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EXECUTIVE SUMMARY

The results of the review of current air/ground radio system status, the I
of Upgraded Third Generation (UTG) programs and the various tradeoff analyses
indicate that, relative to VHF/UHF radio communications, the FAA is at a
cross-roads. The system, as it is presently configured, is not cost effective;
is not structured for optimum operational responsiveness to current require-
ments; and does not meet the requirements posed by several of the UTG
Programs. The choice appears to be one of continuing the present course and
mode of operation with the addition of near-term engineering improvement,

or of initiating an orderly program of modernization that will not only

achieve compatibility with the general National Airspace System (NAS) automa-
tion approach, but also introduce a configuration designed to meet both short-
term and long-term objectives.

The first choice is in keeping with traditional improvement programs for
communications within FAA, wherein specific subsystems are scheduled for
near-term improvement without consideration for total system optimization.
The second choice applies an approach that considers the entire spectrum of
air/ground radio service and implements a program based upon priority of
requirements, costs, and the long-term outlook.

This study, although it is a research and development program, concludes
that none of the improvements considered and recommended in this report

require exploratory development. The necessary technology is proven and only

requires system engineering and specification.
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All of the suggested improvements to air/ground service are internal to FAA
and do not require user (aviation community) participation--with two exceptions:

1) If the data transmission option is selected, it is evident that the air
carriers, military, and, potentially, general aviation will have to in-
stall data link encoder/decoder units to utilize the system.

(2) The impact of the Flight Service System Program is such that a large
number of additional leased line remoting circuits will be required.
A cost-effective approach would be to introduce a facility and line
sharing concept that requires the introduction of Selective Calling
(SELCAL) units in user aircraft. This approach must be carefully
evaluated in terms of the impact on the general aviation community.

Parts One and Two of this report provide background infor mation; Parts Three
and Four set forth the approach, analysis, and evaluation of the study; and Part Five
presents a concept of air/ground radio service that incorporates the results of the
analyses. The following paragraphs briefly summarize the principal analyses done
in this study.

IMPACT OF RELATED PROGRAMS

The majority of UTG programs are concerned with automation in order to
achieve the goals of safety and efficiency of operations. Those programs that have
an impact upon air/ground communications require real time, automated digital
communications with aircraft. The current manual voice radio system operated
by the air traffic controller cannot cope with the response time requirements.
However, introducing a digitally controlled air/ground network for radio control
will come very close to achieving a full air/ground data transmission capability.
By extending the basic digitally controlled ground network to include an air/ground
digital data transmission capability, a system results that is DABS compatible. A
DABS compatible system will handle DABS-generated air/ground message traffic,
and will also interface directly with automated IPC, conflict alert, and metering
and spacing air/ground communications traffic. The alternative to VHF/UHF
air/ground radio, as currently employed, is voice radio for flight services and a

manual backup (voice) to the automated National Airspace System.
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RADIO COVERAGE

The radio coverage analysis, which was applied only to Oakland (ZOA),
shows that a number of radio facilities may be eliminated. There are three
reasons for the substantial reduction:
(1) En route flight service communications may be provided within the
current radio coverage of the ZOA en route facilities (RCAG); thus
the air/ground FSS facilities may no longer be required. This applies
to the primary FSSs and does not eliminate any NAVAID facilities.
(2) There is no evident advantage to the employment of BUEC facilities
as a backup for air/ground radio coverage, unless the site provides good
overlap coverage. In most cases, the RCAGs provide adequate primary
and secondary coverage.
(3) Certain of the RCAGs do not appear necessary in order to provide

adequate ZOA radio coverage.

AVAILABILITY/RELIABILITY/MAINTAINABILITY

Examination of the five subsystems that comprise an air/ground radio channel

(control site, Telco lines, radio facility, radio propagation channel, and aircraft
radio) shows that the radio channel is the weak link, with an estimated 907 reliability
and inadequate signal margin. Proper design of the remaining four subsystems can
achieve a subsystem availability of 0.99998.

The present redundancy of Telco lines and radio equipments is excessive for
the required availability. Ratios of 2 or 3 spares for up to 10 telephone lines and
up to 20 radio equipments are adequate for 1007 availability of service. The spare
radios should be tunable transceivers.

The introduction of logical switches for maintenance and radio control must be

carefully designed so as not to degrade reliability performance.
ATR/GROUND RADIO NETWORK SWITCHING AND CONTROL

It was found that the most cost-effective approach is to implement a digitally

controlled switched network for air/ground radio service that uses strategically
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placed line concentrators at outlying (from the ARTCC) locations adjacent to
selected Maintenance Sector Offices. The use of line concentrators allows a
substantial reduction in leased circuit mileage; results in the most cost-effective
operations for FSS-Hub personnel; and is consistent with real time radio access
and control. The use of a digitally controlled network eliminates all analog
tones, line filters, and mechanical stepping switches and relays. Additionally,
the configuration provides real time radio access and control.

For ZOA, four concentrators appear warranted by the area configuration.

The switched network also will handle data transmission for air/ground

radio service, if desired.
AUTOMATED FACILITY MAINTENANCE

Facility and Telco maintenance were analyzed, and an approach was selected
that stresses simplicity of design and focuses on the. detection of unscheduled
failures and real time service restoral.

One objective of the FAA, with respect to facility maintenance, is to achieve
automated site certification. However, certain procedures, such as receiver calibra-
tion (e.g., setting AVC levels), receiver selectivity check, and frequency measurement
require a substantial number of operations and instrumented measurements that are
more efficiently accomplished by a technician. A compromise approach is to automate
failure detection, service restoral, and record keeping, thereby reducing the number
of visits to a facility by a factor of approximately 12 to 1.

Facility maintenance is divided among radio systems; power; switching,
monitoring, and control; and physical plant. Radio receiver performance is checked
with a measure-of-noise-figure. Radio transmitter performance is checked with
measures of forward power, reversz power, and percentage modulation. The
remaining measurements are standard relay closures when monitor levels exceed
set tolerances that are pre-programmed. A microprocessor configuration will
easily handle the required processing load.

The Telco lines are checked with the Coder-Decoder/Modulator-Demodulator
(CODEC/MODEM) that bridges each telephone circuit at the control site and the
radio facility.
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In all cases, the air traffic controller has a number of options to assure

continuous service.
AUTOMATED ATC OPERATIONS

By extending data-link communications beyond the radio facility, i.e., on
the radio propagation path, a full data transmission capability is obtained for air/
ground radio service. As a by-product of the implementation, a means for checking
channel performance by measuring the frequency of word errors is realized.
Automated air/ground radio service that interfaces with NAS/ARTS, 1PC, DABS,
and Conflict Alert also becomes available. This approach results in a 10 to 1
reduction in controller communication time, which leads to a significant increase
in controller productivity. The system will support real time air/ground data

transfer consistent with separation assurance requirements.
RADIO FREQUENCY ENVIRONMENT

Current site geometry and interference are analyzed to determine the effect
of clustered antennas in a confined space, particularly with regard to intermodula-
tion interference. The number of antennas is reduced by eliminating the swastika
antenna and employing transmit/receive (TR) switches and multicoupler/combiners.
Criteria are developed for selecting site configurations for both en route

(RCAG and FSS) and terminal (RTR) facilities.
CONCEPT FOR AIR/GROUND RADIO SERVICE

A concept is described that integrates the principal findings of the study. It
is based upon linking all control sites (i.e., en route ATC, terminal ATC, and
Flight Services) to a collection of remote radio air/ground facilities through a
digital, switched network. The controller/specialist gains access to radio facilities,
with the required service volume coverage, through an interactive radio position
panel. Remote radio facility and connecting leased line utilization is maximized
by co-location of facilities, wherever feasible; by line concentration; and by the
introduction of more efficient redundancy of radio equipments and leased circuits.

By applying digital control, the response time of the system approaches real time
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for both radio channel access and service restoral. The net result is that utility

is improved, performance is improved and substantial cost-savings are realized.
AIR/GROUND FACILITIES FOR NAS RADIO SERVICE

General guidelines are developed for radio facility configurations, and an
example is provided that applies the guidelines to the Mt. Tamalpais en route and
flight service facility.

The intermodulation products that may be generated are calculated to assess

the level of expected interference.
NAS RADIO SERVICE PROGRAM PLAN

The early initiation of a coordinated FAA Program for the implementation
of an integrated NAS Radio Service offers the advantage of responding to near term
deficiencies, as well as fielding a system that will meet all current and future
communications requirements.

Since no exploratory development is contemplated, a low risk program can
proceed with an immediate preparation of the appropriate specifications.

It is recommended that a model Center Area be selected (e.g., ZOA) for
initial reconfiguration and implementation. This recommendation presents
three major task areas:

1) Control site radio access and control

(2) Maintenance facility and line concentrator

(3) Radio facility reconfiguration and integration

These task areas must be addressed concurrently, since the three areas
are strongly interdependent.

The total program should involve coordination with various elements of the

aviation community.
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FOREWORD

This study and analysis is broader in scope than initially intended because of the
requirement to identify and understand the various configurations with which an
air/ground radio facility must interface. As will be seen, it was necessary to
consider in detail all the subsystems that comprise an air/ground radio channel.
This'system view has proved valuable in establishing an orderly configuration that:
first, defines a complete air/ground radio operation and its maintenance and,
second, focuses attention on those subsystems that require substantial improvement.
It has also proved more reasonable to discuss cost-effectiveness in terms of a total
system view that realistically identifies the tradeoffs involved. It is recommended
that the overview established in this study be retained as a program planning guide

in support of future efforts.

The study was made possible by the coordinated efforts of the Contractor (Verve
Research Corporation) and numerous Federal Aviation Administration (FAA)
Regional and Headquarters personnel. Five Regions were visited during the course
of the study and many informative discussions took place that provided insight into air/

ground operations and maintenance.

I would like to make specific acknowledgement for the support and assistance,

during the study effort, of:

Mr. Newel Anderson, Chief, ARD-220, for overall direction and guidance
Mr. Sherman Tynes, ARD-223, FAA Project Manager

Mr. Leonard Bosin, ARD-220

Mr. Paul Milani, T.I.D. assigned to Oakland (ZOA)

Mr. James Coyle, NAFEC-ANA--330
Mr. John Walls, NAFEC-ANA--330
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Additionally, the members of the FAA's Radio Communications System Steering
Committee have supported this effort with their helpful comments and technical

review of the study's progress.

John Hansen
Program Director
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1

PURPOSE OF STUDY

The purpose of this study is to define a radio facility configuration that will
support air/ground communications services for Air Traffic Control and Flight

Service operations within the National Airspace System.

The purpose as stated introduces the concept of universal application of
radio facilities. In terms of system cost-effectiveness, it should be feasible
to design a modular radio facility configuration that may be applied in response
to any requirements for air/ground communications. Such an approach carries a
substantial potential for cost savings due to maximum utilization of iacilities,
minimization of leased telephone circuits used for remoting, and standardization

of facilities, equipments, procedures, and training.

In performing the study, it has been necessary to consider a radio facility
in the context of its operation--which has led to consideration of the air/ground
radio communication system. Although the focus of the study is directed to the
radio facility, the discussion, analysis and many of the results are expressed in

terms of the air/ground system.

Thus, in achieving the purpose of the study, a number of analyses were
performed that support a cost-effective configuration for the entire air/ground
system. This approach has proven valuable, since the assessment of alternative

designs can be carried out with consideration of system cost-effectiveness.

Another element, inherent in the statement of purpose, is a definition of

time period of intended radio facility implementation and initial operation. The
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time frame of application, post-1980, was selected to allow sufficient time for
facility development, test and evaluation, and procurement, However, this

study concludes that no exploratory development is required for the system
improvements recommended. The practical interpretation of such a result is

that nearterm improvements may be scheduled and programmed by specifying
state-of-the-art hardware. The near-term and long-term objectives are integrated,
so that the air/ground system implementation program can be truly an evolutionary

one.

Finally, this report will show that current operation of air/ground radio
communications must be re-examined, and a decision made concerning future
operations. Air/ground radio communications appear to be placeable either in the
category of a flight services support function, or in the category of a voice/data compatible
system completely responsive to all requirements for communications with aircraft.
The decision between alternatives will have a considerable impact on the radio

facility configuration discussed in this report.
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2

CURRENT AIR/GROUND RADIO COMMUNICATIONS OPERATIONS

2,1 GENERAL

Radio communications provide a vital service in support of air traffic control
and general flight service operations. In fact, the two functions fundamental to
the air traffic control process are surveillance and communications. Together,
these provide FAA controllers with capabilities for following aircratt flight and

for air/ground communications.

Within the volume of controlled airspace, the FAA is responsible for

supporting flight operations with air/ ground communications, navigation aids,

and air traffic services.

The organization of National Airspace Operations divides the conterminous
United States into 20 ARTCC areas, each of which handles en route and terminal
air activity within its jurisdiction. A number of non-ATC functions grouped under

the heading of Flight Services augments the basic ATC en route and terminal

operations. Following this organizational structure, air/ground radio communica-
tions support en route ATC operations; terminal ATC operations; and Flight

Service operations.,

En route ATC operations in the conterminous United States are performed
by air traffic controllers located at the 20 ARTCCs, who communicate with
operating aircraft via line-of-sight radio facilities termed RCAGs., These are

located so as to provide adequate communication coverage over the volume of

contro! airspace--primarily the VOR Federal Airways and the Jet Route

System.
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Terminal ATC operations are performed by air traffic controllers located
at Terminal Radar Approach Control Facilities (TRACONs) and Air Traffic
Control Towers (ATCTs), who communicate with operating aircraft via line-
of-sight radio facilities termed Remote Transmitter-Receiver Facilities (RTRs).
Located on or near the airport terminal, RTRs provide adequate coverage on the

airport surface as well as in Transition Areas and Control Zones.

Flight Services are provided by specialists located at Flight Service
Stations (FSSs), who communicate with operating aircraft via line-of-sight
radio facilities located at the FSSs and other remoted outlets utilized to provide
adequate coverage over the VOR Airway System (designated from 1200 feet above

the surface to 18,000 feet MSL. )

For en route and terminal ATC operations, the airspace is partitioned into
service volumes assigned to individual air traffic controller positions. The service
volumes are shaped to allow a single radar controller to handle the peak expected
load of an activity occuring within the designated volume of airspace. The cor -
responding radio communications coverage must coincide with the controller's

designated airspace.

Currently, there are 694 en route air traffic control sectors (service
volumes). Each of these requires an air/ground radio channel. The controller
communicates with aircraft within his volume or area of responsibility via a
single radio channel operating in the VHF frequency band. Since military
aircraft are equipped to operate in the UHF frequency band, each VHF radio
channel is augmented with a corresponding UHF radio channel. A controller
operates the two channels to cover his sector, communicating with both civil

and military aircraft.

The Air Traffic Control sector is a basic unit in air/ground communications
operations, since each sector requires a radio channel assignment. The sectors
are configured to correspond to a maximum controller volume of activity of 180
aircraft per watch for a radar sector and 120 aircraft per watch for a manual

sector. The capability of 180 operations is based on a controller team concept
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comprising a radar controller who handles air/ground communications, supported
by an assistant controller and a radar hand-off controller., The sectors or scrvice
volumes are shaped to efficiently contain airway segments and operating areas
within the constraint of prescribed air activity. The size of a sector is a direct
function of the density of air traffic, so that large sectors are associated with low
air activity and may require multiple radio locations in order to provide line-of-

sight radio coverage over the entire area.

Flight Services are provided primarily for en route general aviation aircraft ?

operating under VFR conditions. The current distribution of Flight Service

Stations (approximately 320) results inservice areas of 100 to 200 miles radius
from a given FSS. In order to provide additional radio coverage, the FSSs also
utilize remoted communications outlets located at 54 RCOs, 533 LRCOs, and 9
SFOs. These facilities, numbering a total of 916, share common radio frequencies

at most locations and are therefore unprotect~d relative to potential co-channel

interference.

The air-ground communications described above are utilized by air traffic
controllers and inflight specialists to provide three major elements:

(1) Air Traffic Control. The ATC function encompasses the real time

issuance of instructions to aircraft in order to maintain required sep-
aration between aircraft operating in controlled airspace. The communica-
tions provide guidance to the aircraft relative to its position (x, y, z) and

its speed. Because the controller receives track information on aircraft

N

operating in an assigned sector, traffic flow can be regulated to achieve

g ¢ ; safe and efficient operations. But all communications transactions must

: be accomplished in near real time to correlate with the updated surveillance
data received with each scan of the radar (6-10 seconds). Since such
communications are critical to separation assurance, the guality and
reliability must be extremely high.

(2) Traffic Advisory Information. While ATC communications instruct

cach aircraft in controlled airspace, traffic advisory information advises

the aircraft regarding the position of proximate aircraft representing a
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potential conflict within the airspace. Pilots obtain information
concerning air activity in their vicinity by monitoring the communications
channel that is operated in a sector broadcast mode, and by direct traffic
advisories pointing out the position of nearby aircraft. The limitations

on the accuracy of surveillance information, coupled with the lack of

altitude information about VFR aircraft operating without a radar or

beacon or without mode C, make it essential that controllers alert

aircraft to proximate traffic. As in the case of ATC communications,
the required performance is for continuous real time service over the

designated airspace.
(3) Flight Service Information. Flight service information includes all

non-ATC and non-traffic advisory information that assists and supports

; : flight operations. Categories of flight service information are:

® Enroute communication service

e Weather information--EFAS (En Route Flight Advisory
Service); TWEB

® NOTAMS--NAS status information

® Flight planning

® Emergency assistance .

3 ' ® Lake, island, swamp, and mountain reporting service

® Airport advisory information
While flight services are available to all aviation classes, they are
primarily directed to the general aviation community. Since the general
aviation population tends to occupy the lower altitudes, adequate radio

coverage for flight services poses a difficult problem. The supporting

air/ground communications do not fall in the same class of criticality

i as ATC air/ground communications because of the non-control content

of the message traffic. However, the requirement for relay of ATC
instructions and the requirement to provide inflight emergency assistance
cause the expected level of performance to approach that of ATC

communications.
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2.2 RADIO OPERATIONS

2.2.1 Introduction

Air/Ground Radio Communications support all phases of aircraft flight
operations from pre-taxi to final gate run-up. Exhibit 2-1 shows the various
phases of flight operations and the corresponding NAS functions. The NAS
functions have become synonymous with operator positions, so that, for example,
the clearance delivery function is handled in most instances by a clearance
delivery position. The flight services function is primarily handled by an in-
flight specialist position; however, the broad category of flight services includes
a number of services that are also provided by ATC controllers, as required. In
general, [FR operations utilize the ATC services, while VFR operations utilize
flight services.

Air/ground radio operations aré divided primarily into Terminal Flight
Activity, En Rou'tc Flight Activity, and Flight Services Activity. Each NAS
function, within the primary divisions of air/ground radio operations, is described

below.

2.2.2 Terminal Flight Activity

Clearance Delivery. The Clearance Delivery (C.D.) position is employed

to issue flight clearance instructions to pilots prior to handover to the ground

controller position. The normal procedure is for the pilot to initiate radio contact

: on the designated C.D. channel and request clearance. The C.D. controller |
i communicates flight plan data, as printed on the appropriate flight strip, to the
E -3 pilot. The pilot reads back the clearance instructions. The C.D. controller

verifies the readback. The pilot contacts the C.D. controller when re ady to
taxi. The C.D. controller instructs the pilot to monitor the ground control

channel.

Additionally, the C.D. controller may issue gate hold instructions, relay

requests for flight plan changes to the ARTCC and verify receipt of ATIS.
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Exhibit 2-1

FLIGHT OPERATIONS & NAS FUNCTIONS

FLIGHT OPERATION

FUNCTION

Flight Plan Clearance

Pushback/Taxiway Entry

; Taxi

_ ! Take-off

L Departure

En Route

Approach

Landing

Taxi/Gate Position

All Flight Operations

Clearance Delivery
Ground Control
Ground Control
Local Control
Departure Control
En Route Control
Approach Control
Local Control
Ground Control

Flight Services




The C.D. position normally employs a common radio channel for all
aircraft seeking clearance. The radio coverage must extend over the airport

surface to include gate areas, aprons, and ramps.

Ground Control Ground Control covers both outbound and inbound flight

activity between local control and gate or other terminals, such as general
aviation, cargo, hangar, or military. Basically, the control area covers the
terminal taxiway system, with the ground controller issuing such instructions
and guidance as are necessary to expeditiously move aircraft between runways

and gates.

The pilot contacts Ground Control on the designated common radio channel,
and provides flight identification, destination, and position. The ground controller
issues taxi routing instructions. The pilot reads back the instructions. If the
flight is inbound, the ground controller clears the aircraft for a gate or other
position. If the flight is outbound, the ground controller instructs the pilot to

monitor the local control channel.

Additionally, the ground controller may issue traffic advisory information,
institute holding procedures, and clear aircraft to cross runways. (Active run-

ways are always under control of the local controller. )

Radio coverage for Ground Control must extend over the airport's taxiway

system and include all parking areas.

Local Control. Local Control is responsible for runway operations for both
inbound and outbound aircraft. For inbound traffic, the zone of control normally
extends from 3 to 5 miles from the end of the runway to the runway exit point,

and for outbound aircraft, from the runway run-up area to an initial turn execution.

For inbound traffic, the pilot contacts Local Control on passing the outer
marker or approximately 5 miles from the airport. The local controller instructs
the pilot on landing runway designation. The pilot reads back the instruction. The
controller issues clearance to land, and may provide runway exit instructions.

Normally, for inbound flights communications are kept to a minimum during the




landing sequence. Additional instructions from the local controller may include :

weather, runway conditions, or missed approach procedures.

For departure traffic, Local Control contacts the pilot and issues departure
instructions that bring the aircraft to a take-off position. Local Control issues
take-off clearance, which may include an initial turn vector. The pilot acknowl-
edges clearance for take-off and reports start of roll. Local Control instructs
the pilot to contact Departure Control when the aircraft has completed its take-

off and initial turn.

Additional local control communications may occur due to weather advisories,

traffic advisories, holding instructions, or ahorted takc--offs.

Departure Control. The TRACON handles both Departure and Arrival Control

functions. The Departure Control position is responsible for accepting aircraft
from Local Control and providing departure/en route transition instructions as the

aircraft climb out of the terminal area.

Departure and Arrival Control activities are considered crucial ATC functions,
because: aircraft activity is most dense in terminal areas, and aircraft are chang-
ing altitude, adding another dimension to potential conflict situations. The pilot
contacts Departure Control on the designated radio channel. Departure Control
issues instructions vectoring the aircraft from post take-off position to entry
into the airway as specified in the flight plan. The pilot reads back the instruc-
tions. Depending upon the structure and complexity of the terminal airspace, the
departure controller also issues any appropriate traffic advisories, weather advisories,
and NAS status information. The departure controller instructs the pilot to contact
En Route Control.

Approach Control., The approach control function organizes the flow of air

traffic into the terminal area and sets up efficient sequencing of aircraft to match
the active runway configurations. Each aircraft is accepted from the en route

controller and controlled in terms of both speed and position, in order to maintain
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separation but still accomplish a maximum rate of landing operations.

The pilot contacts Approach Control on the designated channel and reports
identity and altitude. The approach controller issues instructions to the pilot
for approach to the outer marker. Instructions to inbound aircraft are the most
complex of the entire flight since accommodation must be made for sequencing
multiple arrivals in a safe and efficient pattern. Altitude, direction, and speed
changes are common to most arrival instructions. (Although flow control pro-
cedures may have been utilized en rcute, the approach controller may still have
to institute delays of aircraft arrivals by means of speed changes, holding
patterns or path stretching.) The pilot reads back all approach instructions.
The approach controller may issue several sets of instructions during the
approach phase. In large terminal areas, the function may be subdivided into
initial and final approach control, handled by two positions. It is also common
practice to shape a number of both approach and departure sectors to match
the approach and departure air activity patterns--i.e., East-West or North-

South.

The approach controller will also issue traffic advisories, weather advisories,

wake turbulence advisories, and NAS status information, as required.

Radio coverage for approach and departure operations is required to extend
approximately 60 miles from the air terminal, with altitude coverage from 700

feet to 14, 000 feet.

2.2.3 En Route Control

The EnRoute Control function occurs at the ARTCCs, where midflight
operations are regulated--that is, the portion of flight between departure and
arrival, Some En Route Control sector assignments cover high altitudes; others
cover low altitudes. In areas of low activity an En Route Control sector
assignment may cover both high and low altitudes. The En Route Control function also

includes transitions between en route and approach/departure operations.
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Depending upon the sector location, the en route cortiroller may be engaged
in flow control procedures, climb and descent instructions, speed changes,
flight plan modifications and any other required activity designed to regulate

traffic flow.

The pilot contacts the en route controller and identifies the flight and
altitude. The en route controller issues instructions that direct the flight
over the designated airway according to the filed flight plan. If an aircraft is
entering or leaving the en route phase of flight operations, additional instructions
are required to effect the transition. The pilot reads back the instructions.
The en route controller then instructs the pilot to contact adjacent en route
service or the approach controller. Additionally, the en route controller
provides traffic advisories, weather advisories, NAS status, and flight plan

modifications.

The radio coverage required for en route ATC extends over all designated
airways, covering a volume of airspace from 1200 feet above the surface to FL

600.

2.2.4 Flight Services

The Flight Services function is directed primarily to that portion of the
general aviation community operating under VFR conditions. Inflight specialists,
located at the FSSs, provide en route (non-ATC) flight operations support. The
Flight Services provided include flight plan service; weather advisories; navigational
service; NAS status information; collection and dissemination of pilot reports
(PIREPS); DF homing and fixing; emergency assistance; and relay of ATC

instructions as required.

Pilots normally contact the inflight specialist on the designated FSS radio
frequency. In order to extend radio coverage, the FSS may remote several
locations on the same frequency--i.e., an FSS may operate through an LRCO,
an RCO or an SFO. Such multiple facility operations on the same frequency,

without adequate separation, frequently generate radio interference.
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F'SS radio coverage is required to extend over the controlled airspace.
Because the service is directed to general aviation users, low altitude coverage

to 1200 feet above the surface is particularly important.

Since the information provided by Flight Services is a valuable support to

flight operations, controllers will extend most of the services to IFR flights

as required.

A number of Flight Services functions are provided by radio broadcast
whenever the information is of general interest to pilots. Weather information
is broadcast via Transcribed Weather Broadcasts (TWEB), Scheduled Weather
Broadcasting, and Unscheduled Weather Broadcasts, Automatic Terminal
Information Service (ATIS) is a continuous broadcast of airport status informa-
tion provided as a service for high activity terminal areas.

2.3 SUMMARY OF AIR/GROUND RADIO FUNCTIONS AS PERFORMED BY

OPERATING POSITIONS

2.3.1 Terminal Flight Activity

I. Clearance Delivery Position

A. Location: ATCT

B. Radio Outlet: RT; RR; RTR

C. Functions
1. Issues flight plan clearance
2. Relays flight plan amendments between Center and aircraft
3. Provides gate hold procedures
4. Ensures aircraft receipt of ATIS
5. Advises pilot on radio frequency change

II. Ground Controller Position

A. Location: ATCT

B. Radio Outlet: RT; RR; RTR

C. Tunctions

1. Establishes and maintains aircraft identity

2. Provides taxi clearance
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Provides taxi route. instructions

Provides ground traffic advisories

Issues take-off delay instructions

Provides NAS status information

Provides ground control when required by poor visibility
Resolves taxiway intersection conflicts

Controls ground vehicle traffic

Advises pilot on radio frequency change

III. Local Controller Position

A. Location: ATCT

B. Radio Outlet: RT; RR; RTR

C. Functions

1.

2
3
4
5.
6
7.
8.
8
10.
11.
12.
13.

Establishes and maintains aircraft identity
Provides navigational assistance

Provides take-off and landing clearances
Provides take-off and landing ATC

Issues turnout and turnoff instructions
Provides traffic advisories

Provides weather advisories

Provides NAS status

Issues delay and holding instructions
Provides ground control when required by poor visibility
Provides ATC for missed approaches
Provides ATC for take-off aborts

Advises pilot on radio frequency change

IV. Departure Control Position

A. Location: TRACON

B. Radio Outlet: RT; RR; RTR

C. Functions

1.
2.
3‘

Establishes and maintains aircraft identity

Provides navigational assistance

Provides departure control in direction, altitude, and speed
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4. Provides traffic advisories
5. Provides weather advisories
6. Provides NAS status
7. Provides emergency assistance to aircraft when required
8. Advises pilot on radio frequency change
V. Approach Control Position

A. Location: TRACON

B. Radio Outlet: RT; RR; RTR

C. Functions
1. Establishes and maintains aircraft identity
2. Provides navigational assistance

* 3. Provides approach control instructions

4. Organizes in bound flow of traffic

5. Provides traffic advisories

6. Provides weather advisories

7. Provides NAS status

. Provides emergency assistance to aircraft when required

8
9. Advises pilot on radio frequency change

2. 3.2 En Route Control Position

. Location: ARTCC
II. Radio Outlet: RCAG
III. Functions

A. Establishes and maintains aircraft identity

B. Provides navigational assistance
C. Provides en route control in direction, altitude and speed
d D. Organizes and regulates flow of traffic
E. Coordinates and issues clearance for flight plan modifications
F. Provides traffic advisories
: G. Provides weather advisories
H. Provides NAS status
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I. Provides emergency assistance to aircraft as required

J. Advises pilot on radio frequency change

2.3.3 Flight Service Specialist Position
I. Location: FSS

II. Radio Outlet; FSS; RCO;