individual 

ARTCCs by providing detailed, easily interpreted views of pending 

military exercises including air refueling operations, rocket and 

missile firings, and VIP flights which require airspace protection. 

These flights may cross or traverse regularly controlled airspace 

in a way which would make their presence unsafe for civil aircraft 

and vice versa. These missions may consist of a solitary aircraft 

or a flight of two or more aircraft. A suitable protected three

dimensional envelope in the airspace is provided by this function. 

In addition, a large envelope will be provided around each air

craft during the term of the mission. The size of envelope is 

determined by the type of mission. 

CARF has the authority to allocate defined airspace within the 

CONUS, Alaska and Hawaii and oceanic centers. In addition, CARF 

serves as the United States coordination agency for processing 

airspace reservation requests which will traverse foreign airspace. 
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Reservations for these special uses of the controlled airspace are 

made prior to the beginning of the flight or exercise by the cogni

zant military operations headquarters (e.g., Department of Defense 

(DOD), Strategic Air Command (SAC), Tactical Air Command (TAC), 

North American Air Defense Command (NORAD) , etc.). Generally, 

the requests for protected airspace are made well in advance of 

the proposed event, allowing adequate time for notification and 

coordination between the impacted facilities (e.g., ARTCCs, Ter

minals, Military Operations, etc.) by CARF. 

The Contingency Command Post (CCP) is installed in a soundproofed, 

glass enclosed room that overlooks the System Command Center. It 

is designed to become activated when a major calamity occurs some

where within the air traffic control system. A calamity such as 

a catastrophic failure at one of the ARTCCs would require coordi

nation with controllers at each of the adjacent ARTCCs to adjust 

sector coverages to the extent possible to assure safe transit of 

aircraft through the airspace normally controlled by the failed 

center. The CCP is activated to assure unimpeded operation of 

CFC during the time required to effect and maintain coordination 

with the affected centers. 

The operational aid provided in support of the Contingency Command 

Post (CCP) is in the form of direct access telephone channels to 

each ARTCC (20) or control tower at high-activity terminals (19). 

Additionally, limited dialing capability is provided for confer

encing up to 40 locations on one call. Rear-screen projectors 

are also provid~d_wh~ch utilize qutomated slid~selection. The 

communications channels available to the Contingency Command Post 

are also available for use by the other functions within the 

ATCSCC. 
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The data provided to the Meteorologist Duty Officer and his staff, 

assigned to the ATCSCC by the National Weather Service, consists 

of weather data assembled and correlated from several sources, 

making available to air traffic personnel a surface analysis of 

existing weather, the upper-air situation, the orientation of 

the jet stream, identification of areas associated with clear

air turbulence, and forecasts of terminal conditions. Weather 

charts of the upper-air conditions (including winds and precipi

tation) are received from the National Meteorological Center on 

an NWS facsimile circuit. Some of these charts are transferred 

to transparancies and are displayed on the wall-size screens by 

the rear-screen projectors. Weather observations and forecasts 

are received on a 1200-baud teletypewriter circuit from the Weather 

Message Switching Center (WMSC). A medium speed (8S0-baud) data 

circuit provides forecasts of high winds from the Severe Weather 

Labs. Facsimile prints (Thermofax) of radar displays from 30 

remote weather radar sites are provided over dialed telephone 

circuits. The Geostationary Operational Environmental Satellite 

(GOES) provides pictures of short-term development and movement 

of cloud systems over the 48 contiguous United States at 30

minute intervals. National Oceanic and Atmospheric Administra

tion's (NOAA's) National Environmental Satellite Service trans

mits the s~tellite picture data over telephone lines to the 

ATCSCC. The ATCSCC can retransmit this picture data to 14 ARTCCs 

by telecopier in less than five minutes. 

Voice communications and data communications used by the ATCSCC 

are described in Chapter 9. Messages generated in the ARTCCs 

for use by CFC are described-in Chapter 2. 
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5.1 ATCSCC Improvements 

The future automation improvements within the ATCSCC are basi

cally enhancements to CFC through the addition of functional 

modules, the replacement of the dedicated CFC communications with 

the general purpose National Airspace Data Interchange Network 

(NADIN), the automation of the ARO, and providing an automated 

plotting system for CARF. The improvements to CFC are expected 

to result in an expanded and improved data base that is expected 

to provide a forecasting or predicting capability to assure that 

all significant flow control problem areas are recognized early 

enough to enable flow adjustments to be made to eliminate the 

problem or minimize its effects on the national flow control 

picture while minimizing unnecessary flow adjustments and false

alarm conditions. The CFC improvements are expected to be made on 

an evolutionary basis especially as more experience is gained in 

the operation of the simulation functions and the manipulation of 

the data base. The improvements are envisioned to be in the ex

pansion and modification of the CFC data base, refinements in 

traffic loading analysis and simulations, improved reliability, 

introduction of graphics capabilities for CFC specialists, and 

expanded communications capabilities. 

Near Term software improvements for Central Flow Control will 

provide added functional capabilities. Functions being con

sidered for Near Term CFC enhancements include: output message 

edit capability where review of output messages may be accom

plished at the ATCSCC and changes made, if necessary, prior to 

output on the communications network; CFC output messages di

rected onto the teletypewriter network from either the ATCSCC 

or CFJC based upon an operator request or program control; 

General Information message input using the available communica

tions network; and additional inputs from en route and/or terminal 
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facilities (e.g., progress reports, arrival messages, diversion 

messages, etc.). Additional functions also being considered to 

be provided include: traffic load predictions for en route 

fixes and activation of international flights. It is antici

pated that the implementation of new CFC features will occur 

cyclically based upon the previous phases capabilities, future 

system requirements and availability of new system data sources 

or functions. 

By adding these additional inputs to the data base and refining 

the forecasting techniques, it is expected that CFC will improve 

the activity forecasts and permit more timely actions to take 

place which will minimize congestion around all domestic ter

minals and in en route airspace, reduce airborne delays, and 

manage traffic flow with greater precision than is possible 

today. 

Additionally, the present CFC dedicated communications network 

shown in Figure 5-2 rr~y be replaced with NADIN II when it is im

plemented (see 9.1.2). The integration of ATCSCC digital commu

nications into NADIN can provide for the expansion of CFC data 

collection and for the broader dissemination of Central Flow 

Control and other ATCSCC reports or decisions. 

Near Term improvements to ARO include the automation of the func

tion through the use of the NADIN communications with the CFC 

data base. The ARO function has been relocated to the CFJC fa

cility at the Jacksonville ARTCC. The automated ARO function 

will be accomplished through the use of the CFC data base which 

will enable reservations to be entered through an ARO operator's 

keyboard for those flights expected to arrive at one of the four 

1/
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reservation controlled terminals when a slot time is available. 

Monitoring of available slots within the CFC data base will be 

possible through the CFC arrival list routine which will include 

all previously reserved air carrier flights, as well as any sup

plementary air carrier flights, general aviation and military 

flights which have been granted reservations by the ARO operator. 

An automatic plotting system will be provided to the CARF during 

the Near Term. This function will be relocated to the CFJC 

facility at the Jacksonville ARTCC early in the Near Term. The 

CARF plotting function will be provided through the use of the 

CRT graphics capabilities of CFC. Plots will be presented to 

the CARF operation that compare routes, altitudes, and areas 

of high traffic activity against all other CARF requests pre

viously entered into the system to assure that no conflicts re

sult in the altitude reservations functions. 

Table 5-1 contains a summary of the improvements in the ATCSCC 

for the Near Term. Far Term improvements have not been defined., 

All of the improvements that have been identified are in CFC, 

hence, Table 5-2 is provided to identify the envisioned improve

ments in CFC features in summary form. 

5.2 ATCSCC System Connectivity 

Figures 5-3 and 5-4 show the interfacility connectivity for the 

Current and Near Term ATCSCC, respectively. As these figures 

i1lustrate',eKcep't-fortheaddition of FSDPS, the connectivity 

for the ATCSCC remains constant through the Near Term. The 

changes noted on Figure 5-4 result from the CFC functional ad

ditions, the replacement of the dedicated CFC digital data com

munications with NADIN II and NADIN III (for the FSS and military 

base operations) and the relocation of ARO and CARF to the Jack

sonville ARTCC. 
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TABLE 5-1 
ATCSCC FACILITY IMPROVEMENTS SUMMARY 

Ul 

..L 
N 

FUNCTIONS/FEATURES 
CURRENT SYSTEM 

(1978) 
NEAR TERM IIIPROVEHENTS 

(1979-82) 
FAR TERM IIIPROVEHENTS 

(POST-1982 

1. Provide Central Flow Control 
Analyses (See Table 5-2) 

2. Provide Airport Reservations 

3. Provide Central Altitude 
Reservations 

4. Provide Contingency COIlIlILand 
Post 

Basic Central Flow Control Functions 
Dedicated CFC Communications 

Manual 

Manual 

Manual 

Central Flow Control Enhancements 
NADIN II 

Automatic 

Automated Plotting System 

NC 

Not Defined 

NC 

NC 

NC 

NON-FAA FUNCTIONS (NWS) 

5. Provide current and 
forecasted weather 
information and weather 
advisory services to 
FAA 

Manual NC NC 

~ 
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FUNCTIONS {FEATURES 

1.	 Provide and manage data base 

2.	 Provide simulations 

3.	 Provide data base updates 

L11 

.L 
w 

4.	 Distribution of Central 
Flow Control Info. 

5.	 Provide CODlDunications 
Capabilities 

I 

TABLES-Z
 
CENTRAL FLOW CONTROL IMPROVEMENTS SUMMARY
 

CURRENT SYSTEM NEAR TERM IMPROVEMENTS 
(1978) (1979-82) 

Dynamic - Domestic (OAG supplemented 
by ARTCC and operator inputs) 

Based upon dynamic data base for 
15 pacing airports 

On-line departure messages for 
flIghts to 15 pacing airports 

Semi-automatic TTY (Center B)
 
Telephone
 

Telephone
 
TTY (Center B)
 
Digital Data circuits from
 
5 ARTCCs
 

'	 , 

Dynamic - Domestic and foreign flights 
data base providing traffic loading 
analysis using en route fixes 

Expanded capability to include more 
airports 

On-line progress reports, arrival and 
diversion messages 

On-line activation of international 
flights 

Automatic TTY (Center B) replaced 
by NADIN II and message edit 
capability prior to. output on 
communications network 

Same as present system 
TTY and Dedicated DDCs replaced by 
NADIN II 
On-line general information 
message exchanges 

FAR TERM IMPROVEMENTS 
(POST-1982) 

Not Defined 
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The functional changes include: the addition of progress re

port, arrival, and diversion messages together with general in

formation messages to the message repertoire between the ARTCCs 

and CFJC; the addition of international flight plan information 

to the CFC data base and the additional requests (and results) 

resulting from additional data base information (fix loading 

results, etc.), or hardware changes. The corrnnunications change 

to NADIN II and NADIN III provides expanded capabilities for 

ATCSCC data collection and a wider dissemination of information, 

reports, and decisions. 

5.3 ATCSCC Information Flow 

Figures 5-5 and 5-6 contain the information flow for the Current 

and Near Term ATCSCC, respectively. The fu~ctions to be provided 

by the ATCSCC are identical, however the changes to the CFC data 

base and corrnnunications are identified in Figure 5-6. 

In Figure 5-5, the Current ATCSCC information flow diagram, each 

function performed within the ATCSCC is identified and the inputs 

and outputs associated with each function are identified. 

For CFC, the three types of messages transmitted to the ATCSCC 

from the 20 CONUS ARTCCs are identified. The local inputs to 

CFC are the keyboard entered messages a CFC Specialist may make 

to the CFJC for the generation of an output message or a modifi

cation to the CFC data base. Types of outputs that can result 

from a Specialist's entries are listed under the headings "Local 

Outputs" (within ATCSCC) or "Remote Outputs" (to CFJC). The 

local output messages are directed to the Specialist's console 

or other ATCSCC output device (e.g., medium speed printer or 

teletypewriter reperforator). The remote outputs are directed 
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To Ct·nl'ral AvIation and i'1i1itarv Pilotg 
Via ARO Personnel 
• ReservatIon Confirmation 
•	 Acknowledgement of Reservation
 

Cancellation
 
•	 Acknowledgement of Reservation
 

Modifications
 

T,) '-1il:itarv via CARF Per~onnel 
• Altitude Reservation Confinuation 
•	 Acknowledgement of Altitude
 

Reservation Csncellation
 

Tl.l Initiator Viil CCP Duty Officer 
• Pol icy Assistance ilnd Advisories 
• CommuniCiltions HClOitoring 

To SCC Specialists 
• National Weather Reports 
• National Weather Forecasts 
•	 Detailed Weather analysis
 

for areas of interest
 

L..- ---J To ARTCCs (14) 
• NOAA Satellite Pictures 

FIGURE 5-5 
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INPUTS 

From ARTCC 

•	 Flight plan for each '10'1

aiT' carrier flight 
•	 DeptU'ture Message for 

each flight 
• Remove	 Strip Message 

faT' each proposed flight 
that has ccmcelled the 
flight plan 

• Progl'eSS Report 
• Arrival Message 
• Divel"8ion Message 

From Terminal 

• Arrival Message 
• Diversion Message 

From International Air 
Carriers 

•	 Departure Message for 
each interonational flight 

From OAG 

• Pright PZans for aU 
domestic and interonational 
aiT' carrier flights 

From Central Flow Controllers 
(local Outputs) 

•	 Request for data count 
(6 message types) 

•	 Request for data list 
(5 message types) 

•	 Request for Simulation 
(6 message types) 

•	 Data Base updates 
(6 messages) 

From Airline Scheduling 
Committee 

•	 Air Carrier Reservations. 
Allocstiona 

•	 Daily propoaed modifica
tions to Air Carrier 
Reservations 

From Pilots (Air Taxi, GA 
& HIL) or FSS 

•	 Requeat for Arrival or 
Departure Slot st a high 
density airport during 
high activity hours 

•	 Cancellation of Altitude 
Reservations 

From Hilitary 

•	 Request for Altitude 
Reaervations to accollllllOdate 
military exercises and VIP 
flights 

•	 Cancellation of Altitude
 
Reservations
 

From ARTCC. TRACON/Tower 
Air Carrier 

•	 Request for assistance
 
in handling caiami ty or
 
impending calamity
 

From National Heteorological 
Center 

• Satellite Pictures 
• National Weather Reports 
• Forecasts 

From Remote Weather Radara 

• Weather Maps 

ATCSCC 

FUNCTIONS 

1. Provide Central Flow 
Control Analyses 

- - - --r
2. Provide Airport 

Reservations 

AutcmaticaUy from 
Jacksonville. 

--- -
3. Provide Central Alti 

tude Reservaticms 
lJi th Automatic 
Pz.otting System 
at Jacksonville 

----- 
4. Provide Contingency 

COlIID8nd Post 

NON-FAA FUNCrrONS (NWS) 

5. Provide current and 
forecaated weather 
picture in addition 
to weather advisory 
services to FAA 

. 

OUTPUTS 

To Central Flow Controllers 
(Local Outputs)* 

• Data Counts (6 message types) 
• Data Lists (5 message types) 
•	 Simulation Results (6 message
 

types)
 
•	 Data Base Update Acknowledg


ments
 
• Fix Load Results 

(Remote Outputs)*'" 
Same as Locsl Outputs but 
directed to CFJC peripheral 
devices or output into NADIN 
far' ARTCC(s) artd/OT' Terminals 

To ARTCC 

• Traffic Forecasts 
• Traffic Quotas 
• FAD Information 

Output directed to selected 
device(s) consisting of: 
Computer Readout, Console 
Printer, Hedium Speed Printer, 
or Teletypewriter Reperforator 

Output directed to selected 
device(s) consisting of 
Computer Readout. Console 
Printer, High-speed Printer 
or Teletypewriter, Reperforator 

To General Aviation and Hilitary
 
Pilets
 

• Reservation Confirmation 
•	 Acknowled~nt of Reservation
 

Cancellation
 
•	 Acknowledgment of Reservation
 

Modifications
 

-r-. --- --
To Military via CARF Personnel 

•	 Altitude Reservation
 
Confirmation
 

•	 Acknowledgment of Altitude
 
Cancellation
 

To Initiator via CCP Duty
 
Officer
 

•	 Policy Assistance and
 
Advisories
 

• Communications Honitoring 

To SCC Specialists 

• National Weather Reports 
• National Weather Porecasts 
•	 Detailed Weather Analysis
 

for areaa of interest
 

To ARTCCs (14) 

• NOAA Satellite pictures 

FIGURE 5-6
 
NEAR TERM AIR TRAFFIC CONTROL SYSTEM COMMAND CENTER
 

INFORMATION FLOW DIAGRAM
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to selected devices (e.g., Specialist's Console, high-speed 

printer, or teletypewriter reperforator) located at the CFJC. 

Analysis of the output messages are made by the Central Flow 

Control Specialists and, if warranted, traffic forecasts, traf

fic quotas, and FAD information are forwarded to the appropriate 

ARTCC via Center B teletypewriter or directly to an ARTCC and 

pacing airport via telephone. 

After determining the air carrier reservation allocation, the 

Airport Reservation Office (ARO) uses arrivals listings from 

Central Flow Control to perform the ARO function at the four 

major terminals. Reservations for non-air carrier flights are 

m~de by the pilot requesting a slot at one of the designated 

busy airports directly to the ATCSCC. A confirmation or denial 

of the requested slot is made to the pilot, or an alternate time 

is provided. 

Requests for reservations for special use of controlled airspace 

are made by the military to the ATCSCC. The Central Altitude 

Reservations Function (CARF) approves or disapproves the requests 

well in advance of the proposed event. Approved reservations 

are coordinated between all the impacted facilities (e.g., ARTCCs, 

Terminals, Military Operations, etc.) to ensure that adequate 

protected airspace is provided in concert with the type of mis

sion. 

Requests for assistance in handling impending crisis are made to 

the Contingency Command Post (CCP) where policy assistance and 

advisories are provided together with communications monitoring 

until the problem is resolved or the cognizant -field facility 

can handle the problem. 
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In Figure 5-6, the Near Term ATCSCC information flow diagram, 

it can be seen that there is no change in the CCP or NWS func

tion's information flow. In the CFC function, changes result 

from modifications or additions to the data base and changes in 

communications which permit broader distribution of forecasts 

and analysis which are of the ~ame tyPe as at preserrc but con

tain more precision. Changes to ARO result from the automation 

of the function and its relocation to the CFJC facility at t~e 

Jacksonville ARTCC. Changes to CARF result from the addition of 

an automatic plotting system and the relocation of the function 

to the CFJC facility at the Jacksonville ARTCC. 

5.4 ATCSCC Tentative Implementation Schedule 

A~ shown in Figure 5-7, no specific times have been established 

for adding the enhanced CFC functions during the Near Term. It 

is expected that any enhancements to the CFC function will be 

determined as experience is gained on the present system or as 

needs are identified, however any future messages required from 

or directed to ARTCCs will require the communications capabili 

ties of NADIN II (see 9.1.2). Figure 5-7 identifies the schedule 

for the automation of the ARO and the addition of the automatic 

plotting system for CARF. 

5.5 ATCSCC Facility Interface Planning Summary 

A number of system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 
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results in the various options for implementing the output of 

the E&D program to be kept open until it is possible and timely 

to make the final implementation decision. This process also 

has a tendency to cause a deferral of the detailed definition of 

technical and operational interfaces until the time when imple

mentation decisions are imminent. In the preparation of this 

chapter, it was necessary to make, or accept, a number of assump

tions as to what improvements would be implemented, when they 

would be implemented, how they would function in the ATCSCC fa

cility, and how they would interact with other facilities. 

This section identifies assumptions and areas of uncertainty by 

what are called "Open Items". 

Open Items relate to major parts of the ATe evolutionary im

provement program where improvements are to be made via the 

F&E and/or E&D program, but where final decisions have yet to 

be made as to the specific course-of-action to be pursued. In 

most cases, an Open Item involves more than one F&E and/or E&D 

program and involves questions of the preferred technical ap

proach, technical and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness, they have 

been cited in each appropriate chapter. An Open Item is appro

priate to this chapter if it involves features or functions of 

the ATCSCC facility; however, it should not be inferred that 

development and implementation indicated in an Open Item would 

necessarily be part of the development and implementation pro

gram for the ATCSCC facility. Instead, they might be contained 

within the program of another interfacing facility. The Open 

Items pertinent to the ATCSCC facility are: 
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Open Item 1:	 Interface/Integration of Automated Air 
Traffic Flow Functions 

1. Central Flow Control predictions of en route delay 

would continue to be improved through enhancements in 

delay forecasting and more data inputs from the en route 

and terminal ATC facilities, but Central Flow Control (CFC) 

would not have any automated interface with En Route Meter

ing or ARTS III M&S. The use of Fuel Advisory Departures 

would be refined to reflect the improved CFC delay predic

tions. 

2. Initial versions of Flight Plan Conflict Probe (FPCP) 

and En Route Metering would be developed as independent 

functions. Later versions would be integrated so that the 

En Route Metering advisories would provide for conflict 

free metering instructions. En Route Metering would also 

be developed to consider efficient ways of absorbing delay 

to conserve fuel. This will include profile descents, 

speed changes, path stretching, and holding patterns. 

3. The function of Local Flow Control and the concept of 

providing information specifically tailored for the Local 

Flow Controller will not be improved upon over and above 

the improvements that will be associated with En Route 

Metering and FPCP. 

4. The implementable version of ARTS III Metering and 

Spacing (M&S) will include flexible control algorithms 

that will permit profile descents with little or no vec

toring during low demand periods, and will utilize tighter 

control procedures with potentially more vectoring during 
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high demand periods. The tighter procedures are invoked to 

improve the interarrival spacing at the threshold and thus 

maintain high runway capacity during high demand periods. 

5. An interface will be developed between M&S and terminal 

area Conflict Alert to provide conflict-free M&S commands. 

6. An automated interface will be developed to maximize 

efficiency of operations between En Route Metering and 

ARTS III M&S. 

Open Item 13: ATCSCC-NADIN Interface 

The communication services provided to the Central Flow 

Control function of the ATCSCC by NADIN will be at least 

as operationally effective as the pre-NADIN dedicated 

Central Flow Control communication set-up. 
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6.	 FLIGHT SERVICE FACILITIES 

This section considers those facilities which support the 

provision of preflight and inf1ight services primarily to non

air carrier pilots and air crews. Preflight briefings provide 

the latest information regarding current and forecast weather, 

general flying conditions and the status of airspace and naviga

tional facilities along the planned route of -flight. Either 

Visual Flight Rule (VFR) flight plans or Instrument Flight Rule 

(IFR) flight plans may be filed. Inflight pervices include 

the provision of updated weather information, traffic control 

information to aircraft unable to contact an ARTCC, flight 

assistance to lost or disoriented pilots, flight following of 

VFR aircraft in hazardous areas and coordination of search and 

rescue operations. Communications, weather radar, and naviga

tional aids are not included except as interfacing or supporting 

the primary facilities. 

During the current time period, the primary facility described 

is the manual Flight Service Station (FSS). For the Near Term, 

Model 1 of the Flight Service System automation program provides 

the framework. (See Figure 6-1). During the Near Term, Flight 

Service Data Processing Systems (FSDPS) will be providing cen

tralized computer support to Automated Flight Service Stations 

(AFSS) while the manual Flight Service Station continues to 

function in some locations. Modell will provide automated 

support to the specialist both for the entry and retrieval of 

information and for automated data base maintenance. Some 14 

FSDPSs will be installed at ARTCC locations and will support 

a number of AFSSs expected to total 43 or more. FSDPS hardware 

for Modell is to be a subset of the Model 2 computer hardware. 

In the Far Term, which includes Model 2 and 3, automation of 

specialist support is extended by the provision of more 
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extensive and more selective retrieval capabilities, improved 

graphics and improved displays. Direct support to the pilot 

provides for access to the system utilizing the Direct User 

Access Terminal (DUAT) or via telephone to the Voice Response 

System (VRS). Although Voice Response System capabilities are 

shown in the Far Term, these capabilities are being developed 

independent of any specific Flight Service Automation System 

(FSAS) model. An experimental version of Voice Response System 

is currently (Summer 1978) available to pilots. Studies are 

underway to develop specifications and to evaluate configuration 

options including the implementation of a Voice Response Capabi

lity as early as the Modell time frame. For the Far Term, the 

computer hardware is expected to be expanded, communications 

capabilities will be enhanced, specialist consoles will be 

replaced and direct preflight and post flight support to the 

pilot and air crews is planned to be available from the system 

(See Figure 6-2). The Aviation Weather Processor (AWP) will be 

supplying centralized,data base maintenance for weather and 

aeronautical information in the Far Term system including the 

pilot oriented data base in which weather, and aeronautical 

information is reformatted and contractions are expanded for 

improved understandability. 

The configuration assumed herein for Model 1 and Model 2 is based 

on FSDPSs located at existing ARTCCs and AFSSs located at exist

ing FSS sites. An alternative configuration being considered 

for implementation during the Model 2 time period would addi

tionally consolidate specialist functions at the FSDPS location. 

However, it should be noted that Reference 6-1 indicates the 

decision on an alternate consolidated configuration will be made 

by 1983. The facilities provided at NAFEC for the support of the 

Flight Service automation program and the training facilities at 

Oklahoma City are not included in this chapter. 
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Improvements to Flight Service Facilities are summarized in 

Section 6.1 which follows. Additional information and details 

are provided in Section 6.2, Flight Service Facilities Connecti

vity and Section 6.3, Flight Service Facilities Information Flow. 

6.1 Flight Service Facilities Improvements Summary 

Improvements to Flight Service facilities have two basic goals: 

one, to provide automated support to the Flight Service Specialist 

in carrying out assigned functions, now primarily a manual and 

laborious process of shuffling paper and preparing inputs and 

two, to make certain additional services directly accessible to 

pilots in a convenient and responsive way. The effect of the 

improvements is to make it possible for Flight Service facilities 

to provide required services under increasing traffic loads in 

a more responsive way while minimizing the requirement for 

increased manning. 

The function breakout to be utilized throughout Chapter 6 is 

shown in the first column of Table 6-1, Flight Service Facilities 

Summary. It is intended to highlight those functions addressed 

in the improvements program and is not necessarily inclusive of 

all functions carried out at Flight Service Stations. In the 

third column, improvements planned for the Near Term are identi

fied. These improvements are for the Automated Flight Service 

Stations under Model 1 of the Flight Service Station Automation 

Program. Model 1 will be the automated system during the time 

period 1978-1982 and will consolidate automated functions into a 

number of Automated Flight Service Stations. The fourth column, 

summarizes improvements expected to be available in the Far Term 

system (post 1982) which will include the Aviation Weather 

Processor and additional functions at the FSDPS and AFSS. Each 

of the functions is described briefly below and the improvements 
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TABLE 6·1
 
FLIGHT SERVICE FACILITIES IMPROVEMENTS SUMMARY
 

FUNCTIONS/FEATURES 

a. 
b. 

CURRENT SYSTEM (1978) 

Manual Message Generation 
Manual Location Plotting 

a. 
b. 

*NEAR TERM IMPROVEMENTS 
(1978-1982) 

NC 
NC 

a. 
b. 

a. 
b. 

FAR TERM IMPROVEMENTS 
(POST-1982) 

Automatic Message (;eqeration 
Automated Locat ion Calcu

lation 

Enhanced Retrieval FilterinR 
Improved Gr~phics/Radar 

Centralized and Expanded 

l. Emergency Assistance 

2. En route Flight Advisory 
Service (EFAS) 

a. 
b. 

Manual PIREP Main tenance 
Manual Weather Plot and Retrieval 

Manual 

a. 
b. 

Automated Support to PIREP 
Manual Weather Plot and 
Automated Weather Retrieval 

Automated3. Data Base Haintenance 

4. NOTAH Processing Manual NOTAM Maintenance Automated NOTAH Maintenance Automated NOTAM Accounting 

5. Preparation of PATWAS/TWEB a. 
b. 

Manual Weather Retrieval 
Dictate Recordings 

a. 
b. 

Automated Weather Retrieval 
NC 

a. 
b. 

a. 

b. 
c. 

Selective Weather Retrieval 
Enhanced Recording including 
Voice Response System 

Selective, Filtered Retrieval 
/Display 

Automated Graphic Display 
Direct/Dial-up of Multiple 
Radars 

6. Specialist Weather Briefing a. 
b. 
c. 

Manual Data Retrieval 
FAX Graphics 
Limited Weather Radar 

a. 

b. 
c. 

Automated Weather Retrieval/ 
Displav 

FAX/CCTV Graphics 
Radar at EPAS sites 

7. Specialist Flight Plan 
Processing 

a. 
b. 
c. 
d. 

Manual Entry/Addressing and Update 
Manual IFR Interaction with ARTeC 
NA 
Manual Suspense List 

a. 

b. 

c. 
d. 

Automated Support to Entry and 
Update 
Minimal Manual IFR Interaction 
with ARTCC 
Weather Briefing Coordination 
Automated Alerts 

a. 

b. 
c. 
d. 

a. 

b. 

Automated Amendment, De
parture, Addressing 
NC 
NC 
NC 

PATWAS with Voice Recogni
tion System 
NC 

Automated via DUAT/VRS 

Automated via DUAT/VRS 

8. PATWAS/TWEB Access a. 
b. 

PATWAS via telephone 
TWEB via radio 

Fast File 

NA 

a. 

b. 

PATWAS via Push-button 
Control 
NC 

NC 

NA 

9. Pilot Flight Plan Entrv/Close 

10. Pilot Weather Briefing 

0. 
I 

0. 

NC = No Change Included in Current Plans * Reflects improvements available 
NA = Not Applicable at the AFSS (not FSS) 

(
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to the function over time are traced. The weather briefing 

function is the primary operational service provided; the 

ordering of the functions is not intended to relate to load 

or priority. 

6.1.1 Emergency Assistance 

This function includes assistance to overdue aircraft and loca

tion and guidance assistance to lost or disoriented pilots. In 

the Current and Near Term system, when aircraft are overdue, 

appropriate information requests are made to other FSSs and 

Search and Rescue notices are generated as required. In the 

Far Term, the system will automatically generate the required 

information requests and Search and Rescue alerts. 

In the Current system, aircraft requiring location guidance are 

provided such guidance based on navigation aid or manual 

direction finder (DF) plots prepared by a Flight Service 

Specialist. In the Near Term there is no change. In the Far 

Term, location determination and guidance calculations are 

performed by the computer in response to instructions from the 

Flight Service Specialist. 

6.1.2 En Route Flight Advisory Service (EFAS) 

Certain Flight Service Stations provided an EFAS service. In 

connection with this service, current local weather conditions 

are solicited from pilots in the form of Pilot Reports (PIREPs) 

and made available for pilots in the area who request it. In 

the Current system, PIREPs are manually maintained. In the Near 

Term and Far Term, automated support is provided for the input, 

maintenance and retrieval of PIREPs. A weather plot is manually 

maintained in the Curren~ and Near Term system, while improved 

graphics and radar would be supplied in the Far Term. 
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6.1.3 Data Base Maintenance 

In the Current system, weather, aeronautical information and 

flight plan information are received over teletype circuits 

and are manually maintained. Entry of this same kind of infor

mation is made into the teletype system. In the Near Term, 

automated support is provided to the entry, receipt and main

tenance of such information. In the Far Term, data base 

maintenance functions are performed at both the Aviation Weather 

Processor (AWP) and the FSDPSs. 

6.1.3.1 Aviation Weather Processor 

Development of the expanded data base for pilot briefings is 

performed at the AWP. Manual editing of A/N or Graphic data 

is also planned for the AWP along with other centralized func

tions. Regular distribution of the weather and aeronautical 

information data base is made to the FSDPSs. 

6.1.3.2 FSDPS 

Data base maintenance at the FSDPS is intended to be fully auto

mated in the Far Term. Multiple weather radar images as well as 

graphics (e.g., AFOS products) are automatically maintained and 

distributed to the AFSSs. Weather information converted to the 

Voice Response System will also be available in the Far Term or 

sooner if possible. Flight Plan information is exchanged 

between FSDPSs and sent to ARTCCs and other facilities as 

appropriate. 

6.1.4 NOTAM Processing 

In the Current system, the Flight Service Specialist monitors the 

status of Navigation Aids (NAVAID) in the area of responsibility. 

When outages occur or are reported, the specialist enters the 

information into the teletype system and manually maintains a 
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file for local use. In the Near Term and Far Term, the system 

will provide automated support to the specialist for entering 

and retrieving NOTAM information. 

In the Near Term, status monitoring is unchanged: in the Far Term 

the Remote Monitoring and Maintenance System (RMMS) is expected to 

provide status information. 

6.1.5 Preparation of PATWAS/TWEB 

In the Current system, weather reports are manually searched to 

accumulate the applicable reports for the Pilot Automatic Tele

phone Weather Answering Service (PATWAS) and Transcribed Weather 

Broadcast (TWEB) recording. The Flight Service Specialist then 

records the appropriate information for each PATWAS and each TWEB 

facility. In the Near Term system, retrieval sequences of loca

tions and weather types can be defined for each PATWAS and TWEB 

report or area or route-oriented retrievals may be made. Record

ing remains as for the Current system. In the Far Term, the 

retrieval of weather would be tailored to the specific formats 

and data to be entered into the PATWAS and TWEB recordings. 

Improvements to the recording system allow selective changes to 

a report. For a given location, a single input of a revised 

report will change the information in all reports including 

that location. 

6.1.6 Specialist Weather Briefing 

In the Current system, the specialist maintains a manual file of 

weather and aeronautical information of interest. When a request 

for a briefing is received from a pilot, the specialist must 

either recall the information or search through the reports to 

find the information. Facsimile graphics are also available from 

the National Weather Service (NWS). In the Near Term system, 
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weather and aeronautical data is automatically retrieved from 

the data base according to a predefined sequence of locations 

and message types or by route or area. The specialist then 

extracts information of interest and utilizes it to brief the 

pilot. Facsimile graphics from the NWS are still available and 

are distributed within an AFSS utilizing Closed Circuit 

Television. Weather radar displays are also available at En 

Route Flight Advisory Service (EFAS) locations. In the Far 

Term, weather and aeronautical data retrieval is more selective 

and filtered for use by the specialist. Additionally, graphic 

products and weather radar images can be selectively retrieved 

from the data base. Automated graphics are available from the 

NWS Automation of Field Operations and Services (AFOS) system; 

weather radar is received from FAA or NWS radar sites utilizing 

direct and dial-up lines. 

6.1.7 Specialist Flight Plan Processing 

In the Current system, the specialist files a flight plan for a 

pilot by entering it into the teletype network and correcting 

errors reported over the teletype network by the receiving 

facilities. In the Near Term system, the specialist is provided 

support by the automated system in formatting and checking the 

entered data. Error correcting is still done by response to 

errors reported by the receiving facility. In the Far Term, 

error checking by the automated system is more complete and is 

intended to identify all errors that might cause rejection by 

the receiving facility. Addressing of flight plans is automatic, 

amendment and departure processing is simplified and supported by 

the automated system. In the Near Term and Far Term systems, 

flight plan information supplied during a weather briefing is 

retained and used in a flight plan to be filed if the specialist 

so desires. A list of incoming flights is manually maintained 
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in the Current system. The Near Term and Far Term systems 

maintain such a list automatically and provide an alert for 

overdue flights. 

6.1.8 PATWAS/TWEB Access 

In the Current system, a pilot desiring a PATWAS weather report 

must call the specific telephone number at which that report is 

available. In the Near Term and Far Term, different telephone 

numbers for different routes will not be required; selection 

of briefings may be by entry of selected information via push 

button telephone devices. In the Far Term, PATWAS access may 

also be by use of a limited Voice Recognition System. 

TWEB access via radio will be available throughout the time 

periods covered. 

6.1.9 Pilot Flight Plan Entry/Close 

In the Current and Near Term system, the pilot must work through 

an available specialist to file or close a file plan. Alterna

tively, the pilot may record required flight plan information 

utilizing the Fast File capability. A specialist will subsequently 

enter the flight plan into the system. In the Near Term and Far 

Term, information for a flight plan that was entered in the course 

of a weather briefing will be available to the pilot for the 

flight plan without reentry of the data. In the Far Term, the 

pilot will be able to file or close flight plans using a DUAT 

in a conversational mode. Also, the pilot may use a push-button 

equipped telephone to file a flight plan; in this mode automated 

support includes Voice Response System playback of the data the 

pilot has entered for confirmation or correction. 
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6.1.10 Pilot Weather Briefing 

In the Current system and the Near Term system, the pilot must 

work through the specialist to get a weather briefing (except 

for PATWAS/TWEB capabilities). In the Far Term, direct access 

to the system will be available to a pilot using an interactive 

direct user access terminal (DUAT) which will provide route

oriented or local briefings of a variety of weather reports. 

If the terminal has a graphic capability, graphic products 

will be provided. The pilot may also access the Voice Resp~nse 

System using a telephone which has push-button control capa

bilities or utilizing the Voice Recognition Capability to request 

weather at specified locations. Voice Response Capabilities 

may be implemented as early as the Near Term depending on the 

results of configuration and requirement studies underway. 

6.1.11 Improvements Dependencies 

The most notable dependency between the improvements is the 

dependency of the briefing functions, the primary operational 

task, on the automated data base maintenance function. In fact, 

all the improvements are to some extent dependent on the improved 

data base maintenance. Improved specialist support, in the Far 

Term, is dependent on the improved consoles and displays as 

well as data maintenance automatically performed at the AWP 

and FSDPS. Editing functions expected to be available at the 

AWP will further enhance the useability of the national data 

base of weather and aeronautical information. Improved graphics 

are dependent on the availability of the AFOS data from NWS. 

Improved weather radar at the AFSS is dependent on the availa

bility and remoting of the necessary radar facilities.' Direct 

support to the pilot provided under improvements 9 and 10 are 

dependent on the expanded data base developed at the AWP (i.e., 

expanded contractions and reformatting) and on the development 

of the Voice Response System. 
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6.1.12 Potential Improvements 

An Aviation Weather System Plan (Reference 6--4) is being developed 

under the sponsorship of FAA. Among the potential improvements 

to the weather system noted in this plan of special interest to 

the Flight Service Station system are improved weather radar 

capabilities and an improved weather data base under development 

by NWS providing for: one, more current information on upper air 

wind and temperatures, and two, a grid data base with up to 14 

weather elements (e.g., cloud cover, bases and tops, inflight 

visibility, icing conditions, and turbulence) at equally distri

buted grid points covering the entire United States. 

6.2 Flight Service Facilities Connectivity 

In this section, the connections to other facilities are described, 

emphasizing the type of information passed over the connection. 

Telephone connections and connections for passing general infor

mation or administrative information are not covered. The 

deferred decision on whether or not to consolidate Flight Service 

Stations in ARTCC collocated hubs will not change the nature of 

the connections but will have an impact on the number and size 

of connections. There are three figures which illustrate the 

various connections over the time periods covered in this report: 

Figure 6-3 for the Current system, Figure 6-4 for the Near Term 

and Figure 6-5 for the Far Term. Each of the connections will 

be described below over the three time periods. 

6.2.1 National Weather Service 

In the Current system the National Weather Service (NWS) provides 

graphics charts over a facsimile channel. This capability is 

also available in the Near Term. In the Far Term, improved 

graphics products from the AFOS system under development by 

the NWS will be sent to the AWP via data channel. Editing and 
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combining of graphic products may be performed at the AWP 

after which distribution to the Flight Service Data Processing 

Systems is made for use by the specialist at the AFSS or the 

pilot via DUAT. 

6.2.2 Weather Message Switching Center 

The Weather Message Switching Center (WMSC) gathers alphanumeric 

(A!N) weather and aeronautical information from a number of 

sources including the NWS and FSS sources. It is the primary 

source of such data for the Flight Service Facilities. In the 

Current and Near Term systems, this data is received by the Flight 

Service Stations over Service A teletype lines. With the 

adoption of NADIN II at the end of the Near Term, NADIN circuits 

are utilized to transmit A/N weather and aeronautical data to 

the FSDPSs. In the Far Term system, the data will be transmitted 

to the AWP via NADIN III. 

6.2.3 Aviation Weather Processor 

The Aviation Weather Processor is introduced in the Far Term. It 

receives alphanumeric weather and aeronautical information from 

the WMSC and graphic weather from the NWS (i.e., AFOS products). 

The AWP redistributes the weather and aeronautical information 

to the Flight Service Data Processing Systems after reformatting 

and expanding contractions for the alphanumeric data base to be 

used in pilot briefings. A plan to provide WMSC functions at 

two AWP (NADIN location) sites is under consideration by AAT 

(see Interface Adjustment, Item B:6-5). 

6.2.4 Air Traffic Control Systems Command Center (ATCSCC) 

In the Current system, ATCSCC messages are received at the FSSs 

over the Service B (or ABDIS) network. In the Near Term, a NADIN 

connection provides service to the FSDPSs (and FSSs). In the 
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Far Term a NADIN connection is established between the AWP 

and the ATCSCC. Air traffic restrictions are sent to the AWP 

over this connection for editing and retransmission to the 

Flight Service Data Processing System. 

6.2.5 Air Route Traffic Control Center CARTCC) 

In the Current system, Service B is used to send IFR flight plans 

to departure ARTCCs and to send VFR flight plans to departure 

and destination Flight Service Stations. In the Near Term and 

Far Term, NADIN communications will be utilized in a similar 

fashion. 

6.2.6 Pilot 

The pilot and air crews are the users of the Flight Service 

Facilities. As such, information related to any of the functions 

described may be passed to the pilot in the form of weather 

briefings, flight plan handling and emergency services. In the 

Current and Near Term systems, the pilot is connected to the 

Flight Service Station via telephone, radio or face-to-face 

contact. In the Far Term, the pilot is able to use the system 

directly by means of user terminals or the Voice Response System 

in addition to the support from the Flight Service Specialist. 

Also, the pilot is a source of information of current weather 

conditions which enter the system as PIREPs. 

I~ 

6.2.7 Tower Cab 

Throughout the time periods covered in this report, there is a 

voice connection between the Flight Service Station system and 

the Tower Cab for the exchange of information on airport 

conditions and local weather conditions and forecasts. 
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6.2.8 Weather Radar Surveillance Site 

In the Current system, weather radar images are available in a 

limited number of FSSs. In the Near Term, digitized weather 

radar will be available at the 44 En Route Flight Advisory 

Service (EFAS) positions from either selected FAA ARSR radars 

or from NWS WSR-57 radars. In the Far Term, digital weather 

radar from up to 7 radars will be available on the specialist's 

display by request. Each FSDPS will store a weather radar image 

for all digitizer-@quipped radars (with a'maximum of 13) within 

the FSDPS boundaries plus 150 nautical miles. 

6.3 Flight Service Facilities Information Flow 

This section will describe the impact of improvements to each of 

the functions identified in the information flow diagrams 

(Figures 6-6, 6-7, and 6-8). The evolution of each function will 

be traced from the Current system through the Near Term system 

and the Far Term system. For each improvement, inputs, internal 

functions, outputs and operational results will be described. 

Changes to the flow of information over time will be described 

and required interface planning noted. 

6.3.1 Emergency Assistance 

Two aspects of emergency assistance will be described: one, 

assistance to an overdue aircraft, i.e., Search and Rescue (SAR) 

procedures, and two, assistance to a lost (disoriented) pilot. 

The SAR function is discussed first. In the Current system, 

if an aircraft becomes overdue (as noted from the inbound list) 

the appropriate sequence of search and rescue related messages 

is manually initiated. These messages are sent to the departure 

FSS and those FSSs along the route of flight, requesting infor

mation on the overdue aircraft and initiating a search and rescue 

Alert Notice as appropriate. Retrieval of data on the overdue 
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INPUTS 

FROM PILOT: 
• Flight Plans/Amendments 
• Request for Assistance 
• Request for Current Weather 
• Pilot Reports (PIREPs) 
• Request for Weather Briefing 
• TWEB/PATWAS Request 
• Flight Plan Closures 

FROM NAVAIDS: 
• Status Data
 

FROM DF:
 
• Bearing Data
 

FROM ARTCC:
 
• PIREPs 
• Coordination 

FROM NWS, MILITARY/FAA SOURCES (WMSC): 
• Weather/Aeronautical Data Base 

<t 
!'.) FROM NWS: 

• FAX Graphics 

FROM WEATHER RADARS SURVEILLANCE SITE: 
• Weather Image 

FROM OTHER FS S: 
• VFR Flight Plans 
• Changes, Closures 
• Bearing Data 
• SAR Requests
 

FROM TOWER CAB:
 
• Airport Conditions 
• Local Weather 

FLIGHT SERVICE STATION (FSS) 
FUNCTIONS 

1.	 EMERGENCY ASSISTANCE 
a.	 Manual Message Generation 
b.	 Manual Location Plotting 

2.	 EN ROUTE flIGHT ADVISORY SERVICE 
J.	 Manual PIREP Maintenance 
b.	 Manual Weather Plot and Retrieval 

3.	 DATA BASE MAINTENANCE 
Manual 

4.	 NOTAM PROCESSING 
Manual NOTAM Maintenance 

S.	 PREPARATION OF PATWAS/TWEB 
a.	 Manual Weather Retrieval 
b.	 Dictate Recordings 

6.	 SPECIALIST WEATHER BRIEFING 
a.	 Manual Data Retrieval 
b.	 FAX Graphics 
c.	 Limited Weather Radar 

7.	 SPECIALIST FLIGHT PLAN PROCESSING 
a.	 Manual Entry, Addressing & Update 
b.	 Manual IFR Interaction w~th ARTCC 
d.	 Manual Suspense List 

8.	 PATUAS/TWEB ACCESS 
a.	 PATWAS via Telephone 
b.	 TWEB via Radio 

9 .	 PlLOT FL IGHT PLAN ENTRY 
FAST FILE 

FIGURE 6·6
 
CURRENT FLIGHT SERVICE FACILITIES
 

INFORMATION FLOW DIAGRAM
 

OUTPUTS 

TO PILOT: 
• Flight Plan Acceptance 
• Location Guidance 
• Current Weather 
• Forecast Weather 
• TWEB/PATWAS Briefing 

TO OTHER FSS: 
• VFR Flight Plans, Changes 
• SAR Requests 
• Flight Plan Closures 
• Bearing Data 

TO ARTCC: 
• IFR Flight Plans, Changes 
• Requests for PIREPs 

TO DF: 
• Bearing Requests 

TO WMSC: 
• Local Weather 
• NOTAMs 
• PIREPs 

TO TOWER CAB: 
• Weather Reports 
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INPUTS 

FROM PILOT: 
• Flight Plans/Amendments 
• Request for Assistance 
• Request for Current Weather 
• Pilot Reports (PIREPs) 
• Request for Weather Briefing 
• TWEB/PATWAS Request 
• Flight Plan Closures 

FROM NAVAIDS: 
• Status Data 

FROM DF: 
• Bearing Data 

FROM ARTCC: 
• PIREPs 
• Coordination 

FROM NWS, MILITARY/FAA SOURCES (WMSC): 
m • Weather/Aeronautical Data Base 

I 

N FROM NWS:
 
Co) 

FAX Graphics
 

FROM WEATHER RADAR SURVEILLANCE SITE: 
• Weather Image 

FROM FSS, FSDPS: 
• VFR Flight Plans, Changes 
• SAR Requests 
• Flight Plan Closure 
• Bearing Data 

FROM TOWER CAB: 
• Airport Conditions 
• Local Weather 

AUTOMATED FLIGHT SERVICE STATION (AFSS) 

FUNCTIONS 

1. EMERGENCY ASSISTANCE 
a. Manual Message Generation 
b. Manual Location Plotting 

2. EN ROUTE FLIGHT ADVISORY SERVICE 
a. Automated Support to PIREPs 
b. Automated Weather Retrieval 

3. DATA BASE MAINTENANCE 
Automated 

4. NOTAM PROCESSING 
Automated NOTAM Maintenance 

5. PREPARATION OF PATWAS/TWEB 
a. Automated Weather Retrieval 
b. Dictate Recording 

6. SPECIALIST WEATHER BRIEFING 
a. Automated Data Retrieval/Display 
b. FAX/CCTV Graphics 
c. Radar at EFAS Sites 

7. SPECIALIST FLIGHT PLAN PROCESSING 
a. Automated Support to Entzry and Update 
b. Minimal Manual IFR Interaction with ARTCC 
c. Weather Briefing Coordination 
d. Automated Alerts 

8. PATWAS/TWEB Access 
a. PATWAS via Push-button Control 
b. TWEB via Radio 

9. PILOT FLIGHT PLAN ENTRY FAST FILE 

FIGURE 6·7 
NEAR TERM FLIGHT SERVICE FACILITIES
 

INFORMATION FLOW DIAGRAM
 

OUTPUTS 

TO PILOT: 
• Flight Plan Acceptance 
• Location Guidance 
• Current Weather 
• Forecast Weather 
• TWEB/PATWAS Briefing 

TO FSS, FSDPS: 
• VFR Flight Plans, Changes 
• SAR Requests 
• Flight Plan Closures 
• Bearing Data 

TO ARTCCs: 
• IFR Flight Plans, Changes 
• Requests for PIREPs 

TO DF: 
• Bearing Requests 

TO WMSC: 
• Local Weather 
• NOTAMs 
• PIREPs 

TO TOWER CAB: 
• Weather Reports 



INPUTS 

FROM PILOT: 
• Flight Plans/Amendments 
• Request for Assistance 
• Request for Current Weather 
• Pilot Reports (PIREPs) 
• Request for Weather Briefing 
• TWEB/PATWAS 
• Flight Plan Closures
 

FROM NAVAID:
 
• Status Data
 

FROM DF:
 
• Bearing Data
 

FROM ARTCC:
 
• PIREPs 
• Coordination 

FROM NWS. MILITARY/FAA SOURCES (WMSC) 
• Extended Weathep/Aeronautical Data Base 
• NOTAM Accounting Information 

en FROM NWS: 
I 

• AFOS Graphics
~ 
oil- • GOES Gpaphics 

FROM OTHER FSS, FSDPS 
• VFR Flight Plans, Changes 
• SAR Requests 
• Flight Plan Closure 
• Bearing Data 

FROM WEATHER RADAR SURVEILLANCE SITE: 
• Weather Image
 

FROM TOWER CAB
 
• Airport Conditions 
• Local Weather 

AUTOMATED FLIGHT SERVICE STATION (AFSS)
AND FLIGHT SERVICE DATA PROCESSING 

SYSTEM (FSDPS) 

FUNCTIONS 

1.	 EMERGENCY ASSISTANCE 
a.	 Automatic Message Genepation 
b.	 Automated Location Calculation 

2.	 EN ROUTE FLIGHT ADVISORY SERVICE 
a.	 Enhanced Retneval FiUenng 
b.	 Improved Gpaphics/Rada:to 

3.	 DATA BASE MAINTENANCE 
Automated NOTAM Accounting 

4.	 NOTAM PROCESSING 
Centralized NOTAM Accounting 

5.	 PREPARATION OF PATWAS/TWEB 
a.	 Selective Weathep RetPieval 
b.	 Enhanced Recopding including Voice 

Response System 

6.	 SPECIALIST WEATHER BRIEFING 
a. Selective, Filteped Retneval/Display 
b.	 Automated Gpaphic Display 
c.	 Dipect Dial-Up of Multiple Rada:t's 

7.	 SPECIALIST FLIGHT PLAN PROCESSING 
a.	 Automated Amendment, DepaI'tuPe, Addzoeseing 
b.	 Minimal Manual IFR Interaction ~ith ARTCC 
c.	 Weather Briefing Coordination 
d.	 Automated Alerts 

DIRECT PILOT SUPPORT 

B.	 PATWAS/TWEB ACCESS 
a.	 PATWAS unth Voice Recognition 
b.	 TWEB via Radio 

9.	 PILOT FLIGHT PLAN ENTRY/Close 
a.	 Automated via DUAT/VRS 

10. PILOT WEATHER BRIEFING 
a.	 Automated via DUAT/VRS 

FIGURE 6-8 
FAR TERM FLIGHT SERVICE FACILITIES
 

INFORMATION FLOW DIAGRAM
 

OUTPUTS 

TO PILOT: 
• Flight Plan Acceptance 
• Location Guidance 
• Current Weather 
• Forecast Weather 

Sumnary 
Detailed 

• TWEB/PATWAS Briefing 

TO OTHER FSS, FSDPS: 
• VFR Flight Plans, Changes 
• SAR Requests 
• Flight Plan Closure 
• Bearing Data 

TO ARTCC: 
• IFR Flight Plan, Changes 

TO DF SITES: 
• Beanng Requests 

TO WMSC: 
• Local Weather 
• NOTAM~ 
• PIREPs 

TO TOWER CAB 
• Weather Reports 
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aircraft is manual in each of the FSSs involved and the response 

must be manually generated. 

In the Near Term system, if an aircraft is overdue (as indicated 

by an automated alert), a specialist at the destination AFSS 

manually initiates and addresses the proper sequence of search 

and rescue messages. The retrieval of data on the overdue 

aircraft is also automatic for specialists at the departure or 

en route AFSS but must be manually addressed to the requesting 

AFSS. (Where manual Flight Services Stations are involved, their 

processing remains as descrlbed under the Current system.) 

In the Far Term system, when an automatic alert is generated at 

the destination AFSS, the required search and rescue messages 

are automatically generated and displayed to the specialist at 

the destination AFSS prior to transmittal. The system will 

determine the addresses of other AFSSs (e.g., departure, en 

route) which should receive search and rescue messages. At each 

AFSS/FSDPS involved, requested information will be automatically 

retrieved and the responses automatically generated for display 

to a specialist prior to transmission. (Processing at manual 

FSSs remains as described under the Current system.) 

Over time, the information flow for this function is gradually 

automated and communications are improved. The operational 

result is a more effective use of the specialist, an increased 

system reliability and a decreased system response time. 

Automated interfaces are within the Flight Services Facilities. 

Assistance to a lost or disoriented pilot is provided in the 

Current system by utilizing the direction finder at the FSS in 

contact with the pilot to get a bearing which is manually plotted. 
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This involves manual tuning of receivers and verbal confirmation 

of signals. The specialist may also get other directional/ 

locational information from the pilot (e.g., VOR radial), or 

time/distance checks may be done on sequential pilot transmis

sions to locate the pilot's position. The pilot is then given 

direction guidance to a safe location. 

In the Near Term, the procedure is the same. In the Far Term, 

the specialist enters bearing information into the FSDPS which 

will solve the navigational problems of location and compute the 

heading to a requested location. 

Primary inputs and outputs to the pilot remain the same; however, 

the support to the specialist in locating the aircraft and pro

viding a heading to a safe location is automated. The opera

tional effect is to provide a faster system response and more 

effective utilization of the specialist. 

6.3.2 En Route Flight Advisory Service (EFAS) 

EFAS is a specialized system providing near real-time weather 

service directly to pilots in flight. In the Current system, 

the Flight Watch Specialist (FWS) who provides the service 

will enter Pilot Reports (PIREPs) into the system over Service 

A teletype. These are then forwarded to the WMSC for entry into 

the national data base and subsequent distribution. The FWS 

will manually maintain files of PIREPs and will maintain a 

manual plot of current weather conditions for the area of 

responsibility (600 nautical mile radius of the AFSS). When 

the specialist is contacted by inflight pilots, they will be 

provided with current weather conditions. Furthermore, the FWS 

may contact pilots to solicit PIREPs on local weather condi

tions of interest and may coordinate that activity with the 

ARTCC responsible for that area. 
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In the Near Term, the input and maintenance of PIREP informa

tion is supported by the automated system at the FSDPS. PIREP 

entry may be made at the AFSS either in fixed or random format 

and the system will place the message in transmission format 

and send it to the WMSC. PIREP retrieval is provided by the 

system for specified locations and will include PIREPs received 

from the WMSC as well as PIREPs entered at the AFSS. As in the 

Current system, a manual weather plot may be maintained. This 

may be supplemented by automated weather retrieval in the Near 

Term system. 

In the Far Term, the FWS will have the full range of weather 

retrievals available. Improved graphic products (AFOS) from 

NWS and weather radar displays are also expected to be available. 

PIREPs may be retrieved for a corridor along the route of flight 

or by distance from a location. Selective filtering of PIREP 

retrievals may be specified whereby only those PIREPs with 

information in selected fields (Element Indicators) will be 

retrieved. 

Over time, the flow of information to and from the pilot remains 

about the same. However, the flow of information to and from 

the WMSC is improved by both the automated assistance to PIREP 

entry and the improved communication capabilities. The functions 

performed by the FWS are progressively automated to provide data 

base maintenance and retrieval as well as improved graphics 

products. 

6.3.3 Data Base Maintenance 

This function is to a large extent basic to all the others and 

improvements in it are reflected in the others. In the Current 

system, inputs to the system are over the teletype networks 
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(Service B for flight information and Service A for weather and
 

NOTAMs). There is little or no automatic error checking. Data
 

maintenance is manual and involves keeping hard copy reports
 

organized for convenient searching and retrieval of information.
 

Graphic products are available by facsimile network from NWS.
 

In the Near Term, automated support is provided for the input
 

of information and for maintenance (update) of the data base.
 

Most specialist inputs are in either fixed or variable format,
 

error checking is performed, new weather inputs from WMSC
 

replace outdated weather in the data base.
 

In the Far Term data base maintenance functions for the Flight
 

Service Automation System are shared between the Aviation Weather
 

Processor (AWP) and the Flight Service Data Processing Systems
 

(FSDPSs).
 

6.3.3.1 AWP Data Base Maintenance 

In the Far Term, weather and aeronautical information from WMSC 

is received at the AWP where a number of centralized processes 

are performed. Reformatting of the information and expansion 

of contractions is automatically done for the weather and aero

nautical data base to be used in support of pilot briefings 

(e.g., via DUATs). Surface Observations and Pilot Reports are 

reformatted but all other messages from WMSC are utilized as 

received (except for manual editing) for the data base to be 

used in support of the FSS specialists. Graphic data from the 

NWS AFOS system is also received at the AWP. Manual editing 

including manual entry of graphics is planned for the AWP. 

Centralized maintenance is also performed at the AWP on 

Preferred Routes, the Law Enforcement file and Special Use 

Areas. Periodic data base updates are sent to the FSDPSs and a 

complete data base is supplied when needed (e.g., start-up). 
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6.3.3.2 FSDPS Data Base Maintenance 

Data base maintenance except for local inputs is automatic at 

the FSDPSs in the Far Term. As new information is received from 

the AWP it automatically replaces older data. Weather radar 

inputs are maintained for up to 13 radar sites and up to seven 

radar images are automatically redistributed to each AFSSs when 

updates are received or the AFSS requires it. Graphics (e.g., 

AFOS products) are also automatically maintained at the FSDPSs 

and redistributed to the AFSSs. 

6.3.4 NOTAM Processing 

NAVAID monitoring and control is performed at the Flight Service 

Station by monitoring a status panel and by switching in alter

nate NAVAIDs as needed. The Flight Service Stations are the 

prime source of entry of the Notices to Airmen (NOTAM) into the 

national aviation data base. When outages occur or are reported 

in the Current system, the specialist enters the information 

into the teletype system and manually maintains a file for 

local use. This requires strict manual accounting procedures 

and lists to insure data integrity. In the Near Term and Far 

Term, automated support is provided to the entry and distribu

tion of NOTAMs. As the specialist receives notification of 

airport conditions or determines NAVAID outages, the information 

is entered in the format provided by the computer. The 

program will automatically assign the accountability location 

and the sequential serial number for that location, and will 

transmit the NOTAM to the WMSCfor nationwide distribution. 

In both the Near Term and Far Term, the specialist may enter a 

suspense time when the computer program will recall the NOTAM 

for appropriate follow-on action (e.g., reentry, cancellation). 

In the Far Term, automated NOTAM accounting will be provided and 

NAVAID status information is expected to be provided by the Remote 

Monitoring and Maintenance System (RMMS). 
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6.3.5 Preparation of PATWAS/TWEB 

In the Current system, weather and aeronautical information 

retrieval for recording Pilot Automatic Telephone Weather 

Answering Service (PATWAS) and Transcribed Weather Broadcast 

(TWEB) is done manually by the specialist. TWEB reports or 

TWEB synopsis from NWS may be used along with PIREPs, NOTAMs 

and other information as appropriate. The specialist dictates 

into the recording mechanism, the specific weather report 

compiled for each PATWAS and TWEB outlet. Generally the emphasis 

is on current weather or developing inclement conditions. In the 

Near Term system, weather retrieval for use in PATWAS and TWEB 

,recording is done by the system which may utilize prespecified 

sequences of weather and aeronautical messages by specified 

location or locations (which can define PATWAS or TWEB routes) 

or weather reports may be retrieved by location or route. The 

predefined sequences may specify appropriate combinations of 

prepared text messages and current weather messages for the 

respective PATWAS or TWEB routes in order to present to the 

specialist all required information for each PATWAS or TWEB 

report. The specialist then uses this information to record 

the reports as in the Current system. The number of reports 

available to the pilot is to be expanded for the Near Term and 

Far Term. In the Far Term system, weather and aeronautical 

information retrieval can be route-oriented or by location and 

,can	 be prespecified as in the Near Term system. The capability 

to retrieve weather and aeronautical information tailored to 

the specific formats and data to be entered into the PATWAS and 

TWEB recordings would be available. Once the required informa

tion is retrieved, individual reports need to be recorded only 

once and the system will enter that report in all routes which 

contain it. Selective changes to a report would be possible. 

Individual reports would be automatically entered into the 
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PATWAS/TWEB by the Voice Response System with editing by the 

specialist where ambiguous meanings occur (e.g., the expansion 

of contractions). 

Over time, increasing automated support is provided to the 

specialist in preparing PATWAS and TWEB recordings by first 

automating the retrieval of weather and aeronautical informa

tion, second automating the recording function by distribution 

of reports into all affected recordings, and third by the 

introduction of support from the Voice Response System. 

6.3.6 Specialist Weather Briefing 

The weather briefing function draws on a large data base of 

weather and aeronautical information. Table 6-2 lists the 

general categories of information. 

In the Current system, the specialist must search through files 

of teletype reports or recall weather conditions in order to 

present a weather briefing to a pilot. The teletype reports of 

weather and aeronautical conditions are manually searched for 

information of importance to the pilot for the particular flight 

being planned. Graphic products available to the specialist 

are received from the NWS over a facsimile network. Weather 

radar displays are available in a limited number of FSSs. In 

the Near Term system, retrieval of weather and aeronautical 

conditions from the data base is automated and can be by 

predefined sequences of message types, by specific location 

and weather type, or can be area or route-oriented. The 

retrieved information is presented to the specialist on a dis

play. Graphic products from NWS are made available more 

conveniently using closed circuit television. Weather radar 

is available at a limited number of AFSSs (e.g., the 44 EFAS 
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. TABLE 6-2
 
WEATHER AND AERONAUTICAL
 

INFORMATION CATEGORIES
 

•	 Surface Aviation Weather Observations (Domestic, Military, 

Canadian, Mexican, Caribbean, Alaskan) 

•	 Aviation Terminal Forecasts (Domestic, Military, Canadian, 

Mexican and Caribbean) 

•	 Notices to Airmen (NOTAMs) 

•	 FDC NOTAMs AND FDC NOTAM Cancellations 

•	 CARF NOTAMs AND CARF NOTAM Cancellations 

•	 International NOTAMs 

•	 Area Forecasts (Domestic, Canadian, Mexican and Caribbean) 

•	 Significant Meteorological Information 

•	 Airmen's Meteorological Information 

•	 Pilot Reports (Domestic, Alaskan) 

•	 TWEB Routes and Synopses 

•	 Hurricane Advisories 

•	 Severe Weather Forecasts and Bulletins 

•	 Severe Weather Outlook 

•	 Grid Winds 

•	 Radar Reports (Domestic, Canadian, Caribbean) 

•	 ATC System Command Center (ATCSCC) Messages 

•	 Military Operations Messages 

•	 AFOS Graphic Products 

•	 Tropical Depression Advisories 

•	 Prognostic Map Discussion 
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positions). In the Far Termt the retrieval of weather and 

aeronautical conditions for the specialist is even more flexible 

and more selective. Route-oriented briefings may utilize 

preferred routes available from the system t filtering of reports 

on the basis of weather conditions is utilized (i.e. t if there 

are no significant weather phenomena the report is not displayed). 

Graphic displays (including AFOS products) would be retrieved 

from the data base as well as weather radar displays; these 

would be viewed on a separate video terminal by the specialist. 

The automation of weather and aeronautical data retrieval and 

display to the specialist is progressively improved to be more 

flexible and increasingly selective in order to provide the 

needed information more quickly and with the minimum amount of 

excess information. 

6.3.7 Specialist Flight Plan Processing 

In the Current system t when a specialist receives required 

information from a pilot wishing to file a flight plant the 

specialist will note the information while talking to the 

pilot. The flight plan is then entered into the Service B 

teletype network in a highly structured format and addressed 

to the destination FSS if it is VFR or to the departure ARTCC 

if it is IFR. Error notifications or rejections from the 

addressees must be corrected in the same structured format and 

addressed to the specific locations. Subsequent amendment t 

departure and flight plan close messages must be entered in a 

similar fashion. Coordination with ARTCCs is accomplished 

via telephone or utilizing the manual process described above. 

In the Near Term system t the specialist will request a flight 

plan format on the video terminal when a pilot requests 

assistance in filing a flight plan. As the pilot gives 
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information to the specialist, the specialist will enter it in 

the proper fields until the required information is complete. 

The specialist will then indicate whether the flight plan is 

to be transmitted to an ARTCC (for IFR flights) or sent to 

the destination facility when activated (in the case of VFR). 

In the Near Term and Far Term, flight plan information entered 

in the process of a weather briefing will be retained tempo

rarily by the system for use in bUilding a flight plan message 

so such information will not have to be reentered. 

In the Current system a list of incoming flights is manually 

maintained by the specialist and is used to determine if 

flights are overdue. In the Near Term and Far Term systems, 

the list of incoming flights is automatically maintained by 

the system. Flights that are overdue (i.e., not closed or 

cancelled, within a specified time of expected arrival) will 

cause an automatic system alert at a specialist position. 

In the Far Term system, such alerts will also cause the system 

to prepare Search and Rescue message for review and possible 

use by the specialist. 

6.3.8 PATWAS/TWEB Access 

In the Current system, PATWAS access is via telephone.· The 

pilot must dial the specific number to get the local or PATWAS 

route information wishes. In the Near Term and Far Term 

systems, one telephone number will have a selection of 

routes or local briefings available by utilizing push-

button control. In the Far Term, PATWAS access may also 

utilize a Voice Recognition System. TWEB access is available 

via radio throughout the time periods covered. 
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6.3.9 Pilot Flight Plan Entry/Close 

In the Current and Near Term systems, the pilot does not have 

direct access to the system for filing or closing flight plans. 

The pilot may, however, utilize the Fast File capability which 

will record flight plan information for subsequent entry into 

the system by a specialist. In the Far Term system, the pilot 

may use a DUAT or may enter flight plans utilizin~ the Voice 

Response System. On a DUAT, entries are made in a conversa

tional mode, and if the filing is in conjunction with a 

weather briefing, flight plan information entered during the 

course of the weather briefing is retained temporarily by the 

system and is available to the pilot to use without repntry. 

If the Voice Response System is used in conjunction with 

entries on a push-button equipped telephone, the system will 

echo each elements of the flight plan entered by the pilot for 

confirmation or correction. Also the DUAT may be used for 

cancelling or closing a flight plan. Flight data entered into 

the system by a pilot is transmitted to the departure ARTCC in 

the case of IFR and to the departure and arrival AFSS in the 

case of VFR. 

6.3.10 Pilot Weather Briefing 

Except for PATWAS (and TWEB) the pilot does not have direct 

access to the system for a weather briefing until the Far Term. 

In the Far Term system, a Direct User Access Device (DUAT) may 

be used by a pilot to carry out an interactive session witll the 

FSPDS to get a briefing on weather and aeronautical informat10n 

either on a route-oriented or specific location basis. If the 

DUAT is capable of displaying graphics, appropriate graphics 

will be presented as part of the briefing. If not, are3 fore

casts will be displayed for the indicated route of flight. 

Alternatively, a pilot may use push-button equipped telephone 
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to request local or route-oriented briefings from the Voice 

Response System. Pilot briefings are presented by the system 

utilizing the special data base in which weather and aeronauti

cal messages have been reformatted and contractions have 

expanded. The Voice Response capabilities described under the 

Far Term are being pursued independent of any specific FSAS 

model and could be implemented as early as the Near Term, 

depending on the results of configuration and requirement 

studies underway. 

6.4 Flight Services Facilities Tentative Implementation Schedule 

Figure 6-9 shows a tentative implementation schedule derived 

from Reference 6-1. The completion of proposal requests, govern

mental review processes, and the negotiation of con~tacts to 

develop and implement the required capabilities may modify these 

schedules. The Near Term system, Modell, begins the process of 

automating Flight Service Stations with emphasis on automated 

support to the specialist both for the entry and retrieval of 

information and for automated data base maintenance. In the Far 

Term, which includes Model 2 and Model 3, automation of specialist 

support is extended by the provision of more extensive and 

selective retrieval capabilities, improved graphics and improved 

displays and terminals. Direct support to the pilot provides for 

access to the system utilizing the Direct User Access Terminal 

(DUAT) or via telephone to the Voice Response System (VRS). The 

analysis and development of Voice Response capabilities and 

Voice Recognition features is proceeding independent of specific 

automation models, e.g., Voice Response capabilities are being 

developed for implementation as soon as possible. Possible 

changes in or extensions to schedules are indicated by the 

broken bars. Data base maintenance is further automated in the 

Far Term with the provision of the Aviation Weather Processor (AWP) 
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which also develops the pilot oriented data base in which 

weather and aeronautical messages are reformatted and con

tractions are expanded for improved understandability. For 

the Near Term system. some 14 FSDPSs will be installed and 

will support a total number of AFSSs expected to be 43 or more. 

These installations will cover a period of months. Similarly. 

when Model 2 is installed. up to 20 FSDPSs and additional AFSSs 

are expected to be involved requiring the upgrading of hardwar~ 

in the existing FSDPSs and 6 (optional) new installations. 

This will also occur over a period of time. It is anticipated 

that once Model 2 has been completely installed. Model 3 

enhancements can be released as they become available. 

6.5 Flight Service Facilities Interface Planning Summary 

A number of open system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process. ATe system improvements 

evolve from a cycle where improvements are developed. tested 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in the various options for implementing the output of 

the E&D program to be kept open until it is possible and timely 

to make the final implementation decision. This process also 

has a tendency to cause a deferral of the detailed definition 

of technical and operational interfaces until the time when 

implementation decisions are imminent. In the preparation of 

this chapter it was necessary to make. or accept. a number of 

assumptions as to what improvements would be implemented. when 

they would be implemented. and how they would function in the 

flight service facility and interact with other facilities. 
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This section identifies assumption and areas of uncertainty by 

what are called "Open Items" and Interface Adjustments." 

6.5.1 Open Items 

Open Items relate to major parts of the ATC evolutionary improve

ment program where improvements are to be made via the F&D and/or 

E&D program but where final decisions have yet to be made as to 

the specific course of action to be pursued. In most cases, an 

Open Item involves questions of the preferred technical approach, 

technical and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness they have been 

cited in each appropriate chapter. An Open Item is appropriate 

to this chapter if it involves features or functions of the 

flight service facilities; however, it should not be inferred 

that development and implementation indicated in an Open Item 

would necessarily be part of the development and implementation 

program for flight service facilities. Instead, it might be con

tained within the program of another interfacing facility. The 

Open Items pertinent to flight service facilities are: 

Open Item 15: Voice Communications Planning 

1. Air-ground-air communication for the ARTCCsand major 

terminals will be upgraded in the post-1982 time period by 

implementation of the radio portion of VSCS, which would 

be referred to as RCCS. In the near term, RCAG tone control 

equipment for the ARTCCs will be replaced, possibly with a 

modular subsystem that would be compatible with longer term 

RCCS/VSCS designs. The FSSs, which are assumed to remain 

unconsolidated, will continue to use switching and control 
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equipment based on existing designs. In addition, the trans

mitters, receivers, and antenna systems at all FAA ground 

sites will be replaced with modern design equipment. 

2. Ground-ground communications would be modernized by the 

implementation of ground-ground portions of the VSCS system 

which would replace the WECO 300 system at ARTCCs, and the 

WECO 301 system at the larger terminals. The existing small 

key systems and call distributors at FSSs would remain in 

place. 

3. At some smaller terminals, a Small Voice Switching System 

(SVSS) will be implemented, which will provide an integrated 

radio and ground voice communications capability. 

Open Item 16: FSS Modernization and NADIN 
Schedule Compatibility 

Communication 
I1. ___ 

1. Implementation of NADIN I will begin in early 1981 and 

will not be operational in time to initially provide the 

expanded data cqmmunications capability required for the 

Model 1 FSS improvements that will also be implemented 

s.tarting in early 1981. Interim data communicat ion capa

bility for FSS Modell will be provided by the Area B 

(ABDIS) and Service A networks, with NADIN I eventually 

replacing Area B. 

2. Implementation of NADIN II will begin in early 1982 

and will be operati?nal in time to provide the additional 

expansion of the data communication capability that is needed 

to support Model 2 FSS improvements that will begin implemen

tation in early 1983. 
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3. Implementation of NADIN III will begin in late 1982 

and will be operational in time to provide the added data 

communication features needed to support the FSS Aviation 

Weather Processor that will become operational in early 

1983. 

Open Item 21: Automated Flight Service Station Configuration 

The Flight Service Station automation program will result 

in a configuration of Automated FSSs as well as a number of 

manual FSSs through thL Far Term (post 1982). The Automated 

FSSs (AFSSs) will be provided centralized support by up to 

20 Flight Service Data Processing Systems (FSDPSs) collocated 

at existing ARTCCs. Each FSDPS will provide support for a 

number of AFSSs. In the Far Term, a centralized Aviation 

Weather Processor (AWP) will process weather and aeronautical 

data received from the Weather Message Switching Center prior 

to distribution to the FSDPSs. This data will be reformatted 

and a second data base developed with contractions expanded 

for providing direct service to pilots or other users ac

cessing the FSDPSs via Direct User Access Terminals (DUATs). 

Graphic products received at the AWP from NWS will also be 

maintained and edited at the AWP prior to distribution to 

the FSDSPs. Each FSDPS will, additionally, receive radar 

images from up to 13 radar sites (FAA or NWS). Graphic 

products and radar images will be redistributed to the 

AFSSs for quick availability to the specialists at the 

AFSSs. 

6.5.2 Interface Adjustments 

This section identified some fairly specific smaller scale inter

face uncertainties. These uncertainties generally involve minor 
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design modifications in one or more programs that are not 

considered as significant as the previously cited Open Item. 

The Interface Adjustments pertinent to the Flight Service 

Facilities chapter are: 

Interface Adjustment B6-1 -- ARTCC/FSH-AFSS PIREP 
Acquisition Coordination 

An automated interface appears in the FSS System Descrip

tion between the ARTCCs and the AFSS to support the 

acquisition of PIREPs. Such an interface is not included 

in the FSS Model 2 specification. The requirement needs 

to be reviewed and the interface defined depending on the 

results of the consolidation decision to be made by 1983. 

Interface Adjustment B6-2 RCCS/FSII-AFSS Interface 

An RCCS facility is shown in the Master Plan under the 

consolidated FSH alternative. Current planning assumes 

the unconsolidated alternative, leaving the RCCS require

ment undefined. 

Interface Adjustment B6-3 -- AV-AWOS/FSDPS Interface 

The Aviation Automated Weather Observation System (AV-AWOS) 

under NWS development will interface with the Flight Service 

Data Processing Systems (FSDPSs). This development should 

continue to be monitored in order to develop the details 

of the interface. 

Interface Adjustment B6-4 -~ FSDPS/Weather Radar Interface 

If a new doppler weather radar being developed by a joint 

FAA/NWS/AF effort is successful, it will be desirable to 

supply digitized inputs from the radars to the Flight 
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Service Station Facilities. This radar is expected to 

detect turbulence as well as precipitation. 

Interface AdjustmentB6-5 -- AWP-WMSC Combined Function 

A plan is being considered to provide WMSC data base 

maintenance and retrieval functions at two AWP locations. 

Such a development would require revisions to the existing 

or currently planned interfaces with AWP and WMSC users. 
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7.	 SURVEILLANCE FACILITIES 

This chapter describes the facilities that provide surveillance 

information on aircraft and the weather for use by the en route 

and terminal ATC facilities. The use of search radars (ASRs, 

ARSRs) and beacon systems (ATCRBS, DABS) to provide surveillance 

information is discussed as well as surveillance data prepro

cessing performed at the surveillance sites. In addition, the 

utilization of separate three dimensional weather radars to 

provide weather data and the utilization of ATARS Processors 

to automatically generate pilot advisories to prevent midair 

collisions is also discussed. 

First, the anticipated Near Term and Far Term improvements for 

the	 en route surveillance sites are described in Section 7.1. 

Then, a similar description of terminal surveillance sites 

improvements is presented in Section 7.2. This, in turn, is 

followed in Section 7.3 by a summary of the major assumptions 

that were made with regard to interfaces with other ATC 

facilities and the time phasing of the various surveillance 

improvements. 

7.1 En Route Surveillance Sites 

This section briefly summarizes the functions currently per

formed at a typical en route surveillance site, and the 

anticipated Near Term and Far Term improvements; gives a 

more detailed description of the anticipated functional and 

connectivity changes due to these improvements; and briefly 

discusses the tentative time phasing of these improvements. 

7.1.1 En Route Surveillance Site Improvements Summary 

Table 7-1 lists the major functions currently performed at 

a typical en route surveillance site. The en route search 
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TABLE 7-1
 
CURRENT EN ROUTE SURVEILLANCE SITE FUNCTIONS AND EQUIPMENT
 

FUNCTIONS 

1- SEARCH RADAR
 

PULSE TRANSMISSION
• 
TARGET DETECTION AND THE REJECTION OF CLUTTER• 

2. BEACON
 

• ATCRBS INTEROOGATIONS
 

REPLY DETECTION• 

3•. SURVEILLANCE DATA PREPROCESSING 

TARGET DATA QUANTIZATION AND THE CORRELATION OF SEARCH• 
RADAR AND BEACON INTERROGATOR DATA 

• WEATHER (PRECIPITATION) DETECTION AND QUANTIZATION 

EQUIPMENT 

L-BAND TRANSMITTER 

ARSR 
L-BAND RECEIVER, MOVING }
TARGET INDICATOR (MIl) 

ATCRBS TRANSMIITERS 
ATCBI}ATCRBS RECEIVER 

COMMON DIGITIZER (CD) 

WEATHER FIXED MAP UNIT (WFMU) 

~-\ 
i 



radar, also referred to as an Air Route Surveillance Radar or 

ARSR, depends solely upon electromagnetic reflections for its 

surveillance information. Each ARSR has a directional antenna 

which rotates 360
0 

every 10 to 12 seconds while the ARSR trans

mits a stream of L band pulses and detects and processes the L 

band returns. Included in this processing is the utilization 

of Moving Target Indicator (MTI) circuitry to detect moving 

targets and reject background clutter due to electromagnetic 

reflections from the surrounding terrain. 

The Beacon Interrogator, also referred to as an Air Traffic 

Control Beacon Interrogator or ATCBI, has a directional antenna 

which rotates with the ARSR antenna on the same pedestal. The 

ATCBI interrogates an aircraft's ATCRBS transponder to obtain 

altitude and identity information, and detects the transponder's 

reply. 

Surveillance data preprocessing is performed by the Common 

Digitizer (CD) which: 

•	 Converts the broadband (video) surveillance information 

from the ARSR and the ATCBI into digital data; 

•	 Combines the numerous replies received from each air 

craft during a single antenna scan; and 

•	 Correlates the combined ARSR data on each aircraft 

with the combined ATCBI data to produce a single 

target report on each· aircraft (range, azimuth, 

altitude and identity) for each antenna scan. 

The Weather Fixed Map Unit (WFMU) utilizes the ARSR returns to 

detect precipitation and converts this video information into 
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digital information defining two precipitation levels (low 

and high). The digitized aircraft target reports and the 

weather data are combined in the CD and sent to the ARTCC 

over telephone lines as narrowband (digital) data. As a back

up, broadband (video) data is sent over a Radar Microwave 

Link (RML) to the ARTCC. 

Having briefly described the functions performed at a current 

en route surveillance site, an overview of the Near Term and 

Far Term improvements at each site, listed in Table 7-2, will 

now be presented. 

In the Near Term 

are anticipated. 

(1979-1982), four significant improvements 

• The replacement of some vacuum tube ARSR-1s with 

solid state ARSR-3s to improve equipment reliability 

and maintainability. ARSR-3s are also being installed 

at other locations to provide additional surveillance 

coverage. 

I._~ 

• The utilization of the existing NWS Weather Radars 

to provide three-dimensional weather (precipitation) 

information for some ARTCCs, FSSs, and Automated 

FSSs (AFSSs). 

• The replacement of the Common Digitizer with a Dual 

Common Digitizer (CD-2) to improve site reliability, 

since it is the only subsystem at an en route sur

veillance site that is not redundant at the present 

time. This is particularly important since the FAA 

is rapidly moving toward 24-hour-a-day operation of 

its automated equipment at an ARTCC. 
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TABLE 7-2
 
EN ROUTE SURVEILLANCE SITE IMPROVEMENTS
 

I..~ 

FUNCTIONS CURRENT SYSTEMS NEAR TERM IMPROVEMENTS FAR TERM IMPROVEMENTS 
(1978) (1979-1982) (Post-1982) 

l. SEARCH RADAR 

• TARGET lJETECTION AND THE REJECTION 
OF CLUTTER 

HTI NC MTD 

• WEATHER DETECTI ON 

• EQUIPMENT RELIABILITY AND 
MAINTAINABILITY 

NWS WEATHER RADAR (ANALOG: FSS) 

ARSR-1,-2 

NWS WEATHER RADAR (DIGITAL: AFSS, ARTCC) 

ARSR-3* 

ARSR WEATHER CHANNEL, 
JOINT USE WEATHER RADAR 

ARSR-4, RMMS 

2. BEACON INTERROGATOR 

• INTERROGATION 

• REPLY DETECTION 

• GRO\!ND TO AIR TO GROUND DIGITAL DATA LINK 

• EQUIPMENT RELIABILITY AND MAINTAINABILITY 

ATCRBS TRANSMITTER 

ATCRBS RECEIVER 

NA 

ATCBI-3,-4,-5 

NC 

NC 

NA 

NC 

DAIlS TRANSMITTER 

DABS RECEIVER 

DABS DATA LINK 

DABS, RMMS 

3. SURVEILLANCE DATA PREPROCESSING 

• IARGET DATA QUANTIZATION AND 
THE CORRELATION OF SEARCH 
RADAR AND BEACON INTERROGATOR DATA 

• WEATHER DETECTION AND QUANTIZATION 

COHXO~~ DIGITIZER 

PFMU 

CD-2* 

CD-2* 

DABS PROCESSOR 

AUTOMATIC DETECTION 
OF TURBULENCE 

4. AUTOMATIC TRAFFIC ADVISORY AND 
RESOLUTION SERVICE (ATARS) 

NA NA ATARS PROCESSOR 

NC = NO ClIANGE INCLUDED IN CURRENT PLANS 

NA = NOT APPLICABLE 

* = APPROVED BY THE FAA FOR IMPLEllENTATION 



•	 The replacement of the WFMU with circuitry within the 

CD-2 to improve the quality of the digitzed weather 

data forwarded to the ARTCCs and some FSSs or AFSSs. 

In the Far Term (post 1982), ten significant improvements are 

tentatively being considered by the FAA. 

•	 The replacement of MTI circuitry in all ARSRs with 

Moving Target Detectors (MTDs) which would improve 

the detection of aircraft in heavy clutter. 

•	 The installation of a separate weather (receiver) 

channel in some ARSRs to improve the quality of the 

weather data received. 

•	 The installation of a separate Joint Use Weather Radar 

network to improve the quality of the weather data 

used jointly by the FAA, the National Weather Service 

(NWS) , and the USAF's Air Weather Service (AWS). 

•	 The utilization of the 3D weather data from each 

Joint Use Weather Radar to automatically detect 

turbulence and to forecast its movement 10 to 20 

minutes into the future. 

•	 The replacement of vacuum tube ARSR-ls, -2s with solid 

state ARSR-4s, thereby improving equipment reliability 

and maintainability. 

•	 The installation of the Discrete Address Beacon 

System (DABS) with its discrete address capability 

which would provide the means for aground to air to 

ground digital data link. 
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•	 The replacement of the CO-2 with its sliding window 

detector with DABS monopulse detection and processing, 

thereby reducing the number of ATCRBS and DABS 

interrogations per scan. 

•	 The replacement of vacuum tube ATCBI-3s with DABS 

to improve equipment reliability and maintainability. 

•	 The installation of ATARS Processors to automatically 

generate pilot advisories to prevent midair collisions. 

•	 The installation of the Remote Maintenance Monitor 

System (RMMS) to monitor the performance of the 

equipment at the site and forward this information 

to the ARTCC (see Chapter 2 for a discussion of RMMS). 

7.1.2 En Route Surveillance Site System Connectivity 

Figures 7-1, 7-2, and 7-3 illustrate the current connections 

between an en route surveillance site and other ATC facilities 

and the anticipated changes in these connections due to the 

Near Term and Far 'Term improvements. 

There are two significant changes in connectivity when the 

Near Term improvements are implemented. 

•	 After the CD-2s are installed at the en route surveillance 

sites and the Direct Access Radar Channels (DARCs) are 

installed at the ARTCCs, the backup broadband surveillance 

data will probably be eliminated. 

•	 Digitized weather data will probably be sent from the 

En Route Surveillance Sites and existing NWS Weather 

Radars to some ARTCCs, FSSs and AFSSs. 
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In the Far Term, three additional changes in connectivity are 

likely to be made: 

•	 The installation of DABS would mean that digital 

data link messages would be sent back and forth 

between various aircraft and the ARTCCs, and DABS 

coordination messages might be exchanged between 

adjacent DABS sites. 

•	 The installation of the ATARS Processor would mean 

that ATARS advisories would be sent to the aircraft 

via the DABS data link, and ATARS coordination 

messages might be exchanged between adjacent DABS 

sites. 

•	 A separate Joint Use Weather Radar network might 

replace the ARSRs as the source of weather data for 

the ARTCCs, and in addition, might automatically 

detect turbulence. 

7.1.3 En Route Surveillance Site Information Flow 

This section utilizes Figure 7-4 to describe in more detail 

the impact of the Near Term and Far Term improvements, briefly 

summarized in Section 7.1.1, on the external information 

flow and the internal functions performed at each en route 

surveillance site. 

7.1.3.1 Near Term Improvements 

The only Near Term improvement which would impact either 

the functions performed at an en route surveillance site 

or the external information flow is the utilization of the 

existing NWS Weather Radars to provide three-dimensional 

weather data to some ARTCCs, FSSs, and AFSSs. 
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At the present time, the National Weather Service (NWS) operates 

a network of WSR-57 weather radars to detect and observe pre

cipitation. This network of 56 weather radars covers most of 

the Conterminous U. S. east of the Rocky Mountains, and at 

scattered locations in the west. In the Rocky Mountain area 

and throughout much of the Western U.S., NWS obtains its weather 

radar information from the FAA's ARSRs. NWS is currently 

sending broadband 3D weather information to some FSSs that are 

located near a WSR-57, and in the Near Term, NWS is planning 

to send digitized 3D weather data to some ARTCCs, FSSs, and 

AFSSs. 

7.1.3.2 Far Term Improvements
 

There are five possible Far Term improvements that would impact
 

the functions performed by an en route surveillance site or
 

the external information flow if they are implemented: MTD,
 

the ARSR Weather Channel, the Joint Use Weather Radar, DABS,
 

and ATARS.
 

1. Moving Target Detector (MTD) 

The FAA is considering the replacement of existing 

MTI circuitry with an MTD (Reference 7-1) on all 126 

ARSRs in order to improve the detection of aircraft in 

the presence of clutter. This, in turn, would improve 

the quality of the surveillance data sent to the 

associated ARTCCs. 

In addition to rejecting clutter due to the terrain, 

which is also rejected by the MTI, the MTD would also 

reject clutter due to the weather. This improvement 

is important not only for tracking aircraft that are 
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unequipped with an ATCRBS transponder, but also for 

tracking aircraft with a transponder that are tem

porarily not replying to beacon interrogations, e.g., 

due to aircraft shielding while the aircraft are turning. 

It is estimated that theMTD would provide approximately 

a 20 dB improvement in the detection of aircraft in 

heavy clutter in comparison with an MTI. 

The technique used by MTIs and MTDs to separate real 

targets from the background clutter is the doppler 

shift phenomenon, Le., the fact that most aircraft 

have a range rate (radial velocity) with respect to the 

radar site. Thus, the radar returns are shifted in 

frequency, whereas fixed ground clutter has no doppler 

frequency shift. Due to the use of a wide dynamic 

range (60 dB) linear receiver by the MTD, as opposed 

to the use of limiting in the IF amplifier by the MTI, 

subclutter visibility would be substantially improved 

by the MTD. In addition, the use of an adaptive 

thresholding technique in conjunction with digital 

doppler filter processing by the MTD would permit the 

removal of other nonstationary forms of clutter, such 

as weather, that are not removed by an MTI. And, a 

dynamic clutter map in the MTD would permit the detection 

of aircraft at or near zero radial velocity. 

2. ARSR Weather Channel 

ARSRs are currently optimized for target detection and 

thus eliminate weather information through such means 

as the use of circular polarization and the selection 

of the appropriate sensitivity time control (STC) 

curve. 
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However, in order to provide improved weather information, the 

FAA is considering the use of a second ARSR L band receiver 

channel on some ARSRs to optimize the detection of precipitation 

(Reference 7-2). Since target information would not be required 

from this receiver,it could be optimized to receive weather 

information, e.g., by having linear polarization and selecting 

a different STC. The detected precipitation information would 

be quantized by the new Dual Common Digitizer (CD-2) and the 

resultant digital data sent to the associated ARTCC and FSS 

or FSDPS. In addition, a Moving Target Detector (MTD) may be 

used to process the detected video from the weather receiver. 

The MTD was initially developed to improve the detection of 

aircraft in heavy clutter, but one of its attributes' is the 

ability to separate ground clutter from weather clutter, and 

thus, forward only weather data from the weather receiver. 

3. Joint Use Weather Radar 

A further improvement in weather detection beyond the existing 

NWS Weather Radar and the ARSR Weather Channel is tentatively 

anticipated by the FAA. The Joint Use Weather Radar (Reference 

7-2) should provide 3D precipitation data plus information on 

turbulence. 

NWS and AWS are planning to replace their present weather 

radars with new S band doppler radars in the 1980 i s, and 

since this new radar network could potentially be used by 

the FAA to provide improved weather information to the ARTCCs 

and FSDPSs, it is quite possible that the FAA will joint NWS 

and AWS in the development of a new weather radar network for 

the Conterminous U.S. 
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This new Joint Use Weather Radar would probably utilize a 

pencil beam antenna to obtain three-dimensional weather 

(precipitation) information, and digital doppler filter pro

cessing to automatically detect turbulence and forecast its 

movement 10 to 20 minutes into the future. The digital pro

cessing would break up the doppler frequency spectrum into 

very small increments. Thus, information could be obtained 

not only on precipitation intensity and spectrum characteristics 

but also on the variation of these parameters from scan to 

scan. It is believed that severe turbulence can be reliably 

detected by analyzing these parameters. 

4. Discrete Address Beacon System (DABS) 

DABS would further improve the beacon system beyond ATCRBS 

by allowing a beacon interrogator to discretely address 
I 

aircraft equipped with a DABS transponder, and by reducing 
I~/ 

the number of beacon interrogations per scan. 

The fundamental difference between DABS and ATCRBS is the man

ner of selecting which aircraft responds to an interrogation. 

In ATCRBS, the selection is spatial and all aircraft within 

coverage of the main beam of the beacon interrogator's direc

tional antenna respond. In DABS, _E:!a_c!l_~.:i.rc!aft }s__ Cll'l_§lig_Iled a 

unique address and interrogated individually. Selection of 

which aircraft would respond to an interrogation would be 

accomplished by including the aircraft's address in the in

terrogation. Directional antennas would continue to be used 

by the DABS interrogators in order to minimize interference 

between DABS sites and to determine the aircraft's azimuth. 

Since the implementation of DABS ground sites and the in

stallation of DABS transponders on aircraft would occur 
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over a period of many years, the DABS equipment would be 

designed to be compatible with the existing ATCRBS equipment. 

Thus, DABS interrogators would be able to interrogate ATCRBS 

transponders, and DABS transponders would be able to respond 

to ATCRBS interrogators. 

Due to the relatively early stage of DABS implementation 

planning at the present time, there are still many issues 

to be resolved. Therefore, for this description of the 

ATC system, the following assumptions have been made: 

•	 All en route surveillance sites would have a DABS 

capability with a range of 200 nautical miles and 

a scan rate of 5 to 6 seconds. This is twice the 

ARSR scan rate due to the use of back to back DABS 

antennas which would be required for ATARS. 

•	 All en route surveillance sites would have an ATARS 

capability, but the ATARS range would be less than 

200 nautical miles. 

•	 Terminal surveillance sites associated with an ARTS 

III TRACON would have a DABS capability with a range 

of 60 nautical miles and a scan rate of 4 to 5 seconds. 

•	 Terminal DABS sites would have an ATARS capability. 

•	 At some sites, DABS and ATARS Coordination Messages 

might be sent to the adjoining DABS sites through 

the ATC facility(s) that interface with the DABS 

sites. The DABS Coordination Messages would be used 

to coordinate coverage between adjacent sites, and 

the ATARS Coordination Message would be used to 
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coordinate advisories to aircraft involved in 

conflicts near an ATARS boundary. 

Each DABS site would consist of a DABS Beacon Interrogator and 

a DABS Processor. The ATARS capability would be added by 

installing an ATARS Processor which would interface with the 

DABS Processor. 

The DABS Beacon Interrogator would transmit ATCRBS and DABS 

interrogations to the aircraft and detect the replies by 

using monopulse receivers. The DABS Processor would process 

these replies and estimate the location of each aircraft based 

upon a single transponder reply for DABS and only four replies 

for ATCRBS. Thus, the number of beacon transponder interroga

tions would be reduced in comparison with the current beacon 

system. 

In addition, the DABS Processor would also: control the beacon 

interrogation modes of each site; control the data link message 

flow to and from the ARTCC and the aircraft; and correlate the 

beacon replies and the search radar returns to generate target 

reports (range, azimuth, altitude, and identity) on each air

craft for each antenna scan, and forward this surveillance data 

to the ARTCC. 

5. Automatic Traffic Advisory and Resolution Service 

Processor 

(ATARS) 

As described in Chapters 2, 3, the FAA has installed ~r is 

planning to install, software (conflict alert, conflict resolu

tion) at the ARTCCs and ARTS III TRACONs to prevent midair 

collisions involving aircraft that are: in radio contact 

with an air traffic controller, equipped with an altitude 
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reporting (Mode C) ATCRBS transponder, and within coverage 

of a beacon interrogator. 

The software at the ATC facility processes the surveillance 

data and alerts the air traffic controller who, in turn, 

alerts the pilot. 

As an evolutionary improvement to this service, the FAA may 

install an ATARS Processor (Reference 7-6) at each en route 

surveillance site and each terminal surveillance site 

associated with an ARTS III TRACON. This processor would 

interface with the DABS Processor and would automatically 

generate advisories to all aircraft equipped with a DABS 

transponder and an ATARS display (not just aircraft in 

contact with the ATC system) to prevent midair collisions. 

ATCRBS and DABS surveillance information would be used by 

the processor to determine potential conflicts between air

craft. If a potential conflict was detected, then the DABS 

data link would be used to issue the appropriate advisories 

to resolve the conflict. 

ATARS is viewed as a service that would be provided at the 

last possible moment to prevent a midair collision 

and, thus, its warning times would be less than the warning 

times associated with the conflict alert and conflict resolu

tion algorithms. Since the maneuvers of aircraft responding 

to ATARS advisories might disrupt the orderly flow of IFR 

traffic, the ATARS messages would also be sent to the ARTCC 

or ARTS III TRACON. 

Besides preventing midair collisions, the FAA is also considering 
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the inclusion of two additional features in ATARS: preventing 

collisions with the terrain or obstacles, and preventing viola

tions of restricted airspace such as Terminal Control Areas. 

7.1.4 En Route Surveillance Improvements Tentative Implementa

tion Schedule 

A tentative implementation schedule for the en route surveillance 

improvements is given in Figure 7-5. It ,should be emphasized 

that this schedule may change in the future depending upon the 

need and progress of the individual improvements. 

Implementation information on some of these improvements 

(ARSR-3, and the CD-2) was obtained from preliminary 

budgetary information for Fiscal Years 1977 to 1980 (Reference 

7-2, 7-5). Information on the remaining improvements is 

based upon discussions with the FAA personnel involved with 

these projects. At the present time, the only firm im

plementation plans for any of the anticipated en route sur

veillance improvements are those for the ARSR-3 and the 

Dual Common Digitizer (CD-2). 

It has been assumed that the CD-2 will be modified to make 

it compatible with the MTD and the ARSR Weather Channel. 

7.2 Terminal Surveillance Sites 

This section briefly summarizes the functions currently per

formed at a typical terminal surveillance site and the 

anticipated Near Term and Far Term improvements. Due to the 

similarity between the current terminal and en route sur

veillance sites and the anticipated improvements at these sites, 

this section does not describe the terminal site improvements 

that are similar to the en route site improvements in the 

same level of detail as was given in Section 7.1. 
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7.2.1 Terminal Surveillance Site Improvements Summary 

Table 7-3 lists the major functions currently performed at a 

terminal surveillance site. The terminal search radar. also 

referred to as an Airport Surveillance Radar or ASR. depends 

solely upon electromagnetic reflections for its surveillance 

information. Each ASR has a directional antenna which rotates 

3600 every 4 to 5 seconds while the ASR transmits a stream 

of S band pulses and detects and processes the S band returns. 

Included in this processing is the utilization of MTI circuitry 

to detect moving targets and reject background clutter due to 

electromagnetic reflections from the surrounding terrain. 

The resultant processed video is sent to theTRACON or TRACAB. 

The Beacon Interrogator (ATCBI) has a directional antenna 

which rotates with the ASR's antenna on the same pedestal. 

The ATCBI interrogates an aircraft's ATCRBS transponder and 

forwards the transponder's reply to the TRACON or TRACAB 

as beacon video information. A Defruiter is used at the sur

veillance site to remove "fruit" from the reply. Le .• inter

ference resulting from transponder replies to other beacon 

interrogators in the area. The defruited beacon video is 

also sent to the TRACON or TRACAB. 

Table 7-4 lists the anticipated Near Term and Far Term improve

ments at terminal sites associated with ARTS III TRACONs. It 

has been assumed in this report that these improvements. with 

the exception of the ASR-9. will not be made at other terminal 

surveillance sites due to the relatively low level of traffic 

at these facilities. 
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TABLE 7-3
 
CURRENT TERMINAL SURVEILLANCE SITE FUNCTIONS AND EQUIPMENT
 

FUNCTIONS 

l. SEARCH RADAR 

• PULSE TRANSMISSION 

• TARGET DETECTION AND THE REJECTION OF CLUTTER 

2. BEACON INTERROGATOR 

• ATCRBS INTERROGATIONS 

• REPLY DETECTION 

3. DEFRUITER 

EQUIPMENT 

S BAND TRANSMITTER 

S BAND RECEIVER, ASR 
MOVING TARGET INDICATOR (MTI) } 
ATCRBS TRANSMITTER 

ATCRBS RECEIVER } ATCBT 

DEFRUITER 



TABLE 7-4 
TERMINAL SURVEILLANCE SITE IMPROVEMENTS 

.... 
~ 
p 

FUNCTIONS CURRENT SYSTEMS NEAR TERM IMPROVEMENTS FAR ·TERM IMPROVEMENTS 
(l97~) (1979 -1982) (POST-1982) 

1 SEARCH RADAR 

• TARGET DETECTION AND THE REJECTION 
OF CLUTTER 

MTI NC !'lTD 

• WEATHER DE,ECTION NA NA ASR WEATHER CHANNEL, JOINT 
USE WEATHER RADAR OR ASR 
PULSE DOPPLER WEATHER 
CHANNEL 

• EQUIPMENT RELIABILITY ~D 
MAINTAINABILITY 

ASR-4,-5,-6,-7,-8 .> NC ASR-9, RMMS 

2. BEACON INTERROGATOR 

• INTERROGATION 

• REFLY DETECTION 
• GROUND TO AIR TO GROUND DIGITAL 

DATA LINK 
• EQUIPMENT RELIABILITY AND 

MAINTAINABILITY 

ATCRBS TRANSMITTER 

ATCRBS RECE IVER 

NA 

ATCBI-3 ,-4 ,-5 

NC 

NC 

NA 

,C 

DABS TRANSMI TTER 

DABS RECEIVER 

DABS 

DABS, RI1.'t'; 

3. DEFRUITER DEFRUTTER NC DABS PROCESSOR 

4. SURVEILLANCE DATA PREPROCESSI,G 

• TARGET DATA QUANTIZATION AND THE 
CORRELATION OF SEARCH RADAR AND 
BEACON INTERROGATOR 1lATA 

• WEATHER DETECTION AND QUANTIZATION 

NA 

NA 

NA 

NA 

DABS· PROCES SOR 

AUTOMATIC DETECTION OF 
TURBULENCE, WIND SHEAR 

5. A.UTOMATIC TRAFFIC ADVISORY AND 
RESOLUTION ·SERVICE (ATARS) 

NA NA ATARS PROCESSOR 

NC = NO CHANGE INCLU1lED IN CURRENT PLANS 
NA = NOT APPLI CABLE 

1\ ~. c



In the Near Term (1979-l982), there are no signif icant 

anticipated improvements. 

In the Far Term (post 1982) eight significant improvements 

are tentatively being considered bv the FAA: 

•	 The replacement of NTT drcu i try wi th t-ITDs. 

•	 The inst alIa t ion of a sepal' fltc wea t her chnnne I ill 

the ASRs to improve the quality of the predpitiltion 

data received. 

•	 The installation of a separate Joint Use Weather 

Radar to provide 3D weather data. At some airports 

where this Lldar would not bl' installed by NWS, 

the FAA is studying the possibility of installing 

an ASR Pulse Doppler Weather Channel to provide 

a pulse doppler capability simiLlr to the ,hlint 

Use Weather Radar. 

•	 The ut il iZi1tiC1I1 of thi s 3D IvE.'.:ltlH'r dat3 to <Hlto

matically detect turhu]ence, and possibly wind 

shear, and to forecast its movement ]0 to 20 minutes 

into the future. 

•	 The replflcement "f vacuum tuhe ASR-4s. -5s, -('5 '" it IJ 

solid state ASR-9s. 

•	 The installfltion of DABS with its cflpability to 

provide a ground to air to ground digital data link. 

•	 The installation of ATARS Processors to automaticallY 

generate pilot advisories to prevent midair collisions. 
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•	 The installation of the Remote Maintenance Monitor 

System (RMMS) to monitor the performance of the 

equipment at the site and forward this information 

to the Tower Cab. 

Beyond these anticipated Far Term improvements, the FAA is 

tentatively exploring two other improvements: 

•	 The possible installation of some or all of the 

anticipated Far Term improvements described above 

at terminal surveillance sites associated with an 

ARTS II or AN/TPX-42 TRACON or TRACAB. 

•	 The possible utilization of a Limited Surveillance 

Radar (LSR) at some airports t~at do not have an 

existing or planned terminal surveillance site 

located nearby and that would not qualify for an 

ASR. The LSRs would have a range of 20 nautical 

miles and less capability than an ASR. 

7.2.2 Terminal Surveillance Site System Connectivity 

Figures 7-6 and 7-7 illustrate the current connections between 

a terminal surveillance site and other ATC facilities and 

the changes in these connections due to the anticipated Far Term 

improvements. 

In the Far Term, four significant changes in connectivity 

may be made: 

•	 After the MTD and the ASR Weather Channel have been 

installed at a terminal surveillance site, narrowband 

(digital) surveillance data would be sent to the 
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associated ARTS III TRACON. However, there is a 

possibility that broadband (video) surveillance 

data may still be sent to the TRACON as n backup. 

•	 The installation of DABS would mean that digital datn 

link messages would be sent back and forth between 

various aircraft and the ARTS III TRACON, and DABS 

coordination messages would be exchanged between 

adjoining DABS sites. 

•	 The installation of the ATARS Processor would permit 

the issuance of ATARS advisories to the aircraft via 

the DABS data link. 

•	 A separate Joint Use Weather Radar or an ASR Pulse 

Doppler Weather Channel might be used as the source of 

weather data for the ARTS IIITRACON and, in addition, 

it may also provide wind shear data to the Tower Cab. 

7.2.3 Terminal Surveillance Site Information Flow 

This section utilizes Figure 7-8 to descrihe in more detail 

the impact of the Near Term and Far Term improvements, hriefly 

summarized in Section 7.2.1, on the external information flow 

and the internal functions performed at each terminal sur

veillance site. Since a number of these improvements have 

already been described in Section 7.1.3 (e.g., MID, ARSR 

Weather Channel, DABS, etc.), they will not be discussed 

again. Thus, only those improvements that are different 

from those implemented at en route surveillance sites will 

be described below. 

There are five possible Far Term improvements that will impact 

the functions performed by a terminal surveillance site. 
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1. Moving Target Detector (MTD) - same an en route 

2. ASR Weather Channel - this improvement would be similar 

to the ARSR Weather Channel, except that it would be an S 

band receiver instead of L band, and the information would 

be sent to an ARTS III TRACON instead of an ARTCC. 

3. Discrete Address Beacon System (DABS) - same as en route. 

4. Automatic Trafft'ic Advisory and Resolution Service (ATARS) 

Processor - same as en route 

5. Joint Use Weather Radar or an ASR Pulse Doppler Weather 

Channel - this improvement would be very similar to the 

Joint Use Weather Radar discussed previously. Some airports 

would have a Joint Use Weather Radar which would be part 

of the Conterminous U.S. network, while other airports 

would use a modified ASR. The Joint Use Weather Radar 

or the modified ASR may also serve as the Advanced Wind 

Shear Detection System (AWSDS) Sensor which would detect 

wind shear along the approach path. This information 

would be sent to the Tower Cab where it would be used by 

the air traffic controllers to alert the pilots attempting 

to land at the airport about the presence of hazardous 

wind shear. 

7.2.4 Terminal Surveillance Improvements Tentative Implementation 

Schedule 

A tentative implementation schedule for the terminal surveillance 

improvements is given in Figure 7-9. Implementation information 

ort these improvements is based upon discussions with the FAA 

personnel involved with these projects. 
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It has been assumed that the Sensor Receiver and Processor 

(SRAP) will be located at the ARTS IlIA TRACON instead of 

the terminal surveillance site in the Near Term. SRAP will 

preprocess the surveillance data and thus offload the ARTS IlIA 

Processor. If the MTD and/or the ASR Weather Channel improve

ments are made in the Far Term, the SRAP would have to be 

modified at the ARTS IlIA TRACON to make the interface 

compatible. 

7.3 Surveillance Facilities Interface Planning Summary 

A number of system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATe system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in keeping open the various options for implementing 

the output of the E&D program until it is possible and timely to 

make the final implementation decision. This process also has a 

tendency to cause a deferral of the detailed definition of 

technical and operational interfaces until the time when imple

mentation decisions are imminent. In the preparation of this 

chapter, it was necessary to make, or accept, a number of 

assumptions as to what improvements would be implemented, when 

they would be implemented, how they would function in the surveil

lance facility, and how they would interact with other facilities. 

This seciton identifies assumptions and areas of uncertainty by 

what are called "Open Items." 

Open Items relate to major parts of the ATC evolutionary improve

ment program where improvements are to be made via the F&D and/ 

or E&D program but where final decisions have yet to be made as 

to the specific course of action to be pursued. In most cases, 
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an Open Item involves more than one F&E and/or E&D program and 

involves questions of the preferred technical approach, techni

cal and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined -in this document and, for completeness, they have 

been cited in each appropriate chapter. An Open Item is 

appropriate to this chapter if it involves features of functions 

of the surveillance facilities; however, it should not be inferred 

that development and implementation indicated in an Open Item 

would necessarily be part of the development and implementation 

program for surveillance facilities. Instead, they might be 

contained within the program of another interfacing facility. 

The assumptions made with regard to the Open Items pertinent 

to surveillance facilities are: 

Open Item 2: Evolution of DABS Capability 

1. The DABS capability will be realized by a direct replace

ment of ATCRBS sensors with DABS sensors rather than by first 

upgrading ATCRBS sensors to include a monopulse detection 

and processing capability and then, at a later date, up

grading those sensors to the DABS configuration. 

2. The DABS sensors installed for en route surveillance 

will include back-go-back antennas to increase the data 

rate. This assumption follows from a related assumption 

that ATARS will be implemented at the en route DABS sensors. 

3. DABS sensors for improved surveillance and data link 

capability will be implemented at the earliest reasonable 

date. A corollary assumption is that the complete DABS 

sensors will be implemented sufficiently soon to preclude 
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the need for earlier installations of just the DABS data 

link capability at locations where the full DABS capa

bility will eventually be deployed. 

4. Initial DABS/ATARS implementation will be based on a 

single site collision avoidance capability. DABS surveil 

lance information will be combined at the associated con

trol facilities. Subsequent to the initial implementation, 

provisions will be made forexehanging data between selected 

DABS/ATARS sites to improve their collective collision 

avoidance capability. Several options are being explored 

to provide for the exchange of information. One of these 

options, the coordination through the associated ATe fa

cility, was assumed in this document. 

5. Initially, DABS implementation at terminals will be 

restricted to those sites having ARTS IlIA automation. 

Open Item 3:	 Time Phasing of DABS vs Plans to Use DABS 
Data Link and Other DABS-Dependent Items 

It was implicitly assumed that the FAA will develop a plan 

for using the DABS data link capability on a schedule that 

is consistent with the DABS implementation schedule and that 

the benefits, as perceived by user groups, would result in 

installation and use of associated avionics. 

Open Item 4:	 Aircraft Separation Assurance 

1. The assumption was made that all of the programs aimed 

at providing automated aids to the pilot and the controller 

for the avoidance of midair collisions will be successful 

and will be implemented. These programs include: 
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a. En Route Conflict Alert. 

b. En Route Conflict Resolution advisory function. 

c. Terminal Conflict Alert (ARTS III sites). 

d. Terminal Conflict Resolution advisory function 

(ARTS IlIA sites). 

e. ATARS (at all DABS sites). 

f. 

but 

BCAS - "active only" for initial implementation 

followed by more sophisticated systems later. 

2. It was further assumed that the technical designs of 

each of the capabilities listed above will be realized 

within an overall design of an airborne separation assur

ance system which will assure proper interoperabi1ity among 

the various features and avoid presenting either the pilot 

or the controller with conflicting instructions or advisories. 

I 

1~/ 

Open Item 5: En Route Radars 

1. It was assumed that no major changes would be made to 

improve either aircraft detection or weather detection in 

the en route airspace in the Near Term system (prior to 

1983). 

2. ARSRs (including the new ARSR-3s) will be modified to 

improve both their weather detection and aircraft detection 

capabilities in the Far Term. Aircraft detection will be 

improved through the addition of MTD. Weather detection 

will be improved through the addition of a separate ARSR 

weather channel. 
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3. As a further step in the improvement in the detection of 

weather, particularly turbulent weather, the FAA will join 

with the National Weather Service (NWS) , and the Air Weather 

Service (AWS) in the development of a new three-dimensional 

(3D) weather detection radar. This new 3D radar will be 

implemented throughout the conterminous U.S. to provide 

coverage of airspace of interest to the ARTCCs. 

4. For the Far Term, it was assumed that the en route 

weather detection capability would be provided by both the 

ARSRs (ARSR-4 and the modified ARSRs) and the Joint Use 

Weather Radar. 

Open Item 6: Terminal Area Radars (ASRs) 

1. It was assumed that no major changes would be made to 

improve either aircraft detection or weather detection in 

the Near Term system (prior to 1983). 

2. ASRs (including the new ASR-8s) will be modified to 

improve both their weather detection and aircraft detec

tion capabilities. Those two modification programs will be 

made sequentially. Aircraft detection will be improved 

through the addition of an MTD. Later on, the weather de

tection capability will be improved through the addition of 

a separate ASR weather channel. 

3. As a further step in improving the detection of turbulent 

weather in the terminal area, the FAA will depend on the use 

of the joint FAA/NWS/AWS 3D weather radar at those terminal 

areas where such coverage is available (see Open Item 5). 

A 3D weather detection capability will be provided at other 
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terminal locations through a further modification of the 

ASRs to include pencil beam antennas and pulse doppler 

processing techniques. 

4. The 3D weather detection capability may also provide for 

the detection of turbulence and low level wind shear under 

all weather conditions, including clear air. 

NOTE: The above assumptions implies that the FAA in tends 

to continue to operate primary radars for terminal area 

surveillance for the foreseeable future. 

Open Item 7: Surveillance Data Preprocessors 

1. CD-2s will. be procured and implemented for the pre

processing of ARSR and ATCRBS en route surveillance data. 

In the Far Term, these CD-2s will be modified twice: first 

to accommodate the MTD and later to accommodate an ARSR 

weather channel. Within a few years, the CD-2s will be 

replaced by DABS Processors (July 1984). 

2. SRAP (sometimes referred to as SRAP I) will be procured 

and implemented for the preprocessing ofASR and ATCRBS ter

minal area surveillance data. The SRAPs will be located at 

the ARTS IlIA TRACON facilities. Those same. SRAPs will go 

through two modification programs. The first modification 

will be to accommodate the addition of MTD to the ASRs. 

The second modification would come about six months later 

to accommodate the separate ASR weather channel. Six months 

later, the modified SRAPs would be replaced by the DABS 

Processors. 
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Open Item 17:	 Display of Digitized Surveillance at TRACONs 
and Towers 

1. ASRs will be modified in the early 1980s to include an 

ASR weather channel for weather detection and processing 

and a Moving Target Detector for enhanced aircraft detection. 

This means that weather and aircraft surveillance informa

tion will be in the form of digitized data. 

2. All-digital displays will be available at ARTS IlIA 

sites on a schedule that is compatible with displaying the 

digitized weather and aircraft data starting in the early 

1980s. 

3. No expansion of the digital display capability at the 

ARTS II and TPX-42 locations will be ma~e. 

Open Item 18:	 Detection of Turbulence and Low Level Wind 
Shear 

This topic is in essence a recap of those portions of Open 

Items 5 and 6 on en route and terminal area surveillance con

cerned with the detection of turbulence and low level wind 

shear. The purpose in preparing a separate Open Item is 

to present a consolidated picture of just the weather 

detection situation to those interested in that special 

subject. 

1. No major improvements will be made in the detection 

of hazardous weather in the Near Term ATC system con

figuration (i.e., no major improvements implemented 

prior to 1983 with the exception of the Low Level Wind 

Shear Alert System (LLWSAS)). 
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2. The first major improvement will start to be imple

mented in the early part of the Far Term system (1984). 

The first major improvement will be achieved by modifying 

both the ARSRs and the ASRs to include what is referred 

to as a separate weather channel. The separate weather 

channel is likely to include an MTD capability for the 

special processing of the returns from precipitation to 

indicate areas of heavy precipitation. In order to 

achieve this capability, all ARSRs and ASRs will be 

modified or replaced. In the case of both the ARSRs 

and the ASRs, the weather data will be two dimensional 

(range and azimuth). 

3. The second major improvement will be realized by 

adding the 3D weather detection ~apability, i.e., 

range, azimuth, and altitude of turbulence and low level 

wind shear. For the en route system, the 3D capability 

will be realized through a joint FAA/NWS/AWS program to 

develop and implement a Joint Use Weather Radar. For 

the terminal area system, the 3D capability will be 

realized either through a further modification to the 

ASRs to provide a 3D capability and/or through inputs 

from the Joint Use radars for those terminal areas where 

coverage from the Joint Use radars satisfy the terminal 

control requirements for detecting low level wind shear 

as well as· turbulence. 

4. The 3D weather detection system for the terminal 

area will include the capability of detecting and 

analyzing turbulence and wind shear in clear air as 

well as under conditions where precipitation is present. 

7-40 



Open Item 20: Remote Maintenance and Monitoring 

1. Integrated remote maintenance and mo~itoring f~nctions 

will be incorporated into the RCAG, en route surveillance, 

VORTAC, and airport facilities for navigation, communications, 

and surveillance. The Remote Maintenance Monitor System 

(RMMS) capabilities consist of equipment monitoring and 

fault alarming, remote certification, automated record 

keeping, trend analysis and remote control of turbulent 

units and some facility functions. 

2. The RMMS at airport facilities would utilize a special 

processor to be located in the associated Tower/TRACON. 

For other facilities, the RMMS will utilize a dedicated 

processor located at each ARTCC. All maintenance informa

tion will be transmitted from the cited facilities via 

existing communication links to the processor for storage, 

process ing, and access by technicians using special common 

terminals located either local to the ARTCC or at remote 

locations. No assumptions were made regarding how the RHi,j:; 

data would be provided and displayed to the responsible 

technicians since FAA plans have yet to be made in ttesC 

.areas. 

3. The DABS and MLS systems to be installed in the far 

term will also incorporate R1'1MS functions that are compatible 

with the above concept. 
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8.	 NAVIGATION FACILITIES 

This chapter describes the FAA ground facilities that provide 

navigation information to aircraft in en route and terminal 

area airspace as well as during approach and landing. 

First, the functions currently performed by various naviga

tion facilities are briefly discussed and the Near Term and 

Far Term improvements are summarized in Se.ction 8.1. Then, 

a more detailed description of the anticipated functional and 

connectivity changes due to these improvements is given in 

Section 8.2, and a brief discussion of the tentative time 

phasing of these improvements is given in Section 8.3. In 

the final section, Section 8.4, the major assumptions that 

were made with regard either.to interfaces with other ATC 

facilities or the time phasing of the various navigation 

improvements are summarized. 

8.1 Navigation Facilities Improvements Summary 

This section briefly describes the functions currently per

formed at en route and terminal area navigation facilities 

and the anticipated Near Term and Far Term improvements. 

This, in turn, is followed by a similar discussion of 

approach and landing navigation facilities. 

8.1.1 En Route and Terminal Area Navigation Facilities 

The FAA currently maintains three types of ground facilities 

to provide en route and terminal area navigation information 

for civilian and military aircraft: VOR, VOR-DME, and VORTAC. 

A VHF Omnidirectional Range (VOR) ground site transmits azimuth 

information relative to the ground site via AM and FM signals 

at VHF. The phase difference between the AM and FM signals is 
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used by civilian and military aircraft to determine-their bearing 

with respect to the VOR. The VOR may also be used to periodically 

transmit Automatic Terminal Information Service (ATIS) messages 

which are pre-recorded in the Tower Cab or Transcribed Weather 

Broadcast (TWEB) messages.. which are pre-recorded at FSSs • 

A VOR-DME ground site co-locates a VOR with Distance Measuring 

Equipment (DME). A DME receives L band pulse interrogations 

from suitably equipped aircraft in the vicinity and responds 

with similar pulses. The distance between the aircraft and 

the DME ground site can then be calculated by the aircraft by 

measuring the difference in time between the aircraft's interro

gation and the reception of the DME ground site's reply. DME 

equipment is used by both civilian and military aircraft. 

A VORTAC ground site, as shown in Table 8-1, contains VOR, DME, 

and TACAN equipment. TACAN is a military navigation system that 

utilizes DME for distance information, and provides its own 

azimuth information via amplitutde modulation of the DME pulse 

transmissions. As shown in Table 8-2, most en route and terminal 

area navigation ground sites are VORTACs. 

These ground facilities are distributed across the Conterminous 

United States to define three route systems: VOR, Jet Route, 

and RNAV. 

TheVOR Airway System consists of airways designated from 1200 

feet AGL to 18,000 feet MSL and are referred to as "Victor" 

Airways. The Jet Route System has routes from 18,000 feet MSL 

to 45,000 feet MSL. Both the Victor Airways and the Jet Routes 

utilize VOR radials to define route segments. 
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TABLE 8-1
 
VORTAC FUNCTIONS ~ND EQUIPMENT
 

FUNCTIONS
 

l. VOR 

•	 TRANSMIT AZIMUTH INFORMATION 

•	 TRANSMIT ATIS OR TWEB INFORMATION 

2. DME 

•	 DETECT AIRCRAFT DME INTERROGATIONS 

•	 TRANSMIT DME REPLIES' 

3. TACAN 

•	 DETECT AIRCRAFT TACAN (DME) 
INTERROGATIONS 

•	 TRANSMIT TACAN (DME) REPLIES 
AND AZIMUTH INFORMATION 

EQUIPMENT
 

VOR TRANSMITTER (VHF) 

DME RECEIVER (L BAND) 

DME TRANSMITTER (L BAND) 

TACAN (DME) RECEIVER (L BAND) 

TACAN TRANSMITTER (L BAND) 

TABLE 8-2
 
CURRENT FAA EN ROUTE AND TERMINAL AREA
 

NAVIGATION GROUND SITES
 

VOR 189 

VOR-DME 21 

VORTAC 705 

915 
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The Area Navigation (RNAV) Route System has routes in the 

same altitude band as the Jet Routes. RNAV Routes utilize 

both VORs andDMEs for navigation information, but unlike 

the Victor Airways and Jet Routes, RNAV Routes do not res

trict the aircraft to fly along routes defined by VOR radials •
•

Thus, RNAV Routes give equipped aircraft greater flexibility 

in route selection. 

Having briefly described the functions performed at current 

FAA en route and terminal area navigation facilities, the 

anticipated Near Term and Far Term improvements at these 

facilities will now be discussed. 

In the Near Term (1979-1982) there is only one significant 

anticipated improvement. The FAA is planning to replace all 

vacuum tube VORs and VORTACs with solid state equipment in 

order to increase the reliability and maintainability of the 

VORTAC navigation system. This improvement is referred to 

as the Solid State VORTAC, and it is functionally equivalent 

to the existing ground facilities. 

In the Far Term (post 1982), the FAA is tentatively considering 

the installation of the Remote Maintenance Monitor System 

(RMMS) to monitor the performance of each VORTAC site, and to 

forward VORTAC status information to the associated ARTCC 

(see Chapter 2 for a discussion of RMMS). 

Beyond these anticipated improvements, the FAA is also tentatively 

exploring two other improvements: 

1. The possible utilization of a DME digital uplink to 

transmit information from a DME site (DME identity. latitude, 
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longitude, and elevation) to aircraft equipped with RNAV, 

and thus eliminate the need for the crew to update and 

store this information in each air~ra£t's-RNAV computer. 

2. The possible utilization of time navigation in high 

density terminal airspace in conjunction with metering 

and spacing, and as a backup to a highly automated ATC 

system. Time navigation is a type of RNAVin which time 

is one of the parameters of the system. 

Besides the FAA, various other governmental agencies maintain 

ground stations which transmit navigation information for their 

own use. This information can also be used by some aircraft as 

a supplement or replacement for the VORTAC system. For example, 

the Coast Guard maintains LORAN-C and OMEGA ground sites to 

provide maritime navigation information, and the Navy maintains 

VLF-NAVCOM ground sites for communications with its submarines. 

(Since the VLF-NAVCOM sites transmit synchronized signals, they 

can also be used to provide navigation information.) 

The FAA is studying the possible utilization of these non-FAA 

navigation systems by helicopters in remote and offshore areas 

as a supplement or replacement for the VORTAC System in the 

near term. Another possible Near Term improvement for helicopter 

navigation as an alternative to these systems, is the use of an 

airborne radar system to "home in" on a beacon transmitter 

located at the destination. 

The FAA is also studying the possible utilization of the NAVSTAR 

Global Positioning (GPS) satellite navigation system in the 

1990's as a replacement for the present VORTAC System. NAVSTAR 

GPS may be deployed by DOD by the mid-1980's. It would consist 
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L 
of 24 satellites and would provide accurate navigation infor


mation on a worldwide basis for a number of military users.
 

This system might eventually also replace other civilian
 

navigation systems, such as VORTAC, OMEGA, and LORAN-C, some


time after 1995. However, before the FAA can make a decision
 

to replace the VORTAC System, further analysis will have to be
 

performed to prove: the operational feasibility of this type
 

of navigation system; its cost-effectiveness for both the
 

FAA and the various potential civil aviation users; and its
 

international acceptability.
 

8.1.2 Approach and Landing Navigation Facilities 

As shown in Table 8-3, the FAA currently maintains several types 

of ground facilities for three types of approaches: precision 

and non-precision instrument approaches, and VFR approaches. 

Instrument approach procedures are established by the FAA for 

individual runways at specific airports, and they may have as 

many as four separate segments depending on how the approach 

procedure is structured. The four segments are: initial 

approach, intermediate approach, final approach, and missed 

approach. The final approach segment, i.e., the segment between 

the final approach fix and the runway, may either be a precision 

or non-precision instrument approach. 

8.1.2.1 Precision Instrument Approaches
 

Precision instrument approaches are performed utilizing horizon

. tal and vertical guidance information that is currently provided 

by an Instrument Landing System (ILS). At the present time, 

there are approximately 733 ILSs in the U.S. at 524 airports 

(see Table 8-4). A full ILS generates several electronic 

signals (Localizer, Glide Slope, Marker Beacons, and in a few 

cases, DME). It also has an associated approach lighting system 

to provide visual guidance. 
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TABLE 8-3
 
CURRENT APPROACH AND LANDING NAVIGATION FACILITIES
 

FUNCTIONS AND EQUIPMENT
 

CD 
I 

FUNCTIONS EQUIPMENT 

• TRANSMIT lIORIZONTAL GUIDANCE LOCALtZER TRANSMITTER (VHF) 
• TRANSMIT VERTICAL GUIDANCE GLIDE SLOPE TRANSMITTER (UHF) 

PRECISION ILS • TRANSMIT MARKER LOCATIONS 11ARKER BEACONS (VHF) 
• DETECT AIRCRAFT DME INTERRO- DME RECEIVER (L BAND) 

GATIONS 
• TRANSMIT DME REPLIES DME TRANSMITTER (L BAND) 
• VISUAL HORIZONTAL GUIDANCE APPROACH LIGHTS 

INSTRUMENT 
APPROACHES I'ARTIAL • TRANSMIT HORIZONTAL GUIDANCE LOCALIZER TRfu~SMITTER (VHF) 

HS • TRANSMIT MARKER LOCATIONS MARKER BEACONS (VHF) 
• VISUAL HORIZONTAL GUIDANCE APPROACH LIGHTS 

NON-PRECISION 
VOR • Tr~NSMIT HORIZONTAL GUIDANCE VOR TRANSMITTER (VHF) 

NDn • TRANSMIT HOMING SIGNAL NDB TRANSMITTER (LF or MF) 

VFR Al'PROACllFS VASI • VISUAL VERTICAL GUIDANCE VASI LIGHT BARS 



TABLE 8-4
 
CURRENT AND PLANNED ILS DEPLOYMENT
 

:iON-PRECISION APPROACH 
(NO GLIDE SLOPE) 

CATEGORY I PRECISION APPROACH 

CATEGORY II PRECISION APPROACH 
(OPERATIONAL) 

CATEGORY II PRECISION APPROACH 
(ADDITIONAL DESIGNATED SITES) 

CATEGORY IlIA PRECISION APPROACH 

NUMBER OF ILSs NUMBER OF AIRPORTS 

86 70 

553 362 

42 40 

45 45 

7 7 

733 524TOTAL 

TABLE 8-5 
PRECISION INSTRUMENT APPROACH CATEGORIES 

LANDING MINIMA 

CATEGORY RUNWAY VISUAL RANGE (RVR) 

2400 Feet 

1200 Feet 

700 Feet 

DECISION HEIGHT 

200 Feet 

100 Feet 

() Feet 

I 

II 

IlIA 
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The Localizer signal provides horizontal guidance information 

from a minimum distance of 18 nautical miles to the runway to 

align the aircraft with the runway centerline. This navigation 

information is provided by amptitude modulating a VHF carrier 

frequency with continuous 90 Hz and 150 Hz tones. When the 

amplitude of the two tones are equal, the aircraft is on 

course. 

The Glide Slope signal provides vertical guidance by defining 

a glide path to the runway which is approximately at a 3
0 

elevation angle with respect to the runway at the touchdown 

point. This navigation information is provided by amplitude 

modulating a UHF carrier frequency in the same manner as the 

localizer signal. As shown in Table 8-5, there are three 

categories of precision instrument approach. A Category 

IlLS system, the system most widely used today, requires 

that landings be performed under higher visibility (RVR) and 

decision height criteria than Category II or IlIA systems. 

The decision height is the altitude at which the pilot has 

to visually acquire either the runway or the approach lights 

during the precision approach. Depending upon the type of 

ILS system installed, two (Category I) or three (Category 

II, IlIA) Marker Beacons are installed along the approach 

path to inform the pilot of his progress. The Outer Marker 

Beacon is normally located at the point at which an aircraft 

will intercept the ILS glide path if it is at the appropriate 

altitude on the localizer course as defined by the instrument 

approach procedure. The Middle Marker is located at the 

point at which the pilot has to visually acquire either the 

runway or approach lights during a Category I landing, typically 

when the aircraft is approximately 1/2 nmi from the runway 
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threshold and at an altitude of 200 feet above the runway. 

The Inner Marker Beacon is located at the point at which the 

pilot has visually acquire either thr runway or approach lights 

during a Category II landing, when the aircraft is at an altitude 

of 100 feet or more above the runway. All of these Marker Beacons 

transmit an amplitude modulated signal of dots and dashes at 75 

MHz. The signals vary with each Marker Beacon so that they can 

be individually identified. 

In addition to, or in place of Marker Beacons, some I15s 

utilize a DME to inform the pilot of his distance from the 

runway. 

The approach lights aid the pilot in transitioning from 

instrument flight to visual flight either at the middle 

or inner marker by providing visual cues to keep the air

craft aligned with the runway centerline. The approach 

lights consists of rows of lights along the approach path I~/ 
from a point 1000 to 3000 feet from the runway threshold to 

the threshold. The lighting systems associated with a 

Category II system are more elaborate than those associated 

with a Category I system. 

8.1.2.2 Non-Precision Instrument Approaches 

Non-precision Instrument Approaches are performed utilizing 

horizontal navigation information that is provided by an 

115, VOR, or Non-directional Beacon (NDB). 

All of these ground facilities provide navigation information 

to locate either a runway centerline for a straight-in approach, 

or the airport for a circling approach. Each approach has a 

minimum descent altitude associated with it, below which the 

pilot cannot descend to complete the landing unless he 

can visually acquire either the runway or the approach lights. 

8-10 



For Non-precision Instrument Approaches with an IL8, the glide 

slope signal is not used to define a descent path either because 

the IL8 is not equipped with a glide slope or the aircraft lacks 

a glide slope receiver. A localizer signal is, however, used 

to align the aircraft with the runway centerline for a straight

in approach or to locate the airport for a circling approach. 

VORs and NDBs may provide navigation information for either 

straight-in or circling approaches based upon their location in 

relation to the particular runway centerline. 2D RNAV may be 

used to provide a straight-in approach at an airport with only 

a VOR circling approach (due to the VOR's location), since the 

RNAV system on board the aircraft could utilize the VOR-DME 

navigation information to generate information for a straight

jn approach. 

NDBs generate a continuous LF or MF omnidirectional signal that 

is amplitude modulated with a three letter identification code 

except during voice transmission of pre-recorded messages (TWEBs) 

sent from Flight Service Stations. A pilot can utilize this 

omni-directional signal with the aircraft's compass to perform 

a non-precision instrument approach. 

8.1.2.3 VFR Approaches 

VFR approaches utilize a VFR traffic pattern and can only occur 

when the weather is at or above the following minimums. 

1. VFR approaches in controlled airspace - visibility 

3 miles, ceiling 1000 feet AGL. 
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2. VFR approaches in uncontrolled airspace - visibility 

1 mile, aircraft clear of clouds. 

The FAA has installed Visual Approach Slope Indicators (VASIs) 

at a number of airports to provide vertical guidance information 

during a VFR approach to a runway. The standard VASI consists 

of light bars that provide the pilot with a visual cue that 

3
0

he is on, above, or below a glide path during the approach 

to the runway. 

8.1.2.4 Approach and Landing Navigation Facilities Improvements 

Having briefly described the functions performed at the current 

approach and landing ground facilities, the anticipated Near 

Term and Far'Term improvements at these facilities will now be 

discussed, see Table 8-6. 

In the Near Term (1979-1982), there are two significant antici 

pated improvements. 

1. The replacement of vacuum tube 1LSs with solid state 

ILSs to improve equipment reliability and maintainability, 

and the installation of ILSs at additional airports. 

2. The installation of 100 or more VASIs per year at 

airports until at least the mid-1990's. 

In the Far Term (post-1982), besides additional VASIs, one 

other improvement is being developed by the FAA, i.e., the 

Microwave Landing System (MLS). MLS has two major advantages 

in comparison with ILS. 
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TABLE 8-6
 
NAVIGATION FACILITIES IMPROVEMENTS
 

/ 

NEAR TERM IMPROVEMENTS 
(1979-1982) 

FAR TERM IMPROVEMENTS 
(POST 1982) 

EN ROUTE AND TERMINAL AREA SOLID STATE VORTAC* RMMS 

APPROACH AND LANDING 

._----------- 

ADDITIONAL ILSs* 

ADDITIONAL VASIs* 

-

MLS, PDME 

ADDITIONAL VASls 

~-

00 
I 

I--' 
W 

*APPROVED BY THE FAA FOR IMPLEMENTATION
 



------------ ---

1. Due to its higher transmission frequency (C-band), it 

would not be as susceptible to signal transmission prob

lems caused by the terrain and nearby structures. Thus, 

its installation at some small airports should become 

economically feasible. In addition, due to the increased 

integrity of its guidance signals, MLS should encourage 

the use of automatic landings (autoland). Autoland provides 

the pilot with the ability to fly the aircraft all the 

way to touchdown under the appropriate weather conditions 

(i.e., visibility and ceiling). 

2. Due to its scanning technique in both the horizontal
 

and vertical planes, a wider coverage area would be pro


vided. This, in turn, would permit the utilization of
 

curved approaches and various glide paths at the more
 

sophisticated sites by suitably equipped aircraft.
 ·l_/ 
Besides these anticipated improvements, the FAA is also tentatively
 

exploring the possible utilization of Head Up Displays (HUDs)
 

on board air carrier aircraft to aid pilots in the transition
 

from instrument to visual flight during instrument approaches.
 

A HUD would enhance the pilot's ability to independently monitor
 

an automatic landing, or to execute a manual landing with less
 

likelihood that the aircraft would descend below the 30 glide
 

path after the decision height has been reached.
 

8.2 Navigation Facilities System Connectivity and Information 

Flow Changes
 

As shown in Figure 8-1, MLS (Reference 8-1) would be the only
 

anticipated Near Term or Far Term ifuprovement in FAA navigation
 

ground facilities that affects either ATC system connectivity,
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external information flow, or the internal functions performed 

at a ground facility. 

Recently, the time reference scanning beam (TRSB) method of 

transmitting MLS signals was selected by 1CAO, thereby providing 

the basis for an internationally recognized standard for MLS. 

From a system connectivity viewpoint, }~S navigation signals 

transmitted to the aircraft would change in comparison with 

11S in six ways. 

•	 The transmission frequency of the MLS would be
 

C band instead of VHF or UHF.
 

•	 Azimuth and elevation signals would be provided
 

instead of localizer and glide slope signals.
 

•	 Missed approach azimuth and elevation signals may be
 

transmitted at some airports to provide hnrizontal
 

and verticaJ guidance during a missed approach.
 

•	 Flare guidance signals may be transmitted at some
 

M1S sites with an auto land capability tu provide
 

vertical guidance during flare. At the remair,ing
 

airports with an autoland capahility, the aircraft's
 

radar altimeter would be used to execute flare with
 

the aid of a Precision DME (PDME). The PDME would
 

provide accurate distance information along the fill2l
 

approach path either through improvements to the
 

current airborne or ground DME equipment or both.
 

•	 All M1S sites transmit basic digital data between
 

the M1S guidance signals to teI1 the aircraft which
 

guidance signal ,,'auld he sent next. In addition, at
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the more sophisticated MLS sites where automatic 

landings would be permitted, MLS auxiliary digital 

data would be transmitted. At these sites, the 

Tower Cab would send data on runway and visibility 

conditions to the MLS site where it would be com

bined with MLS siting data and MLS status data to 

form the MLS auxiliary message which would be sent 

to the approaching aircraft. 

•	 At most MLS sites, DME signals would be used instead 

of marker beacon signals to locate the outer, middle 

and inner marker positions. 

From a functional viewpoint, the navigation information pro

vided by an MLS would be different from an ILS. Multiple 

glide paths and azimuth positions would be provided by an MLS 

instead of a single approach path, thereby permitting curved 

approaches within 40 0 of the runway centerline and descents 

along glide paths from 10 to 200 at the most sophisticated 

sites. 

MLS azimuth, elevation, flare and missed approach signals 

would be provided by the time reference scanning beam (TRSB) 

method in which a narrow unmodulated fan beam would scan at 

high speed in alternate directions through the coverage 

sector. The scanning speed would be uniform, starting from 

one extremity of the coverage sector and moving to the 

other and then back to the starting point. The azimuth 

beams would scan from left to right of the runway centerline 

and then right to left, while the elevation and flare beams 

would scan down towards the ground and then up.
I 
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In every scanning cycle, two pulses (TO, FRO) would be re

ceived by the aircraft from each scanning beam. The time 

in~erval between the TO and FRO pulses would be proportional 

to the angular position of the aircraft with respect to the 

runway centerline (azimuth) and_the ground (elevation, flare), 

and the high update rates for these signals, 13.5 Hz for 

azimuth and 40.5 Hz for elevation, would make it possible to 

design simple airborne processors that ~ould minimize multi

path effects. 

The azimuth, elevation, flare and missed approach signals, and 

the MLS auxiliary messages would be time-multiplexed so that 

a single aircraft receiver could process all of the data. Each 

guidance signal would be preceded by a preamble which would 

set the aircraft's MLS receiver for the function which followed. 

Only the most sophisticated MLSsites would transmit all of the 

possible guidance signals. At the most basic MLS sites, only 

azimuth, elevation, and DME or marker beacon signals would 

probably be transmitted. 

8.3 Navigation Improvements Tentative Implementation Schedule 

Figure 8-2 provides a tentative implementation schedule for 

the navigation facilities improvements. It should be emphasized 

that this schedule may change in the future as a result of 

additional information concerning the need and the progress 

of the individual projects. 

Information on the Near Term improvements (additional ILSs and 

VASIs, and the Solid State VORTAC) was obtained from pre

liminary budgetary information for Fiscal Years 1977 to 
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1980 (Reference 8-2), and information on the Far Term improve

ments (RMM8, ML8, and PDME) was obtained from the FAA personnel 

involved with these projects. 

Due to the age of some of the IL8 equipment, the FAA will have 

to continue to purchase new equipment to replace existing 

equipment until a decision is made to implement MLS. In 

addition, the FAA will have to maintain IL8s after the MLSs 

have been installed to accommodate different user needs during 

a transition period. Both types of landing system may be 

maintained at the same site for a relatively long time interval, 

perhaps as long as 15 years. 

8.4 Navigation Facilities Interface Planning Summary 

A number of system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in keeping open the various options for implementing 

the output of the E&D program until it is possible and timely 

to make the final implementation decision. This process also has 

a tendency to cause a deferral of the detailed definition of 

technical and operational interfaces until the time when imple

mentation decisions are imminent. In the preparation of this 

chapter it was necessary to make, or accept, a number of 

assumptions as to what improvements would be implemented, when 

they would be implemented, how they would function at a navigation 

facility, and how they would interact with other facilities. This 

section identifies assumptions and areas of uncertainty by what 

are called "Open Items." 
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Open Items relate to major parts of the ATC evolutionary 

improvement program where improvements are to be made via 

the F&E and/or E&D program but where final decisions have yet 

to be made as to the specific course of action to be pursued. 

In most cases, an Open Item involves more than one F&E and/or 

E&D program and involves questions of the preferred technical 

approach, technical and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness they have 

been cited in each appropriate chapter. An Open Item is 

appropriate to this chapter if it involves features or functions 

of the navigation facilities; however, it should not be inferred 

that development and implementation indicated in an Open Item 

would necessarily be part of the development-and implementation 

program for navigation facilities. Instead, they might be 

contained within the program of another interfacing facility. 

The assumptions made with regard to the Open Items pertinent 

to navigation facilities are: 

Open Item 10: MLS/ILS/M&S Compatibility 

Metering and Spacing algorithms will be refined/modified 

for use at those locations where it is operationally 

desirable to accommodate the concurrent use· of the conven

tional straight-in approaches that are flown with gUidance 

by the current Instrument Landing System (ILS) and the more 

flexible approach geometries that may be flown with guidance 

by the Microwave Landing System (MLS). 

Open Item 20: Remote Maintenance and Monitoring 

1. Integrated remote maintenance and monitoring functions 

will be incorporated into the RCAG, en route surveillance, 
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VORTAC, and airport facilities for navigation, communica

tions, and surveillance. The Remote Maintenance Monitor 

System (RMMS) capabilities consist of equipment monitoring 

and fault alarming, remote certification, automated record 

keeping, trend analysis and remote control of redundant 

units and some facility tunctions. 

2. The RMMS at airport facilities would utilize a special 

processor to be located in the associated tower/TRACON. 

For other facilities, the RMMS will utilize a dedicated 

processor located at each ARTCC. All maintenance informa

tion will be transmitted from the cited facilities via 

existing communication links to the processor for storage, 

processing, and access by technicians using special common 

terminals located either local to the ARTCC or at remote 

locations. No assumptions were made regarding how the 

RMMS data would be provided and displayed to the responsible 

technicians since FAA plans have yet to be made in these 

areas. 

3. The DABS and MLS systems to be installed in the far 

term will also incorporate RMMS functions that are compatible 

with the above concept. 

Open Item 23: Future Navigation 

1. The primary navigation system will be VOR-DME until at 

least 1995 for the national airspace. 

2. Other systems such as LORAN-C, OMEGA, and NAVSTAR GPS 

will be certified as supplements to VOR-DME in order to 

meet needs not satisfied by VOR-DME. 
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9. COMMUNICATIONS FACILITIES 

This chapter discusses data and voice communications facilities 

and improvements that are planned to be implemented. The material 

is, therefore, divided into two sections; one on data communica

tions, and one on voice communications. 

The data communications section'describes the facilities which 

provide for switching and transmission of data for FAA opera

tions. All types of ground-ground data communications are de

scribed, including low speed point-to-point teletype, multipoint 

teletype, medium speed (300 through 9600 bps), data concentration 

and data switching. Data transmission channels which are accessed 

from telephone company switching equipment are omitted. Facsimile 

transmission and broadband radar transmission are included as data 

communications, since future plans call for meeting these require

ments with digital techniques. 

The voice communications section considers the facilities that 

provide air/ground voice communications between FAA ATC facili

ties and aircraft operating in CONUS, as well as ground/ground 

voice communications between FAA operated ATC and FSS facilities. 

Communications directly impacting the provision of ATC services 

are included. Communications between the IFR aircraft and ter

minal and en route controllers, and between VFR aircraft and 

flight service stations are also included. 

9.1 Data Communications 

This section provides a brief discussion of the requirements for 

data communications among FAA facilities. The improvements and 

connectivity in each of four areas of automation (En Route 
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facilities, TRACON/Tower facilities, ATCSCC facilities and FSS 

facilities) are discussed. The planned NADIN configuration is 

described and compared to current FAA data communications fa

cilities. Schedules for implementation are indicated, and areas 

for consideration for further study are identified. 

For purposes of this discussion, data communications includes: 

(1) Communications between people, where the message is initiated 

on a keyboard device and is delivered on a page printer, cathode 

ray tube or printout device; (2) communication from a person to 

a machine, where the origination is at a keyboard and the delivery 

is in the form of data or commands for entry into a machine; (3) 

communication from a machine to a person where the origination 

is a stream of digital information and delivery is in the form of 

a printout; or (4) communication from one machine to another. 

In general, all data communications take the form of binary coded 

digital information transmitted electrically through wire or other 

paths; however, some analog transmissions are mentioned in this 

section (i.e., radar transmissions in video form) where there 

are plans in the Near Term or Far Term to replace this mode with 

a digital capability. 

Specifically excluded from this discussion are connections be

tween local machines or between a machine and its control con

sole or closely associated user terminals where these equipments 

are physically located within the same facility and are considered 

an integral part of a data processing configuration. 

9.1.1 Improvements and Connectivity 

Various improvements in the FAA data communications service are 

in the planning or implementation stage. These improvements are 

described as they apply to each of the time periods (Current, 
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Near Term, and Far Term) for each of the major facility 

categories (En Route, Terminal, ATCSCC and FSS). Overall 

connectivity diagrams are also included for each category. 

9.1.1.1 En Route Improvements 

The en route data communications are comprised primarily of the 

following services; ARTCC to ARTCC, ARTCC to terminal, radar 

sites to ARTCC, and various teletype circuits to ARTCC. Some 

basic assumptions which were used in describing the en route 

data communications are listed in Table 9-1. The descriptions 

for the three periods of interest, Current, Near Term and Far 

Term, are contained in Table 9-2. An illustration of the con

figuration for each of the three time periods is shown in Figures 

9-1, 9-2, and 9-3. Clarifying information is included in the 

next subsections. 

Current En Route Facilities 

The ARTCC-ARTCC transmission includes a 2400 bps primary channel, 

and a 2400 bps redundant channel. 

The ARTCC-ARTS III has a 2400 bps computer-to-computer interface. 

A low speed FDEP circuit is retained to print strips in the tower 

and TRACON. 

Nonautomated TRACONs are served only by the low speed FDEP 

circuits. 

The TPX-42 is basically a hard-wired system, with very little 

computing capability, and no computer interface with the 9020. 

A low speed circuit is provided for FDEP equipment for printing 

flight strips in the TPX-42 terminals and towers. 
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TABLE 9-1
 
ASSUMPTIONS FOR EN ROUTE FACILITIES DATA COMMUNICATIONS
 

1.	 The NADIN information is per FAA-E-266l, specification for 

NADIN, January 4, 1977. 

2.	 NADIN I and NADIN II are in Near Term. NADIN III is in 

Far Term. 

3.	 A NADIN concentrator (NADIN II or NADIN III) can switch data 

between computers which are connected to the concentrator, 

such as ARTCC to ARTS. However, TTY data must be sent through 

the switch. 

4.	 The data transfer between ARTCCs in Near Term and Far Term 

will be via NADIN. 1 

5.	 The ARTS interface with NADIN includes ARTS III, ARTS II, 

and a replacement for the TPX-42. 

6.	 The NADIN III interface with ARTS III will be through the TIPS 

equipment when TIPS is installed. 

7.	 FDEP transmission channels in Near Term are rated at 150 bps, 

but the data rate is only 134.5 bps as limited by the FDEP 

printers. 

8.	 The TTY channels for ARTCC-ARTCC were removed prior to the 

current time frame. 

9.	 FDEP equipment will be used for strip printing in terminals in 

the Near Term. 
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TABLE 9-1
 
ASSUMPTIONS FOR EN ROUTE FACILITIES DATA COMMUNICATIONS
 

(CONCLUDED) 

10.	 TIPS will replace FDEP equipment in larger terminals in the 

Far Term. DTE will be used at the smaller terminals. 

11.	 TIPS will be installed in all ARTS III, ARTS II and TPX-4~ 

terminals. 

12.	 The TPX-42 will be upgraded to programmable equipment in the 

Far Term. 

13.	 An ARTCC will not interface with TPX-42 until Far Term, when 

a replacement for the TPX-42 is introduced. 

14.	 Broadband radar and beacon data will not be retained for 

backup in the Near Term and Far Term. 

15.	 Three 2400 bps channels, with three redundant channels, are 

provided for digitized radar data in Current and Near Term 

periods. The same configuration exists in Far Term, but the 

data rate after DABS is installed is 4800 bps per channel. 

16.	 The CD-2 and ARSR-3 are introduced in Near Term. Data 

communications is the same for the two units. 

17.	 Two 4800 bps channels are provided from DABS to ARTCC for 

data-link. One channel is redundant. 

18.	 Digitized weather data will be available to the 9020 via 

separate channels in the Near Term. 

19.	 Digitized weather data will be available to the 9020 from 

weather	 radar sites in the Far Term,
 

9-5
 



TABLE 9-2
 
EN ROUTE FACILlTIES - DA:-A COMMUNICATIONS
 

IMPROVEMENTS SUMMARY
 

FUNCTION
 

1. ARTCC-ARTCC 
Flight Plan 
and Radar 
Handoff 
Data 

'-D 
I 

0" 

NOTES
 

CURRENT (1978)
 

Dedicated circuit from 
en route computer to the 
en route computer in 
each adjacent ARTCC 
(2400 hps) as primary 
channel. A redundant 
line is provided (full 
duplex) . 

NC '= No Change 
NA '= Not Applicable 

NEAR TERM (1979-82)
 

~ADIN II - Data Transfer 
from en route computer 
to NADIN concentrator 
(up to 40 kbps) to NADIN 
switch (4800 bps) to 
another NADIN concentra
tor (4800 bps), then to 
other en route computer 
(up to 40 kbps), vice 
versa (full duplex). 

FAR TERM (POST-1982)
 

NADIN III - Data 
transfer same as 
for NADIN in Near 
Term. 

\-,



FUNCTION
 

2. ARTCC-ARTS III 
TRACONS 
a. Flight Plan 
Radar Handoff 

1..0 Data 
I 
~.J, 

b. Flight 
Strip/Tabu
lar Data 

TABLE 9-2
 
EN ROUTE FACILITIES - DATA COMMUNICATIONS
 

IMPROVEMENTS SUMMARY
 
(CONTINUED)
 

FAR TERM (POST-1982)CURRENT (1978) NEAR TERM (1979-82) 

Dedicated circuit from each NADIN II - Data trans
ARTS III computer to the fer from en route com
en route computer in the puter to NADIN roncen
local ARTCC (2400 bps) as trator (up to 40 kbps) 
primary channel - no then to ARTS III com
redundant lines (full puter (2400 bps) and 
duplex). vice versa (full 

duplex). 

D~dicated FDEP channel Dedicated FDEP channel 
(75 bps) from en route (150 bps) from en route 
computer to FDEP equipment computer to FDEP equip
in ARTS III TRACON and ment in TRACON and 
tower to print flight tower, to print flight 
strips (half duplex). strips (half duplex). 

'I 

NADIN III and ARTS 
III - Data transfer 
same as for NADIN II 
in Near-Term, except 
interface with ARTS
III is via TIPS. 

NADIN III and TIPS 
Data transfer from 
en route computer 
to NADIN concentra
tor (up to 40 kbps) , 
then to TIPS com
puter and printers 
(2400 bps) and vice 
versa (full duplex). 



TABLE 9-2
 
EN ROUTE FACILITIES - DATA COMMUNICATIONS
 

IMPROVEMENTS SUMMARY
 
(CONTINUED)
 

'0 
I 

CD 

._--
FUNCTION CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST -1982) 

3. ARTCC-ARTS II 
TRACONS 
a. Flight Plan and NA NADIN 11 - Data transfer from NADlN I Il and TIPS 
Handoff Data en route computer to RADIN (ARTS It) Data trans-

concentrator (up to 40 kbps), fer same as for NADIN 
then to ARTS II computer II in Nea r Term excep t 
(2400 bps), and vice versa interface with ARTS II 
(full duplex). via TIPS. 

-----  ._--

b. Flight Strip! Dedicated FOEP channel (75 bps) Dedicated FOEP channel (150 NADlN III and TIPS -
TabUlar Data from en rou te computer to FDEP bps) from en route computer Data transfer from en 

equipment in non-automated to FDEP equipment in TRACON rout(' computer to NADIN 
TRACON and tower to print and tower, to print flight concentrator (up to 
flight strips (half duplex). strips (half duplex). 40 kbps) , then tn TIPS 

computer and printers 
(2400 bps). and vice 
versa (full duplex). 

--_._--- --------_._--------------  -----_.- -._----------- 
4. ARTCC-TPX-42 

TRACONS 
a. Flight Plan NA NA NADlN II I and TIPS 
and liandoff Data uata transfer from e.n 

route computer to NADIN 
concentra tor (up to 40 
kbps)~ then to replace
ment for TPX-42 (2400 bps) 
via TIPS~ and vice versa 
(full duplex). 

b. Flight Strip! Dedicated FOEP channel (75 Dedicated FOEP channel (150 NADIN II I and. TIPS -
Tabular Data bps) from en route computer bps) from en route computer Data transfer from en 

to FOEP equipment in TPX-42 to FOEP equipment In TRACON route computer to NADIN 
terminal and tower to print and tower~ to print flight concentrator (up to 40 
flight strips (half duplex). strips (half duplex). kbps)~ then to TIPS com

puter and printers (2400 
bps) and vice versa (full 
duplex) • 

~ l" 
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FUNCTION 

ARTCC-VFR TOWER 

TAIlLE9-Z 
EN ROUTE FACI LITlES, DATA COMMUN ICATlONS 

IMPROVEMENTS SUMMAR Y 
(CONTINUED) 

CURRENT (1978) NEAR TERM (1979-82) 

DedJcated FDEP channel (75 bps) 
[rom en route' ('omputPT to FDEP 
equipment in il VFR tOW('T cah 
to print flight strips (half 
dllP lpx) • 

Dedicated FDEP channel (ISO bps) 
from en ruute computer to FDEP 
equipment in TRACON and lower, 
to print flight strips (full 
duplex). 

FAR TERM (POST-1982) 

NAIl I N III and DTE - Da t a 
transfer from en route com
puter to NADIN concentrHtor 
(up to qO khps) , to NAD1N 
"wi tch (1.800 bps) to NADIN 
concentr.1tor (q800 bps) to 
DTE at VFR tower (21,00 bp") 
and vice versa (half duplex). 

-0 
I 
-0 

I 

{" AR'J'CC-CS/T 

SURVF II.I.ANCI S I 'ITS
ARTCC 
iI. Digit iZl'd (;1 :lrl'!l 

<lIHl Ik;l(llil 1)<11:1 

h. Broadb;md S('ilT('ll 
illHI Hl'<lcntl Datd 

Arl',t g Nplwork - 'l'ransl"PT ur 
fl i}.~hl info"rm:lll'J1 from CS/T 
tn AI1DIS (]'") hp!~). I'.! J\RTCC 
(7') hps) and viel' 'JPTSa 

(hill r dUJll ('x). 

._+_.._. .__~ . . ~_.____+ 

Thrt'I' J,'dll";ll('d clJ.l111H>Js from 

(':1("11 CD :11 :J surve i I 1.111('1' S i tC' 
to t"hL' loc;!! ('ll TOU!P ('omputpr 
U/d)!) hJls ('ill'h). TilTC'(' TP
d\lnd;llll l'h:llllll'I~, are provid(~d 

lIlT h!lckup, hut ;1 cor.mlOll D1'C, 
and ('ommoll modems at the sur
veillance site servp both 
the primary and the backup 
channels (simpIC"x). 

VAA-ownC"d Rad:lr Hi crowtlv{' l;i 11K 
(RML) from (';Ich ~urv('illancl' 

s itt· to thC" 1oC:ll ARTCC, as 
hack up for the digitizl'd (L'lt;l 
(simplex). 

NA])IN 11 ~ Tr:.tnsler of fliv,ht 
Lnl ormJt illl! 1 rom CS/T ltl NtlDIN 
~OTIt.:cnlr·i\t(lr (l')\) hps). til 

NAlJLN ~witch (q~OU bps), to 
NADIN C-Ulh'l'lltraLor (1+1)00 bps). 
1.0 ARTCC ll'rmlnal (2qOO bp:-.) 
and vic(' v{'r~)a (hilll dupl(·)'.). 

NADIN III - Transfer of 
fl ighl informatiun f rum CS/T 
to NADIN conccnlr<:Jtors (2 t+OO 
bps). to NADIN swi t.ch (l+800 
bps). to IJAD1N conn'nlrator 
(q~UO bps) to ARTCC lermina I 
(2 /+UO bps) and vicl' vprsa

--+--(hal[ du p_l_ex_)'-, -1 

Three dedicated channels lrnm 
C',1cll CD-2 (or ARSR-"J) at a 8ur
vpill:lnc~ site to thC' local pn 
roulp computl~r (2qOO bps each). 
Three redundant chann('ls arC' 
provi.ded for backup. Separate 
modems at each end, and s{'pa
rate UTc.;s at the survldllance 
site are provided for the 
primary and the backup channels 
("implex) • 

ThrC'Q dedicated channelt-> 
from eat.:h DABS processor 
at a radar site tu the 
local en rout~ computer 
(1,800 bps each), Three 

redundan t channel s are 
provided for backup. 
Separate modems at each 
end are provided for the 
primary and the backup 
channels (simplex). 

Delpled NC 



TABLE 9-2
 
EN ROUTE FACILITIES - DAT A COMMUNICATIONS
 

IMPROVEMENTS SUMMARY
 
(CONTINUED)
 

'0 
I 

o 
~ 

FUNCTION CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST-1982) 

8. DATA LINK-ARTce NA NA One dedicated channel from 
each DABS processor to a 
front-end processor at the 
local en route computer 
(4800 bps) plus an iden
tical channel for backup 
(full duplex) • 

-  -  ._ -~------- -
Y. JOINT USE WEATHER 

RADAR--A:1.TCC 
NA NA Data transfer via one 

dedicated channel from 
ARTCC to nearest Joint 
Use Weather Radar site 
(24110 bps) (full duplex). 

1------..  .._- _. --  - ---_ ..'---'---"----' -._--_._.__.-._..---~ '--'------_._._-_.. 

~ \; . ARICe-FI.IGHT SERV U;;-. Area B TTY Netw( ;',:, - Trans:-er (If IFR NADIN I - Data trans fer from NADIN III - Data transfer 
~. 

~~,)ll-A\ll (lilL,:! t.~d flight p1i:Pl data from flight service FSS station to NADIN concentra from FSS to NADIN C'oncen
stations and combined station/towers tor (75 bps or 1200 bps), to trator (75 or 2400 bps), 
to ABDl~; switch (75 b;>s) ther. to NADIN switch (4800 bps). to to NADIN switch (4800 bps), 
ARTCe for en!"ry intcl the (>n route NADIN concentrator (4800 bps), to NADIN concentrator (4800 
computer (7) bps) (haH duplex). then to en route computer (up bps), then to en,route 

to 40 kbps) and vice versa computer (up to 4J kbps) aild 
(half duplex). vice versa (half duplex). 

f----------------. --- '----- ._._-_._--- ._-----

b. Automated ~A NADIN I - Dala transfer from NADIN III - Same as NADIN 
FSDPS to NADIN concentrator I in Near Term. 
(2 1,00 bps), to NADIN switch 
(4800 bps), to NADIN concen
trator (4800 b'Ps). to en route 

U. ~"'-'~O", """ AIRLTNE OFFICFS 

+------J """" ·m .""",,  """"0'of IFR- flight plan" from BASOPS. 

computer (up to 40 kbps) and 
vice versa, (half dupIe.x). 

NADI~~ I - Data transfer from TTY 
or DTE station to NADIN concen

~ADIN III - Data transfer 
same as for NADIN I in 

Airl ine Offices. to en route trator (75 bps or 1200 bps), to t-'ear Term. 
computer (75 bps) (half dup lex). NADIN switch (4800 bps). to NADIN 

concentrator (4800 bps). then to 
en route computer (up to 40 kbps) , 
and vice versa (half duplex)_ 

---------  - --  ._-------------- 

i 
\ 



TABLE 9-2
 
EN ROUTE FACILITIES - DATA COMMUNICATIONS
 

IMPROVEMENTS SUMMARY
 
(CONCLUDED)
 

'0 
..!.... 

FUNCTION CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST-1982) 

12. ARTCC-CANADIAN 
CENTERS 

AFI'N Network - Transfer of IFR 
flight plans fr(UI Canadian centers 
to AFfN (75 bps), then to ARTCC 
(75 bps), and vice versa (half 
duplex) . 

Center B TTY Network and Switch -
Interchange of flight plan data 
between centers on same loop 
(Eastern or Western) and between 
centers on separate loops, via 
swi tching capability at NATCOM 
(75 bps) (half duplex). 

NADIN I - Data transfer from 
Canadian center to Canadian 
AFI'N swi tch t to NADIN 5 .... 1 tch 
(1200 bps), to NAOIN concen
trator (4800 bps), then to 
en route computer (up to 
40 khps) , and vice versa 
(half duplex). 

Deleted 

NC 

NADIN III.  Data transfer 
same as for NADIN I in 
Near-Tenn with possible 
upgrade to 2400 bps. 

NC 

Dedicated cjcruit from 
WSFO to ARTCC for AFOS 
data (2400 bps). An 
additional circuit will 
be provided for hack up. 

13. CENTER-CENTER 

14. NWS-ARTCC One dedicated telephone line 
to carry weather chart data 
from NMC to facsimile printer 
in each ARTCC. 

IS. ARTCC-WMSC Service A - Weather data and 
Reques"t/Reply service from 
WMSC (75 bps) (half duplex). 

NADIN II - Data transfer from 
DTE to NADIN concentrator 
(2400 bps), to NAOIN swi tch 
(4800 bps), to WMSC (4800 
bps) and vice versa. 

N~ 

NC 

r,c 

16. ARTCC-CFJC Movement data transmitted by 
ARTCC to one of five ARTCCs (2400 
bps) then dedicated line to CFJC 
(2400 bps). 

nirectives transmitted hy 
ATCSCC to ARTCC via Center 
B (75 bps multipoint) service. 
Also faxsimile service via 
dedicated lines. 

NADIN II Data transfer from 
ARTCC to NADIN concentr;J.tor 
(up to 40 kbps). to NADIN 
switch (4800 bps), then to 
CFJC (4800 bps). 

NAnrn II-Directives transmitted 
by ATCSCC to NAOTN swi tch 
(4800 bps), to NADIN concentra
tor (4800 bps), then to.ARTCC 
(up to 40 kbps). FAX sprvil.:e 
maintained. 

17. ATCSCC-A"TCC 



Low speed circuits are also provided for FDEP equipment in 

VFR towers. 

Digitized search and beacon data are transmitted from surveil

lance sites to an ARTCC via three 2400 bps channels. Three 

identical channels are provided for redundancy. Also, broad

band service is retained for a second level of backup. 

Teletypewriter service is provided on three different networks; 

Area B, Utility B and Center B. The first two networks are con

nected directly to the 9020 computer. The Center B network has 

a terminal in the ARTCC, but is not connected to the 9020. 

Movement reports are transmitted to the Central Flow Jackson

ville Computer (CFJC) via one of five ARTCCs that relay these 

messages to the CFJC. 

Each ARTCC has a facsimile printer for copying weather charts 

from the National Meteorological Center (NMC). Transmission is 

over a single dedicated voiceband telephone line. 

Near Term En Route Facilities 

In the Near Term, NADIN I and NADIN II are introduced to replace 

all transmission between ARTCCs, and between ARTCC and all ter

minals, except FDEP terminals. The user equipment (TTY station, 

etc.) are in many cases upgraded to 1200 or 2400 bps data ter

minal equipment (DTE). The transmission system is changed in 

order to more efficiently utilize the transmission channels. 

All three teletype circuits (Area B, Utility B and Center B), are 

replaced with transmission and switching by NADIN. In many cases, 

teletypewriter terminals are upgraded to DTEs. 
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75 bps75 bps75 bps75 bps 

broadband 
(3 backup) 

2400 bps 
(J primary) 

75 bps 
Area B 

2400 bps 

ARTCC 

75 bps 7S bps 
Center B 

7S bps 
Utility B 

75 bps 

Service A 

2400 bps 
(backup) 

2400 bps 
(primary)fax2400 bpsCANADIAN AFTN 

SWITCH 

75 bps 

fax 

E] 

CANADIAN EN ROUTE ADJACENTNWS FACILITY ARTCC4800 bps 
(2) 

FIGURE 9-1
 
CURRENT EN ROUTE DATA COMMUNICATIONS
 

CONNECTIVITY DIAGRAM
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FIGURE 9-2 
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For surveillance data, the CD-2 and the ARSR-3 are introduced in 

Near Term, to replace the original CD. Both the CD-2 and the 

ARSR-3 provide completely redundant paths from the Data Trans

mission Groups (DTGs) at the surveillance site through the modems 

at each end, and the redundant telephone lines. The backup broad

band radar service is discontinued in Near Term. 

The facsimile service from NMC to a printer in each ARTCC rl'mains 

the same in Near Term as in the current system. 

Far Term En Route Facilities 

NADIN III is introduced in the Far Term, but the ARTCC-ARTCC data 

trans fer is the same as for the Near Term. 

The transmission from ARTCC to all automated terminals (ARTS III, 

ARTS II and a replacement for the TPX-42) in the Far Term is via 

NADIN III and the Terminal Information Processing System (TIPS). 

TIPS replaces the FDEP equipment and acts as a front-end processor 

for the terminal proc~ssor. The TPX-42 is replaced with a pro

grammable device, and interfaces with the ARTCC in the same manner 

as the ARTS III and the ARTS II. The ARTCC-VFR Tower "FDEP" data 

transfer is a~so via NADIN, but to a medium speed terminal. 

The Discrete Address Beacon System (DABS) is introduced at sur

veillancesites in the Far Term. Transmission is via three dedi

cated 4800 bps channels with three identical channels serving as 

backup. Redundancy is provided through the modems at each end. 

Data link from surveillance sites to ARTCCs is introduced in the 

Far Term. A dedicated 4800 bps channel, plus an identical redun

dant channel, are provided from the DABS processor to a front-end 

processor in the ARTCC. 
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The three teletypewriter networks (Area B, Utility B and Center 

B), which were replaced with NADIN in the Near Term, remain 

configured as in the Near Term. 

The NMC facsimile circuit to the ARTCC is replaced with a 2400 

bps dedicated circuit from AFOS. A second 2400 bps circuit is 

planned for redundancy. 

Weather radar data from a nearby Joint Use Weather Radar facility 

are provided via a 2400 bps dedicated data channel. 

9.1.1.2 TRACON!Tower Facilities - Improvements 

The TRACON!Tower data communications are comprised of the 

following services; terminals to ARTCC,termina1.to terminal, 

surveillance sites to terminals, automated terminals to satellite 

terminals, and FDEP data to terminals. Some basic assumptions 

which were used in describing the terminal data communications 

are listed in Table 9-3. The descriptions of the three periods 

of interest, Current, Near Term and Far Term, are contained in 

Table 9-4. An illustration of the configuration for each of 

the three time periods is shown in Figures 9-4, 9-5, and 9-6. 

Clarifying information is included in the next three subparagraphs. 

Current TRACON!Tower Facilities 

The terminal to ARTCC data transfer is described in Section 

9.1.1.1, En Route Facilities. 
\ 

Terminal to terminal data transfer is provided along some routes 

for what is known as "tower en route" control. Data is relayed 

through one or two en route computers. No additional trans

mission lines are required; the normal ARTS III to ARTCC and 

ARTCC to ARTCC channels are used. 
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TABLE 9-3 
ASSUMPTIONS FOR TRACON/TOWER FACILITIES DATA COMMUNICATIONS 

1.	 Data communications between an ARTCC and terminals (ARTS III, 

ARTS II, TPX-42, VFR tower) and vice versa, are the same. 

This is true in a general sense, but the messages flowing in 

one direction differ from those flowing in the opposite direction. 

2.	 Tower en route operation occurs between adjacent terminals
 

operating under the same or adjacent centers.
 

3.	 ARTS III terminals will use digitized radar in Far Term. All
 

other terminal radar will be broadband.
 

4.	 The ARTS III terminals, which utilize digitized radar, will have 

digital displays. 

5.	 Broadband radar will 'not be used when digitized radar is avail 

able. A decision on the retention of broadband radar as a 

backup has not been made. 

6.	 In the Far Term, 'all ARTS III satellite towers will have
 

digitized tower displays.
 

7.	 Transfer of digitized radar data to an ARTS III terminal is
 

via four 4800 bps' lines.
 

8.	 No redundancy is provided for the data channels from surveillance 

sites to terminals. 

9.	 DABS is implemented at ARTS III sites only (not for ART~ II
 

and TPX-42).
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TABLE 9-3
 
ASSUMPTIONS FOR TRACON/TOWER FACILITIES DATA COMMUNICATIONS
 

(CONCLUDED)
 

10.	 One 2400 bps channel. plus a redundant channel. are provided
 

from DABS to ARTS III for data link.
 

11.	 All TRACONs (ARTS III. ARTS II and TPX-42) may have satellite
 

towers.
 

12.	 Digitized weather radar will be provided in the Far Term for
 

ARTS III only.
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TABLE 9-4 
TRACONrTOWER FACILITIES· DATA COMMUNICATIONS 

IMPROVEMENTS SUMMARY 

"0 
I 

N 
W 

F1JNCTION CURRENT (1978) NEAR TEIlM (197~82) FAR TERM (POST-1982) 

1. ARTS III TERMINALS - SEE Table 9-2 Item 2 
ARTCC 

2. ARTS II TERMINALS - SEE Table 9-2 Item 3 
ARTCC 

3. .TPX-42 - ARTCC SEE Table 9-2 Item 4 

4. VFR TOWER - ARTCC SEE Table 9-2 Item 5 

5. ARTS III - ARTS III Relay through an en route computer NADIN II - Data transfer from NADIN III and TIPS (ARTS III) -
(Fligh t Plan Data to transfer data between two ARTS III ARTS III computer to NADIN Data transfer same a8 for 
and Handoff Data) computers. The data transfer is over concentrator (2400 bps). to NADIN II in Near-Term, except 

dedicated channels from the sending NADIN switch (4800 bps), to a interface to ARTS III comPuter 
ARTS III computer to the en route concentrator (4800 bps), then is via TIPS. 
computer (2400 bps) to another en to another ARTS ·111 computer 
route computer (2400 bps) to the (2400 bps) (full duplex). 
receiving ARTS III computer (2400 
bps) (full duplex). 

NOTE: The dedicated 2400 bps channel 
betwee.Il an ARTS III computer and the 
local en route computer is· the same 
one which is used for normal ARTCC/ 
ARTS III data transfer. 



F1JNCTION 

6.	 SURVEILLANCE SITES 
ARTS III TERMmALS 

a. Broadband Search 
Radar and Beacon Data 

"0 
I 

~ '" 
b.	 Digitized Search 
Radar, Weather Radar 
and Beacon Data 

7.	 JOINT USE WEATHER 
RADAR SITE TO 
ARTS III TERMINALS 

TABLE 9-4
 
TRACONITOWER FACILITIES - DATA COMMUNICAnONS
 

IMPROVEMENTS SUMMARY
 
(CONTINUED) 

CURRENT (1978) 

FAA-owned Radar Microwave Link (RML) 
or coax cable from each airport sur
veillance site to the associated 
TRACON for transmission of broad
band search radar and beacon data. 

NA 

NA 

NEAR TERM (1979-82) 

NC 

NA 

NA 

FAR TERM (POST-1982) 

Deleted 

Four dedicated circuits 
(4800 bps each) from each 
DABS processor to a TRACON, 
for	 transfer of digitized 
search radar, weather data 
and beacon data (full duplex). 

Dedicated circuit (2400 bps) 
from RadsT site to transfer 
weather data to TRACON. 

~-
\ 



TABLE 94
 
TRACONITOWER FACILITIES - DATA COMMUNICATlONS
 

IMPROVEMENTS SUMMARY
 
(CONTINUED)
 

"0. 
to.) 
ton 

FUNCTION CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST-1982) 

8. ARTS II! TERHlHALS -
SATELLITE TOIlERS 

a. Tower BRITE 
Display Data 

b. Digitized Tower 
Display Data 

c. Weather Radar 
Data 

9. SURVEILLANCE SITES
ARTS I! TERMINALS 

Broadband Search 
Radar and Beacon 
Data 

Data for the tower BRITE displays 
at satellite towers are trans
mitted from the TRACON over an 
RHL or a coax cable (simplex). 

NC Deleted 

NA NA One dedicated circuit (2400 
bps) from the TRACON to the 
tower digital displays at a 
satellite tower (full duplex). 

NA NA Dedicated line (2400 bps) 
from ARTS III TRACON to 
associated tower to transfer 
weather data to tower. 

FAA-owned RHL or coax cable from 
each airport surveillance site 
to the associated TRACON for 
transmission of broadband search 
radar and beacon data. 

NC NC 



TABLE 9-4
 
TRACONITOWER FACILITIES - DATA COMMUNICAnONS
 

IMPROVEMENTS SUMMARY
 
(CONCLUDED)
 

'0

"J•
00 

FUNCTION CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST 1982) 

10. ARTS II TERMINALS -
SATELLITE TOWERS 

Broadband Tower 
BRITE Display 
Data 

Data for the tower BRITE displays 
at satellite towers are trans
mitted from the TRACON over an RML 
or a coax cable (simplex). 

NC NC 

II. RADAR SITES TPX-42 
TERMINALS 

Broadband Search 
Radar and Beacon 
Data 

FAA-owned RML or coax cable from 
each airport surveillance site to 
the associated TRACON for trans
mission of broadband search radar 
and beacon data. 

NC NC 

12. TPX-42 TERMINALS -
SATELLITE TOWERS 

Broadband Tower 
BRITE Display 
Data:- . 

Data for the tower BRITE displays 
at satellite towers are trans
mitted from the ·meON over an RML 
or a. coax cable (simplex). 

NC NC 

13. DATA LINK -.ARTS III NA NA One dedicated channel 
(2400 bps) from each DABS 
processor to an ARTS-III 
computer, via TIPS, for 
data link, plus an identical 
channel for backup (full 
duplex). 

i c\ 
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Search radar beacon data are transmitted as broadband data to 

each type of terminal (ARTS III, ARTS II and TPX-42). 

Data for BRITE displays at satellite towers are transmitted from 

each of the three different types of terminal (ARTS III, ARTS II 

and TPX-42) as broadband data. 

Near Term TRACON/TOWER Facilities 

The terminal to ARTCC data transfer is described in Section 

9.1.1.1, En Route Facilities. 

Terminal to terminal data transfer is provided along some routes 

for "tower en route" control. Concentration and switching are 

provided by NADIN, rather than by the 9020 as in current era. 

Search radar and beacon data continue to be transmitted to ARTS 

III, ARTS II and to TPX-42 sites as broadband data. 

Satellite towers continue to use BRITE displays. Broadband data 

is transmitted to the BRITE displays. 

Far Term TRACON/TOWER Facilities 

The terminal to ARTCC data transfer is described in Section 

9.1.1.1, En Route Facilities. 

Terminal to terminal data transfer is provided along some routes 

for "tower en route" control. Concentration and switching are 

provided by NADIN, as in Near Term. However, the interface to 

ARTS III, ARTS II or TPX-42 replacement in Far Term is via TIPS. 

The DABS is introduced in Far Term. Digitized search radar, 
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weather radar and beacon data are transmitted from the surveillance 

sites to the ARTS III via four dedicated 4800 bps circuits. 

Search radar and beacon data continue to be transmitted to ARTS II 

sites and to sites using a replacement for the TPX-42 as broadband 

data. 

Satellite towers from an ARTS III facility have digital displav~. 

One dedicated 2400 bps channel is used for transmission. 

Satellite towers from ARTS II and TPX-42 replacement facilities 

continue to use BRITE displays. Broadband data is transmitted 

to the BRITE displays. 

Data link service is provided from the DABS processor to the 

ARTS III processor, via TIPS. A dedicated 2400 bps channel is 

used for transmission, with a second 2400 bps channel provided 

for backup. 

Joint use weather radar data are provided to the ARTS III 

TRACON and associated tower cah via a dedicated 2400 bps data 

channel. 

9.1.1.3 ATCSCC Improvement~ 

The ATCSCC (or SCC) data communications are comprised primarilv 

of the following services: ARTeC to CFJC, CFJC to sec, sec 
to ARTCC and NWS to SCC. Some basic assumptions which \':CH' 

used in describing the ATCSCC data communications are listed 

in Table 9-5. The descriptions of the three periods of interest, 

Current, Near Term and Far Term are contained in Table Y-6. 
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TABLE 9-5
 
ASSUMPTIONS FOR ATCSCC FACILITY DATA COMMUNICATIONS
 

1.	 The SCC will remain on the Center B TTY network after the CFJC is 

installed, for transfer of flow control information from the SCC 

to ARTCCs. 

2.	 The Airport Information Retrieval System (AIRS) will be replaced 

by the Central Flow Jacksonville Computer (CFJC) in the current 

time frame. 

3.	 The CFJC interface with 5 selected ARTCCs over dedicated 2400 

bps lines will take place in the current time frame. 

4.	 The CFJC interface with the SCC over two dedicated 4800 bps lines 

will take place in the current time frame. 
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TABLE 9-6
 
ATCSCC FACILITY· OATA COMMUNICAnONS IMPROVEMENTS SUMMARY
 

'1' 
w 
w 

FUNCTION CURRENT (1978) NEAR TERM (1919-82) FAR TERM (POST-1982) 

l. ARTCC-CFJC One dedicated circuit (2400 bps) 
from CFJC to each of five selected 
ARTCCs for transfer of flow con
trol messages to the CFJC (full 
duplex) • 

NOfE: Transfer of flow control 
messages from the remaining 15 
ARTCCs to the five ARTCCs which 
interface with the CFJC is over 
the normal center-to-center data 
channels. 

NADIN ir - Data transfer from 
en route computer to NADIN 
concentrator (up to 40 kbps) , 
to NADIN switch (4800 bps), 
then to cFJC (4800 bps), and 
vice versa (full duplex). 

NADIN III - Data transfer same 
as for NADIN II in Near Term. 

2. CF.TC-SCC Two dedica ted circuits (4800 bps 
each) for transfer of flow control 
messages from CFJC to SCC (full 
duplex). 

NADIN II - Data transfer from 
CFJC computer to NADIN switch 
(4800 bps), then to SCC (4800 
bps), and vice versa (full 
duplex) • 

NADIN III - Data transfer 
same as for NADIN II in 
Near Term. 



TABLE 9-6
 
ATCSCC FACILITY - DATA COMMUNICATIONS IMPROVEMENTS SUMMARY
 

(CONTINUED)
 

"0 
I 

W 
.J:>. 

FUNCTIONS CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST-1982) 

3. SCC-ARTCC 
a. Flight 
movement 
directives 

Center B TTY Network (75 bps) for 
transfer of flow control directives 
from SCC to each ARTCC (half 
duplex). 

NADIN I - Data transfer from one 
of several terminals at SCC to a 
concen~rator (75 to 2400 bps), to 
NADIN swtich (4800 bps). to NAD[N 
concentrator (4800 bps), then to 
a terminal at ARTCC (2400 bps) 
or to the 9020 computer (up to 
40 kbps) (half duplex). 

NADIN lIT - Data transfer 
same as for NADIN I in 
Near Term. 

b. Satelli te One dedicated telephone line t~ NC NC 
Maps each of 14 ARTCCs to carry 

facsimile of satellite p[cturcs 
from SCC (simplex). 

(\ ~ ;. 



TABLE 9-6
 
ATCSCC FACILITY - DATA COMMUNICATIONS IMPROVEMENTS SUMMARY
 

(CONCLUDED)
 

-0 
l> 
In 

F1JNCTlON CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST-1982) 

4. NWS-SCC Three dial-up telephone lines to NC NC 
a. Weather Radar carry data from 30 radar sites to 

a thermofax printer in the sec 
(simplex) . 

h. Weather Facsimile c 1rcuit to r;arry charts NC NC 
charts of upper ail conditio_15 to sec from 

NMC (simplex). 

c. Satellite Dedicated telephone line to carry NC NC 
Maps satellite pictures to sec from 

NOAA's National Environmental 
Satellite Service (simplex). 

d. High Winds 850 bps circuit to carry NADIN I - Transfer of high winds NADIN III - Data transfer same 
forecasts of high winds. to forecasts from SeveI e Weatber as for NADIN I in Near Term. 
the sec from the Severe Labs to NADlN switch (4800 
Weather Labs (simplex). bps), to concentrator at the 

SCC (4800 bps) (full duplex). 

5. SCC - FSS Area B TTY Network (75 bps) NADIN I - Data transfer from NADlN III - Data transfer 
for transfer of flow control one of several terminals at same as for NADIN I in 
directives to various FSSs SCC to a concentrator (75 to Near Term. 
(half duplex). 2400 bps), to NADlN switch 

(4800 bps), to NADlN concen-
trator (4800 bps) then to 
FSS (75 bps) (half duplex). 

6. WMSC-SCC Service A Network (1200 bps) for NADlN II - Data transfer. from NC 
transfer of weather data to ATCSCC. WMSC to NADlN switch (4800 bps) 

then to ATCSCC (4800 bps) 
(half duplex). 



I 

1-.----/ 

An illustration of the configuration for each of these time 

periods is shown in Figure 9-7. and 9-8. The configuration for 

Far Term communications is the same as that for Near Term 

communications. Clarifying information is contained in the 

following three subparagraphs. 

Current ATCSCC Facilities 

Flow control information is provided to the CFJC from five 

selected ARTCCs. A dedicated 2400 bps channel is provided 

from each of the five ARTCCs to the CFJC. Flow control data 

from the other 15 ARTCCs are transmitted to these five ARTCCs. 

using the normal ARTCC-ARTCC data channels for relay to the 

CFJC. 

Two dedicated 4800 bps channels are provided for transfer of 

flow control data from the Central Flow Jacksonville Computer 

(CFJC) to the SCC. 

Two transmission paths are provided from SCC to ARTCC; (1) 

Center B network for transfer of flow control information 

from SCC to ARTCC. and (2) dedicated telephone line for 

facsimile transmission of satellite weather pictures from 

SCC to 14 ARTCCs. Flow control information to FSSs is sent 

via the Area B network. 

Weather data from NWS (WX radar. WX charts. satellite maps. 

WX forecasts and high winds forecasts) are transmitted over 

dedicated facsimile lines and a high speed teletype circuit. 

Radar data from 30 weather radar sites is accessed via 3 dial 

up facsimile circuits. 
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Near Term ATCSCC Facilities 

The Center B teletype network in the current system is replaced 

with NADIN. The dedicated telephone line is retained at each 

of 14 ARTCCs for facsimile transmission of satellite weather 

maps. 

Flow control data from each ARTCC is sent to the CFJC through 

NADIN. Transfer of flow control data from CFJC to SCC is via 

NADIN without going through concentrators. This traffic will 

divide between the two NADIN switches. 

The weather radar, weather charts and satellite maps continue 

to be sent from NWS as in the current system. However, the 

weather forecasts from WMSC and the highwinds forecasts from 

Severe Weather Labs are handled by NADIN. 

Far Term ATCSCC Facilities 

All data transfer in Far Term is the same as in Near Term, 

except that NADIN III replaces NADIN II. 

9.1.1. 4 Flight Service Facility Improvements 

The FSS data communicat~ons are primarily involved in the 

accumulation and organization of a weather data base, inter

active communications with user terminals and the filing of 

flight plans and transmission of various administrative messages. 

Some basic assumptions used in describing the FSS data communica

tions are listed in Table 9-7. Descriptions of ,the three periods 

of interest, Current, Near Term and Far Term are provided in 

Table 9-8. Illustrations of the connectivity required in each 

time period are shown in Figures 9-9, 9-10 and 9-11 respectively. 

Some discussion is included in the following subparagraphs. 
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TABLE 9-7 
ASSUMPTIONS FOR FLIGHT SERVICE FACILITIES DATA COMMUNICATIONS 

1.	 NADIN I - Including all Area B. Mil B. Air B. Utility B. and 

US AFTN subscribers and with connections to WMSC. NWS. NAS 9020s. 

and International AFTN - is assumed in Near Term. Model 1 FSS 

including AFSSs and FSDPS are included in the Near Term. 

2.	 NADIN II - Including in addition to the above. all Service A 

subscribers. CFJC and ATCSCC- is also assumed in Near Term. 

3.	 NADIN III - Including all the above and communications in support 

of the AWP are assumed to be Far Term. 

I 

4.	 NADIN III is assumed to be coincident with AWP. 
l~ 
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TABLE 9-8
 
WEATHER AND FLIGHT SERVICE FACILITIES - DATA
 

COMMUNICATIONS IMPROVEMENTS SUMMARY
 

FAR TERM (POST-1982)NEAR TERM (1979-82)CURRENT (1978)FUNCTION 

1.	 WMSC - FS Facility 

a.	 Weather data gathering 

b.	 Distribut.ion of 
Weather Products'9 

,l:l.. 

2.	 WMSC - ARTCC 
Weather Products 

FSS to WMSC 
Service A Network - 75 bps 
multipoint circuits from 
all FSSs, and other FAA 
weather collection points 

WMSC to FSSs 
Service A Network - 75 bps 
multipoint circuits to all 
FSSs. 

WMSC to other weather users 
Service A Network - various 
rate circuits (up to 2400 
bps) to weather users. 

WMSC - ARTCC 
Service A Network Requestl 
Reply service (75 bps) to 
provide requested weather 
data to ARTCC. 
(Half duplex) 

AFSS to WMSC 
NADIN II - Data transfer from AFSS 
to FSDPS (via dedicated lines at 
various rates) to NADIN concentrator 
(1200 bps), to NADIN switch (4800 bps) 
then to WMSC (4800'bps). 

FSS and other FAA collection points 
to WMSC 

NADIN II - Data transfer from collec
tion points to NADIN concentrators 
(various rates), to NADIN switch 
(4800 bps) then to WMSC (4800 bps). 

WMSC to AFSS 
NADIN II - Data transfer from WMSC to 
NADIN switch (4800 bps), to NADIN 
concentrators (4800 bps). to FSDPSs 
(1200 bps). then to AFSSs (via 
dedicated lines at various rates) as 
requested. 

WMSC to FSSs and other users 
NADIN II - Data transfer from WMSC 
to NADIN switch (4800 bps) to NADIN 
concentrators (4800 bps) to FSSs and 
other userB (various rates). 

WMSC - ARTCC 
NADIN II - Request from ARTCC to 
NADIN concentrator (2400 bps), to 
NADIN switch (4800 bps) then to WMSC 
(4800 bps). Reply follows reverse 
path. 

FSDPS to WMSC 
NADIN III - Data transfer from FSDPS 
to NADIN concentrators (4800 bps) to 
NADIN switch (4800 bps). then to WMSC 
(4800 bps). The NADIN switch will 
simul taneously send a duplicate copy 
of each item to the AWP (4800 bps). 

NC 

WMSC to AFSS 
NADIN III - Data transfer from WMSC to 
NADIN switch (4800 bps) to AWP (4800 
bps), to NADIN switch (4800 bps) to 
NADIN concentrator (4800 bps) then to 
FSDPS (4800 bps), and then to AFSS 
(via dedicated lines at various rates) 
in response to requests. 

WMSC to other weather users 
NADIN III - Data transfer from WMSC to 
NADIN switch (4800 bps) to NADIN concen
trators (4800 bps) then to FSSs and other 
weather users (various rates). 

WMSC - ARTCC 
NADIN III - Request from ARTCC to NADIN 
concentrator (2400 bps) to NADIN switch 
(4800 bps) then to WMSC (4800 bps). 
Reply follows reverse path. 



TABLE 9-8
 
WEATHER AND FLIGHT SERVICE FACILITIES - DATA
 

COMMUNICATIONS IMPROVEMENTS SUMMARY
 
(CONTINUED)
 

FUNCTION C1JRlOOIT (1978) NEAR TERM (1979-82) FAR TERM (POST 1982) 

3. WMSC - Nat ional 
Weather Service 

Exchange of weather 
data (alphanumeric data 
only) • 

Wl!SC to/from NMC 
Service A Network - 2400 
bps circuit from WMSC to 
National Meteorological 
Center 

Wl!SC to NMC 
NADIN I - Data transfer from Wl!SC to 
NADIN switch (4800 bps) then to NHC 
(2400 bps) and vice versa 

NC 

Wl!SC to/from WSFOs 
Service A Network - 75 bps 
multipoint circuits from 
Wl!SC to all Weather Service 
Forecast Offices 

Deleted 

NHC to FSS 
NC 

NC 

NMC to FSS 
NC 

4. NHC - FS Facility 
Weather Maps 

NMC to FSS 
Leased facsimile circuits 
to distribute weather maps. 

NHC to AFSS 
Leased facsimile circuits to 
distribute weather maps. 

NMC to AFSS 
Deleted 

(Weather maps included in data bsse) 

5. AWP - NWS 
Weather maps (graphic data NA NA Leased line - 2400 bps circuit from 
to AWP) 

NA 

NWS to AWP. 

Dedicated lines - 2400. 4800 and 9600 
bps channels to allow users to access 
the FSDPS. Up to 3 user terminals will 
share each line. 

6. FSDPS - DUATS 
Interactive access to 
weather data base for 
weather briefings and 
filing of flight plans. 

NA 

Dial-in ports (300 and 1200 bps) sllow some 
users to access the FSDPS. Only one user 
terminal can use a dial-in line at a time. 

7. FSDPS - Weather Radars 
Weather Radar Data NA NA Dial-up ports (2400 bps) to allow entry 

of graphic data from the Weather Radars. 
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TABLE 9-8
 
WEATHER AND FLIGHT SERVICE FACILITIES - DATA
 

COMMUNICATIONS IMPROVEMENTS SUMMARY
 
(CONCLUDED)
 

"P ..... 
w 

FUNCTION CURRENT (1978) NEAR TERM (1979-82) FAR TERM (POST-1982) 

8. FS Facility - ARTCC 
Entry of IFR flight 
plans, etc. 

AFSS to ARTCC 
NA 

AFSS to ARTCC 
Message transfer from AFSS to FSDPS 
(dedicated lines at various rates),' 
to NAnIN I concentrator (1200 bps), 
to NAnIN switch (4800 bps), to NAnIN 
concentrator (4800 bps) then to 9020 
Processor (up to 40 kbps). 

AFSS to ARTCC 
NC 

FSS to ARTCC 
Area B Network - Message 
transfer from FSS to ARDIS 
switch (75 bps multipoint) 
then to ARTCC manual posi
tion (75 bps) for format
ting and processor entry. 

FSS to ARTCC 
NAnIN I - Message transfer from FSS 
to NAnIN concentrator (75 bps) to 
NAnIN switch (4800 bps) to NADIN 
concentrator (4800 bps) then to 
ARTCC manual position (2400 bps) for 
formatting and entry into the 9020 
Processor. 

FSS to ARTCC 
NC 

9. FS Facility - Other 
ARTCCs. other FSDPSs. 
Mil Base Ops, CFJC • 
ARTSCC, Records 
Center J NATCOM, Aero
nautical Center 
NAFEC, etc. 

Miscellaneous Communica
tions to file or update 
VFR flight plans, to 
access remote data bases, 
and for miscellaneous 
other messages. 

AFSS to destination 
NA 

AFSS to destination 
Message transfer from AFSS to FSDPS 
(dedicated lines at vadou'l rates), 
to NAnIN I concentrator (1200 bps), 
to NAnIN switch (4800 bps) to NAnIN 
concentrator (4800 bps), th,en to 
destination (via a destinat~on com
patible circuit) and vice versa. 

~ 

AFSS to deatination 
NADIN III - Message transfer from 
AFSS to FSOPS (dedicated lines at 
various rates) to NADIN concentrator 
(480Q bps), to NADIN switch (4800 
bps), to NAnIN concentrators (4800 
bps), to destination (via a destina
tioncompatible circuit). 

FSS to destination 
Area B Network - Message 
tranafer from FSS to ARDIS 
switch (75 bps multipoint) 
then to destination (on a 
destination compatible 
circuit) and vice versa. 

FSS to destination 
NAnIN I - Message transfer from FSS 
to NAnIN concentrator (75 bps multi 
point), to NAnIN switch (4890 bps). 
to NAnIN concentrator (4800,bps), 
then, to destination (via a 
destination compatible circuit) and 
vice versa. 

FSS to destination 
NC 

(ATCSCC and CFJC are terminated in 
NAnIN switch) 
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EN ROUTE SURVEILLANCE SITE
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Current Flight Service Facilities 

In the Current systems, Figure 9-9, the Weather Message Switching 

Center (WMSC) collects weather data from FSSs, from the National 

Weather Service - National Meteorological Center, from Weather 

Service Forecast Offices (WSFO), and from other collection 

points. These data are organized and transmitted to all FSSs. 

This is the basic purpose of "Service A." These data are 

maintained in the FSSs on clipboards and are referred to in the 

briefings of pilots requesting information. 

Pilots generally request information over the counter (OTC) or 

by telephone, and therefore do not represent users of data 

communications. 

Once flight plans are prepared, they are filed into the ARTCC 

(IFR) or to the destination FSS (VFR) through the Area B network. 

Weather maps from NWS, and information from nearby radar sites, 

are obtained via dedicated facsimile circuits tailored to the 

needs of their specialized function. 

Near Term Flight Service Facilities 

In the Near Term, Figure 9-10, it is expected that some of the 

FSSs will be automated (AFSS) through access to centralized 

Flight Service Data Processing Systems (FSDPS). 

Also during this time period, NADIN will be implemented and 

take over the functions of Service A and Area B in accumulating 

the weather data and in filing flight plans. 
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Far Term Flight Service Facilities 

The Far Term will see the culmination of the flight service auto

mation program (Figure 9-11). In this time period, the FSS 

functions will be automated into a series of 20 FSDPSs, one located 

at each of the conterminous ARTCCs. The weather data base will 

be organized by the combination of the WMSC and an Aviation 

Weather Processor (AWP). Weather observations will continue to 

be made primarily by personnel at FSS facilities. Data communi

cations for these system elements will be provided by NADIN. 

Pilot access to the FSDPS will be through a dial up voice response 

system (VRS), through the use of data terminals or through a series 

of AFSSs equipped with data terminals. The data terminals at busy 

locations will be served on a multipoint basis via dedicated 

lines. The use of dedicated lines is dictated by the interactive 

nature of the service. The VRS and dial-in data service 

connections (to lightly loaded terminals) will be provided through 

the commercial telephone system. 

9.1.2 NADIN Configuration and Functions 

The current FAA data communications capability is characterized 

by the use of a number of separate independent networks. Efforts 

are currently underway to combine these separate capabilities 

into a single network, NADIN, which will meet the varied needs 

of present FAA operations and provide capacity for growth to 

accommodate future requirements as they develop. fhis section 

will describe the current networks, the NADIN concept and how 

NADIN will meet the FAA needs for data communications. 
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9.1.2.1 Current Data Communications Network 

Current FAA data communications are illustrated in Figure 9-12. 

Each network (Area B, Center B, NASNET, Service A, AFTN, etc.) 

is shown together with the primary facilities served and the 

element which controls it. Although most of the networks are 

teletypewriter networks, there is, in general, no automatic 

interconnection between them. The principle characteristics 

of these networks are listed below. 

Area B and Supplemental Circuits 

The Area B network is generally used for exchanging flight 

planning information and various types of administrative 

messages. The network consists of 24 multipoint circuits 

terminating over 300 terminals located at FSSs, CS/Ts, ARTCCs 

and other FAA facilities. All terminals are Model 28 series 

teletypewriters or compatible equipments. Control of each 

circuit as well as exchange of traffic between circuits is 

performed by the Automated Service BData Interchange System 

(ABDIS) located at Kansas City, Missouri. 

Supplemental B circuits are provided to relieve the high 

traffic load at certain high density Area B terminations. 

In general, the terminal equipments are Model 28 receive-only 

(R/O) teletypewriters. 

Center B 

The Center B network interconnects the 20 ARTCCs within the 

conterminous U.S., and is used for the interchange of flight 

movement information. The network consists of two circuits: 

one interconnecting the western ARTCCs, the other the eastern 

ARTCCs. All terminals are Model 28 teletypewriter equipments. 
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Control of the circuits and interchange of traffic between them 

is handled by an automatic switch at NATCOM in Kansas City, 

Missouri. 

NASNET 

Another teletypewriter network is the NASNET which interconnects 

the automated ARTCCs with NAFEC. This network is used for the 

exchange of information pertinent to the operations of the e~ 

route automation computers. The network consists of a single 

multipoint circuit and a controller located at NATCOM in 

Kansas City, Missouri. 

Service A 

The Service A network interconnects teletypewriters and some 

medium speed (1200 or 2400 bit per second) terminals at 

facilities which collect or use weather data. The network is 

specialized in that it handles only weather data. Weather 

observations and related messages are prepared at FSSs on 

punched paper tape and are inserted in the teletypewriter's 

tape reader. The Weather Message Switching Center (WMSC) polls 

these stations and collects their reports. The WMSC then 

organizes this weather data and distributes it to user locations. 

Some users, such as the ARTCCs have Request/Reply (RR) service 

which allows them to obtain specific weather information on 

request. 

AFTN 

The Aeronautical Fixed Telecommunications Network (AFTN) provides 

for the exchange of international aircraft movement information, 

administrative messages, and meteorological data between 

locations in the U.S. and in the International Civil Aviation 
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Organization (lCAO) member nations. The terminals are Model 28 

teletypewriter equipment, but they use a code which is slightly 

different than that used commonly in the United States. 

While the AFTN is international, the United States operates 

switching centers at Kansas City, Anchorage and Honolulu. The 

AFTN switch at NASCOM, Kansas City, is a major one providing 

the interconnection between some 39 circuits to points in ~he 

conterminous U.S., and additional circuits to Miami, San Juan 

and Balboa to serve the Caribbean and trunk circuits to Hawaii, 

Alaska, Montreal, Lisbon and Mexico City. 

Utility B 

Utility B circuits are a combination of the circuits previously 

known as Military B and Carrier B. They are used for filing 

flight plans and for general coordination between the centers 

and the principal users. The terminals are Model 28 teletype

writer equipment. The NAS 9020 processors are programmed to 

provide control of the Utility B circuits within their area of 

operations. 

FDEP 

FDEP circuits terminated at each center provide for the entry of 

flight plans and the distribution of flight strips to TRACONs 

and Towers within the center's area of coverage. The terminals 

operate in a mode and at a rate similar to teletypewriters, 

however the code is the EBCDIC code used in the en route auto

mation processors. Control of these circuits is provided by the 

en route automation processors. 
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NAS to NAS 

Medium speed circuits are used between adjacent ARTCCs and 

between ARTCCs and TRACONs for the exchange of data between 

computers. These circuits operate at 2400 bits per second, 

full duplex, and utilize the EBCDIC code of the en route 

automation computers. 

Radar 

Beacon and search surveillance data are transmitted from the 

remote radar sites to the ARTCC NAS 9020 computers via 2400 

bit per second data channels. Beacon and surveillance radar 

display data are transmitted to the TRACONs and Tower "BRITE" 

displays via video bandwidth channels in Radar Microwave 

Links (RML), or coaxial cables. 

9.1.2.2 NADIN 

The National Airspace Data Interchange Network (NADIN) will 

provide data communications service to all users. Thus, it will 

provide the capability for message exchange between users who 

are presently terminated on separate networks. Users such as 

the FSSs and the ARTCCs, which presently have several terminals 

because they require access to several different networks, will 

be able to consolidate their operations, assigning terminals for 

operator convenience rather than network compatibility. The 

NADIN will provide code, speed, and format conversion necessary 

to make the unlike terminal equipments compatible. Introduction 

of the NADIN will provide the following improvements for the 

data communications users: 

1. Unlike the present system which consists of a number of 

independent networks, NADINwill allow any user to communi

cate with any other user. 
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2. The number of terminals at some locations can be
 

reduced.
 

3. By providing automatic code~ speed and format con


version~ traffic may be exchanged among existing
 

terminals which are now incompatible.
 

4. The number of terminals on a multipoint circuit will 

be reduced~ thereby reducing the waiting time to use the 

circuit. 

5. By concentration~ the long haul circuits will be used 

much more efficiently~ thereby reducing the system 

operating costs. 

6. Use of error detection and correction techniques on
 

trunks will eliminate most transmission errors.
 

7. The system will maintain a record of all traffic
 

handled. This may be used to trace messages~ to analyze
 

traffic load patterns~ and provide a basis for identi 


fying requirements for future growth.
 

8. The system will maintain a copy of all messages in
 

classes that might be required for future retrieval.
 

9. The system will provide the means for substituting
 

faster or more sophisticated terminals as the need for
 

such terminals develops.
 

10.	 NADIN will monitor each terminal and for some terminal 

types will detect failures and initiate corrective action 

before the users notice that the terminal has failed. 
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NADIN Network 

NADIN will operate in a network as illustrated in Figure 9-13. 

The network will include two message switching centers: one 

located at Atlanta, Georgia, the other at Salt Lake City, Utah, 

and 23 concentrators, one located with each ARTCC, including 

Anchorage, Honolulu and San Juan. The message switches will 

accept messages from originating stations, store them and 

transmit them to destination stations in sequence by age and 

priority. The concentrators will provide code and speed 

compatibility required for the variety of terminal devices and 

will concentrate all user traffic to efficiently use trunk 

facilities to the message switch. The functional relationship 

between the concentrators and message switches is shown in 

Figure 9-14. 

NADIN Program Plan 

The NADIN implementation has been divided into three phases, refer

red to as levels (NADIN I, NADIN II and NADIN III). In each level 

certain classes of traffic will be transferred into the NADIN net

work. In general, these categories of traffic, and the terminals 

of origination and termination are identified by the network which 

presently handles them. Where new categories of traffic are to be 

absorbed by NADIN, they are identified by indicating the destina

tions served. The NADIN levels and the categories of traffic 

for each are indicated in Table 9-9. 

Both NADIN I and NADIN II will be implemented during the Near 

Term period. Data communications as of the end of the Near 

Term period will be as shown in Figure 9-15. It should be 

noted that during this period the Model 1 FSAS program will be 

implemented. Under this program, data communications to/from 

the Automated Flight Service Stations (AFSSs) will be routed 
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MESSAGE SWITCH
 

CHECK FORMAT 
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NADIN SUBSYSTEM FUNCTIONS
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-----~~--------------- ------- 

TABLE 9-9
 
TRAFFIC HANDLED BY NADIN
 

TRAFFIC 
CATEGORY 

NADIN LEVEL 
I II III 

Area B X X X 

Center B X X X 

NASNET X X X 

AFTN X X X 

Utility B X X X 

International AFTN X X X 

NWS to WMSC X X X 

Service A X X 

ATCSCC X X 

CFJC X X 

AWP X 

ARTCC - ARTCC X X 

ARTCC - Terminals/Towers X X 

ARTCC - FS Facilities X X 
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through FSDPS. Also during this period surveillance information 

will be transmitted in digital form through conventional voice 

bandwidth circuits, rather than video form as at present which 

requires caaxialor microwave facilities. 

Data Communications in the Far Term will be as shown in Figure 

9-16. During this period Model 2 FSAS will provide further 

automation through incorporation of the Aviation Weather Proces

sor (AWP), introduction of some Direct Access User Terminals 

(DUAT), further refinement of the FSDPS, and a gradual phase out 

of the non-automated FSSs. 

9.1.3 Tentative Data Communications Implementation Schedule 

Current planning is to implement NADIN following the schedule 

shown in Figure 9-17. 

9.1.4 Data Communications Interface Planning Summary 

A number of system configuration questions were encountered 

during the development of this system description. Due to the 

dynamic nature of the FAA E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in the various options for implementing the output of 

the E&D program to be kept open until it is possible and timely 

to make the final implementation decision. This process also 

has a tendency to cause a deferral of the detailed definition 

of technical and operational interfaces until the time when 

implementation decisions are imminent. In the preparation of 

this chapter it was necessary to make, or accept, a number of 

assumptions as to what improvements would be implemented, when 

they would be implemented, how they would function in the en 

route facility, and how they wOuld i~teract with other facilities. 
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This section identifies assumptions and areas of uncertainty 

by what are called "Open Items" and "Interface Adjustments." 

9.1.4.1 Open Items 

Open Items relate to major parts of the ATC evolutionary improve

ment program where improvements are to be made via the F&E and/ 

or E&D program but where final decisions have yet to be made as 

to the specific course of action to be pursued. In most cases, 

an Open Item involves more than one F&E and/or E&D program and 

involves questions of the preferred technical approach, techni

cal and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness they have 

been cited in each appropriate chapter. An Open Item is appro

priate to this chapter if it involves 'features or functions of .the. 

data communications facilities; however, it should not be inferred 

that development and implementation indicated in an Open Item 

would necessarily be part of the development and implementation 

program for communications facilities. Instead, it might be 

contained within the program of another interfacing facility. 

The Open Items pertinent to data communications are: 

Open Item 13: ATCSCC-NADIN Interface 

It is assumed that the communications services provided 

to the Central Flow Control function of the ATCSCC by 

NADIN will be at least as operationally effective as the 

pre-NADIN dedicated line setup, despite an apparent 

reduction in channel capacity. 
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Open Item 16:	 Flight Service Automation and NADIN 
Schedule Compatibility 

1. Implementation of NADIN will begin in early 1981 and 

will not be operational in time to initially provide the 

expanded data communications capability required for the 

Model 1 FSAS improvements that will also be implemented 

starting in early 1981. Interim data communication 

capability for FSAS Model 1 will be provided by the Area 

B and Service A networks. 

2. Implementation of NADIN II will begin in early 1982 

and will be operational in time to provide the additional 

expansion of the data communication capability that is 

needed to support Model 2 FSAS improvements that will 

begin implementation in early 1983. 

3. Implementation of NADIN III will begin in late 1982 

and will be operational in time to provide the added data 

communication features needed to support the FSAS Aviation 

Weather Processor that will become operational in early 

1983. 

9.1.4.2 Interface Adjustments 

This section identifies some fairly specific smaller scale inter

face uncertainties. These uncertainties generally involve minor 

design modifications in one or more programs that are not 

considered as significant as the previously cited Open Items. 

The Interface Adjustments pertinent to Data Communications are: 

Interface Adjustment B9-1 -- Data Flow Between En Route 
Computers via NADIN 

Interchange of data between en route computers in the Near 

Term and Far Term can be via NADIN, rather than via 
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dedicated channels as in the Current system. An inter

face will exist between each ARTCC and a NADIN concentra

tor to serve other purposes. The issue here is whether 

NADIN can handle all the data in a timely manner. Time 

critical messages, such as radar handoff messages, can 

be given priority, but there may still be an unacceptable 

delay. A study should be made to determine if NADIN will 

be suitable for use in switching data between en route 

computers. In the meantime, an assumption is made that 

NADIN will serve that function. 

Interface Adjustment B9-2 -- Data Link Rate to ARTCC 

The data rate on the data link from a DABS site to an 

ARTCC in the Far Term is not firmly established. An 

assumption has been made that a 4800 bps channel will 

handle the data. The data rate requirement should be 

verified. 

Interface Adjustment B9-3 -- Redundant Data Link Channel 
to ARTCC 

It is not clear whether a redundant channel will be 

provided for data link to an ARTCC. An assumption has 

been made that a redundant channel will be provided, but 

this needs to be verified. 

Interface Adjustment B9-4 -- Redundant Channel from Radar 
Site to ARTS III TRACON/Tower 

A redundant channel could be provided from each radar 

site to the TRACON/Tower. However, an assumption is made 

that no redundant channel is provided. The requirement 

for a redundant channel should be verified. 
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Interface Adjustment B9-S -- Data Link Rate to ARTS III 
TRACON/Tower 

The data rate on the data link from a DABS site to an 

ARTS III in the Far Term is not firmly established. 

An assumption has been made that a 2400 bps channel 

will handle the data, but this should be verified. 

Interface Adjustment B9-6 -- Redundant Data Link Channel 
to ARTS III TRACON/Tower 

It is not clear whether a redundant channel will be 

provided for data link to an ARTS III. An assumption 

has been made that a redundant channel will be provided, 

but this assumption should be verified. 

Interface Adjustment B9-7 -- TRACON/Tower Interfaces with 
NADIN 

A NADIN interface is described in the NADIN specification 

for only one general type of TRACON/Tower: an ARTS. 

NADIN is assumed to interface with ARTS II, ARTS III and 

the TPX-42 replacement. This assumption should be 

verified. 

Interface Adjustment B9-B -- NADIN Interface with TIPS 

The NADIN specification does not define an interface 

with TIPS. When TIPS is installed, NADIN will be 

required to interface with it for transfer of data to 

both TIPS and to ARTS III. The type of interface with 

NADIN should be clearly defined. 

Interface Adjustment B9-9 -- Center B TTY Network for 
Flow Control 

The SCC is on the Center B TTY network for transfer of 

flow controlinforrnation to TTY stations in the ARTCCs. 
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In the Near Term and Far Term channel capacity will be 

available between the SCC and the NADIN switches, (on 

the return path of channels used to transfer data from 

the CFJC to the SCC) and between the NADIN switches and 

the ARTCCs. It is assumed that this path would be 

used for the flow of directives to the ARTCCs for print

out on a suitable printer, rather than continuing to 

depend on the Center B teletype circuits. This assumption 

should be verified. 

Interface Adjustment B9-10 -- Replacement of AIRS 

The Airport Information Retrieval System (AIRS) is 

assumed to be replaced in the current time frame by the 

CFJC. The static data base provided by AIRS will be 

included in CFJC, and an interface betwe~n the SCC and 

AIRS will not be required. This assumption should be 

verified. 

Interface Adjustment B9-11 -- Weather Data Flow 

The flow of weather data should be reevaluated. The 

FSAS program calls for weather observation data to enter 

the AWP before it goes to the WMSC in order to include 

it in the data base at the earliest possible time. In 

addition it calls for the entire output of the WMSC, 

which includes the weather observations, to be transmitted 

to the AWP. A substantial portion of the AWP workload 

will be the task of filtering out duplicate copies of the 

weather observations. Alternative flow patterns could 

eliminate this duplication. Traffic projections should 

be analyzed to determine the scope of this processing 

effort and the quantity of duplicate messages that will 

be transmitted. This analysis would provide a basis for 

evaluating the presently planned flow patterns. 
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Interface Adjustment B9-l2 -- FSS Data Capacity 

Considerable improvement has taken place in the definition 

of graphic products since the last estimate of data 

traffic to support the FSS automation. A revised estimate 

of this traffic volume should be made based on latest 

information. 

Interface Adjustment B9-l3 -- NADIN Specification 

The current NADIN Specification defines NADIN Level I and 

it includes an appendix to define the traffic volumes for 

NADIN Levels II and III. However, there is no document 

.to provide a definitive specification of the functions, 

characteristics and interfaces of NADIN Levels II and III. 

Analysis work should be performed to further define NADIN 

Levels II and III, and specifica~10ns should be written. 

Interface Adjustment B9-l4 -- Long Range Features 

Certain features of long range interest should be examined 

for possible incorporation into NADIN so they will be 

available when needed. Such features include: 

•	 Interfaces to allow remote monitoring of hardware 

operabUity. 

•	 Interface to allow traffic load to be dynamically 

monitoried, to provide for automatic allocation 

of trunk facilities. 

•	 Means for monitoring circuit quality so that 

failures can be anticipated and corrective action 

taken before the circuit degrades to the point of 

introducing errors or limiting traffic flow. 
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Interface Adjustment B9-15 -- Graphic Data for AWP 

The NADIN program will provide full duplex trunks between 

the NMC and both NADIN switches and between the WMSC and 

both NADIN switches in order to provide the highest level 

of reliability for weather products flowing from the NMC 

to the WMSC. Connections will be provided between the 

AWP and its colocated NADIN switch for transferrinQ 

alphanumeric weather data into the AWP and for all data 

distributions from the AWP. These connections could also 

be used for the flow of graphic data from NMC to the AWP, 

resulting in the saving of the cost of the dedicated 

connection between the NMC and the AWP. 

Interface Adjustment B9-16 -- ATCSCC Concentrator 

In the Current time frame, multiplexing equipment is 

used to provide four channels on each of two lines to 

support up to eight printers and/or data terminals at 

the ATCSCC. In the Near Term and Far Term NADIN will 

be used for this data flow. A concentrator will be 

required which is compatible with NADIN to support the 

input/output devices at the ATCSCC. The characteristics 

of such a device should be established and a specifica

tion should be prepared to support procurement of. such a 

device. An alternative approach might be to use a near

by NADIN concentrator with separate lines from that 

concentrator to each input/output device. 
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9.2 Voice Communications 

This section considers the facilities that provide the air-ground

air voice communications between FAA operated ATC facilities and 

aircraft operating in CONUS as well as ground-ground voice commu

nications between FAA operated ATC facilities (and some non-FAA 

operated user locations such as military base operations office 

and airline dispatch office), and for communications between per

sonnel within the ATC facilities. The emphasis is on those com

munication facilities directly related to the provision of ATC 

services; administrative communications such as those provided 

through the Federal Telephone Service (FTS) are not addressed. 

Some air-ground-air communications facilities provide connectivity 

between the aircraft and the en route and terminal air traffic 

controllers through whose sectors the aircraft happens to be 

flying. Other air-ground facilities proviQe connectivity between 

·VFR aircraft and Flight Service Station (FSS) specialists who 

maintain radio contact with the VFR pilot for the communications 

of weather, NOTAM, PIREP, NAVAID status or other en route advisory 

information. In addition, there are continuous scheduled and un

scheduled air-ground broadcasts. The ground-ground communication 

facilities provide connectivity among the ATC system command cen~ 

ter, en route center, flight service facilities, termina1faci1i

ties, airline dispatch office and military base operations office. 

In addition, the ground voice system provides connectivity between 

controller specialists within a facility and their supervisory 

personnel. The ground system also provides pilots with access 

to voice-recorded information. 

9.2.1 Voice Communications Improvements 

An improvement currently underway and expected to be continued in 

the Near Term is the replacement of vacuum tube transmitters and 

receivers by solid state equipment in all the FAA's air-ground 

9-75 



systems, including NAVAIDS. In this time frame, a Remote Main

tenance Monitoring System (RMMS) is also planned to be implemented 

in the en route Remote Communication Air Ground (RCAG) facilities. 

Major Far Term improvements that are anticipated for the ARTCCs 

and Terminal areas (TRACONs and towers) include the Voice Switch

ing and Control System (VSCS). Current FAA thinking enVisions that 

this program has three basic components, some of which are better 

defined than others. First of these is the RCAG Tone Control re

placement program. The second component is the Remote Communica

tions Control System (RCCS) for upgrading the connecti\~ty be

tween the centers and terminals on the one hand and the transmit

ters and receivers on the other. The third component of the VSCS 

addresses the ground-g~ound voice systems at the centers and the 

terminal areas. 

Also in this time frame, new, higher gain, ruggedized, and radomed 

VHF/UHF antennas are expected to be introduced. The new antennaS 

will be implemented in all FAA communications facilities. Also, 

in the Far Term, an integrated air-ground and ground-ground voice 

communications system is expected to be implemented in low activity 

tower facilities. This activity is referred to as the Small 

Voice Switching System (SVSS). 

A potential improvement is the implementation of the VSCS to 

provide improved air-ground and ground-ground voice communica

tion service to flight service facilities. Furthermore, it is 

the intent of the FAA that all future communications systems 

would be conceived and developed within a framework of a concep

tual plan providing for an integrated national airspace communi

cation system. Such an integrated system would have four compo

nent subsystems: 
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• Data Communications Subsystem. 

• Radio Communications Subsystem. 

• Voice Communications Subsystem. 

• Technical Control Subsystem. 

9.2.1.1 En Route Improvements 

A summary of the expected improvements of the communications links 

for the ARTCC is shown in Table 9-10 (References 9-6 and 9-10). 

The table briefly describes the en route air-ground (A-G) and 

ground-ground voice communications facilities in the current time 

period, and the improvements wnich are expected to be implemented 

in the Near Term and in the Far Term. The A-G link between the en 

route controller and the aircraft is accomplished through Remote 

Communications Air-Ground (RCAG) VHF/UHF transceivers, antennas, 

and the associated lines and signaling, monitoring, reconfigura

tion and trunk restoral subsystems. 

Until recently, the RCAGs have exclusively used vacuum tube equip

ment. A modernization program is currently underway to replace 

those vacuum tube transceivers with solid state equipment in all 

of the RCAGs. This modernization will continue into the Near 

Term. Another improvement in the Near Term is in the area of 

remote maintenance monitoring. Currently, the monitoring, re

configuration and trunk restoral functions of the air-ground link 

are done manually in most facilities. However, some facilities 

have an outdated monitoring/switching system called Line Automatic 

Sensing and Switching (LASS) system. This system was found too ex

pensive for widespread use by the FAA and it is currently being 

removed from the facilities that it services. 
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FUNCTIONS 

EN ROUTE AIR-GROUND FACILITIES 

•	 EN ROUTE CONTROLLER -- PILOT 

- TRANSCEIVERS 

- LAND LINES 

- ANTENNAS 

•	 SIGNALING 

•	 MONITORING, RECONFlGURATION & 
TRUNK RESTORAL 

-0
•

• BACK UP EMERGENCY COMMUNICATIONS 

"I' 
Q) 

EN ROUTE GROUND-GROUND FACILITIES 

•	 EN ROUTE CONTROLLER -- TRACON / 
TOWER, FSS, ATCSCC, OTHER 
EN ROUTE FACILITY, MILITARY 
BASE OPEBATIONS OFFICE, AIR 
LINE DISPATCH OFFICE 

•	 EN ROUTE CONTROLLER -- EN ROUTE 
CONTROLLER (INTERNAL) 

•	 SWITCHING & SIGNALING 

•	 MONITORING, RECONFlGUBATION & 
TRUNK RESTORAL 

TABLE9-1O
 
EN ROUTE FACILITIES VOICE COMMUNICATIONS
 

IMPROVEMENT SUMMARY
 

CURRENT (1978) 
NEAR TERM IMPROVEMENTS 

(1979-1982) 

RCAG (V. T.) SOLID STATE RCAGs* 
NONSWITCHED PT -  PT 

UHF /VHF ANTENNAS 

NC 

MC 

TONE CONTROL, NC 

LINE AUTOMATIC SENSING & 
SWITCHING (LASS) IN SOME 
FACILITIES 

RCAG REMOTE MAINTENANCE MONITORING 

AT ARSR SITES VIA RML LINKS NC 

SERVICE F (INTERPHONE) NC 

INTERCOM NC 

WECO 300 NC 

MANUAL NC 

FAR TERM' IMPROVEMENTS 
(POST-1982) 

NC 

ABSORBED BY RCCS/VSCS 

NEW HIGHER GAIN ANTENNAS 

RCAG TONE CONTROL REPLACEMENT 

RCCS/VSCS 

I NC 

ABSORBED BY VSCS 

ABSORBED BY VS CS 

VSCS 

VSCS 

NC = NO CHANGE 

*APPROVED BY THE FAA FOR IMPLEMENTATION. 

(
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The monitoring function will be enhanced in the Near Term by the 

implementation of the Remote Maintenance Monitoring System. This 

system is part of an overall program for remote maintenance and 

monitoring of RCAGs, surveillance sites, and VORTACs with a cen

tral processor at the ARTCC. A somewhat detailed discussion of 

RMMS is presented in Section 2 of this report. However, for the 

purpose of this section, it suffices to say that the planned 

capabilities include automated monitoring of operational equip

ment, environmental conditions and a,larms. ,They include remote 

certification, record keeping and trend analysis. The RMMS 

functions also include remote control of the RCAGs, but this 

remote control would be limited to the operation of backup 

power equipment and will not involve main-standby transceivers 

selection or frequency selection. These will be part of a Far 

Term improvement associated with the replacement of the tone 

control signaling equipment at the RCAG. 

The relay and vacuum tube tone control equipment that is cur

rently operational at the RCAGs has been demonstrated to be 

costly to maintain due to obsolete technology. According to 

current planning, this equipment would be replaced by new solid 

state equipment possibly with digital signaling techniques. An 

improvement currently in the planning for the Far Term system is 

the Radio Communications Control System (RCCS). Although RCCS 

concepts are still developing, one of these concepts includes 

inband digital signaling to replace tone control equipment. It 

~lso includes remote monitoring and automated reconfiguration 

and trunk restoral. The resulting overlap between RCCS system 

concepts on the one hand and the RMMS and Tone Control Replace

ment program concepts, on the other is recognized and discussed 
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in the FAA's draft 06 E&D communications program plan (Reference 

9-10). Attempts will be made to design the RCCS, and the RCAG 

tone control replacement so that there would be some level of 

compatibility which would minimize discarding of some equipment. 

Another improvement in the Air-Ground communications link in the 

Far Term is the development of the next generation UHF/VHF an

tennas. The increased A-G channel assigpment with narrower 

bandwidth requirements (25 KHz) and the required use of lower 

transmitter power (10 watts instead of 50 watts) has led to an 

R&D program aimed at selecting new FAA antenna standards (Ref

erence 9-11). The new standards would incorporate higher gain 

and some directivity where desirable, would be ruggedized, rado

med and possibly stacked in some cases. 

Although RCAGs provide the main air-ground communications outlet 

for the ARTCCs, the FAA has had the BUEC (Back-Up Emergency Com

munications) system as a backup to the RCAGs. Many of the trans

ceivers of the BUEC system are located at the en route radar sites, 

and the connectivity is accomplished by Radar Microwave Links 

(RML) and leased telephone lines. 

The en route ground-ground voice communications system consists 

of the networks that connect the en route center to other FAA 

facilities, the internal ARTCC interphone communication system 

connecting controller to controller and to supervisor, the switch

ing/signaling systems, and systems conducting monitoring, recon

figuration and trunk restoral functions. The set of dedicated 

circuits/networks that currently connects the en route center to 

other FAA facilities is generally referred to as the Service F 

interphone. There are two levels of service associated with the 
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incerphone network, one of which is extensive and the other 

limited. The extensive service makes possible the connectivity 

between any FAA facility and any other FAA facility in the Con

terminous U. S. The limited service applies to the connectivity 

between an ARTCC and military Base Operations Office or Airline 

Dispatch office. Through Service F, these facilities are con

nected to their host or neighboring FAA facilities. 

The ground-ground voice switching and signaling functions cur

rently performed at en route centers are conducted by the WECO 

300 switch and other associated signaling subsystems. This is 

electromechanical type equipment leased from AT&T. The monitor

ing, reconfiguration and trunk restoral functions are currently 

conducted manually from patch panels by cross-connections. - It 

is expected that there would be no change to these systems in 

the Near Term. The Far Term improvements are not yet defined, 

but is expected that these systems or their replacements would 

be absorbed by the Voice Switching and Control System (VSCS). 

In fact, as haS been mentioned earlier, it is the intent of the 

FAA to have an integrated radio and ground voice communications 

system design. Under such a concept, the RCCS, and a ground 

voice switching system would both be. components of VSCS. 

9.2.1.2 TRACON/Tower Improvements 

A summary of the potential improvements in the communications 

links for the TRACON/Tower facilities is shown in Table 9-11 

(References 9-6 and 9-10). The table briefly describes the 

terminal system air-ground and ground-ground communications 

facilities in the current time period, and the improvements which 

are expected to be implemented in the Near and the Far Terms. 

The A-G link between the TRACON/tower controller and the aircraft 

is accomplished either through local transceivers or Remote 
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TABLE 9-11
 
TRACON/TOWER FACILITIES VOICE COMMUNICATIONS
 

IMPROVEMENTS SUMMARY
 

FUNCTIONS CURRENT (1978) 
NEAR TERM IMPROVEMENTS 

(1979-1982) 
FAR TERM IMPROVEMENTS 

(POST-1982) 

TRACON/TOWER AIR-GROUND FACILITIES 

V. T. EQUIPMENT IN LOCAL 
TRANSCEIVERS, RTR 

NONSWITCIlED PT -  PT 

UHF / VHF ANTENNAS 

TONE CONTROL 

MANUAL 

SOLID STATE TRANSCEIVERS' 

NC 

NC 

NC 

NC 

NC 

LINES ABSORBED INTO RCCS/VSCS 

NEW HIGHER GAIN ANTENNAS 

RCCS/VSCS (IN BAND DIGITAL SIGNALING) 
SVSS FOR SMALL TOWERS 

RCCS/VSCS (TECHNICAL CONTROL HEMENTS 
IMBEDDED) 

SVSS FOR SMALL TOWERS 

• TRACON/TOWER CONTROLLER -  PILOT 

- TRANSCE IVE RS 

- LAND LINES 

- ANTENNAS 

• SIGNALING 

• MONITORING, RECONFIGURATION & 
TRUNK RESTORAL 

-
TRACON/TOWER GROUND-GROUND FACILITIES 

SERVICE F 

WECO 301 OR SMALLER 
KEYING SYSTEM 

MANUAL 

NC 

NC 

NC 

ABSORBED BY VSCS 

SVSS FOR SMALL TOWERS, 
VSCS FOR OTHERS. 

VSCS 

• TRACON / TOWER CONTROLLER -  ARTCC, 
ATCSCC, ASSOCIATED TOWER/TRACON 
MILITARY BASE OPERATIONS OFFICE, 
AIRLINE DISPATCH OFFICE 

• SWITCHING & SIGNALING 

• MONITORING, RECONFIGURATION & 
TRUNK RESTORAL 

'0 
I 

OJ 

'" 

NC = NO CHANGE INCLUDED IN CURRENT PLANS 

•APPROVED BY THE FAA FOR IMPLEMENTATION. 
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Transmitter/Receivers (RTR), the .'lc;sociated UHF/VHF antennas 

and land lines and the signaling, monitoring, reconfiguration 

and trunk restoral subsystems. 

Until recently, the TRACON/Tower A/G facilities have exclusively 

used vacuum tube equipment. A modernization program is currently 

underway to replace vacuum tube transceivers with solid state 

equipment for all TRACON/Tower facilities. This program would 

continue into the near future. The land lines connecting the 

TRACON/Tower controller to the transceivers are currently point

to-point nonswitched lines. In the Far Term, these lines would 

be absorbed by the RCCS where they are expected to be utilized 

more efficiently. New UHF/VHF antennas (Reference 9-11) that 

are ruggedized, stacked and radomed are expected to be deployed 

in the Far Term. These antennas will be directional and have 

higher gain. The signaling associated with switching from main 

to standby is currently done by means of dc control equipment 

which is expected to be replaced in the Far Term by inband digi

tal signaling via RCCS. Monitoring, reconfiguration, and trunk 

restoral are currently done manually and are expected to be per

formed by RCCS in the Far Term. 

The TRACON/Tower ground-ground voice communications with other 

facilities are currently conducted via Service F." The voice 

switching and signaling is currently done by the WECO 301 and 

associated signaling equipment at higher activity facilities or 

by smaller keying systems at lower level facilities. Like the 

WECO 300, the WECO 301 systems are older electromechanical type 

equipment. The monitoring, reconfiguration and trunk restoral 

functions are currently done manually via patch panels or cross

connections. No changes in these ground-ground voice communica

tions systems are planned for the Near Term. However, in the 
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Far Term, it is expected that the Voice Switching and Control 

System (VSCS) would be implemented. In large terminal areas, 

the VSCS addresses replacement of the voice switching system 

(WECO 301) and the monitoring, reconfiguration and trunk restoral. 

The Service F interphone would be absorbed into the VSCS. The 

current thinking is that the VSCS would be an integrated radio 

and ground voice system. With this concept, the RCCS would be 

a component of VSCS and it would be designed so that it would 

be compatible with the other elements of the integrated system. 

A Far Term improvement expected for low level towers is the Small 

Voice Switching System (SVSS). This is an integrated radio and 

grolUld voice system which provides the signaling, switching, 

monitoring, reconfiguration and trunk restoral for both the 

radio and the ground-ground voice capability (Reference 9-12). 

Since some of the local radios servicing small towers are shared 

by FSS facilities, the SVSS would provide the proper interfaces 

with those facilities. Proper interface for ground-ground 

voice communications would also be provided with the Service F 

network. 

9.2.1.3 FSS Improvements 

A summary of the expected improvements in the voice communica

tions links for the flight service facilities is shown in Table 

9-12 (References 9-6 and 9-10). The table briefly describes 

the FSS A-G and ground-ground commlUlications facilities in the 

current time period and the improvements which are expected to 

be implemented in the Near Term or in the Far Term. In the Near 

Term, some of the currently operating 292 FSS facilities, would 

be provided with automation aids and are referred to as Automated 

Flight Service Stations (AFSS). The automation data base and 

data processing capability would be at the Flight Service Data 

Processing System (FSDPS). 
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TABLE 9-12
 
FLIGHT SERVICE FACILITIES VOICE COMMUNICATIONS
 

IMPROVEMENT SUMMARY
 

FUNCTIONS 
CURRENT (1978) 

FSS:2n 

NEAR TERM IHPROVEllENTS 
(1979-1982) 
FS MOD~L 1 
FSDPS/AFSS 

FAR TERM IMPROVEMENTS 
(POST-1982) 

FS IIODEL 2 AND 3 
·FSDPS/ AFSS/ AWP 

PSS AIR-GROUND FACILITIES 

· FSS SPECIALISTS -  PILOT 

- TRANSCEIVERS 

- LAND LINES 

- ANTENNAS 

· FSS SPECIALIST -  DIRECTION FINDER 

- RECEiVER 

- LAND LINES 

· FSS WEATIIER BROADCAST -  PILOT 
CONTINUOUS (TWEB). HOURLY AND 
UHSCHEDUlED BROADCASTS 

- TRANSIlITTERS 

- LANDLINES 

· SIGNALING 

· KONITORING. RECONFlGURATION oS-

TRUNK RESTORAL 
- 

FSS GROUND/GROUND FACILITIES 

· FSS SPECIALIST -PILOT 

· FSS SPECIALIST -- ARTee. TRACON/ 
TOWER. MILITARY BASE OPERATIONS 
OFFICE, AIRlINE DISPATCH OFFICE 

· PSS SPECIALIST -PSS SPECIALIST 
(INTERNAL) 

· PILOT ACCESS TO VOtCE RECORDED 
INFORMATION (PATWAS I VRS) 

· SWITCHING & SIGNALING 

· MONITORING, RECONFIGURATION & 
TRUNK RESTORAL 

VACUUII TIlllE (V. T.) EQUIPllENT 
AT LOCAL RADIOS. RCO, LRCO. 
SFO. VOR-TRANSKIT ONLY 

NONSWITCHED POINT TO POINT 
(PT -  PT) 

UHF/VIIF ANTENNAS 

v. T. EQUIPMENT AT DF SITE 
RECEIVERS 

NONSWITCHED PI -PI LINES 

V. T. EQUIPllENT AT VOR/NDB 
SITES 

NONSWlTCIIED PT -  PT LINES 

TONE CONTROL 

IlANUAL 

DOD. WATS. FX. MINOR SWITCHING 
CAPABILITY 

SERVICE F (INTERPHONE) 

INTERCOM 

DOD, WATS. FX TO PATWAS 

MINOR CAPABILITY 

IlANUAL 

SOLID STATE TRANSCEIVERS* 

NC 

NC 

SOLID STATE RECEIVERS 

NC 

SOLID STATE TRANSIlITTERS 

NC 

NC 

NC 

Ne 

TO BE DEFINED 

NEW HIGHER GAIN ANTENi.~AS 

NC 

TO BE DEFINED 

NC 

TO BE DEFINED 

TO BE DEFINED 

TO BE DEFINED 

NC 

NC 

NC 

NC 

NC 

NC 

-

TO BE DEFINED 

~--

NC ""' NO CHANGE INCLUDED IN CURRENT PLANS . 
APPROVED BY THE FAA FOR IMPLEMENTATION. 
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The A/G link between the FSS specialist and the aircraft is ac

complished through various UHF/VHF radio and antenna facilities 

some of which are transceivers, some are transmitters only and 

some are receivers only. Dedicated land lines are also used for 

connecting the FSS specialist to the radio facilities. Addi

tionally, signaling, monitoring, reconfiguration and trunk re

storal subsystems are used as part of the voice communication 

system. 

The two-way A-G communications link between the FSS specialists 

and the aircraft is accomplished through local transceivers, 

Remote Communications Outlets (RCO), Limited Remote Communica

tions Outlets (LRCO) and Single Frequency Outlets (SFO). These 

facilities are used to provide approach and departure channels 

for IFR aircraft and airport advisory service for all aircraft 

at airports with no control tower. The receiver-only facilities 

are Direction Finder (DF) facilities which are used for locating 

lost aircraft. The transmit only facilities are the VORs, and 

Nondirectional Beacons (NDB) both of which are used for trans

mitting scheduled and unscheduled broadcasts including Transcribed 

Weather Braodcasts (TWEB). 

All of the A-G facilities have vacuum tube equipment but are cur

rently being modernized to use solid state equipment. This moder

nization will largely take place in the Near Term. In the Far 

Term, the new UHF/VHF antennas (Reference 9-11) are expected to 

be deployed in the Air-Ground radio communications facilities 

associated with flight service stations. These antennas would 

be ruggedized, radomed, and stacked and would be installed only 

in communications facilities and not in navigation facilities 

(DF, VOR/NDB). The antennas are also expected to be directional 

and have an increased gain. 
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Signaling is currently done by tone control equipment. No change 

is expected to the signaling function either in the Near Term or 

in the Far Term. However, in the case of FS consolidation, the 

current tone equipment is expected to be replaced by inband digi

tal signaling through RCCS. The monitoring, reconfiguration and 

trunk restoral functions are currently done manually and in the 

event of consolidation, these functions are expected to be auto

mated with the advent of RCCS. With RCCS, the air-ground facili

ties would be further remoted, and the land lines connecting the 

radios to the FSS facilities would be absorbed into the RCCS 

system. 

The FSS ground-ground voice communication system consists cur

rently of the Service F interphone, the internal facility inter

coms, a switching capability (such as the AlA Key System leased 

from the Telephone Company) and pilot access to voice recorded 

information. Minor switching and signaling capability is cur

rently available at most FSSs. The monitoring, reconfiguration 

and trunk restorql functions are currently conducted in a manual 

fashion. No change is planned in the FSS ground voice communi

cations in the Near Term. Changes that may occur in the Far Term 

are undefined as yet; howev~r, a potential improvement is the 

introduction of the Voice Switching Control System (VSCS) which 

is an integrated radio and ground voice system. This system in

corporates signaling, switching, monitoring and restoral func

tions. Improvements associated with the FSS modernization pro

gram such as PATWAS, and the voice response system are covered 

in Section 6 of this report. 

9.2.2 Voice Communications Connectivity 

Figures 9-18 and 9-19 present the connectivity of the FAA 

voice communication system in the Current time period, 
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in the Near Term and in the Far Term. Figure 9-18 indicates 

that there will be no significant change in the connectivity 

between system elements in the Near Term. Figure 9-19 shows 

that in the Far Term, the RCCS component of the VSCS system 

could provide the main connectivity between the en route and 

terminal facilities on the one hand and the radios or the 

transceivers on the other. Similarly, the ground voice switch

ing component of the VSCS would provide the connectivity 

between the controllers at ATC facilities and personnel at other 

facilities. Additionally, the VSCS provides communications 

capability within facilities. The RCAG tone control replace

ment program could potentially be designed to be a component 

of and compatible with RCCS. 

No change to the Flight Service facilities connectivity is L
planned in the Far Term. However, the potential implementation 

of the radio and ground voice components of the VSCS could 

impact the connectivity. 

9.2.3 RCCS Configuration and Functions 

Figure 9-21 presents an eariy description of the functions ex

pected to be performed by various elements of the RCCS system 

and their location in console, back room and remote site equip

mente Additionally, because of the importance of the maintenance 

equipment, their functions were identified separately although 

they may also be colocated with the back room equipment. Some of 

the functions included in the figure would be performed through 

equipment that have components in all of the various locations. In 

the case of flight service consolidation, additional functions 

such as aera selection, muting, and DF selection would be added 

to the RCCS subsystem that would service the FS facilitIes. 
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9.2.4 Ground Voice Communications System 

The ground voice component of the VSCS is still undefined. It 

is expected, however, that the system would replace the WECO 300 

and WECO 301 switches and provide some level of automatic diag

nostics, fault isolation and trunk restoral. An intercom subsys

tem and an interphone system are also components of the ground 

voice system. It is not known at present whether the Service F 

interphone would be repalced or would be absorbed into the VSCS. 

In addition to these, the large flight service facilities would 

have an Automatic Call Distribution (ACD) System, which is a 

switching system that provides access from pilots on the ground 

to the FSS specialists. 

9.2.5 Tentative Voice Communications Implementation Schedule 

Figure 9-22 presents the current implementation schedule, and, 

where known, the number of ground sites affected by implementa

tion of improvement. With the exception of the solid state 

equipment purchases, the schedule is fairly tentative. 

9.2.6 Voice Communications Facilities Planning Summary 

A number of system configuration questions were encountered dur

ing the development of this system description. Due to the dy

namic nature of--the FAA-E&D process, ATC system improvements 

evolve from a cycle where improvements are developed, tested, 

and implemented based on advances in the state-of-the-art in 

technology and perceived changes in operational needs. This 

results in the various options for implementing the output of 

the E&D program to be kept open until it is possible and timely 

to make the final implementation decision. This process also 

has a tendency to cause a deferral of the detailed definition 
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of technical and operational interfaces until the time when im

plementation decisions are imminent. In the preparation of this 

section, it was necessary to make, or accept, a number of assump

tions as to what improvements would be implemented, when they 

would be implemented, how they would function in the facilities 

where they are implemented and how they would interact with other 

facilities. This section identifies assumptions and areas of 

uncertainty by what are called "Open Items" and Interface Adj ust

ments." 

9.2.6.1 Open Items 

Open Items relate to major parts of the ATC evolutionary improve

ment program where improvements are to be made via the F&Eand/ 

or E&D program but where final decisions have yet to be made as 

to the specific course of action to be pursued. In most cases, 

an Open Item involves more than one F&E and/or E&D program and 

involves questions of the preferred technical approach, technical 

and operational interfaces, or time phasing. 

These Open Items generally apply to two or more ATC facilities 

as defined in this document and, for completeness, they have 

been cited in each appropriate chapter. An Open Item is appro

priate to this chapter if it involves features or functions of 

the voice communications facilities; however, it should not be 

inferred that development and implementation indicated in an 

Open Item would necessarily be part of the development and im

plementation program for voice communications facilities. In

stead, it might be contained within the program of another inter

facing facility. The Open Item that is pertinent to voice com

munications facilities is: 
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Open Item 15: Voice Communications Planning 

1. Air-ground-air communication for the ARTCCs and major 

terminals will be upgraded in the post-1982 time period 

by implementation of the radio portion of VSCS, which would 

be referred to as RCCS. In the near term, RCAG tone control 

equipment for the ARTCCs will be replaced, possibly with a 

modular subsystem that would be compatible with longer term 

RCCS/VSCS designs. The FSS's, which are assumed to remain 

unconsolidated, will continue to use switching and control 

equipment based on existing designs. In addition, the trans

mitters, receivers, and antenna systems at all FAA ground 

sites will be replaced with modern design equipment. 
\ 

2. Ground-ground communications would be modernized by the 

implementation of ground-ground portions of the VSCS system 

which would replace the WECO 300 system at ARTCCs, and the 

WECO 301 system at the larger terminals. The existing small 

key systems and call distributors at FSSs would remain in 

place. 

3. At some smaller terminals, a Small Voic~ Switching System 

(SVSS) will be implemented, which will provide an integrated 

radio and ground voice communications capability. 

9.2.6.2 Interface Adjustments 

This section identified some fairly specific smaller scale inter

face uncertainties. These uncertainties generally involve minor 

design modifications in one or more programs that are not con

sidered as significant as the previously cited Open Item. The 

Interface Adjustments pertinent to the Voice Communications 

Facilities chapter are: 
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Interface Adjustment B9-17 - Adequacy of the Capacity of 
a 250 Hz Wide Slot for the 
RCCS Signaling 

Early RCCS concepts considered reserving a portion of 

the information bandwidth for signaling and remote control. 

This portion would be a 250 Hz wide slot. It is not clear, 

however, whether this amount of bandwidth would be 

sufficient to accommodate the data required to accomplish 

those two functions. 

Interface Adjustment B9-18 - Adequacy of Interface of Bell 
System with RCCS Channels 
Having a 250 Hz Slot 

Portions of the Bell System that would be used for trans

mitting the air-ground information signals may be of the 

digital TI Carrier type. It is not clear what impact the 

TI Carrier system would have on the 250 Hz slot that carries 

the signaling and remote control information. 

Interface Adjustment B9-19 - Monitoring/Fault Isolation 
Philosophy for FAA Communica
tions Equipment 

The FAA plans to continue procurring new solid state A-G 

equipment. It is expected that thts equipment would have 

to interface with the monitoring/fault isolation subsystem 

of the RCCS. However, the A-G equipment is not currently 

configured for that interface. 
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ABDIS
 
ACD
 
ACD
 
AERA 

. AFCD 
AFOS 
AFS 
AFSS 
AFTN 
A-G 
A-G-A 
AGL 
AIRS 
ALWOS 
ARO 
ARSR 
ARTCC 
ARTS 
AS DE 
ASR 
ATARS 
ATCBI 
ATCRBS 
ATCSCC 
ATIS 
ATS 
AUTOVON 
AV-AWOS 
AWP 
AWS 
AWSDS 
AWSS 

BCAS
 
BRITE
 
BUEC
 

CAL 
CARF 

CCP 
CCTV 

APPENDIX B 

ABBREVIATIONS AND ACRONYMS 

Automated Service B Data Interchange System 
Airport Traffic Control Tower Consolidated Display 
Automatic Call Distribution 
Automated En Route Air Traffic Control 
Airport Facilities Consolidated Display 
Automation of Field Operations and Services 
Airway Facilities Service 
Automated Flight Service Station 
Aeronautical Fixed Telecommunications Network 
Air-Ground 
Air to Ground to Air 
Above Ground Level 
Airport Information Retrieval System 
Automated Low-Cost Weather Observation Systems 
Airline Reservation Office 
Air Route Surveillance Radar 
Air Route Traffic Control Center 
Automated Radar Terminal System 
Airport Surface Detection Equipment 
Airpor~ Surveillance Radar 
Automated Traffic Advisory and Resolution Service 
Air Traffic Control Beacon Interrogat-Or 
Air Traffic Control Radar Beacon System 
Air Traffic Control Systems Command Center 
Automated Terminal Information System 
Automated Terminal Services 
Automatic Voice Network 
Aviation Automated Weather Observation System 
Aviation Weather Processor 
Air Weather Service 
Advanced Wind Shear Detection System 
Airborne Wind Shear _System 

Beacon-Based Collision Avoidance System 
Bright Radar Indicator Tower Equipment 
Back-Up Emergency Communications 

Commercial Airlines 
Central Altitude Reservation Function 
Central Computer Complex 
Contingency Command Post 
Closed Circuit Television 
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CD Common Digitizer 
CDC Computer Display Channel 
CFC Central Flow Control 
CFJC Central Flow Jacksonville Computer 
CMA Control Message Automation 
CONUS Conterminous United States 
CRD Computer Readout Device 
CS/T Combined Station/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 Direct Distance Dialing 
DEDS Data Entry and Display Subsystem 
DF Direction Finder 
DME Distance Measuring Equipment 
DR&A Data Recording and Analysis 
DTE Data Terminal Equipment 
DUAT Direct User Access Terminal 

EBCDIC Extended Binary Coded Decimal Interchange Code 
EFAS En Route Flight Advisory Service 

-EMSAW En Route Minimum Safe Altitude Warning System 
ETABS Electronic Tabular Display Subsystem 

FAD Fuel Advisory Departure 
FAX Facsimile 
FDAD Full Digital ARTS Display 
FDEP Flight Data Entry and Printout 
F&E Facilities and Equipment 
FP Flight Plan 
FSAS. Flight Service Automation System 
FSDPS Flight Service Data Processing System 
FSH Flight Service Hub 
FSS Flight Service Station 
FTS Federal Telephone System 
FWS Flight Watch Specialist 
FX Foreign Exchange 

GA General Aviation 
GPS Global Positioning System 
GOES Geostationary Operational Environmental Satellite 

HSP High Speed Printer 
HUD Head Up Display 
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ICAO International Civil Aviation Organization 
IFR Instrument Flight Rules 
IFSS International Flight Service Station 
ILS Instrument Landing System 
raCE Input/Output Control Element 

LASS Line Automatic Sensing and Switching 
LF Low Frequency 
LLWSAS Low Level Wind Shear Alert System 
LORAN Long Range Navigation 
LRCO Limited Remote Communications Outlets 
LSR Limited Surveillance Radar 

MIL Military 
MLF Medium Low Frequency 
MLS Microwave Landin b System 
M&S Metering and Spacing 
MSAW Minimum Safe Altitude Warning 
MTBF Mean Time Between Failure 
MTBR Mean Time Between Repair 
MTD Moving Target Detector 
MTI Moving Target Indicator 

NADlN National Airspace Data Interchange Network 
NAFAX. National Facsimile Circuit 
NAFEC National Aviation Facilities Experimental Center 
NAS National Airspace System 
NASCOM National Aviation Systems Communications 
NATCOM National Communications 
NAVAID Navigational Aid 
NDB Nondirectional Beacon 
NOAA National Oceanic and Atmospheric Administration 
NORAD North American Air Defense Command 
NO TAM Notice to Airmen 
NMC National Meteorological Center 
NWS National Weather Service 

OAG Official Airline Guide 
ORD Operational Readiness Demonstration 
OTC Over the Counter 

PATWAS Pilot Automatic Telephone Weather Answering Service 
PDME Precision DME 
PlREP Pilot Weather Report 
PVD Plan View Display 

RCAG Remote Communications Air-Ground 
RCO Remote Communications Outlet 
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RCCS Radio Communications and Control System 
RCS Radio Communications Subsystem 
RDF Radio Direction Finder 
RML Radar Microwave Link 
RMMS Remote Maintenance Monitor System 
RNAV Area Navigation 
R/T Receiver/Transmitter 
RTR Remote Transmitter/Receiver 
RVR Runway Visual Range 
Rx Receiver 

SAC Strategic Air Command 
SAM System Acquisition Management 
SAMOS Semi-Automated Meteorological Observation System 
SCC (ATC) System Command Center 
SFO Single Frequency Outlet 
SFSS Satellite Field Service Station 
SMMC System Maintenance MOnitoring Console 
SRAP Sensor Receiver and Processor 
SRG Systems Requirements Group 
STC Sensitivity Time Control 
SWL Severe Weather Labs 
SVSS Small Voice Switching System 

TAC Tactical Air Command 
TACAN Tactical Air Navigation 
TAGS Tower Automated Ground Surveillance System 
TCDD Tower Cab Digital Display 
TCS Technical Control Subsystem 
TDP Technical Data Package 
TIPS Terminal Information Processing System 
TSARC Transportation Systems Acquisition Review Council 
TRACAB Terminal Radar Approach Control, Tower Cab 
TRACON Terminal Radar Approach Control, IFR Room 
TRSB Time Reference Scanning Beam 
TTY Teletypewriter 
TWEB Transcribed Weather Broadcast 
Tx Transmi tter 

VAS Vortex Advisory System 
VAS I Visual Approach Slope Indicator 
VCS Voice Communications Subsystem 
VFR Visual Flight Rules 
VI CON Visual Confirmation of Voice Takeoff Clearance 
VLF Very Low Frequency 
VMC Visual Meteorological Conditions 
VOR Very High Frequency Omnirange Station 
VORTAC Colocated VOR and TACAN 
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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 
WFMU Weather and Fixed Map Unit 
WMSC Weather Message Switching Center 
WSFO Weather Service Forecast Office 
WSR Weather Service Radar 
WAS Wake Vortex Avoidance System 
Wx Weather 
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