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PREFACE

Phase I of the study to provide a Socioceconomic Assessment
of the Communications Industry is concerned with establishing
the historical and current context which forms the basis for the
technology fbrecast and assessment to be conducted in Phases III

and IV.

Volume I of the Phase I report, "Description and Documentation

of the Current State-of-the-Art", provides that basis along sev-
eral important dimensions. It traces the role of communications
in aviation from the days of the Wright Brothers to the present.
Aviation communication systems have been classified into three

categories: Radio Communications System (RCS), Voice Communica-

tions System (VCS), and Data Communications Systeﬁ’(DCS). Finally,

current equipment and subsystems have been described, as well as

those likely to be implemented by 1985.

What remains to be accomplished is the detailed technical
description of current and near-term future systems and equipment.
The appendices in this volume provide those descriptiocns, as well
as other material which may be of interest to a more limited
audience than the material presented in Volume I. 'The system
descriptions contained in this volume differ from those in Volume

I along two dimensions. First, the previous system descriptions

[ . S 2 s, PR . RS} s i, - Mk ey .4t s & s A m. & am o am te ma e e L iom




v
were functional in nature, and were primarily concerned with

system requirements, performance and interconnections. These
descriptions, while touching on all of these aspects, placed
more emphasis on the design criteria and hardware of the systems
and subsystems. Secondly, while Volume I was primarily concerned
with current and near~term future systems, this volume will more
fully describe the historical and evolutionary development of

the systems. As such, it will compliment the material in Chapter

Four of Volume I, which assessed innovation and diffusion.

Tﬁe material in this wvolume is divided into three appendices.
Apfendix A describes the integration of several DCS and VCS func-
tions into the proposed National Airspace Data Interchange Net-
Work (NADIN). Appendix A also describes work in progress on the
Voice Switching and Control System (VSCS). Appendix B describes
the evolution and current state-of-the-art for Collision Avoidance
Systems. Finally, Appendix C supplements the material presented
in Volume I on the Intercom/Interphone (IP/IC) systems, and

Appendix A regarding VCS.

Acknowledgement is given to AMAF Industries, Incorporated of
Columbia, Maryland (subcontractor) for conducting the research
which formed the basis for the information presented in the

Appendices.
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NATIONAL AIRSPACE DATA INTERCHANGE NETWORK (NADIN)

NADIN will be an integrated, digital data communications
system implemented as a ground-to-ground digital message switching
network. ' It will consolidate separate low speed data service ex-
isting presently into more efficient and economical systems. NADIN
will be implemented in well defined independent, discrete, manage-
able stages to provide comprehensive support to domestic and inter-

national air movement activities[ 1] [2] .

Over the past decades, the FAA has created a number of en-
tirely separate, low speed data services for collection and dis-
semination of various categories of information to and from its
facilities. Each of these services is applied to a specific area,
and suffers from obsolesence, limited expansion capability, and
high operation and maintenance costs. In addition, intercommunica-
tion between these networks is not possible since common standards
or procedures_do not exist and therefore cannot be combined to
meet NAS present or future communication requirements. Any up-
grading or improvement of the existing network would not be cost
effective. The salient deficiencies of todays discrete record
transfer networks are:

o Excessive circuit cost

0 Obsolete equipment which is difficult to maintain

o Operation and maintenance are labor intensive
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Incompatible formats and procedures

o]

Inadequate network management

(o]

In the early 1970's, the FAA conceived NADIN as a fully
amalgamated, state~-of-the-art ground-to~-ground data network to

meet total projected requirements of Air Traffic Control.

Economic studies prove that a combined FAA network, in-
tegrating various existing diverse networks, will be more efici-
ent, cost-effective, easily expandable and versatile. The system
will be a multi-user message network, initially replacing a
number of inefficient, descrete low speed networks and switching
systems. NADIN will establish uniformity of equipment and pro-
cedures and gain an ample margin of capacity and performance for
current data communication requirements, with capability for growth

to accommodate future needs.

A. FAR Services Consoclidated In NADIN I

In DOT specification FAA-E-2661, the following services are

-
o
t—.
% designated for incorpoation into the NADIN I network configura-
& tion:
F o0 Area B, Supplemental B and NAS/BDIS
o Center B
0 Utility B (Category 1 and 2)
o © NASNET
E 0 NAS/WMSC
\
A
K
:
s _ L {




0 AFTN (National and International)

NADIN is designed to receive, process, and transmit digital
data (at various speeds, codes, and formats) handled by the above
telecommunication (record) systems. The existing configuration of
proposed NADIN I users is shown in Figure A-l. The effect of in-
troduction of NADIN I to the existing configuration is seen in
Figure A-2. The interface with NAS/WMSC and ARINC/AIRLINE is

shown in Figure A-3.

The NADIN system will interface a number of FAA and other
Ef— record transfer data networks, through asynchronous/synchronous
links, which may be character or bit oriented; shown in Table
A.l. This will allow NADIN to perform a wide range of data

services in the form of a complete message transfer capability.

R~
—~

Furthermore, NADIN to the Dial-up Terminal interface shall employ
X3.28 sub 2.5 or the Bell System 85A2 link control procedure in
the NADIN format. A Binary Synchronous communication interface
will be thru 2400/4800 b/s synchronous modems, and require a Type
3000 private 4-wire circuit per FCC Tariff No. 260. An Interface

will also be provided between a NADIN node or terminal and the Bell

System Digital Data System (DDS), as an alternative method to

. analog communications facilities by obtaining transmission facilities
for the communications of digital data. A DSU (which converts
EIA-RS-232 or CCITT V.35 interface signals to bipolar line signals

and vice versa) shall provide 2.4, 4.8 or 9.6 kb/s service to the
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DATA NETWORK

NAS 9020

WMSC

NWS

Flow Control
Processor

BDIS

Non-US AFTN

AWANS & MAPS

ARINC

ICAO

AFTN

NADIN I INTERFACES

BASIC INTERFACE

A 9-bit byte (8 bits of data with one bit of
parity), bit parallel, asynchronous link at
variakle speeds up to 40,000 bytes per second.
Both the NADIN concentrator and the NAS 9020
effect control over the effective transfer rate.

A bit-serial, synchronous, two-way simultaneous
link at speeds up to 4800 b/s.

A bit-serial, synchronous, two-way simultaneous
link at speeds up to 2400 b/s.

A synchronous 4-wire communications link at speed
of 4800 b/s with an upgrade capability to 9600
b/s with dial back=~up when required.

Bit-serial, asynchronous, two-way alternate links
at 1200 b/s.

Selected from one of the TTY or medium-speed
interfaces defined within NADIN specifications.
The control of the interface shall also provide
all necessary formats, code conversion, message
accountability, and processing required by the
appropriate ICAO Documents.

Bit-serial, asynchronous, 1200 b/s, two-way
alternate links employing ANSI X.3.28 Subcategory
2.5 or 2.7 procedures. These interfaces shall

be capable of being modified to two-way simultaneq
synchronous procedures.

Bit-serial, synchronous, two-way simultaneous link
employing ANSI X.3.28 procedures.

To other national communications centers of the
ICAO network shall conform to either:
(1) Annex 10, Volume Il character oriented
procedures, or
(2) CIDIN high level procedures

75 b/s Baude, 60 ma neutral mode circuits up to
200 V DC open circuit voltage.

Table A-1l

U |
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data terminal equipment in accordance with EIA Standard RS-232,
interface Type D or Type E. In addition, the data and clock
signals shall conform to EIA Standard RS-334 for synchronous
channels. Additional interfaces will be developed to handle

future communication requirements as they are defined.

B. NADIN Structure

The NADIN system will consist of 2 nationwide, low speed
message switching network. The network backbone links will be
as shown in Figure A-4. There will be two Message Switches,
located at the FAA ARTCC facilities in Salt Lake City, Utah
and Atlanta, Georgia. There will be a number of ¢oncentrators,
on located at each ARTCC, (including units co-located with the
two exhanges and at Anchorage, Honolulu and San Juan).

There will be a number of data communication terminals tied
to a local concentrator which will control the terminals including
the NAS 9020 computer terminals. The concentrators will be inter-
connected to tﬁe two Message Switching Cenﬁers, each of which
will be capable of individually and independently managing and
providing service to the entire network. A block diagram of such
an inter-connected structure of elements constituting the NADIN
and FAA facilities/units terminating at NADIN is shown in Figure
A-5., The NADIN System will be capable of interface through all

kinds of transmission media including satellites for domestic

and international communication. The speeds of the data transmission
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links linking the heirarchy of the NADIN network is shown in

Figure A-S6.

Any and all messages initiated at a terminal arrive at one
of the Message Switching Centers, through concentrators, and are
delivered to the desired destinations. To allow a follow-up in
case of a lost or garbled message, these switches also perform
a Data Journalling function. They also maintain complete statis-
tics on the traffic handled, making available continuous infor-
mation on network demand and capability. It pinpoints under-
utilized circuits and areas becoming congested and implements

dynamic trunk supervision for optimal utilization.

The NADIN System has been designed to eliminate any and all
hardships on the user of an existing service, who will find the
new system transparent, requiring no changes to presently used

standard protocols or practices.

C. NADIN I Subscribers And Their Links

A variety of subscriber terminals are served by the NADIN I
system including:
0 Low speed teleprinter (e.g., Model 28 Teleprinters)

- terminated on polled multi-point circuits from
NADIN concentrators

o Medium speed terminals (e.g., DTES)
- served through dedicated links to the NADIN

~ concentrators using message/block oriented procedures.
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o Computers (e.g., WMSC DS-714 and NAS 9020)
- the DS-714 is served similarly to medium speed
terminals while the NAS 920 computers require

a special interface to the concentrator.

It is pertinent to point out that the links for transfer of

information between switches and switch/concentrators will be on a

frame by frame basis. The frames of multi-frame messages, although

MIRCIt S 2
N h

transmitted in proper sequence, are interspersed with frames of

vy
A

other messages. The node serving the destination access line

separates the frames of a given message from the other message
frames mingled among them to transmit over the destination

access line, either continuously, as in the low-speed case, or

as individual frames in the case of access lines using message-

oriented blocking.

[\ D. NADIN I System Capabilities

Lk

“h - The NADIN I system will be designed and implemented to provide

the following capabilities:

o0 Transfer of all messages presently being handled by the
FAA Service B network (Area, Supplemental, Utility B,
Center B, and NASNET). .

ol h

A AN S e

o Transfer of all messages presently being handled by the
FAA controlled portion of AFTN, to be referred to herein
i as the National AFTN.

the Weather Message Switching Center (WMSC), Common ICAO
Data Interchange Network (CIDIN), Aviation Weather and
L NOTAM System (AWANS), Central Flow Control, Air Carrier
i ’ Communication Systems, National Weather Service (NWS),

i .

g o Interface and communication with, but not limited to,

|

|

|

k . 1] 3

» Suitland, Meteorological and Aeronautical Presentation
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System (MAPS), and the international Aeronautical Fixed
Telecommunications Network (AFTN).

E. Hardware Elements (Switching Centers, Modems, Circuits, And
Principal Terminals)

The NADIN I system will consist of a number of hardware
elements i.e.:

© Switching Centers

© Concentrators

o Modem

o Circuits

o Special Interface Services

o Terminals

These hardware elements will be designed to improve collection
of ATC statistical data from field facilities and to allow systema-
tic growth for the handling of aircraft movement and control data.

Other requirements demand:

© Readily implemented hardware and software functions to
handle all projected traffic volumes and data services.

o Throughput and delay factors within the limits stated
within this specification.

o Highly reliable operation, with easily maintained com-
" ponents as further defined within this specification.

O Monitoring its elements and detecting its failures, and
automatically responding to its failures.

0 Online monitoring and recording of operational data that
will provide information on system throughput, message
volumes, message distribution, status of nodes, links,
and queuing delays.

‘
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These hardware elements are briefly described in the following

subsections:

1. The Switching Centers

Two Message Switching Centers (SC) will be employed in
NADIN I sturcture, one located at Salt Lake City, Utah and
the other at Atlanta, Georgia. These will be state-of-the-
art exchanges based on a computer with greater input/output
capability than data manipulation/calculation strengths, and
with modest program/data-file-storage capacities. Thus,
relatively small units of core memory for primary storage
and disk/drum/tape based secondary storage will be required
and a subsﬁantial number of communication circuits for input/
output channels.

The Message Switching Center will be of a store-and-
forward type, which will perform the message processing in
the following conventional steps:

© Acknowledgement to Originator

© Recording

o Format Check and Edit

o Routing

o Code and Format Conversion

© Output

| X . The switching centers will control data flow throughout

P G S P e S A




the network. Data flow between terminals shall be via the
appropriate concentrators and switching centers with all
routing and accountability being handled by the switching
centers. Messages handled by the network will have the option,
by circuit, to be converted to the basic NADIN format upon
input to the concentrator, or at the switching center. All
messages routed to the international AFTN locations are in
conformance with ANNEX l0-message handling requirements,

and in accordance with ICAO DOC 8259.

Initially, the two switching centers will be connected
via two 9600 b/s leased communciation circuits. Each shall
have the capability of automatically calling the other switch
over a dial-up switched network in case of primary circuit
failure. Primary circuits shall be capable of being served

by both digital and analog leased data circuits.

Supervisory and intercept operator positions will have
terminals including keyboard input, cathode-ray tube and
printed output, and access to switches controlling appropri-
ate system functions. A supervisory console will be associated
with each switch, to which will be assigned functions of tape
and disk mounts and dismounts, monitioring of network per-
formance, making adjustments and corrections should the

automatic network actions be unable to cope with overloads,
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malfunctions, or other problems. Figure A-7 illustrates a

NADIN switch functional block diagram.

2. NADIN I Concentrator Units

Twenty-three concentrator nodes, will be located at
each ARTCC (except Balboa) within the FAA jurisdiction, i.e.,
all twenty ARTCC's within the CONUS and the ARTCC's at
Honolulu, Anchorage and San Juan. Redundancy will be used
for higher availability and a tape cassette or similar device
will be included for fast re-load of the concentrator stored

program in case of a malfunction.

The processor in a concnetrator performs in accordance
with the requirements of the access line over which a message
is recieved. The chief functions are:

o Addition of information to messages where reguired
(e.g., priority,type, originator/addressee)

© Checking end of a message, and adding appropriate
code

o Conversion of codes (formats of incoming messages
if required)

© Addition of communication control information after
each message frame (e.g., frame accounting, sequential
message numbering, message code/format keying,
indication of user directed or network management
message)

© Recognizing code/format requirements of calling/
called parties and making appropriate conversions

- ;‘L_“AA-,.;-J
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©0 Acting as supply "boiler plate" in frequent fixed
format messages, when programmed.

Figure A-8 illustrates a Concentrator functional block

diagram.

3. Modems

In NADIN I several types of Modems will be required
for termininating various classes of circuits. The
following basic types of modems have been specified:

o Between concentrators and low speed terminals

(excluding current-loop type)
- 0-300 b/s, asynchronous, half and full duplex
- 0-1800 b/s, asynchronous, half and full duplex
o Between concentrators and medium speed terminals
- 2400 b/s, synchronous, half and full duplex
- 2400 and 4800 b/s, synchronous, half and full
duplex.

Variations of the above types may be used to match

individual terminals, and will also be employed to

interface NADIN switches with external systems.

4. Circuits
Leased dedicated full-time circuits will be used in
the NADIN I network, with dialed connections utilized as

backup and prime for terminals not requiring full-period
service.

o Links connecting terminals with concentrators will
be of the following types:

A-19
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- Low speed, 50 to 150 b/s asynchronous tele-
typewriter communication circuits.

- Synchronous and asynchronous medium speed
circuits.

- High speed, byte-serial.computer circuits,
connecting concentrators to the NAS 9020
computer.

Concentrators shall connect to the data switches
over point-to-point 2400 and 4800 'b/s synchronous
communication circuits.

Multiple low- or medium-speed communication circuits
will be used for connections to international centers
of the ICAO network (AFTN).

- Low-speed, 50 to 150 b/s asynchronous tele-
typewriter communication circuits.

- Synchronous and asynchronous medium-speed circuits.

Two medium~speed 9600 b/s synchronous communication
circuits will connect the NADIN switching centers
and the Weather Message Switching Center (WMSC)
located in Kansas City.

Medium-speed circutis will be used in the automated
flow control processor facility co-located with the
Jacksonville ARTCC and the Air Traffic Control
System Command Center in Washington, D.C.

Low~ or medium-speed dial-up capability will be em-
ployed to field office terminals located at major
FAA activity locations.

Medium-speed asynchronous circuits will be used to
automate FSS facilities at the time of NADIN
implementation.

Medium-speed synchronous circuits will be used in
Air Carrier Communication Systems for automatic
exchange of flight data.

Medium-speed synchronous circuits will be used in
the National Weather Service processor.

A-20
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F. Maintenance/Reliability

Very high reliability is a basic requirement of the NADIN I
network, with a level of nodal availability of 99.98% which will
require employment of additional switching eguipment modulies for
redundancy.

Message flow is closely controlled, and messages are accepted
for processing only when facilities are available to handle them
and are routed and processed through the system to assure prompt
delivery. Network overloads will be prevented by closely moni-
toring the flo& of messages within and between NADIN I and
its terminals and connecting systems. Most efficient use
of circuits and processing facilities will be assured by analy-
zing and planning traffic routing in response to system busy
hour loading, delay and availability/reliability requirements.
Achievement ©f these goals requires proper management of system
software and of storage capabilities of switches and concentrators

in the terminals.

Since NADIN I requires very high system availability, the

design provides for element or module failure. A sophisticated

recovery procedure has been incorporated as follows:

0 Internodal Circuit Failures or Degradation: )

The defective circuit will be automatically/manually
removed by a switching unit, and dial link action will
be used to immediately select two temporary replacement
circuits. Conseguent changes in routing tables and
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switching configuration will be implemented while the
traffic is resumed. Upon restoration of the defective
circuit, it will be placed back in service and the
dialed links released.

o Failure of Equipment (including Total Switching System):

Built-in redundancy and short MTTR/restoration time
should prevent total failure of a node. However, in

case of total failure of a node e.g., a concentrator,

its low-speed terminals will not be provided with
alternate access to the network. Some high-speed
essential terminals will be allowed alternate access to
the network through dialed lines. In case of the failure
of one of the two switching centers, the second center
will have the capability to assume all its functions for
the concentrators served by the failed center. This will
be done using dialed links with routing tables and
operating software automatically ammended until the de-
fective switch is restored.

© Message Recovery:

If a message processed by a switch does not arrive at
its destination, it will be recognized as a break in the
sequence, since sequential lists of transmitted messages
will be maintained. A re-transmission will be made
corresponding to the missing number, in most cases
automatically.

1. Message And Data Recording And Journalling Circuit
Related Data

The switching units will maintain a record of periodic
count of the number of messages and vharacters transmitted
and received. This allows a number of :significant traffic
parameters to be calculated for nodes and internodal circuits,
which are recorded, analyzed, aggregated, stored, and dis-
played at an operator console as a measure of loading in

segments of the network. Alarms are used to indicate

A-22
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parameters exceeding prescribed limits. This will include
statistics on frame re-transmissions to indicate the quality

of transmission elements in the network.

2. Message Related Data

Te allow quick re-transmission of lost, broken, and
other problem messages, each message is temporarily'recorded
completely in fact-access storage at the switching centers.
Later, it is transferred for long—term'retention to a slower-
access medium, for administrative referral (if required).
Messages which do not require total recording will be sorted
out, and their Journal data only will be retained e.g.,
identity of originator, addressee(s), type, priority, message

length, etc.

3. The Cutover Strategy

A very carefully designed, smooth, cut~-over strategy
will be implemented to avoid unfavorable impacts on network
performance and its users. Examples of how such unfavorable

impacts will be avoided are:

o In case of a national AFTN subscriber choosing to
remain in the Baudot Code/AFTN format environment,
only an update of contact information for operational
problems will be required, and general pre-knowledge
of the cutover schedule.

o In other cases, formats and new telecommunication

functions available within the NADIN will be
accommodated as part of the cutover plan.

A-23
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© In cases where software (adaptation of the NAS 9020
and FSS automation) processors will be affected by
the cutover process, coordination and mutually
acceptable schedules will be created.

© In more involved cases, where the method of doing
business may change services provided by Supple-
mental B, NAS/BDIS, NAS/WMSZT, Center B, and NASNET
will be handled within the NADIN, but these circuits
will disappear functionally.

G. Milestones and Enhancement Plans

The NADIN program will be implemented very systematically
in a number of small, discrete, self-contained stages, In view
of the ultimate reliability and availability requirements on

this vital system, this appears to be the most logical approach.

The stages of NADIN development and implementation are shown
in Figure A-9. Several phases have been defined for the initial
stage of implementation as well as for subsequent enhancement as
depicted in Table A.2. As seen from the Table, progress is presently
being made in Phase II. Computer aided economic/technical analysis
on an extensive scale led to tﬁe viable and cost effective strategy.
The intensive assurance requirements of Phase II caused slight
prolongation and delay of specification issuance for procurement
and acquisition of hardware and software. This will be followed
by installation of the system, cut-over and training of operating
personnel. Immediately following will be Phase IV, covering
enhancements and associated E&D efforts for updating and revision

of system planning of the expansion of the capability of the system.
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PLANNED EVOLVEMENT OF INITIAL
NADIN INTO THE COMMUNICATIONS
SUBSYSTEM OF THE NATIONAL AIR-
SPACE SYSTEM. :

Figure A-9
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NADIN DEVELOPMENT SCHEDULE

Initiated Completed

Ty

~Phase I

Y
R
e

v temee

Characterization of Existing
Networks and Reguirements
Validation for 1985 1974 1975

,u"

Al il S it o
oy pEe e-

Phase I1

NADIN I Design and
Specification 1975 1978

o
¢

Phase III

NADIN I Procurement and

Development 1979 1981
PHASE IV

E & D Design for NADIN
Enhancements 1978 1981
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These enhancement activities will include short and long term

requirement surveys on AAT data transfer as in Table A.3.

As a result of this activity, the scope of the nest NADIN
upgrade will be evolved. Analytical estimating and implementation
strategy will be defined for creating reguired hardware/software
and its utilization in the FAA Communication Network. The NADIN

enhancements will include a further integration of weather services

(Service A collection and distribution) and total FSIS require-
ments for data transfer as well as further integration of data

communication used in support of the air traffic control mission.

l. Near Term NADIN Enhancement

The FAA has defined eight distinct areas in which NADIN

capability will be enhanced to serve:

o ARTCC/ARTCC (NAS/NAS) digital data communications
© ARTCC/ARTS (NAS/ARTS) digital data communications

o Flight Data Entry Processing (FDEP) equipment using
replacement devices

o Future phases of automated FSS digital data
communications

o Future phases of flow control (ATCSCC)
o Interface with National Flight Data Center
0 Service to upgraded field office Terminals

o Further integration of weather services to provide
integrated MET distribution
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FUTURE REQUIREMENT SURVEYS FOR NADIN ENHANCEMENTS

Type of Activity of
Data Communication

FSIS

Flow Control

Flight Data Entry and
Printout (FDEP)

ARTCC/ARTCC
Communications
ARTCC/ARTS

Communications

NFDC/IS at Oklahoma
City

Upgrading Field Office

Terminal Capability

Upgrading Meteorological

Communication

Interface with DARBS

Survey

Purpose

Data exchanges between: Flight Service Data
Processing Systems (FSDPS), WMSC, and other
ATC facilities;

ATCSCC exchanges with industry, ARTCCs, Auto-
mated Radar Terminal Systems (ARTS), and
manual FSS locations;

Communications using replacement medium
speed devices on multi-point circuits using
standard communication practices;

Including the capability for non-NAS data
exchanges such as with Canada;

For ARTS II, ARTS III, ARTS IIIA and EARTS
with the capab;llty for multi-point czrcu;try
to terminal locations;

For exchange of airport data base information:

To provide data base access (NFDC, WMSC, etc.)
from Air Traffic Service, Airways Facilities
Service, Flight Service Stations;

For full meteorological messages and digital
graphics, data trunking capability to provide
distribution of weather data to ARTCCs, Air
Traffic Control Towers (ATCTs), and manual
FSSs and possible input trunking for data
included in the National Weather Service Auto-
mation of Field Operation (NSW AF0OS) program
needed from the NSW and Air Force:;

For Air-ground data link;

Miscellaneous selected DOT requirements.

Table A.3

A=-28




LAl S il vtk e

——ry—w
)

I
i
1
'

..............

0o Other data communications in support of the air
traffic control mission e.g., Discrete Address
Beacon System (DABS) interactions with ATC
facilities, satellite communications with ATC
facilities.

As initial NADIN I capabilities include options e.gq.,
higher data transmission speeds and increased processing
capability in the switching centers and network, very few
newer additions are foreseen for implementing the above

services (e.g., addition of limited local traffic switching

at concentrators).

2. The Evolutionary Growth of NADIN

The NADIN system has been designed for a systematic
growth from its initial deployment to its ultimate goal
of a total data communication system in support of the
Air Traffic Control mission. Therefore, its design will

assure that the following can be accommodated:

o0 Nede capacity can be increased by adding modules

o Node functions can be expanded by adding new
modules

0 Circuit capacity can be increased by increasing
data rate and by adding circuits

o Users can provide higher capacity terminals
o Evolutionary changes do not upset ongoing operations
¢ Central planning controls changes

The planned program phases for NADIN I are:
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Program Phases

Phase I

Characterization of Existing Networks and
Requirements Validation

Phase II

NADIN I Design and Specification

Phase III

NADIN I Procurement and Deployment
RFP
Contract Award
Cutover

Phase IV

E&D Design for NADIN Enhancements
o0 FSS Models I & II
o Weather Distribution Network
o Automated Flow Control
o DABS Data Link
o Survey of Selected DOT Requirements

— il ittt A a

Status/Plans

Completed

Completed

Feb 1979
Sep 1979
Nov 1979

1981
(To Start)
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VOICE SWITCHING AND CONTROL SYSTEM (VSCS)

FAA/ARD-200 is developing and refining the requirements
and technology for the development of a new Voice Switching
and Control System for the FAA communications system. This
effort is being conducted by combining contractor and in-house
activities. The Program Manager for the Radio Communications
Control Syétem (RCCS), Mr. Leo Gumina, ARD-206, is managing the
VSCS program devélopment which will include both the Voice
Communication System (VCS) and Radico Communication Control

System (RCCS) in a combined system,

The present air-ground c-mmunications system (RCS/RCCS) and
ground-ground communciation system (VCS) employ equipment that
have approached or exceeded a normal life cycle (15-20 years).

The addition of periodic improvements have added different families
of equipment and subsystems resulting in a mixed inventory that
requires diverse maintenance skills and is also costly to main-
tain. The current system is predominantly manually operated and
maintained and is a labor intensive system which causes large and
increasing recurring costs. The vacuum tube and electromechanical
technologies included in the present system have larger space re-
guirements, higher power regquirements, lower reliability and re-

sponse times than are required with current solid state tech-

nology [3].
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"To effect the greatest benefit these two independent systems

should be replaced by a single system which utilizes modern solid

3

h state technology and achieves the following operational cap-
8 abilities:

: © Increase the speed of establishing communications

1 between controllers and between controllers and

h aircraft.

o Increase the system flexibility from the standpoint
of rearranging services and adding new services.

o Reduce the out of service time by automatic line
restoral techniques.

o Reduce the maintenance workload by the use of auto-
matic monitoring and fault isolation technigues.

Technical Approach: To achieve the general operational

objectives, studies and minor development tasks have been
initiated specifically to answer questions related to the basic
technical feasibility and economic acceptablility of a switch re-
placement program. The studies include: [4

© A review, updating and documentation of the operational
and maintenance requirements.

© A survey of currently available switching systems to
assess the state-of-the-art of switching and control
technology.

o A study 'to determine the technological feasibility of
combining and/or integrating the interphone and radio
subsystems of the ATC communication system.

o A cost benefit analysis to assess the economic advantages
of replacement of the radio subsystem, the interphone
subsystem and the combined system.




IR
)

0 A program to develop and evaluate techniques for in-
band signaling to eliminate the need for conditioned
Telco lines."”

A review and updating of the operational and maintenance
requirements has been conducted. Contractor draft regquirements
documents for the Radio Communications System (RCS), Radio
Communications Control System (RCCS), and Voice Communication
System (VCS) have analyzed previous studies and current require-
ments. Controller/specialist position gquantities for the en
route, terminal, and flight service environments based on previous
analyses appeared to be excessive and field data was acgquired to
establish current requirements. The requirements have been con-
solidated into the Voice Switching and Control System (VSCS)
Requirements. While this is a draft document, it has been up-
dated with current inputs from the regions, been through one
working level coordination cycle, is currently in coordination
again and is not expected to change appreciably. Reguirements
for the air-ground and groung-ground voice system used in this

appendix are based on the VSCS Requirements document.

A study was conducted to investigate and compare a combined
Radio Communications Control System (RCCS) and a Voice Communica-
tions System (VCS) with a separate RCCS and VCS. A combined
system was defined as a system using the same technology, tech-

nigue, and module construction throughout. Such a combined system

A-33




could encompass various degrees of integration or consclidation

of the functional components of the air-ground and ground-ground

subsystems[ 5] .

The generic architecture used in the study is shown in
Figure A-10. This generic system included the seven major func-
tional elements: (1) input/output interfaces; (2) call pro-
cessing; (3) call preprocessing; (4) interconnect network; (5)
maintenance interfaces; (6) position elements and (7) trunk
circuits. Each generic architectural system had to meet the
principal ATC communication interconnect requirements of:

Radio, Intercom, Interphone, Support and Automafic Call Distri-
bution (ACD). Additionally, the combined configuration(s)
utilized for the comparison with the uncombined system con-
figuration could not be biased by any one of the three candidate
switch technologies under consideration, namely, Space Division
(SDM), Time Division (TDM), of Frequency Division (FDM). While
this latter restriction on the study prevents optimization of
the combined configuration architecture, it does not eliminate
from consideration any one of the possible approaches. It was
felt that these options should be available to proposers for the

system development phase.

A review of SDM, TDM, and FDM techniques resulted in the

following general conclusions: [4]

A-34




.".'.hr‘r. v
. . e e ) e,

naxe o

R

IO NAL
(@, . IACK rROC &
e ey
Y LY ...__1 oIsT.
COMTYAOL
l — e iy

S
|

' 1
raoC 4 I<
. ~ — —{ DIST.
rees o — cowTROL l
e
(RCCS) l
J

{

CONYADL

rnOC &
ves e = e —{ O T d_
sEL C.O"TIOL

ves)

rOSITION 0. 1
————e it

L"'"I
-

l 1nruT
a

"]""""‘""’—'—'.

' accs
: INTEA.

L

- -~ 1

+
|
!
(
|
POSITION NO. N T -

L e e ] e e —

Uncombined RCCS/VCS [ 4]
FIGURE A-10

2=2%

TAKS
coNmLCY
ovTruT
i NETWOAK
race | NET.CNTAL I
—_ $ I
rRL.
T reno- B 2 l
caLL
cLss rAC ‘
r ina cess-
l IMAIHT("ANC( lﬂ'(lj l -nccE”
l 2 Y
Ty car sTon- l
| Ace {
L - —- — - —
INeUT INTER. = ;.":L“"
} & ted commeer - Tans
! CUTPUT i mETWORK(S)
INTCR. . .
race NECT.CNTRLS sUPPFORT
’ }-.1 TRAKS
1 ! AcD
® '_'q TAKS
cAaLL
‘_" PRAO- l
l- cessiNG
l MAINTENANCE INTER, l “ves©e
l —_—
C4 l - l
l o NOYEIINTCANAL ARCHMI-
' TECTURL OF vCS IS
l 227 cay | [3TOR I GENERIC ONLY.
AGE
!
| .

|-




L N W N T N R T T T At e A i Rt I i S PR v LRl e e sttt 68 2 Men Se e Eim
R T . . N R . . e ST . va - B N

© An interconnect network can be implemented in any one

of three basic technologies or a combination of tech-
nologies.

© Optimum network structure or technology is dependent

upon the unique requirements of the switching applica-
tion. Optimum network technology is current state-of-
the~art dependent and will vary as component technology
advances.

© Given a specific network structure certain technologies

will likely have a distinct economic advantage although
the basic switching regquirement may be handled equally
well by all three basic technologies,

From the initial baseline generic architecture it was readily
apparent that the position elements should be combined because of
the physical space limitations at a position and the human factors
engineering considerations. Likewise, for efficiency, a combined
maintenance element would provide for ease in monitoring, sur-
veillance and the maintenance of the VSCS. Trunk elements will
probably be combined using a universal interface to accommodate
the various types of signaling and control required during im-
plementation. Eventually a single signaling/control scheme

between VSCS facilities that is expected to accommodate both air-

ground and ground-ground circuits.

The interconnect or switching element was also investigated
for consolidation. Because only the RCCS postion reguires a non-
blocking interconnect, a combined switch network would provide
an over design for the VCS postion and the possibility of un-

desired connections that would have to be prohibited by the

n"-R




control function. Further, fewer equivalent crosspoints are

reguired by a system using separate RCCS and VCS interconnect

elements. The separate interconnect elements also provide an
attractive option for incremental implementation of the radio

or ground voice portion separately (Figure A-11l). The pre-
liminary system design has further divided the interconnects

into radio, interphone, and intercom with all to be the same
modular design. The design was sized for a medium TRACON in-
stallation and planned for expansion in modular increments to
meet larger facility regquirements. Small size facilities may be
accommodated by use of a single switch network initially with
suitable program changes, then expanded modularly as regquirements

dictate.

"With a modular (expandable/contractable) VSCS architecture,

the choice of the common control elements is guided by the same
cdesign philosophy as the connecting network. The objectives

are to meet the needs for a medium TRACON, and have the flexi-

§ bility to meet the requirements for the largest en route centers,
[ and also, be downward compatible for smaller installations.

(The minimum sizz installation is to be determined on cost ef-

E fectiveness.) Both electroric hardware and stored program pro-

cessors are involved in the common control elements.

The general functions under Common Control are considered
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© Line/Trunk Servicing Signaling Processing
© Call Translation
0 Call Processing

© Central Monitoring and Data Base

© System Maintenance

The selection of a centrally distributed microprocessor
common control for the VSCS is supported on the basis of:

© A proven technology approach

0 Very good modularity characteristics

O Cost effectiveness in terms of redundant elements for
reliability

0 No measurable increase in complexity for the largest
size systems.

The overall system design strategy for the VSCS involves

taking advantage of the low translation and call processing of
the Radio Subsystem and incorporation of this function into the

‘ same common cohtrol used for the IP and IC call processing. This
dictates that there be at least a medium amount of communication

» between the different peripheral processors and a central common

control processor."[ 3] A Central Monitor Processor (CMP) direct

interprocessor communication through a bus controller at each CMP

(MAIN/STANDBY) was chosen in the preliminary design.

The CMP de=s the overall switch monitoring and executive

GBS BT Shs SASI SEs SR A an Al o

* SN e e
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control for the distributed control approach. It also will con-

tain the Data Base associating the dialing or other address data
with the lines and trunks. The CMP retains the current state of
the system at all times. Calls in the VSCS will be handled in
the same general way as position line or trunk call processing
with the exception of the radio trunks. Radio trunk paths,
because of the relative static nature, will be established by

a System Maintenance Monitor Console (SMMC), command entry to the

cvp [ 3] .

The studies are being used to formulate and scope a program
for development of the replacement switching an control system.
It is projected that program planning will be completed in early
1979. A detailed set of engineering requirements will be developed
from an approved and coordinated operational requirement and will
be used to solicit development proposals in 1980. As the studies
indicate no technological break-through is required to meet the
program objectives, a development program containing a limited
production quantity is a viable alternative for early system

implementation [ 4] .

The current program schedule plan is: [6]
System Requirements Statement signed February 1979
Program Plan completed March 1979

Acguisition Paper completed July 1979
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Engineering Requirement developed July 1979
Source Selection Plan developed August 1979
Procurement Request completed September 1979

Much of the initial work has already been accomplished to
meet the above schedule. The RCCS/VCS Combined Study and the
Preliminary System Design for the VSCS, while highlighting
specific technologies for ease of accomplishment, were deliberately
kept general with reference enough so that a functional engineering
regquirement and procurement reguest can be based on the initial

work without specifying a technology.

It is expected that a development model program will be
funded in CY 80. Model testing could then occur at the National
Aviation Facilities Experimental Center (NAFEC) in CY 82 with a
production contract possible in CY 83. Thus, barring unforeseen
program changes, the first production VSCS could enter the inven-
tory as early as 1985. Unless catastrophic, even unforeseen

changes should only delay the VSCS into the late 1980s.
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COLLISION AVOIDANCE SYSTEMS

This section provides an assessment of collision avoidance
systems (CAS) envisioned for a collision free National Airspace
System (NAS). The section includes a general background and a
historical development of the systems proposed by various or-
ganizations as part of the efforts directed towards arriving at
a national standard for CAS to be issued by the Federal Aviation

Administration (FAaA).

It is noted that although the urgency of introducing a
standard is being felt by all concerned in the scenario of mid-
air and near-miss situations, it is nevertheless considered ad-
vantageous to delay standardizing an imperfect system than to
bear the economic and safety related consequentces of a hasty

choice.

GENERAL BACKGROUND

With the increase in air traffic density, situations where
two aircraft are dangerously in close proximity are increasing.

These situations have resulted in serious near-miss encounters

Q and mid-air collisions.
)
; To insure the air travel safety, the FAA has encouraged
b
t‘ design, development and testing a number of sophisticated
’

electronic systems. Upon successful conclusion of tests on the




proposed systems, national standards will be developed under the
Aircraft Separation Assurance Program (ASA). 1In addition to the

FAA other agencies are concerned with flight safety and are con-

tribucing in related fields, e.g., the NASA Safety Reporting

B System.

q

- A. Description Of The Problem

; The NAS is being used by both civilian and military aircraft,
Eﬂ \3; the former being operated either by airlines or by general aviation.
T‘ The navigable airspace available for these users can be divided

F' into:

tl ( © Positive controlled airspace (PCA)

0 Uncontrolled airspace

o Terminal airspace

The planned distribution of the airspace is shown in Figures
B-1A and B-1B [22] . Collision avoidance is concerned with air-
craft separation throughout the airspace for conflict-free terminal

sequencing and spacing control.

vv-
-

The statistics [ 1] over a 12 year period (1967 - 1976) re-
veal the follwoing:

0 Mid=-air collisions - 20-40 per year

o Fatalities - 60-70 per year

0 Collisions per million flight hours in 1965 - 1.2; in
1976 = 0.6.

Some recent mid-air collision and near mid-air collision

PP T T T
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statistics have been analyzed and shown in Figures B-2A and

(o]

B-2B, which reveal that:

Half of all collisions occur within 5 miles of an air-
port and below 3,000 feet.

o Half take place in en route and terminal air space.

These collision and near-miss encounters are largely

attributable to the aircraft flying under visual flight rules

(VFR), and very little to those flying under the instrument

flight rules (IFR).

Analysis of near-miss incidents in 1975 (by NASA) reveals

that no type of airspace or ATC control position is immune to

the occurence of potential conflicts.

ning

Two aircraft may accidentally get into a potentially threate-

situation due to:

(o]

The inability of the VFR (uncontrolled) aircraft using
see-and-avoid techniques to maintain safe separation
from IFR aircraft in controlled and transition areas.

The inability of the VFR aircraft using see-and-avoid
techniques to maintain safe separation from other VFR
aircraft in controlled and uncontrolled alrspace.

Aircraft deviations due to pilot error or egquipment
malfunction.

ATC system errors.

ATC system hardware/software failures.

As defined for a CAS algorithm, two aircraft are condidered
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to be in potential conflict when the following parameters are
satisfied:

© The estimated time to closest approach is less than
45 seconds, and

0 The esitmated horizontal miss distance is less than
l n.mi or the estimated vertical separation at closest
approach is less than 1,000 feet.

A number of measures have been taken by the FAA to assure

collision avoidance between airborne aircraft. These measures

include; definition of flight rules, requirements for instrumenta-

tion in potential areas of conflict, definition and development
of systems to enhance pilots "see-and-avoid" capability and air
traffic controllers decision making capability to reduce human
error. VFR aircraft are equipped with an encoder and a trans-
ponder for flight above 12,500 feet; when equipped with a trans-
ponder and a two-way radio, VFR aircraft are allowed to use the
terminal control area and positive controlled airspace. Systems
are being developed which will provide pilots with information

to assist them in resolving potential flight path conflicts with

other aircraft, should they develop, i.e., (1) the traffic advisory,

and (2) the resolution advisory. The objectives of the traffic

advisory service are to assist the pilot in:

© Obtaining visual acquisition of aircraft that are or
will be close enough to be of concern.

0 Evaluating whether or not an aircraft represents a
threat.
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© Selecting a safe and effective escape maneuver.

o

Maintaining separacion in the absence of visual
acquisition.

A number of government agencies, commercial and non-profit
organizations have made major efforts in the past decade to
cooperate in implementing a program of safe flight through col-

lision avoidance systems.

A number of concepts have evolved concentrating on electronic
computer based devices for proximity warning, conflict indication,
and guidance during evasive maneuvers. Some of these concepts
have advanced into design and development stages and are being
subjected to flight-testing and computer simulations. Most of
them have been found to have inherent weaknesses and further work

is continuing.

B. Historical Perspective

The preliminary conceptual work on a system to prevent mid-

¢ air collisions can be traced back to 1945. The earlier develop-
: ment phase until the late 1950's was based on the possibility of
3

b

' accommodating a radar on board the aircraft which could detect
1

{‘ the presence of other aircraft in close proximity.

b

3

b By the early 1960's it was felt that the radar-on-board

b

P P concept, while very attractive and feasible, was uneconomical.
t
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The work in this field then concentrated on ccoperative systems
in which an aircraft would detect another aircraft only through
intercommunication of necessary data when both aricraft were

equipped with mutually éompatible devices.

The development of cooperative collision avoidance concepts
advanced by the mid-sixties to a stage where the Air Transport
Association (ATA) formed a special committee ANTC—ll?.[ 2 ] This
committee was asked to write and publish a CAS specificatioﬁ aimed
at ensuring the safe separation of aircraft in flight independent
of ground control, although ground stations could provide time
synchronization for participating aircraft. 1In order to achieve
this goal, several algorithms were proposed for the generation
of warnings and alarms, triggered by measured values of separation
distance, separation rate, and altitude difference between two
aircraft, as well as the rate of altitude change of aircraft. These
alarms in turn, were to trigger various cautions and commands to
pilots, thereby gueueing them to perform certain avoidance or escape
maneuvers: viz: stop turning (also known as "roilout"), limit
vertical speeds, or change altitude. Bearing information is not
normally available, therefore escape maneuvers would be calculated

so as to take place in the vertical plane only.

The committee wrote and published a specification in 1967,

This specification which has undergone several modifications is




N NN cun Man ghe smuoee SND SR o on e e
. -

Pladii S it Teati Jah Rt e S >t i T e PRt G e S Y R T——

based on radio fregquency measurement of range and range rate as
well as exchange of data on altitude. The technique was called
the time-frequency (T/F) concept. The specification called for
the use of highly stable synchronized oscillators allowing one-
way range and range measurements. In addition, mutual interference

was reduced by using synchronized time-multiplex.

This ANTC-117 committee specification and subseguent re-~
visions became the guideline for the avionics industry, which
continued its search tor a practical Collision Avoidance System
(CAS). Several concepts besides the T/F concept were developed,
th - most significant being the interrogator-transponder technigue
which is also known as the beacon technique. Use of the Air
Traffic Control Radar Beacon System (ATCRBS) was made in one
system utilizing a Time-of-Arrival (TOA) technigque, which performed

in a passive mode without causing interference to ATCRBS.

A number of commercial organizations entered the research,
i.e., Bendix Corporation, RCA, Honeywell, McDonnell Douglas
Electronics, Litchford Electronics and Sierra Research. Many of
these corporations terminated their efforts in the early stages,
however, three of them were awarded funds by FAA/ARPA to develop
and p:esent their prototypes for thorough testin¢. All the systems
conceived, designed or developed, have their basic merits. How-

ever, their inherent weaknesses as discovered through thorough
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testing, made them unsuitable for adaptation as national standards.

After thorough examination of currently developed concepts,
the FAA decided to devise its own concept of the BCAS system and
the ATARS. Work on this concept is progressing at Lincoln Labs
(of MIT), MITRE/MITREK Corporation and NAFEC in addition to the

FAA's own R&D and Systems Engineering departments.

C. Increases in General Aviation *

From the recently issued FAA Aviation Forecasts, Fiscal Years
1879-1990, September 1978, it can be seen that (Figure B-3) general
aviation aircraft numbers will grow to become 92.5% of total fle=st
size by 1985, 77.4% of the annual operations, while representing
82.2% of the peak instantaneous airborne count (PIAC). All the
three categories include substantially larger proportions of
general aviation aircraft than the present. The corresponding
proportions of air carriers and military aircraft are each antici-

pated to be approximately halved until 1985 (see Figures B-4, B-5A

aviation aircraft are usually lower priced units on which high
priced sophisticated devices are not imposed. Noteably, an air
carrier cooperative electronic system can only detect the presence
of an aircraft which carries an onboard transponder. Thus, trans-
ponders have to be designed to bé highly reliable and affordable

to general aviation aircraft operators.

These observations have special significance because gener:
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Another important factor which influences the development
and choice of the collision protection devices is the acute

need for such devices in Terminal Airspace where the density of

air traffic is increasing and traffic separation is critically
important.' Most electronic sensing devices become "confused"

r‘ by the preponderance of replies coming from a large number of

g- aircraft in close proximity. The challenge of the future is to
arrive at universally applicable interconnected ground and air-
craft based systems which will assure totally safe and collision-

free airspace for very high density air traffic areas.

D. HBuman Factors

Human factors have been given a high priority in the design

of all aircraft separation assurance programs. The success of any

such program depends heavily on how easily a pilot or air traffic

controller understands the output of the system and how this leads

PP

to the accurate performance of an appropriate action or maneuver.
] In particular, the generation of evasive maneuvers by a computer

and their acceptance by pilots has been a subject of study. 1In

LR AEL A ot Saen o o o

other words, mathematically generated evasive maneuvers have in

some cases been found to be different than established preferred

T
-

human (pilot) reactions to a similar situation.

Many basic gquestions have been explored[:l]such as:

[ © What basic information must be provided to the pilot to
accomplish the stated objectives?

N
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o What precision is required in the information provided?

o What combinations of data and display technigues should
be considered?

0 What criteria should be used for displaying a traffic
advisory?
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o How should the urgency of the situation be conveyed to
the pilot?

Some important points studied in this connection are:

o Design of: cockpit display information without requiring
further evaluation or computation by crew; display of
easily interpreted visual commands; aural or other commands
to keep pilot reaction time lowest.

o Allowance of appropriate time to allow for pilot reaction
to given commands.

o Study of pilot reactions and preferences by mathematical
modelling and simulations as well as test flights.
Examples of items studied are pilot's assessment of the
effectiveness of:

- Horizontal escape maneuvers as opposed to vertical
escape maneuvers.

- Intruder Positional Data (IPD), with commands as
opposed to a command only mode.

4. - LDesensitized logic (i.e., reduced warning times).

Development of algorithm concepts including solution of some

specific pertinent problems, e.g.:

r
[‘ o Handling of multiple advisories,
1 ©0 Concepts for providing advisory data via a data-link,
{ o The traffic advisory service and its impact on the ATC
F. PY system of procedures,
1
f
¢

L . « o
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The traffic advisory service and its compatibility with
and ability to complement the resolution service

Warning time required by a pilot in the traffic pattern
to successfully use a computer voice message in finding
and evading other traffic - does threat detection modify
the pilots visual scanning?

Should both aricraft receive call outs or only one(the
"interceptor" or the "evader")?

Is a recommended avoidance maneuver desirable in the
verbal message? Is it achievable?

Are more "strategic" warnings needed as opposed to
warnings when the traffic is already in conflict?

Will the rate of false alarms (warnings that pilots
feel are superfluous) be low enough to permit successful
use during high traffic levels?

Application of useful results obtained in system design
enhancement efforts. In the case of a BCAS System test it was

concluded that:

Pilots strongly desire intruders' positional data (IPD)
information in the single intruder environment.

While no universal pilot preference based on effective-
ness for one escape dimension over the other exists,
pilots have a preference for the vertical escape maneuver.

Pilots are unable to distinguish between high and low
command threshold levels.

] II. AIRCRAFT SEPARATION ASSURANCE PROGRAM

™
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The FAA has initiated an Aircraft Separation Assurance (ASA)
Program to reduce the probability of mid-air coilisions and near-

miss encounters in all regions of airspace and between all classes
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of users. The three primary programs which have been pursued

by the FAA are described in the following paragraphs.

A. Terminal Conflict 2Alert Function Of Air Traffic Control

The Terminal Conflict Alert Function is a feature designed
to detect potentially hazardous aircraft pair encounters and to
provide an aural/visual alert to a controller with sufficient

time allowed to issue control instructions to the pilots involved.

The ARTS-III terminal control system introduced in 1973, in
the nations busiest operational airports, provides an automated
capability to collect information e.g., aircraft ID, altitude
and ground speed, by tracking beacon reporting. In 1975, it
became possible to add the Conflict Alert (CA) function, which

has lately been implemented in all airports equipped with ARTS-III.

B. Conflict Avoidance Systems

These two collision avoidance systems are primarily designed
to aid the pilot in maintaining safe separation. Development of
the two systems is proceeding independently; however, there is a
coordinated effort where commonality of equipment exists (in
particular; airborne transponders, cockpit displays and, to a

certain extent, resolution logic).

1. Automatic Traffic Advisory And Resolution Service (ATARS)
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ATARS will serve as a separation assurance backup to
the ATC system in the airspace served by DABS. For un-
controlled aircraft, the ATARS traffic advisory service
will enhance the pilots see-and-avoid capabilities while
the resolution service will provide separation services

not previously afforded by the ATC system.

2. Beacon-Based Collision Avoidance System (BCAS)

Initially, FAA programs included an Airborne Collision
Avoidance System (ACAS). Three ACAS systems were tested
by or under FAA auspices. All were cooperative; that is,
users who bought such a system would get no protection
against aircraft that had not installed similar eguipment.
This implied mandatory equipage and placed a heavy economic
burden on general aviation. Because of this and other prob-
lems (international aspects, lack of bearing data, radar
altimeter interference, etc.), these systems were rejected
and it was decided to proceed with a Beacon Collision
Avoidance System (BCAS) which alleviates many of these

problems.

BCAS .s a concept for an airborne collision avoidance
system based on the use of replies transmitted by the Air
Traffic Control Radar Beacon System (ATCRBS) transponders
or the future Discrete Address Beacon System (DABS) trans-

ponders.
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There are two basic modes of operation; Active Mode, for

use in areas where no ground radar coverage exists and low

to medium density environments and; Passive Mode, for use

in high density areas with ground radar coverage.

BCAS provides supplemental collision protection with-
in ATC system coverage, and primary collision protection
outside ATC coverage and capatalizes on present and future

avoinics investments (domestic and international).

BCAS via its active mode, will be able to provide
back-up separation services to equipped aircraft outside

of DABS coverage where ATARS cannot be provided.

NEAR-TERM AUTOMATION PROGRAMS

Near-term automation programs are aimed primarily at making
it easier for the controller to handle individual aircraft,[ 3]
and hence will improve the aircraft separation function. Touch
entry/display devices in both the terminal and en route environment
are provided for making controller data handling and display
easier. There are still a number of important questions regarding
the specifics of the controller-computer interface for these near-

term productivity and safety improvements.

The thrust of the near-term work has been to make the con-

troller more efficient. Having a computer tha+ "senses" the
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traffic situation and can "react" intelligently opens up a
multitude of new approaches to air traffic control. The area of
avionics and the pilot role is being stressed. More aircraft will
have to be equipped with ATCRBS transponders, and later may require
DABS transponders. With certain system alternatives, computers
on-board the aircraft and possible on-board interrogation equip-

ment will be needed.

In some portions of the airspace, there will be a possible
shift in the aircraft separation responsibility from the ground
to the pilot., The following are projects covering the broad

range of applications and approaches to automation.

A. The Automated Terminal Service (ATS)

The ATS system is for the VFR tower application, and re-
presents a very low level of machine intellignece, The initial
version of ATS does not involve automatic generation of ATC
clearances. A mobile testbed designed for feasibility testing
is operationa; at the National Aviation Facility Experimental
Center (NAFEC). It will be moved to Miller Air Park at Tom's
River, New Jersey for an extensive feasibility evaluation, where
many users will participate. An artist's concept of the auto-

mated ATS is shown in Figure B-6.

R=20




g-g aanbtgd

—” b U_ 311§ $32AU3IS TYNINUIL QILYNOLNY NV
40 NOILJIINOD S.AS1LHY

ineper (010011948 & @owde )y Buipying Supiyyxe we uj pejieisuy 8q W)
X Sy wr Y Hoduje pq 38 pRIEO| uswdinbe S 1y
Ayl Wi

.;.-\-x.o

XX
PR
ORI ) Q
ssss\\ssss“o“s\s“s ....".."s. o u.o. X et
T AN
i e
R K
"9, ss 2094, L
ISR X ,
I ol
. 5 i
iy $101U00 JOQUOS W ujsn “ne
{0y We P nep sous) m. ~ *lamund sa1108 18 udisep sabeuen
1204440 J0 J0J0I030 040Q POk|4

sasy Apw) Liodus 0 20} Rjj8d}
PooAVam wpuey Ajiie) 1Y (K
NOW 18 28),0N1W00 N8 HY \%\\

yoasns gLy jo bujioues jmidip “W‘h

T + -
VY . 3
Ao v ‘ u
- -
NV NN S ERe e 7
F— Mhebhn s & a8 4 o A “_a .

R=21




v———r—
;A

Pprr———
.4

Vi

)

PP

1. ATS General Description

The ATS is based on a computér "awareness" of the
traffic situation in the airport region. The system
projects aircraft flight paths and generates traffic
advisories and threat messages. A vecice response system
on the ground broadcasts the messages. The computer pro-
vides information to the pilot, but the responsibility for
aircraft separation rests with the pilot. Since ATS is
meant for VFR tower applications, it offers a reasonable

assignment of responsibilities.

Based on accident analyses and studies of pattern
behavior at candidate airports, a full awareness of the
traffic around the airport (see Figure B-7) supported by
a threat detection service can assure the safety for the
VFR tower environment. The feasibility test program will
demonstrate that an automated system is an acceptable

application to the VFR tower.

There are a number of questions relating to the effecti-
veness of threat detection. Threat detection represents
one of the cornerstones of the ATS concept. What will be
the effect of non-beacon-equipped aricraft in the ATS en-
vironment? Presently, the percentage of non-equipped air-
craft is h-zh at VFR-towered airports. While FAA pro-

jections indicate that this percentage will decrease, it
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may be necessary to back up the ATS beacon surveillance

system with a primary radar.

The technology for providing high levels of reliability
and availability in ATS is available, but the cost of build-
ing ATS will be sensitive to the levels selected. Very
stringent requirements may not be applied because in the
environment envisioned for ATS it will be possible to revert
back to non-tower procedures with little impact on airport
operations. A broadcast from the ground‘computer announcing

that ATS is not operational may be adegquate.

ATS is based on the use of broadcast information that
all ATS participants can hear. Some of the ATS messages
may be transmitted to an aircraft via the DABS data link.
It is not yet clear how a reasonable mix of data link
messages and broadcasts can be achieved at an ATS airport.
A block diagram of the elements of automated termainal

service (ATS) is shown in Figure B-8.

Over the period 1964-1972, 54% of all mid=-air collisions
occurred at uncontrolled airports resulting in 17% of the
total fatalities.[ 4] Five of the airports where collisions
occﬁrred were served by certificated route carriers. A

potential role for ATS is to extend service to airports

o e e
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where a manned control tower is not justified, but additional
safety is desired. None of the presently defined system
elements of the FAA separation assurance program (e.g.,
Conflict Alert, IPC, BCAS, or even the discontinued ACAS)

is effective in the traffic pattern environment.

While not requiring the availability of other major
new elements of the ATC E&D program, ATS is compatible with
and can take advantage of those developments. Particular
items include:

© ATS and Intermittent Positive Control (IPC)
The IPC cockpit display for collision avoidance and
proximity warning information can be driven by a
DABS~-equipped ATS site using a variant of the special
ATS traffic pattern threat detection logic. This
would provide high integrity communication to the
pilot for the most critical ATS threat detection
message. Various approaches exist for coordinating
the transfer of service between ATS and a "sur-
rounding" IPC area serviced by a standard DABS
sensor.

o ATS and Beacon Collision Avoidance System (BCAS)
The BCAS system also relies on ATC transponder
equipage. BCAS is planned to have ground commanded
threat detection desensitization and inhibit logic
for use in terminal environments. The DABS-equipped
ATS site could also command these functions.

2. Aircraft Conflict Detection Logic In ATS

A pattern dependent logic (in which detection thres-
holds are selected, based on the pattern state of the air-

craft in the conflict pair) is required to perform effective

threat detection in ATS. To be effective, logic must yield
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sufficient warning with acceptable alarm rate in the
pattern.[ 4] Criteria used in determining that a conflict
exists include horizontal tau, miss distance, range, and
altitude separation. With the exception of altitude
separation, these criteria are all in the horizontal plane.
A brief description of the criteria follows:

o Horizontal Tau (TAU) - This is a measure of the
time to collision in the horizontal plane. Typical
estimator are tau (range over range rate), modified
tau, time to closest approach, and time to a

separation standard. Each has particular advanages
in determining conflict status.

o Horizontal Miss Distance (HMD) - The minimum
horizontal separation that will occur between
aircraft in the future if both maintain constant
horizontal velocity vectors.

o Range (R) - The current horizontal separation
between aircraft.

o Altitude Separation (ALT) - The current vertical
separation between aircraft.

A conflict is declared if tau is positive and less than
a given threshold and the predicted miss distance is less than
its corresponding threshold, or the range criterion is below
its threshold. Other factors affecting these thresholds
might be da&/night operations, traffic density, IFR/VFR,
or whether either aircraft is uncooperative (i.e., unlogged).
The detection logic is not executed when both aircraft in

the pair are below 200 feet.

B-27
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B. The Automated En Route Air Traffic Control (AERA) System

The AERA system is meant for the busy en route environment
where central management of traffic flow to accommodate the ter-
minals that are being fed is important. [ 3] AERA involves a very

high level of automated decision making.

AERA is presently at the basic simulation stage. Over the
next two years this simulation wil be improved by adding more
intelligence and features to permit real-time testing of differ-

ent controller/computer interface alternatives.

AERA is a flight plan based system, only flow management,
weather, and conflict avoidance act as constraints on flight.
The design philosophy is to make the system as flexible as

possible for the user.

In AERA, the computer monitors aircraft progress. It pro-
jects flight paths and generates a conflict-free path for each
aircraft. On the basis of this conflict-free flight path, the
computer generates routine clearances. AERA regquires a data-
link to transmit these clearances and can be used for other

pilot/computer communication.

AERA is intended for the en route airspace where flow man-
agement is important. In other regions, where the traffic is

less dense and, perhaps more importantly, flow management is not
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quite as critical the separation function provided the controller
might be revlaced by a syﬁtem that provides automated collision
avoidance of a tactical nature. One can envision a system where
no ATC approval is required for flight. 1If, for example, a pilot
wants to change altitude, he could do so without requesting a

clearance.

C. Non-Flight Plan Based System

The non-flight plan based system concept is for the less
busy, perhaps low altitude en route environment. A non-flight
plan based IFR alternative as a tactical system is envisioned
where computers on the ground or in the aircraft generate traffic
advisories and collision avoidance commands. This activity is

just entering the concept formulation phase.

Safety in a non-flight plan based system would be provided
by a system on the ground or in the aircraft that continually
monitors the surrounding airspace. This system provides traffic

advisories and, when necessary, conflict avoidance commands.

The type of avionics required for this service will depend
on the specific system that is used for surveillance and separa-
tion assurance. If a derivative of the ground based ATARS is
used, a DABS transponder and a display will be needed. The dis-

play could be a simple device with an outer ring of proximity
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warning lights and a set of crosses and arrows for "do" and

"don't" commands. If an airborne system such as BCAS is used,
the aircraft will have to be equipped with an appropriate in-
terrogator, perhaps a computer on-board, and a display in the

cockpit, and a DABS transponder.

D. FAA Ground Based Separation Programs - Conflict Alert

Conflict Alert is a groundbased automated aid which brings
to the controller's attention any tracked flight pairs which are
predicted to havg neither sufficient horizontal nor vertical
separation within the next minute or so. Implemented initially
"en route", a terminal area version is now being developed and

evaluated. [5]

When aircraft are projected to get closer than minimum

separation standards, their identification tags on the controllers'
radar scope will flash or blink to alert the controller. [6] In
addition, a clear text message will appear on the scope advising

{ the controller of the identification of those aircraft that are

in conflict while the computer scans all traffic every 6 seconds.

L GIR N e 1 ams o o
.

Conflict predictions are made by the program upon analyzing

altitude (Mode C/reported/assigned) and track data (present

heading of the aircraft without regard to the Flight Plan Route)
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and predicting where an aircraft will be two minutes in the future.
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Visualize a cylinder of airspace and an aircraft within the center
of this piece of airspace (Figure B-9), The dimensions of this
cylinder are five miles across and 1,000 feet below and above the
aircraft at altitudes above 29,000 feet. At 28,000 feet and below,

vertical dimensions become 500 feet above and below.

Any time these two cylinders of airspace are projected
(computed) to touch within two minutes (Figure B-10), an alert
will flash on the radar scope. Furthermore, an immediate alert
will flash any time the cylinders of airspace are penetrated
vertically by approximately 300 feet, The system is being used
above 12,500 feet MSL in controlled airspace where all aircraft are
reguired to have a functioning altitude reporting beacon. Upon
detection of a conflict, the controller provides the actual separa-

tion -ommands to the aircraft via normal VHF radio.

Basic metering and spacing is an automated groundbased aid
E ; which computes suggested speed and heading commands for arriving
aircraft within the terminal area, thus assisting the arrival radar
controller in sequencing and spacing arrivals to the runway [5].

K Iv. AIR TRAFFIC CONTROL RADAR BEACON SYSTEM (ATCRBS) AND DISCRETE
ADDRESS BEACON SYSTEM (DABS)

Since these two basic systems form important elements around

" ! which cooperative CAS concepts have been formed, a brief descriptioni

of each follows: (7]

b i B ah an on me o




PR N e

- e

s A anc ol o aan out
‘- g—— - e

T T T vevr.

a4

CONFLICT ALERT CONCEPTS

Figure B-9

B iag-<~ e

—— 2mun.-:.
N -

" same alutyde -

‘top view

Figure B~10 [ 6]




A. ATCRBS System

The ATCRBS consists of airborne transponders, a ground-
stationed interrogator, an antenna system, and procgessing equip-
ment. ATCRBS interrogations are transmitted at the rate of
several hundred per second using a narrow beam (l°—4°) antenna
which rotates to cover a full 360 degree azimuth several times

per minute.

All aircraft equipped with ATCRBS transponders within line-
of-sight and located in the antenna mainbeam can reply. Interro-
gators may elicit 20 or more replies from each aircraft within
the mainbeam. The principal information determined from the
replies consists of aircraft range, azimuth, identification, and
altitude. The system processor automatically displays this in-

formation for use by the air traffic controller.

The increase in air traffic and number of ground interro-
gators has in turn increased demands on this system, thus taxing
its viability, and has.led to the development of DABS as its
replacement. The overall cost advantage of this approach shall
be weighed against the significant disadvantages of utilizing
ATCRBS (CAS must use the same basic signal formats, and it must

not seriously degrade the basic ATCRBS performance).[ 2]

The ATCRBS reply signal consists of a 12 bit pulse amplitude

abinditieditaseding. Benesdnauadiembedinahdi ~4‘u4
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modulated message between two framing pulses separated by about
21 microseconds. The spacing. of the individual 0.45 micro-
second reply pulses, is 1.45 microseconds. The 12 bit message
is coded with aircraft altitude or identity depending on the
pulse spacing of the interrogation. The long.2l microsecond
pulse reply can lead to a condition called "garble", defined as
a condition occurring when two aircraft whose replies come from
ranges that are approximately equal (within 1.6 nmi) overlap and
cause mutual interference. Garble caused serious problems in
the ATCRBS until side lobe suppression was added to the interro-
gator antennas and "defruiters" were emploved. Side lobe sup-
pression prevents all transponders except those in tﬁé main lobe
from responding and defruiters permit decoding correctly when up

to about three transponders are mutually interferring.

B. DABS System

DABS is being designed to be compatible with the existing
ATCRBS, because the transition must be gradual and the air '
traffic control (ATC) function must be maintained while both

ATCRBS and DABS transponders and interrogators are in use. [7]

In addition to the ATC function, the DABS system has the
capability of providing a data link for implementation of ATARS,

an automatic groundbased conflict detection and resolution

service.
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The principal differnece between ATCRBS and'DABs is the use
of discretely addressed interrogations by DABS. Since each air-
craft is assigned a unique address, it will reply only to its
unique address once a track has been initiated. By tracking
each aircraft and using the unique address capability, DABS is
able to schedule interrogations both to minimize uplink trans-
mission rates and prevent synchronous garble. Compatibility is
maintained between DABS and ATCRBS systems, since these must work

in the same environment.

ALGORITHMS FOR CONFLICT AVOIDANCE SYSTEMS

One of the first major steps in organizing the development
of an aircraft Conflict Avoida :. System, was the publication of
ANTC-117 Report. This document was first issued in October 1966,

and has been revised a number of times subsequently. [8]

A number of defects and limitations have been uncovered as
a result of extensive prototype testing of systems developed by
various vendors and computer simulations. In particular, the
parameters pertaining to dense traffic, which are imperative to

allow safe separation, have not been defined with certainity.

A. Types of Algorithms

The algorithms which provide alarm criteria are of two.types:

R-28g
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(1) those based on the separation distance (range), R, and sepa-
ration rate (range rate), dR/dt; and (2) those based upon the
altitude difference delta-h (ph) between aircraft and altitude

rate dh/dt of an individual aircraft. [2]

The dR/dt criteria alone should be sufficiert to provide
the alarms needed for protection against collision, however,
the use of altitude data is required to reduce the threat volume,
and hence the alarm rate, to manageable proportions and also to

determine the proper direction for vertical avoidance maneuvers.

The measurement of R, dR/dt, and {(Ah)is accomplished by
means o0f radio communication between aircraf+. The arrival time
of a communication signal is used to calculate R, while dR/d4t is
obtained from a measurement of the doppler shift, although the
recent tendency in CAS designs has been to obtain dR/dt from the

incremental change in measurements of R at two different times.

Each aircraft measures its own altitude via barometric
altimeter and communicates it in incremental digital steps of
100 feet each to other aircraft. Each CAS-equipped aircraft
measures its own altitude rate for its own evaluation, but does

not communicate this data to others.

The ANTC-117 report requires that each aircraft limit its

horizontal acceleration to % G, its vertical acceleration tc *

Dm ¥
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and its vertical rate to 5,000 ft/min. This implies a maximum

relative horizontal acceleration of 1 G and vertical acceleration
of ¥ G, and a maximum vertical separation rate of 10,000 ft/min

between two aircraft.

Time allowances have been made for pilot reaction nominally
a few seconds, but as much as six seconds, assuming pilots will
act without procrastination; for aircraft response, typically
1-2 seconds; equipment delays assumed not to exceed 3 seconds,
the epoch or time multiplex cycle of the technique given in ANTC-

117; and finally about 15 seconds for the escape maneuver.

B. Primary Threat Criteria

In the early days of CAS development, it was proposed that

an R, drR/dt algorithm be based upon the guantity tau, defined by:
R
dr/dt

representing the time to collision for two aircraft on a non-

tau =

accelerating collision course. It has since been realized that,
because of measurement errors and the possibility that aircraft
may be accelerating, a modification of this idea is necessary.

Thus, ANTC-117 has adopted two alarm algorithms having the same

algebraic form sometimes known as modified tau criteria:

.

; dR . R
R + tau(l)l E—_ i

tau (i), and Ri are designated constants which take on different

B-37
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values for the two cases: i = 1,2.

In the first algorithm, known as the tau(l) alarm criterion,
the designated constants have the values: tau(l) = 25 sec,
R, = ¥ nmi (1520 f£ft). In the second algorithm, known as the
tau(2) warning criterion, the constants have the values:

tau(2) = 40 sec, RZ = 1.8 nmi (10,940 ft).

An analysis of a CAS employing range and range rate indicated
that the form of the equation used in ANTC-117 was valid, however,
Ro should be set egual to %U(tau)z plus measurement errors, where
U is the sum of the magnitudes of acceleration of both aircraft
and tau is the time before collision at alarm. If R and drR/dt

satisfy the tau(i) criterion, vertical maneuver commands are

issued, so that the aircraft at the higher altitude climbs, while

the aircraft at the lower altitude dives until both aircraft are

T
1’

RS I SNSRI

separated by a safe distance. If three aircraft are involved,

the aircraft in the middle maintains its course, neither climbing
nor diving.
3
[ The tau(i) criterion has been modified further by the addition
4
2 of a minimum range criterion, the purpose of which is to protect
L | against the hazard in case of dR/dt equal to or near zero, since
. it was felt that with the presence of acceleration and measurement
;-. Tl
v ’ . .
: errors, the time available for maneuver might be reduced below
.

- | | B-33
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} ) an acceptable minimum in this circumstance. Thus, an alarm also
RS occurs with the same commands as for tau(i) alarm if

. <

g *=

R where the minimum range R has been designated as % nmi (3040 ft).

ﬁi The latter alarm will be referred to also as a tau(i) alarm.

- C. Altitude Criteria

The tau alarms are implemented only if the encountering

aircraft are co-altitude, or it is predicted that they may become -

co-altitude, where "co-altitude" is defined to mean that their
vertical separation is less than 600 feet at altitudes below
10,000 feet and 800 feet at altitudes above 10,000 feet. This
definition of co~altitude is based upon: (1) and altimeter error
allowance of + 150 feet (3 sigma (1)) below 10,000 feet and

+ 250 feet (3 sigma (i)) above 10,000 feet; (2) the assumption
that a safe vertical separation between aircraft is 150 feet;

and (3) what is intended as an allowance for an undetected

vertical drift rate of 500 ft/min.

INITIAL CAS DEVELOPMENT BY FAA

The FAA issued a contract in early 1970 to IDA (through
ARPA), for the design, development and testing of three coopera-
tive, airborne, collision avoidance systems (CAS's) developed

by Honeywell, McDonnell Douglas, and RCA, respectively. [10]
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IDA's task is to analyze how well each system performs in the
FAA's 1982 forecast of air traffic density in the Los Angeles

basin.

The forecast was released by the FAA on 27 April 1971.
This forecast was superseded by the 1982 Los Angeles Basin
Standard Traffic Model prepared by the MITRE Corporation, April
1973. According to the task order, the systems were to be
evaluated to the extent that they all use the threat logic de-
scribed in the ATA/ARINC Characteristic No. 587-2 (9/20/71), also

called the ATA ANTC-117 Specification.

The McDonnell Douglas CAS, uses the time/frequency technique
employing one-way ranging and doppier measurement. The other two
systems utilize interrogator/transponder (beacon) techniques and
two-way measurements. All three systems use altitude data for
threat evaluation. In addition, the two beacon systems use

altitude filtering to reduce undesired responses.

A. McDonnell Douglas Electronics Company (MDEC) Time/Frequency CAS

Since the early 1960's, for its own applications in flight
testing of military fighter-interceptors (in particular following
a fatal accident and other near-miss incidents), a CAS unit called
EROS was developed by MDEC based on time-frequency techniques. [2]

The application of EROS in testing aircraft by McDonnell Douglas

B=4n
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has been the only true CAS operational use of the Time~Frequency

or other techniques.

McDonnell Douglas Electronics Corporation has developed a
special "MiniCAS" for FAA applications and it consists of two
versions, one for air carrier aircraft application and the other

for general aviation. [11] , [17]

The "MiniCAS" system employs time differenced range measure-
ments ( AR/ AT) to digitally derive range-rate. Special AR/ AT
units, which interface with air carrier type CAS were also developed.
Both versions ~f the airborne CAS employed full tau-threat evalua-
tion logic. The newer AR/ AT logic provides better range rate

accuracy than the original Doppler method.

The MDEC time/frequency CAS is a cooperative time division
multiplex radio frequency system which protects equipped aircraft
against collision with any other similarly equipped aircraft. DJJ
{12}, In dense traffic this concept provides interference free data
exchange for up to 2,000 participants. The technigue requires
precise time synchronization and controlled frequency switching of
air and ground equipment. A list of system elements and their
major functions are identified in Table B.l. Four carrier fre-
guencies are used: 1600 MHz, 1605 MHz, 1610 MHz, and 1615 MHz,
which are stepped in a cyclic manner every 1.5 milliseconds

(length of a basic time slot).
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TABLE B.1  CAS EQUIPMENT DESCRIPTION SUMMARY [11]

N EQUIPMENT MAJOR FUNCTIONS 1 MAJOR ITEMS
. . '
: Ground Station System Timekeeping Master Channel
(6/5) Synchronization Service Slave Channel
Monitoring/Flight Antennas (3)
Following Test - .
Fly-By-Sync Obtain U.S.N.O. Time "Flying Clock"
(FBS) Transfer Sync to G/S Freq. Std. -
"~ Monitor G/S Calibration Clock .
Moni tor G/S Performance] Stby Pwr. Sup.
Operate as CAS Control Panel
Provide Hierarchy Sync C.A.U.
Model 2000 CAS Commercial Airline CAS C.A.U.
Provide Hierarchy Sync Maneuver Indicator
Provide firound Beacon CAS . Antennas (2)
Operate with FBS AR/AT Unit
. AR/AT Unit Provide Digital Ranoe Rate Packaged as
= for C.A.U. instead of external unit
o Doppler for evaluation
E! MiniCAS General Aviation CAS Pilot's Display
- with AR/AT and TAU is integral with
- Logic Unit. Antenna (1)
t..' . . .
'8 Instrumentation Real Time Displays Own Slot.Display
- (Photopanel) Photographic Recording Data Slot Display
s Monitor G/S Performance Controls.
- Monitor C.A.U. Performance
- Monitor MiniCAS Performance
¥~' ‘ Provide Range/Altitude for
L! A Join-up and Stationkeeping
-
.
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Ground stations, synchronized to a single source of master
time, provide first order synchronization support to all air-
borne units within communication range. Extension of ground
station time is provided through time-hierarchy relay chains to
all users by scheduled airline users equipped with ARINC
Characteristic 587 Collision Avoidance Units. Provisions are
made in ARINC Characteristic 590 and ANTC-117 for limited
level classes of cooperative equipment intended for use by small
commerical airline, general aviation, and military users. One of
the major simplifications in the limited level systems is the
omission of the time-hierarchy function. These systems can ob-
tain T/F synchronization from hierarchial systems, but cannot

relay it to others.

In less dense traffic areas, not covered by ground stations
and beyond the reach of the aircraft sync relay, CAS protection
is provided by a secondary asynchronous mode (Back-Up Mode). An

MDEC Commercial Airline CAS configuration is shown in Figure B-1ll.

The original MDEC version was called MicroCAS. Its threat
logic was based on fixed range alarm boundaries. It was concluded
by ARINC that the full tau-threat logic used in the air-carrier

CAS would be more suitable for all classes of users.

Tau-threat logic requires measurement of range and range rate
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to derive tau (time to closest approach). Until recently, range
rate was derived from the Doppler shift on the carrier frequency

of the 200 microsecond CAS range signal. This requires highly
accurate and stable (spectrally pure) frequency generation through-
out the entire transmitting and receiving subsystem. The cosf of
this type of frequency control for general aviation CAS would be
prohibitive. However, with the development of inexpensive medium
scale integrated circuits for digital logic, the previously dis-
carded approach of measuring range rate by range differencing be-
came practical. This technique called AR/ AT (delta range divided
by delta time), therefore, makes full tau~threat logic practical

for general aviation MiniCas.

Likewise, the AR/ AT concept, when used for the air-carrier
type CAS, allows a significant reduction in the cost and complexity

of the RF .subsystems.

The principal problem uncovered with the McDonnell Douglas
T/F CAS, and it is a problem that exists in ANTC-117 since the
McDonnell Douglas conforms to that characteristic, is that at
low range rates, but sufficiently high that the minimum range
alarm does not apply, measurement tolerances permit excessive
delay in warnings. [2] In the modified CAS using successive
range measurements to estimate range rate, the random error has

been reduced by an order of magnitude, but the computation of the
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estimate is biased. The latter bias results in earlier alarms

and a bigger protection volume than specified in ANTC-117.

B. Honeywell - Collision Avoidance System

The Honeywell CAS utilizes a transponder ranging techingque.

It requires no time synchronization between participating air-
craft, since the system has an interrogation an a response mode

of operation. During the interrogate mode, a four-pulse altitude
coded waveform is transmitted. This waveform requests other air-
craft within communication range and within a specified altitude
band (typically + 700 ft of an encoded refernce altitude) to re-
spond. An aircraft responds by transmitting a single 100-nsec
pulse, which is delayed a fixed amount with respect to the received

interrogation waveform.

Honeywell developed two versions of its Collision Avoidance

System, AVOIDS-1 for high performance aircraft and AVOIDS-2 for
low performance aircraft. Both Honeywell systems use the ATA

collision avoidance logic.

The Honeywell CAS [2] , [10] is an asynchronous system,

utilizing beacon techniques and operating on a single frequency.
Short, 100-nsec pulses are used for interrogations and replies,

and a low duty cycle is used to reduce mutual interference among

-~
)

interrogators. Range between aircraft is determined by measuring
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the two-way propagation delay. During a threat evaluation period
of three seconds, seven range measurements are made. These df-a
are then processed, using the ATA criteria, which permit the

evaluation of threatening encounters. (see Figures B-12 and B ).

The interrogation waveform consists of four short pulses.
The pulses of the first pair in an interrogation group are
separated by 500 nanoseconds and the pulses of the second pair
are separated by 600 nanoseconds. It is encoded with a reference
altitude, biased from the barometric altitude of the transmitting

aircraft.

Interrogations are addressed to altitude layers by varying
the separation between the two pulse pairs in accordance with the
altitude layer being addressed. The separation equals a fixed
delay of 32.5 microsecdnds plus 2 nanoseconds per foot referenced
to -1200 ft MSL. The transponders reply to interrogations addressed

to the transponder's altitude + 650 ft.

The Honeywell CAS transmits a sequence of probes addressed
to different over-lapping layers so as to logically determine the
altitude of the replying transponder relative to the altitude

boundaries of the ATA altitude criteria.

In each of the altitude layers that the interrogator probes,

the replies are stored in a registér with a resolution of 50 ft.
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AC1’s INTERROGATION CONVEYS ACl's
REFERENCE ALTITUDE

A
L_Acn REF. ALT.T!
PLUS FIXED DELA ==
AC! RECLIVES R{SPONSE FROM AC2 AND BY
SUBTRACTING THE FIXED DELAYS DETERMINES
THE RANGE 10 ACZ THIS DATA 1S THIN COMPARED
WITH DATA GATHERED PREVIOUSLY. ACl FLAGS AN

ALARM IF SUCCESSIVE COMPARISONS INDICATE THAT
A THREAT (TAU ZONE } OR 2) EXISTS.

Q==:==--
AC2

AC2 RECEIVES INTERROGATION FROM ACl

AC2 éOMPARES ENCODED ALTITUDE TC OWN ALTITUDE.
AC2 RESPONDS IF IT IS WITHIN THE INTERROGATED
ALTITUDE BAND

ACl's INTERROGATION

1

. —h———
be— ACZ's -
ALTITUDE PLUS
FIXED DELAY !

ACZ's ALTITUDE GATE ;’

DELAY ¢
<T= ACZ's RESPONSE ———¥—

TIMING SEQUENCE
ACI's INTERROGATION ~—Wrot—————— A

ACZ's RESPONSE

FIXED DELAY + 4
RANGE

Al

ACl's ACCEPTANCE

LA 4

] |

CATE

Interrogation/Response Sequence of Events (Source: Ref. 1) [10]

Figure B-12
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To form a track the CAS interrogator £ills eight such registers
at half second intervals and then processes the data in the eight
registers to identify those that form tracks with characteristics

that are identified as satisfying the ANTC-117 threat logic. .

Generally, AVOIDS-1 and AVOIDS-2 have adequate communications
range for the aircraft speeds for which they are designed. The
number of alarms caused by pseudo-tracks (PT's) may not be bother-
some to pilots of CAS-equipped aircraft, however it may be high
enough to disturb ground controllers in the air traffic control
(ATC) system. The inhibit/guppression logic can occasionally re-
ject a warning or delay it to a point where the situation becomes
dangerous. The inhibit/suppression logic which was incorporated
primarily to suppress PT's is effective in reducing the genera-
tion of PT's; however, this logic can also cause threatening
targets to be ignored. Honeywell has essentially overcome the
ghosting problem in their last version of the CAS design by in-
creasing the number of data points irn a target track from 7 to 8
and by correlating tracks formed in successive epochs (3.5-4.0

second periods).

There still persists a small residual ghosting problem in
the form of the incidence of early alarms on targets at any range
with closing range rates slightly below the minimum necessary

for an alarm.
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Blockage from real interrogations and false interrogations*

caused by fruit can be serious; (synchronous and asynchronous
interfering replies from responders in response to probes by
interrogators) but it can be reduced to an acceptable value of
3% by implementing interpulse amplitude comparison, varying

:‘ communications range with altitude, reducing the altitude-ramp
inhibit time, and improving the two-pulse decoder resolution.
- . Without these changes, the blockage might be 10 to 20 percent,

:j o which is unacceptable.

[ The system does not provide data transfer between aircraft
ii ( as provided in the ATA specifications. This transfer should be
| incorporated, particularly if it is necessary to advise the air

traffic control system that aircraft are maneuvering or deviating

from ATC instructions.

A real target with a range rate near the minimum closing
threat range rate can contribute to the generation of a track in
two epochs and when combined with other target and fruit replies

form a complete false track. In most cases, such targets become

true threats two or more epochs later, and therefore only create

b
r' an alarm earlier than they should. Since the Honeywell tracker
: uses an eight point data sample over a 3.5 second interval to
E? « form the track from which target characteristic range and range
1 BB . . .
4 ’ *a non-valid interrogation caused by the interactions of multiple
interrogations.
‘
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rate are derived, the computational bias is small and the magnitude
of the early alarm problem is less severe than the problem of the
computation bias in the other systems using similar 3-6 second

epochs.

Introduction of aircraft identity in the transmissions, when
data transfer is implemented, will also solve the track association
problem leading to PT's and eliminate the need for inhibit/sup-

pression logic.

C. RCA SECANT Equipment VECAS and VECAS-GA

- SECANT is an acronym meaning Separation and Control of
kl ( Aircraft using Nonsynchronous Technigues. It is RCA's beacon-
based CAS [2] ' DB] equipment which exists in several levels

of mutually compatible units ranging from a simple transponder

which provides no indication to pilots, but signals necessary

for other equipment, to the highest level, completely asynchronous,
cooperative collision avoidance eguipment. RCA has essentially
overcome the effects of mutual interference by using several
techniques. The technology that contributed to this design was

the advanced digital circuitry and components which now permit

the storage of large quantities of data.

Originally, RCA proposed a SECANT CAS that included bearing

measurements and proposed horizontal as well as vertical escape
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maneuvers. Subsequengly, RCA proposed and built for.FAA test a
SECANT CAS intended to conform completely with ANTC-117 logic
which specifies only vertical maneuvers. This version was called
SECANT VECAS (Vertical Escape CAS). Two versions have been pro-
posed; so-called "full" VECAS for MACH-1l aircraft and VECAS-GA

for lower performance aircraft.

l. Altitude Encoding

The interrogation waveform of VECAS and VEdAS-GA is
two l-microsecond pulses separated by a time interval.
Altitude is encoded on the time interval as a constant delay
plus, a delay proportional to barometric altitude. The
interrogators "address" a series of altitude bands by
changing the time interval by fixed amounts (2 microseconds)
corresponding to changes in altitude of 500 ft. Above 10,000
ft the 2-microsecond increments correspond to a change of

1000 ft; above 30,000 ft a single delay is used.

The transponders reply with a single pulse after de-
coding the two pulse interrogation, when thé decoded 500 £t
altitude layer includes the altitude of the transponder to
allow only transponders which receive interrogations addressed
to their altitude layer to respond. Altitude Coding reduces
the number of aircraft that respond to those of the addressed

500 ft altitude layer and eliminates garble from transponders
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at the same range but different altitude layers. Aircraft
with large altitude separations from a given interrogator
do not constitute a threat and are never addressed; altitude

coding reduces fruit.

2. The Frequency Multiplexing and Correlation

Full VECAS operates on 24 channels separated by 1 MHz;

12 of the channels are used above an altitude of 10,000 ft

it St
1ty

E Uy and 12 below 10,000 ft.

E Within an altitude band above and below 10,000 ft, each
? group of 12 frequencies is divided into two subgroups of six
b { frequencies each, assigned to operation either on the top

[ or the bottom antenna of the aircraft. Finally, within each

subgroup of six frequencies, two fregquencies are assigned

for probes and four for replies. Each probe has two reply
frequencies associated with it which permits a transponder

to superimpose coded messages on the replies. A transponder

receiving a probe on a given fregqguency will respond on one

of the two associated reply frequencies.

The VECAS interrogator cycles through a segquence of
steps: search for targets, tracking and fine range measure-
ment, altitude decoding and threat estimation for each 500

ft altitude layer, which proceeds until all layers from
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which threats can develop are covered. The complete process
to cover up to 10 layers (5000 ft) takes a maximum of 4.26

seconds.

During this search, the interrogator sends a series of
jittered pseudo randomly coded pulses on the two respective
probe frequencies with a nominal period of 1 millisecond.
Replies from a target transponder will be correlated with
the probe frequencies. Valid replies are summed as "plus
ones" in a counter. There is a counter for each range bin.
If a reply is received on a frequency associated with the
other probe frequency, it is subtracted in the counter.
Fruit replies, i.e., those stimulated by probes of other
aircraft interrogators in the vicinity, the counter on
the average will be zero, whereas valid replies should
always increase the count. 1If the counter exceeds a thres-
hold value at the end of the series of probes, a target is
declared in the appropriate range bin. An older version
used 25 probes with a threshold of 10. This detection
mechanism is very reliable with respect to false detection
and false dismissals. Only 13 probes are utilized in the
latest CAS with the same threshold resulting in adequate,
but poorer, performance. After targets are detected in the

range correlator, the VECAS logic assigns one of 32 trackers
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to acquire each target in the occupied range bins. The number

of trackers for VECAS~-GA version have not yet been designed.

After a target had been acquired the average of the ranges
measured for each of a series of 31 probes is derived. A

range measurement with 31 more probes is repeated after a
delay of about 0.37 seconds. The difference between these
two measurements is used to estimate the range rate for use

with range in the ANTC-117 collision threat logic.

Since the altitude coding on the two-pulse probe is
inadequate for the ANTC-117 threat logic, RCA codes the

( replies from each transponder with the transponder's
altitude using a binary selection of one of the reply fre-
guencies associated with each probe frequency. Altitude is
coded to 100 feet as in the ANTC-117 characteristic. To
decode the transponder . altitude, the interrogator sends a
sequence of synchronous probes equal in length to the trans-

ponder message. In the latest version of VECAS these are

used during the first range measurement sequence.

The range search and correlation process is highly
ﬁ reliable in the presence of fruit as probabilities of

false dismissal and false alarm of the correlator are

insignificant.
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The fruit levels have been reduced significantly by
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reducing the number of probes used for each phase, the gain
margins of VECAS-GA have been increased to those of VECAS

and the power of the PWI increased to that of the other

LR R

types. Range rate accuracy has been improved to make it

2

comparable to that specified in ANTC-117. Although the RCA

CASs use differential range estimates of range rate, the

U of

A . T
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computational error is small because the time between range

L
.

&J’ measurements is less than 0.4 seconds.

3. Number Of Trackers

Only a few trackers are used in early versions of the
VECAS equipments and these trackers were assigned sequentially
to the targets detected in the range bins for each altitude
layer. When the number of targets in a iayer exceeded the
number of trackers, a gueue develops for each tracker. 1In
dénse traffic a single tracker might be reguired to handle

four or five targets. Each target may £fill as many as three

range bins because of the stretching of its replies by the
narrow one MHz filters. If such conditions existed, the
4 time to handle all targets in all altitude layers could be
| in the order of ten seconds, which is excessive considering
‘ total ATA algorithm alarm times that might be less than 25
j . seconds (tau(l)) or 40 seconds (tau(2)). In the new versions
¢
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of VECAS the number of trackers is 32, and the number of

bins filled by a single target is less than 2, so that the
total time required (less than 4.3 seconds) is determined
only by the number of altitude layers probed. VECAS-GA had
inadequate detection range margins, but these have been made

equal to those of VECAS.

D. Mitre CAS

In this Collision Avoidance System designed by MITRE Corpora-
tion, airborne CAS interrogators are proposed to interrogate
sequentially several azimuthal sectors by means of switched
directional antennas to reduce the garble. The ATCRBS side lobe
interrogation signals are used to further separate the population

into subgroups. -

In ATCRBS the interrogation consists of a three pulse sequence:
the first (pl) and second (pz) pulses with a fixed separation, and
the separation of P, and the third (p3) is coded to indicate the
kind of reply message desired: altitude, identity, etc. These
pulses have been used to reduce side lobe antenna interrogation in
ﬁost SSR interrogators by transmitting the Py and P, pulses on the
mai;: lobe antenna and Py and p, on the omnidirectional side 1lobe
antenna. Based on amplitude comparison of the pulses, the trans-

ponder replies if it is in the main lobe.
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MITRE CAS will send a sequence of interrogations at different
power levels. Each interrogation (except lowest power level) will
be preceeded by a Py and p, at the previous level. Effective
reception of the Py and Py pulses will suppress all transponders
which have replied to the previous interrogations at lower power

levels separating the population into groups.

Even with directive antennas and multiple power levels, there
is considerable residual garble in dense traffic. MITRE has been
designing a "defruiter" it expects to accommodate mutual inter-
ference of up to six mutually garbling transponders. Such per-
formance permits satisfactory operation in all regions except for

a few high density terminal areas.

MITRE CAS will have an interrogation rate of about one Hz.
Range is measured directly, and altitude can be decoded from the
reply message. Starting in the fall of 1975 the FAA carried out
tests on a simple version of the MITRE design that does not in=

corporate the multiple power levels or directional antennas.

E. Litchford CaS

The Litchford CAS is based on the ATCRBS [2 ], [14] equip-

ment and active interrogation. 1In its primary mode (passive)
the Litchford CAS listens for the secondary surveillance radar
(SSR) interrogations and for the stimulated replies from the

ATCRBS transponders. The CAS measures and stores the differences
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in times of arrival (4 TOA) of the SSR and transponder signals.
The transponder can have any location in an ellipsoidal surface
whose focii are the SSR and CAS for maintaining a constant A TOA.
The altitudes and identity can also be obtained by decoding the
transponder messages (ATCRBS Mode C and Mode A replies) by the
CAS. (see Figures B-14 and B-15)

The stored data from the interrogations of two or more SSRs
can be u;ed by the CAS to determine range and bearing to its
intruders. When only one SSR is available, the Litchford CAS in
its active mode obtains range and alsoc determines bearing with the
ATOA data. When there are no SSRs available, the CAS operates
only in the active mode and obtains only range. Thus range rate
is estimated as in other differential range approaches. In regions
in which multiple SSR coverage exists, the traffic density is
expected to be highest and the Litchford CAS passive mode can be

used without appreciable interference to the basic ATCRBS operation.

In high traffic areas when the Litchford CAS is operating
passively with large numbers of SSRs, signals of one transponder
stimulated by the SSRs are simultaneously garbled. With a single
SSR operating it is unlikely that targets having the same A TOA
initiate their replies on the same interrogation due to relative

angular positions in the SSR beam.
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BCAS SEPARATION ASSURANCE DISPLAY
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BCAS has added bearing/bearing-rate to range 10 the pilot's display. The pilot can
judge 100-foot changes of the target's (1o his) verlical separation and the track/
heading ol the target. In the display, “own™ always flies "up” the display and is
cenlered; thus enabling “own's™ pilot 10 judge “other's” data lo determine whether a
threat exists. -

BCAS SEPARATION ASSURANCE DISPLAY

Figure B-14
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By "listening"” 1o transponder replies from other aircralt and by responding to ground
radar stalion inlerrogations, an onboard computer can identity and find relative
positions of nearby aircraft. Paths A and B in the Tllustration allow all airspace usersto
benefit irom BCAS concepts for sale separation assurance and avoidance of mid-air
coliisions.

Figure B-15
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The "degarbler" - Litchford CAS also proposes to incorporate
_ a simple "degarbler" allowing tracking interleaved replies.. The
b degarbler would, when all else fails, track the initial pulse of
} the reply (fl) or the trailing pulse (fz). When garble occurs,
the Litchford CAS will search throuéh the past data for altitude
and identity and continues to track and correlate A TOA on fhe

parts of the message that are still available (fl or f2 pulse).

The FAA's ATCRBS network includes about 700 SSR ground
stations radiating a narrow interrogation beam (see Figure B-16A)
and an omnidirectional sidelobe suppression broadcast on a 1030
MHz uplink to nearly all aircraft in the controlled airspace.

The present range of the SLS broadcast is (and will continue to

be) about 30 nmi. Semiactive BCAS is projected to have a 100

nmi sensitivity. In Figure B-16B, the message-reply seguence

(left to right) indicates almost 3000 us of silence that typically
exists between Mode A/C interrogations. This provides ample time
to handle the numerous 20.3 us replies expected in the most
densely populated airspace. Listening time is increased 100 times,
since a given radar dwells for 1 percent of its rotation period

on a given aircraft.

In the BCAS operation shown in Figure B-17, the knowledge of

the instant an SSR main beam passes magnetic north is essential

to determine differential azimuths (A) as an aid in keeping track
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of a particular SSR station (by.rotation period). BCAS con-
tinually accesses the potential threat once another aircraft

enters the protected aircraft's predetermined area gate and
altitude band. When the protected aircraft is in range of only

one SSR station, it actively interrogates the identified aircraft's
transponder and determines both threat range and bearing angle

(D); if the aircraft is in range of two or more SSR stations (E),
its range and bearing angle are easily determined passively.

(Note: The role of the inner ellipse gate is noteworthy (C):

as a potential threat enters the outer edges of the azimuth gate

(+ 18" ), an inner TOA limit of 5 us is considered sufficient for

capture; as the threat proceeds toward 0° , however, the computer
selects smaller and smaller TOAs (down to 0.1l us). The 2one with-
in the 0.1 - pus ellipse is a thin area of garble. An intruder air-
craft may traverse it but for a brief instant, if at all. The
presence of more than one SSR station in this zone is eliminated.
All drawings refrain from showing the jagged inner-ellipse boundary

of (C).

F. Sierra Research Corporation CAS

;‘ Sierra Research Corporation had not developed a CAS prior to
1967 but had been developing time-frequency techniques for other
airborne applications, including military station keeping devices

} for formation flying [2] . This concept Qas based on utilizing

AR
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(TACAN) channels. Range differencing was employed for estimating

range rate. Compatibility with ANTC-117 threat criteria and

maneuver logic was assured.

The airborne TACAN unit which interrogates TACAN ground
stations operating as beacons (to measure range) can be modified
to accept Sierra CAS. The TACAN ground equipment gives priority

to CAS synchronization transmissions. The assignment of a channel

for CAS operation preempts two TACAN channels for CAS assignment.
At least two such assignments are required for a capacity to equal
the capacity specified by ANTC-117; thus at least four TACAN

channels would be needed exclusively for CAS.

Later, a modified system was proposed by Sierra who proposed

Cngl S 2 g Pty N
Lo PRI A
—

modifying the TACAN/DME ground stations to provide synchronization
i. ‘:} and the airborne TACAN/DME equipment to provide CAS operation. 1In
. other respects it would be similar to the time-frequency technigque
except that range rate would be derived from successive range

;‘ measurements. The rangé rate accuracy estimated from incremental
range measurements and additional errors due to the relatively

1 poor rise and fall times of the pulse shapes of the TACAN-DME

;! signals which it uses are main problems with this system.

¢

{ G. Miscellaneous Systems

ﬂi Qtsi Following is a brief description of two collision avoidance
F. systems:

R=A7
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1. The Army's System (16

The U.S. Army has been using a proximity warning device
to assure separation between the aircraft. For example, at
an Army facility located at Ft. Rucker where such a system
has been operational, no proximity problems have been en-
countered for the past 15 months, according to official re-
ports. Ft. Rucker has a fleet of 420 rotary-wing and 25
fixed-wing aircraft. The proximity warning devices were
installed because proximity problems were encountered when
large numbers of pilots were being trained during the
Vietnam WAr. An antenna mounted on the aircraft radiates a
signal within 500 m. Aircraft within that 500 m sphere trans-
mit a signal that is processed to alert pilots of the presence
of other aircraft. An audible warning is sounded, and an
arrow lights up on the pilot's console indicating the direction
of another plane. The pilot can see the other aircraft and

avoid it.

2. The Aerosonic CAS [16]

Aerosonic Corporation has developed a collision-
avoidance system which interrogates the transponder and
altitude-reporting systems in other aircraft. There is a
micro-computer aboard the aircraft to, (1) compute which
aircraft are coming toward the plane, (2) calculate the rate
at which they close and, (3) sound an alarm if another air-

craft is within 30 seconds or 600 feet of the same altitude.

B-68
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FAA BEACON BASED COLLISION AVOIDANCE SYSTEM (BCAS)

FAA is developing the Beacon Collision Avoidance System (BCAS)
for which national standards will be issued. The system will provide
an airborne collision system [1ﬂ separation assurance and date link
services among equipped aircraft. BCAS is a cooperative system
capitalizing on the large investment already made by FAA in secondary
surveillance radar (SSR) transponders, to achieve effective separa- T

tion assurance.

The BCAS system will provide:

0 Supplemental protection to the aircraft operating inside
the coverage of the ground based ATC system, where .
Automatic Traffic Advigsory and Resolution Service (ATARS)
does not operate.

o Primary protection to aircraft outside ATC system coverage.

0 Compatibility with the primary means of aircraft separation
- the ground based ATC system.

The FAA program for BCAS is divided into two BCAS systems
which are under development:
© A low development risk BCAS
-- operating in low to medium density traffic.
-- providing vertical maneuver commands to the pilot.

o A more complex system

-- operating in high density traffic.

-- enhances the pilots ability to operate in the "see-
and-~avoid”" environmnet.

-- allows horizontal maneuvers.
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Based on basic requirements the BCAS must be compatible with
operation of other FAA systems including ATCRBS, DABS, ATARS and
the ATC system, and will function during transition from ATCRBS to
DABS operation. It will also interface and coordinate with ATé and

ATARS.

The BCAS must be acceptable to the pilot as well as com-
patible with ATC by providing safe separation while maintaining

a false alarm rate which is equivalent to or lower than ATARS or

4
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A. BCAS Technical Description

The concept on which the Beacon-based Collision Avoidance
System is based is shown in Figure B-18. It is an airborne

Collision Avoidance System (CAS) based on the use of replies trans-

mitted by the Air Traffic Control Radar Beacon System (ATCRBS)
transponders or the future Discrete Address Beacon System (DABS)

transponder.

Two phases of development have been planned: an interim BCAS
a which operates actively in the ATCRBS and DABS environmnet, and a
full system to operate actively and passively in an ATCRBS or DABS
environment. The Active mode is applicable to areas where no ground
beacon coverage exist, the passive mode in high density areas with

SR ground beacon coverage. The Active mode will provide range (r),
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range rate (dR/dt) and altitude (z) information. When the system
is equipped with a directional antenna, approximate relative bearing

information will be provided. Thus, the Active mode can incorporate

PWI capability and provide vertical escape maneuver data.

The BCAS, when in the Active mode, is an airborne interrogator,
soliciting replies from other transponder equipped aircraft in
communication range. The time between interrogation and reply is

measured to determine aircraft range. Decoding the Mode C trans-

T

ponder replies leads to altitude. From this data, closing range-
- rate and altitude rate are determined an used to direct vertical

escape maneuvers when determined by the threat evaluation logic.

B. "Whisper-Shout" Technique

Each interrogation transmitted from the omnidirectional an-

tenna of an active BCAS, causes all ATCRBS transponder equipped
aircraft in communication range to reply. An adaptation of the
side lobe suppression circuitry called Wisper-Shout is used by
ATCRBS interrogators to reduce the number of replies. The whisper
is a low power level interrogation targeted at near and very sen-
sitive aircraft. After replies have been received from these
targets, they are suppressed. A shout is a second interrogation
transmitted at a higher power level during this suppression period
(nominally 35 wusec). The system then picks up more but weakened

distant targets. A Whisper-Shout procedure is repeated 5 to 7 times,
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with the shout interrogation at full power so that all targets

have been interrogated.

Directional antennas are also being studied to eliminate
synchronous garble by directional interrogation and reception
functions which limit the processing load to relatively few air-
craft. The monopulse detection techniques will help to obtain
relative bearing to other aircraft (theoretically to within 10
degrees) using the.antenna under consideration. With this accuracy
of bearings, an Active BCAS will provide Proximity Warning Infor-
mation (PWI). While permitting a pilot to visually acquire other

aircraft during VFR weather the PWI will in any weather provide

an alert that other traffic is near.

C. "Squitter" Messages

"Squitter" messages occur spontaneously approximately once
per second and make the DABS discrete address known to the BCAS
interrogators, while providing coarse relative altitude information.
Squitter altitude repert is used by BCAS equipped aircraft to de-
termine if the target aircraft poses a potential hazard and, if
so, then uses the discrete address for the DABS interrogation.
Fruit and garble are reduced since no other aircraft reply to the

discrete interrogation.

D. Passive Mode

A Passive mode BCAS "listens" to ground interrogations and

R=71
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airborne replies and does not contribute fruit or garble to the en-

vironment. The information which can be obtained by BCAS without

any modification to the ground radar site using the BCAS phased

TV

array antenna includes: (1) the interrogation repetition frequency
of the ground radar site, and (2) the bearing of the ground radar
site relative to the heading of the BCAS equipped aircraft. To
enable a BCAS equipped aircraft to obtain more accurate ATCRBS

site information such as site altitude, more accurate relative

o BVV'Y | 2 r-r‘ri i

bearing; and determine its range to the ATCRBS site, it is desir-

able that radar-based transponders (RBXs) be installed at the

ATCRBS site. This also allows for a data link interface with ATC.

E. Semiactive BCAS

A semiactive mode of BCAS must be employed when the operation
in passive mode encounters regions in which the positional errors
tend to become unacceptably large due to the relative positions
of the ground interrogators, the BCAS aircraft, and the target.

This involves utilizing data from both the Passive and Active

modes of operation, i.e., the system would collect the data actively,
passively or semiactively, depending on the environment. Thus during
¢ the Semiactive mode the BCAS system obtains such data in an ATCRBS

or DABS environment while it improves the total system'performance

as the ATCRBS undergoes a transition to DABS, resulting in lower

4 ’ fruit and garble levels. On detection of potential conflicts
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BCAS issues the appropriate warnings based on its tracking data.
When both aircraft are BCAS equipped, the maneuvers are coordi-

nated through the use of the DABS data link issuing complementary

S maneuvers. If the targe aircraft is not BCAS equipped, maneuvers
are based on the assumption that no change in its present course

will occur.

F. BCAS Display Capability

The BCAS logic is capable of driving three types of cockpit
displays; the baseline Airborne Collision Avoidance System (ACAS)
s display, is described in Figure B-19. Another, the general pur-
pose Plan View Display (PVD) has a pictorial plan view of in-
truder aircraft in the vicinity of the protected aircraft in an

own-aircraft-centered and own-heading-oriented framework.

The development of BCAS has been planne?® in the following
three phases of development:

1. Phase I Feasibility Demonstration

f £ G. Phases Of Development Of FAA BCAS
}

Phase I BCAS activities were exploratory in nature and
L had the following chronology:
1968 - A PWI utilizing ATCRBS was proposed by industry.

1972 - USAF awarded a contract to demonstrate concept
feasibility of SSR-CAS technique.

; 1973 - SSR-CAS demonstrated on ground at LaGuardia, New
, York Airport. FAA suggested that an active mode
be added to SSR-CAS.
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Figure B-19
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1974 - SSR-CAS demonstrated on Pan Am Building, New
York City. FAA conducted technical analysis
SSR-CAS.

1975 - FAA proceeded to develop the Active mode portion
of BCAS. . .

1975 - Contract awarded for delivery of an Active/Passive
(SSR-CAS) BCAS system.

In Phase I an initial analysis of the BCAS operational
environment (e.g., traffic models, peak densities, and ATCRBS/
DABS surveillance performance) and ATC operational capability
was conducted to assess the technical feasibility of the BCAS

(e.g., synchronous garble, multipath, shielding, etc.).

In the second part of Phase I the design and fabrication
of feasibility models of the BCAS were completed to indepen-
dently demonstrate the feasibility of the Active, Passive,
and Semiactive modes. The results of these investigations

were promising.

2. Phase II - Engineering Development

This phase consists of upgrading the feasibility models

of the Active and Passive modes fabricated under Phase I -

to include the functional capability deemed necessary for
the operational BCAS system. In addition, it includes the
fabrication of a DABS mode experimental model to assess

active operation in DABS environments.

A ia a m e e st M e amm = SV S U




Three such engineering models of the inte?im active BCAS
will be developed by Lincoln Laboratory. These models will
help assess the DABS compatibility and operation of the BCAS
system. A U.S. National Standard for Active BCAS will be

based on the evaluation results.

The Phase II full BCAS Engineering Model development
effort is divided into two tasks: (1) design definition,

‘}; and (2) development and fabrication of three BCAS engineering
models. 1In this development phase preliminary analytical
efforts will be included to examine operation of BCAS in the

( ATC environment, compatibility with the ATC system and accept-
ability to the pilot. Such studies include:

o ATC System Compatibility Assurance

ATC system compatibility assurance manifiested in

& terminal areas where controllers intentionally

- bring aircraft into close proximity to maximize

terminal operations. It is primarily a function
of the BCAS threat evaluation and maneuver selection
logic. If the alarm rate is allowed to be too high,
it will result in many and unnecessary maneuvers.
Hence the system will be unacceptible to the con-
trollers, pilots and passengers. However, the trade-
off involved in reducing the alarm rate is reducing
the protection provided.

o) Determination of ATC Interference

The fruit and garble generated within the ATC system
by BCAS causes interference which is also a function
of the BCAS modes of operation--including wisper-
shout. A computerized simulation model was constructed
which simulates interrogations generated by aircraft

, equipped with BCAS and merges these signals with those
generated by the ground system in a DABS/ATCRBS

- A e ke e -
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Performance Prediction Model (PPM)

Based on PPM, computer study predictions were made

to evaluate the effects of BCAS electromagnetic emis-
sions on ATCRBS ground interrogators in a standard
traffic environment. Predictions were also made for
fruit-rates at an airborne interrogator and the effects
of the variations in the use of whisper-shout in a
given standard environment. It was determined that in
the test environment:

- deploying active BCAS will result in a slight
reduction in aircraft reply probability, but
will not impact the ATCRBS ground receiver/
processor performance.

- instantaneous fruit-rates at an airborne BCAS
of up to 14,000/sec could be expected at 20,000
feet. DABS power programming had no effect on
BCAS~generated interference.

BCAS Operation in Synchronous Garble and Fruit

BCAS operation in synchronous garble and fruit is a
function of the spacial density of aircraft and the
number of ground interrogation sites, it is more of a
problem in the active mode (passive mode adversely
affected in the higher density terminal areas only).
Garble is the interference experienced by a reply
signal when overlapped by another reply. It can
alter the altitude code between the framing pulses
(f1 and £3) of a reply signal by the addition or
destruction of bits, or can cause the loss of a
reply signal altogether by interfering with the
detection of its framing pulses., C(tadies of fruit
and garble rates were carried out in a standard
target airspace environment where BCAS will be
deployed.

In the active mode of BCAS, garble or overlapping
reply messages result when the aircraft, in the
vicinity of the threatened egquipped aircraft, reply

to ground radar interrogations and to interrogations
from other equipped aircraft., It is also generated

by the interrogations transmitted by the threatened
equipped aircraft so that other aircraft replying to
these interrogations are close enough together causing
their reply messages to overlap.




Synchronous garble in passive BCAS is due to air-
craft within the main beam of the same SSR as the
target intruder while replying to the same interro-
gations. The total number of recorded replies (no
interrogations) in a 10 second period, divided by
the total of the listening window times over that
10 second period, is known as Average Fruit Rate.

An Evaluation Of Existing ATC Environment

This entails a thorough evalutation of the existing
ATC environment for defining the necessary BCAS
performance. Extensive testing of the occurence

of terrain induced multi-path on air-to-air links,
resulted in serious findings of existence of multi-
path echoes and multi-path scatter from smooth
surfaces and water. Top-mounted antenna were found
suitable for prevention of multi-path. The BCAS
transmitter power and receiver mlnlmum-trlggerlng-
lever (MTL) values were established to match
desirable link reliability.

BCAS Performance Evaluation

A variety of factors, ranging from fruit and garble
to the algorithms selected, influence the ability

of BCAS to function in any given environment.
Simulations on computers being made of BCAS in vary-
ing levels of traffic density will lead to anticipated
results. The accuracy of BCAS measurements was
assessed by measurement of factors (e.g., Time-Of-
Arrival (TOA), Differential Azimuth (DAZ), and Own
Azimuth (OAZ)) and comparision of these with theo-
retically predicted values based on the geometric
relationship of the radar, targe transponder (de-
termined by survey) and BCAS position (measured by
the EAIR radar). The measured values of TOA, DAZ,
and OAZ were also used to compute the range and
bearing to the target.

Mathematical algorithms have been developed as a
result of a thorough analysis to compute the range
and bearing to potential threat aircraft and to
ground radars, using passive-mode BCAS measurements.
A computer simulation was conducted for the following
three different modes of purely passive operations:

-- all radars equipped with azimuth reference
signals

e e LT
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-- none so equipped
-- only one radar so egquipped available at a time.

The results confirmed that either system--assuming
all radars equipped with azimuth reference signals
or only one radar within BCAS range so equipped--
is technically feasible. Test and evaluation of
the feasibility equipment for the active ATCRBS
mode of BCAS was performed in a NAFEC airborne

test bed based on sending out omnidirectionally

a mode C (altitude) interrogation on a one-second
cycle, reception and processing of all returns,
delivery of target information to a threat evaluator.,
and providing resolution maneuvers on an indicator.
The object was to shed light on the ability of the
equipment to detect, sort out, and track the many
overlapping replies that arrive in response to a
single omnidirectional interrogation. It was found
that aircraft antenna shielding or multipath, was
the major factor affecting the overall tracking
performance, and the synchronous garble or tracker
parameters had far less to do with degradation.

3. Phase 111 - Prototype Development And Operational Tests

During this phase the operational suitability of the
BCAS will be verified around which national standards may
be written. Field tests will be conducted to confirm the
utility of the BCAS operatidén, to determine the phenomena
that limit performance, and determine the related environ-
ment. These tests will involve installation of BCAS pro-
totype on GA, military and air carrier aircraft for its

evaluation in the operational environment.

H. The National BCAS Standard

The Active~Mode version of BCAS which has been recently




approved by FAA and for which a National Standard is being issued
is a ground-independent air-to-air system. It is activated by

by airborne omni-directional ATCRBS Mode C interrogations occurring
at a rate of 2 per second. Range and altitude rates are computed,
and approaching aircraft are tracked. The cockpit CAS display
warns the pilot of aircraft crossing with adequate altitude
separation and gives a command to climb or dive if the intruding

aircraft is at or near the same altitude. Warnings and/or commands

are provided 30 seconds before range minimum.

It is designed for aircraft who wish to have a CAS cap-
ability in airspace where the air traffic control (ATC? system
does not provide surveillance-based separation services. 1In
addition, the system will provide some backup to the ground system

in airspace within surveillance coverage.

The system thus assumes widespread deployvment of altitude-

s

reporting ATCRBS, which the BCAS-equipped aircraft can sense and

R
-

avoid. The ATCRBS-only aircraft (called a remitter), which does

;TH not have the BCAS equipment, would not receive collision avoidance

warnings; it is assumed that this aircraft continues on its pre-

sent course. BCAS also provides protection for two BCAS-equipped

aircraft, ensuring complementary maneuvers.

- The attractiveness of BCAS is that its cost is only to the
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equiﬁped user desiring an independent collision avoidance cap-
ability, which protects it from ali aircraft which are transponder-
equipped with Mode C (altitude reporting) capability. However,

the co-sharing of the channel with ATCRBS imposes two requirements
on the design which had to be met if this concept was to be

feasible.

BCAS should not significantly impact the ATCRBS performance,
and would have to work in spite of garble. The design calls for
a rate, achieved by limiting the rate of interrogations, of only
two interrogations per second. Preliminary analysis of flight data
indicated the system is capable of tracking successfully through

garbled situations where as many as five overlapped replies occurred.

The BCAS functional block diagram is given in Figure B-20.
Mode C interrogations are transmitted sequentially via top and
bottom antennas, and received replies are demodulated in the
receiver and then passed to the detector/tracker. The detector/
tracker determines if the received replies are from new targets,
established target tracks, or simply fruit. Tracks are formed and

maintained in range and altitude. An altitude reference is pro-

vided by the aircraft's own encoding altimeter, which enables the

tracker to estimate the relative altitude of targets.

Newly formed tracks within a 10-nmi range and established
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tracks whose range difference becomes 10-nmi or less are flagged
by the tracker and a determination of whether this target is BCAS
equipped or not is made. To make this determination, a Mode D
interrogation is sent. If the target replies (and it appears at
the expected range and altitude), the tracker labels the target

as BCAS equipped; otherwise, it is labeled as unequipped, since
all equipped aircraft have a Mode D reply capability. Established
tracks (tracks are declared established after being tracked for

at least 30 seconds or after 4 successive ungarbled reports) are
passed on to the threat detector to determine if a target is a
threat. Separate algorithms are used for equipped and unequipped
targets. When an unequipped target is determined to be a threat,
a command is displayed to the pilot for him to maneuver his air-
craft away from danger. 1If, on the other hand, an equipped target
is determined to be a threat, a Mode D interrogation is made to
the target to assess the maneuver intent of the target. On the
basis of the reply received, a command is desplayed to the pilot,
which makes him aware of the situation and which may direct him to
either maneuver or not to maneuver his aircraft. When interrogated

on Mode D, the aircraft replies with a code that describes the

command message sent to the display. This elementary data link
provides the means for ensuring that the aircraft made comple-

mentary maneuvers.
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The Modes Of BCAS Operation With ATCRBS And DABS

1. BCAS/ATCRBS Mode

In the BCAS/ATCRBS mode, fi8] BCAS interrogates on Mode
C (altitude) using both the top and bottom-mounted antennas
(Figure B-21). At altitudes above 10,000 feet, 500 watts is
transmitted from the top antenna and 125 watts from the
bottom antenna, (less the transmission line losses). When
the aircraft is flying below 10,000 feet the transmitted

signal's power is reduced by 6 dB.

The ATCRBS mode interrogation procedure is a function
of the garble (overlapping reply level) at the BCAS receiver.
A low-density interrogation procedure is employed when the
number of detected overlapping replies is less than four,

otherwise a high-density interrogation procedure is employed.

Low-Density Procedure High-Density Procedure

Number of overlapping Less than Four Whisper-Shout
replies received: Four or More
Interrogation A full-power mode C Whisper-Shout

procedure: from the top antenna. Subdivides the air

traffic population
into smaller groups.

e} Low Density Interrogation Procedure

Approximately 350 us subsequent to initial interro-

gation, after receiving replies, a P;-P; suppression
pulse pair is transmitted from the top antenna at the
same power as the interrogation. Those transponders
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that received the interrogation from the top antenna
will be suppressed by this procedure. While they
are still suppressed (approximately 20 s after
transmission of the (P;-P,) suppression), a Mode C
interrogation is transmitted from the bottom antenna.
This procedure is repeated once per second.

High Density Interrogation Procedure

In a high density atmosphere, a series of eight interro-
gations/suppressions is transmitted from the top
antenna at the relative power levels shown in the
table below. The maximum transmitter output peak
power is assumed to be 500 watts; same as that for

the ATCRBS transponder. Advantage is taken of the
variation in transponder sensitivity, aircraft antenna
pattern and range to subdivide the aircraft population
into smaller groups, by suppressing all aircraft
previously interrogated before transmitting the next
interrogation. The subdivision of the aircraft
population reduces the number of overlapping replies
to a level that the BCAS computer can handle. The
successive interrogations are spaced approximately

350 micro-seconds apart. Prior to each interro-
gation, except the first, a (P;-P,) suppression pulse
pair is transmitted at the power of the previous
interrogation, which is repeated once per second.

BCAS RELATIVE POWER LEVELS
(ATCRBS MODE STEPS AND DABS MODE POWER PROGRAMMING)

Step Power Relative to Maximum® (dB)

-19
-16
-14
-12
=10
- 8
-4
0 (maximum)

QO ~J O U WN

28 500 Watts




.....................

0 ATCRBS Synchronous Interference Elimination

Jitter Mode is utilized to prevent synchronous
interference. For this purpose the BCAS spaces
ATCRBS interrogation trials at (1 + k) second
intervals, where k is a random number between
+0.1 and -0.1.

2. BCAS/DABS Mode

The BCAS interrogator listens for DABS aircraft trans-
missions (squitter) (Figure B-22), and interrogates individual
aircraft using the DABS aircraft discrete address. Active
interrogations are made during initial range acquisition,
tracking outside the horizontal alarm volume, and tracking

inside the horizontal alarm volume.

o) Alarm Volume

The alarm volumes associated with the DABS mode are:

-~ the vertical alarm volume, (the airspace
2000 feet above and below the BCAS aircraft);:
and

-- the hnrizontal alarm volume, the airspace within
a variable distance of 1 to 11 nmi (a function
of closure rate computed as 1 nmi plus the
closure rate in nmi/sec times 30 seconds).

o Squitter Acquisition

In the active BCAS System each DABS transponder-
equipped aircraft transmits a squittered reply
containing altitude and address information (once
per second) from which BCAS receivers compute
altitude separation and atlitude closure rate
between their own aircraft and the intruder. When
these computations indicate that the intruder will
penetrate the vertical alarm volume, BCAS directs
addressed interrogations to the intruder aircraft.

B-89
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The top antenna is used for these interrogations if
the intruder aircraft is above the BCAS aircraft,
otherwise the bottom antenna is used.

Acquisition Of Initial Range And Range Rate

Two to eight interrogations (at a maximum power of

500 watts) are sent depending on the reply overlaps
and missing replies. This is used by the BCAS
computer to determine if the intruding aircraft

has entered or will enter the horizontal alarm volume.
If no replies are received the procedure will be re-
peated at l0-second intervals as long as the air-
craft remains in the vertical alarm volume.

Tracking Outside Horizontal Alarm Volume

As long as an intruder aircraft flies outside the
horizontal alarm volume, but within the vertical
volume, it will be tracked by discretely addressed
active BCAS interrogations. Based on a maximum
closure speed of 1000 knots, the BCAS computer
calculates the point in time at which the intruder
aircraft could reach the horizontal alarm volume
Plus 1 nm, and active interrogations are sent out
to update the track. No less than 1 second and no
more than 10 seconds are allowed between updating
of the tracks. Up to eight interrogations per
update interval are transmitted until two successful
interrogations are completed.

Tracking Inside Horizontal Alarm Volume

To allow for decreasing range, less power is trans-
mitted for interrogation when an aircraft enters the
horizontal alarm volume. Eight power levels (the
same relative levels as employed for the ATCRBS Mode)
are used., During the first 5 seconds of tracking

in the horizontal alarm volume, DABS interrogations
are transmitted at full power (500 watts). After
every three successful interrogations the power
level is reduced by 1 step, and maintained for 5
seconds. To reach the lowest usable power, this
process is continued. When three successive failures
occur the power may be raised a step.

DABS BCAS Mode Interrogation Rates

The rate at which BCAS interrogates DABS aircraft is
a function of the number of missing and overlapping
replies.
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AUTOMATIC TRAFFIC ADVISORY AND RESOLUTION SERVICE (ATARS)

ATARS is a key element [19] of the FAA's Aircraft Separation
Assurance Program (ASAP) of the future. It is a pilot oriented
ground-based collision avoidance system based upon the earlier
concept of Intermittent Positive Control (IPC) which was described
and recommended for development by the AirlTraffic Conrtol Advisory
Committee (ATCAC) in 1969. Using the surveillance data obtained
from the Discrete Address Beaéon System (DABS), it computes
traffic and resolution advisories "as needed" (on-ground computer
system), and delivers these advisories to ATARS equipped aircraft

via the DABS data-link.

An introductory overview of the development of the IPC concept

which was later renamed ATARS follows.

A. Intermittent Positive Control

IPC is an experimental ground-based Collision Avoidance
System. [2Q] It is being designed to assist aircraft in avoiding
hazardous air traffic situations. When required, it will separate
VFR aircraft from one another via ground-computer-derived ad-
visories or commands forwarded to cockpit displays without con-~
troller intervention. It will also help separate VFR aircraft
from IFR aircraft without controller intervention. However, the
IFR aircraft will have an additional advantage of being under

control of the ATC system. For two conflicting IFR aircraft, IPC
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is intended to serve as a backup to the conflict alert (CA)
function of the NAS En route system. The conflict alert function
E! provides flashing data blocks of conflicting IFR aircraft to the
E controller on the plan view display (PVD). The cockpit displays
h are designed to shéw the relative azimuth and altitude of an in-
truder aircraft and, in addition, give command or maneuver in-

structions to the pilot. Some types of display are shown in

Figure B-23.

The Discrete Address Beacon System (DABS) is a cornerstone
of the Collision Avoidance System. DABS provides a data link
capability between an aircraft equipped with beacon/IPC-ATARS
equipment, and the air route traffic control center (ARTCC) in
the sector where it is flying. The IPC-ATARS monitors the location,
atltitude, and velocity of these beacon-equipped aircraft.

(Figure B-24).

The data is transmitted over the DABS 1link to the ground,
where a computer processes it, while projecting three dimensional
flight paths. The computer also provides proximity warning in-
dicator (PWI) information to aircraft equipped with the IPC-ATARS
cockpit display, as well as warning the controlling air traffic
controller., Collision resolution commands indicating evasive
maneuvers are also calculated by the computer and displayed on the

aircraft's cockpit appropriate display.
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Further Displays are provided at the air traffic controller's
position to indicate the responses of the threatened aircraft to
whom the evasive maneuvers have been transmitted. Such indicators

show whether the pilot is complying with commands. Moreover, if
the system is not in position to transmit to aircraft ("U" means
unable to transmit message), another instruction "V" is issued

to the controller indicating a verbal contact is warranted.

The pilots of IPC-ATARS equipped aircraft receive a com-
prehensive traffic advisory service and an effective resolution
service. IPC-ATARS services are degigned for éll aircraft, con-
trolled and uncontrolled, in both the en route and terminal
environment, for protection against all aircraft that are equipped
with altitude reporting transponders (presently 100% of the air
carrier and military fleets and 17% of the general aviation which

is supposed to increase substantially in the future.

Only the aircraft carrying a DABS transponder and an ATARS
display on-board may receive the IPC-ATARS service. The DABS
transponder has altitude coding capability, besides its beacon
function also receives coded messages from the ground for delivery

to the cockpit IPC-ATARS display.

At the ground level IPC-ATARS includes a DABS sensor to

receive surveillance information, and to communicate with the
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aircraft. It also includes a computer which interfaces with ATC

facilities.

Traffic advisories are sent to the IPC-ATARS equipped air-
craft, as computed by the ground computer using a standard algorithm,
when other potentially threatening aircraft are detected. For
a proximate aircraft, the pilot will be alerted to its pre-
sence to aid him in visual acquisition. This enables the pilot
in avoiding maneuvers which may aggravate the situation. When
the projected miss distance is sensed by the ground computer to

be less than the defined threshold a resolution advisory is sent

to the aircraft.

The pilot of the uncontrolled aircraft relies on see-and-
avoid techniques as the principal method of maintaining separation,
he utilizes the traffic advisories to visually acquire proximate
aircraft and to determine whether or not they represent a potential
threat. Once the aircraft is visually acquired, the pilot mentally
integrates the traffic advisory data with other factors to de-

termine what evasive action need be taken.

To minimize pilot work load and ATC interaction, controlled
aircraft will rely on resolution advisories for determining the
maneuver needed to resolve potential conflicts. The pilots in-

dependent maneuvers are discouraged, (which could aggravate the
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situation) by alerting him to the specifics of the potential
conflict. When IPC-ATARS issues a threat advisory or a resolution
advisory, the ATC facility responsible for the aircraft is simul-

taneously notified.

Lincoln Labs of MIT are expected to complete the traffic

— —
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advisory services and the microprocessor based display, ready for

flight testing at NAFEC with DABSEM in the Fall of 1979. A soft-

ware package has been developed by MITRE/MITREK which will utilize
the ARTS III traffic data tapes for preparing a test population

as an aid to improvement, refining and validation of a reliable
algorithm for IPC-ARTS. This algorithm is tested by subjecting

it to extensive fast-time and real-time simulation prior to a

series of extensive flight tests.

B. Traffic Advisory Service Development

The Traffic Advisory Service component of this system is

primarily meant to alert the pilots of the VFR community. The

assistance provided to the pilot through Traffic Advisory Service
is defined by the following FAA objectives:

L o Providing help in visual acquisition of aircraft which are
or will be close enough to be of concern.

0 Evaluating whether or not an aircraft represents a threat.
o Selecting a safe and effective escape maneuver.

o Maintaining separation in the absence of visual acquisition.
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There are two principal benefits of a traffic advisory

o

designed to meet the above objectives, namely:

Prevention of mid-air collisions involving VFR aircraft
without restricting freedom of flight.

Reduction of the probability of an aircraft maneuvering
in a direction that would aggravate the potential conflict
(complementary to the resolution service).

Aircraft are considered to be in potential conflict when the

following parameters are satisfied:

C.

The estimated time to closest approach is less than 45
seconds, and

The estimated horizontal miss distance is less than 1 nmi
or the estimated vertical separation at closest approach

is less than 1,000 feet,

Resolution Service Development

with

seen

Resolution service development is designed for compatibility

the traffic advisory service, this component of BCAS is fore-

to be relied upon by pilots of controlled aircraft.

The performance objectives have been defined as:

Safety and reliability.

No disruption of routine ATC service, e.g., advisories
shall not cause the aircraft to depart from instructed

or mandatory clearnaces.

Ability to dispense guidance for prevention and/or
resolution of conflicts in most regions of airspace.

D=1NnN
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o Compatibility with ATC procedures.

The IPC resolution algorithm has been designed and modified
based on extensive flight tests, ATC simulation, Monte-Carlo
simulation of 12 mid-airs and analysis of ARTS III data for ATC
interaction. The results of the effort points to the need for

further modifications in the following areas:

o Reduction of ATARS interaction with ATC system (site
adaption logic for the terminal area, utilizing uniform
logic for both VFR and IFR aircraft and optimizing alarm
threshold).

0 Perfection of exhaustive search technique to replace
initial fixed rule approach. (Flying aircraft pair ahead

, in fast time for each set of candidate single-plane and

3 multiple-plane maneuvers, for the purpose of computing

statistics such as achievable miss distance. The can-

didate maneuver sets are then rank ordered considering

technical factors such as miss distance and user oriented

F £ criteria).

o Development of turn sensing logic for more responsive
maneuvers particularly in the terminal area.

. o Development of a domino logic (to minimize the prob-
P ability of resolution advisories causing chain reactions).

o Development of a multi-aircraft logic (for situations
when chain reactions would be unavoidable with two
aircraft logic).

¢ o Development of a logic for vertical speed limits and
b horizontal turn limits.

D. Flight Test Results On IPC Algorithm

>
f, ’ The IPC algorithm is the base of ATARS, and Lincoln Lab-

oratories of MIT conducted extensive flight tests to analyze its
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performance, and the manner in which pilots used the service.

From the Fall of 1974 until early 1977, some 130 demonstration

and test flight missions were flown for this purpose. While
these tests established the feasibility of the ATARS concept,
they also brought to light some deficiencies of the existing

algorithm.

T v R R A s Bk g
h, .

Although the system tested indicated that its resolution
f‘ N or command service was consistently effective in nominal encounters,
it produced unnecessary, late, or improper commands in situations

involving non-nominal (accelerating, etc.) cor’licts. These may

( be contributed to insufficient resolution, including factors e.g.:

o Uninvolved aircraft close to an ongoing conflict can be-
come involved if they are not properly considered initially.

TR o Non-uniform logic can allow conflicts to be prolonged or
worsened by delaying commands to an IFR aircraft in con-
flict with a VFR aircraft.

J
g o No input to command selection logic was provided for turn
; sensing or rate of turn.

4
: o Commands selected by the system followed fixed rules based
. on the conflict geometry. This aspect of command selection
. in accelerating conflicts led to the choice of improper
) commands due to the changing conflict geometry.
4
The initial IPC algorithm and concept is undergoing modifica-
tion as a result of the conclusions derived from the extensive
¥ flight testing. There are many questions for which answers are

sought from such tests, e.g.:
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o What basic information must be provided to the pilot to
accomplish the stated objectives?

o What precision is required in the information provided?

0 What combinations of data and display techniques should
be considered?

Dt ol T Lali SRR At e i 0 -
. . ' o 'Id

o What criteria should be used for displaying a traffic
advisory?

o How will the urgency of the situation be conveyed to the
pilot?

. 0 How will multiple advisories te handled?

o What is the concept for providing the advisory data via
the DABS data-1link?

o Does the traffic advisory service have any 1mpact on the
ATC system or procedures?

o How will the traffic advisory service be compatible with
and compliment the resolution service?

E. The FAA Technical Approach

The design of both the traffic and resolution advisory systems

is being pursued in parallel, while efforts are being made for

mutual operational compatibility.

[
-

Modification of ATARS logic is foreseen to expand its cap-
;‘ ability in areas e.g., terrain avoidance and restricted airspace
avoidance (for keeping uncontrolled aircraft outside of Terminal/
Positive Control Areas). Following the full development, multi-
f. ’ site ATARS logic will be subjected to rigorous performance and
compatibility testing in the ATC environment using the three DABS

sensors.
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A micro-processor based display is being developed to pro-
vide the pilot (for example) with bearing information symbolically
(clock lights), and headings, range, altitude and aircraft status
shown in alphanumerics. A candidate CRT air carrier display is
known as "Relative Motion Display"” and indicates all nearby
aircraft by vector symbols with alphanumeric tags. A center dis-

play symbol represents the subject aircraft.

ATARS development is anticipated to lead to a prototype,
capable of providing effective service in the en route and terminal

airspace as well as in the single multi-sensor environment.

CAS MILESTONES

Figures B-25, B-26, B-27 and B-28 are included
to inliicate the scheduled events in the design and deployment of
BCAS (active-only and full capability types) as well as ATARS and

DABS programs.

CONCLUSION

Safe utilization of national airspace is a prime concern of the
FAA, which over the past decade or so led to a search for a means
of assuring collision free aviation. The need for a dependable
and economical system has become evident in light of growing air

traffic, and associated statics of mid-air and near-miss incidents.
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An apparent and legitihate concern of the FAA is not.to be forced
to rush into standardizing and introducing a system which is 1less
than perfect with respect to; universal applicability, total
reliability, compatibility (in interface) with the pilot (human
engineering), interworking with other ground based systems, suit-

ability for future environment, and economic viability.

A systematic search for the desirable system has consisted of
FAA's in-house research as well as design and develoément contracts
to outside commercial and non-profit organizations. Thorough
testing programs including computerized simulations in projected
future airspace environments of busy airports and a series of
well-planned test flights form the FAA's Airspace Safety Assurance
Plan (ASAP). The results of the ASAP will lead to conclusions

to be utilized as feedback for the perfection of system design.

There are FAA plans to issue national standards for a basic
BCAS design towards the end of 1978, l}l] which will be effective
only in uncontrolled airspace. The design of a full capability
BCAS is proceeding and aimed at universal applicability to all air
traffic and sections of airspace by the 1990's. It is generally
believed by those directly involved with the collision avoidance
problem [Zﬂ that the final system will incorporate a melding of

the best of many earlier proposed -techniques. These include

B-109
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E Litchford's "passive-mode-listen-in" technique, the single-site
’h SS-BCAS concept advanced by Standford Telecommunications and

» the single-site-DABS-compatible~BCAS proposed by Mr. Koenke of

the FAA.
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INTERCOM/INTERPHONE SYSTEM

The Intercom/Interphone (IC/IP) system provides the majority
of the ground-ground voice communications within the NAS. The major
constituents of this system are the voice switching and other communi-
cations equipment employed at operational FAA facilities and the
common carrier networks. The IC/IP system was selected for in-depth
analysis because of the variety of equipment employed and because the
system is in need of major technological upgrading to provide for

expansion, improved performance and reduced recurring costs.

SYSTEM BACKGROUND AND STRUCTURE

The National Airspace System (NAS), utilizes the FAA IC/IP net-
work for ground-ground voice communications for Air Traffic Control.
The primary FAA facilities served by the IC/IP network (numbers from

ATC Fact Book dated June 30, 1978), presently consist of:

FAA Facility Type Number of Facilities
ARTCC (Foreign and Domestic) 25
TRACON 218
Towers 496
FSS 319

The IC/IP network as shown in Figure C~1 provides voice communication
within and between FAA facilities, and with non-FAA telephones (local
and long-distance). The structure of the FAA telecommunications

network, containing the IC/IP system, is shown in Figures C-2 and C-3

—m e . e e A m a M e e A e m e e oA mm e e o a o~ ol




AR M S e G A e e Bt St R AT LI S e S O e i e D
! P : T TN T At T T T e e T e e e

RCAG

NATIONAL

TCS —_— e ———

L TOWER
: TRACON
: FAA AIR TRAFFIC SYSTEM
t
Figure C-1
c-2
. e . . _ )




IA

r—A

3 Velce Woshl e Military
Milvery AV Defonse R LT °"':::"“ WMSC |[—Dets
A o} (] ] e (L3114 e O
TRACON RATCC or System CFCF Mamos City Lo o8 o A Ueers
Telegroph
Teletype Dete
RCAG s
Weather
" Teletype
ARTCC r Corvime Rco Sensers Netwerk
N Velce
1
Leng ane= L -
Renge -, oA
N Velce So RUZAY
BUEC A &
o
Flight Cow
witery {7 Milltary FAA Service Egn! Weether Redie requency
Towers etloms Tewers nes Reder Beacea Renge
Stations '\
Voics _]
w Coble
NVelce
Signeling
Ruawvaey St1ere Limited
ASOE VORTAC Alrpert
PAR Vieval RTR Pelice Weether
Ranae . S1e1i
Velcsoft
]
Meniter] Signal -_ ontor Veige
Cale Comrdl  Ngica € Yolge
Meniter
Approsch L Tewer Dirsction US. Const Other
res F Beecon r Clghte [~ vOR Finder Guard [ ¥ M

Figure C-2

FAA COMMUNICATIONS NETWORK




Centrcl Flew
Contiol Faclllty Conter B 1Tojs AFTHN
{Washington Hq) Clrewit
C. Velce Velce o
Teletype Teleryps
P, S
-
b - . A
r‘ r_. r‘ r— Weather
: Milltary Ale Delense ~
' RATCC eor ARTCC's esrege
F TRACON RAPCON System g::.y':':oq
- v L l
"e, .’e Veice
J
V. p VYelc, €5
N RCAG's Sneling
1 Revte
t Al * Veice Carrier
Traftle Ceoentrel Operatigns
Center
S
. £
3 s
‘ Remete
e o=
Ld
( 8UEC . [Veice e\\“
t o
§ s c 2
) g Low
] Milltery /‘ Milltery A FAA ;lo,v'v.l:o Veicse Froquency
Towars | Opetetiens [ Tewars Siatien Renge
~ v, 3
L . U 3, . .’e.
. ve's® 2/,
Veice
t Remetyg
1 1Ls Tewear Trensmine VORTAC
b vOR Receiver
‘ FAA TELECOMMUNICATIONS SUBNETWORK BASED ON ARTCC
i Figure C-3
1
2
o
} .
>
b
b
b




For several decades, the FAA has utilized leased TELCO switching

and key systems, viz:

© WECO 304 Conferencing System

o WECO 300 Switching System

N ————

R el 4
-

o WECO 301 Rey Telephone System
o WECO 1A, 1Al, 1A2 Key Telephone Systems
O WECO CD#4A, ACD#2A and 2B
© WESCOM 928 ACD, 920 Key Telephone System
More recently, the FAA acquired the Terminal Communications Switch-

ing System (TCSS) which is operating at the Dallas/Fort Worth ATCT/

TRACON.

The WECO electromechanical systems in use since the early 1950's,

(namely the #300 and #301) have been modified but still have certain

inadequacies which preclude efficient service in present and future
F environments, e.g.,:
5 o Rapid reconfiguration/reassignment of position communica-
E 1 tion capabilities is not possible.
]
: o Incoming calls cannot be forwarded from the called position
: ! to any other desired position.
E' f o The expansion or change in layout of an in-place system is
» very costly and time consuming.
In addition to the IC/IP systems which serve ATC requirements and
maintenance communication, the major FAA facilities are served by
R ’ leased TELCO Administrative PABX's. These PABX's provide both internal
' connections within the FAA facility, and external contact through the
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commercial TELCO Direct Distance Dialing network and the Federal

Telecommunication System (FTS).

The FAA is in the process of defining state-of-the-art switch-
ing systems to serve the future requirements of its extremely critical
voice communications. Computer controlled, all solid-state systems
with high availability, operational economy and extreme flexibility,
are being evaluated. As a result of the basic requirements analysis
and planning efforts, a number of research, design and development
programs have beeq initiated and are being pursued by FAA.

Recent Past Programs:

o Electronic Voice Switching System (EVSS)

o Integrated National Airspace Communications System (INACS)

o0 Terminal Communications Switching System (TCSS).

Current Programs:
o Small Voice Switching System (SVSS)
o0 Voice Switching and Control System (VSCS)

© NAFEC Communication.Switching System (NCSS).

Present FAA strategy is to sponsor the development of two voice
sw.=chlng systems which are of a modular design so that they can be
,red to satisfy operational needs over the complete range of
‘rom the smallest ATCT and FSS systems to large center systems.
5-2ms will include the radio func*ion as well as the IC/IP

“xpanded technical control capability will be provided.
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Programs will be structured so that the sYstems can be acquired
by either purchase or lease, depending upon the results of future
cost studies and FAA funding appropriations. The success of the
TCSS has demonstrated that system purchase with the FAA assuming

total responsibility is a viable approach.

The EVSS and INACS programs are briefly discussed in the
following paragraphs. The TCSS program resulted in an operational

system and is described in Section 1IV.

A. Electronic Voice Switching (EVS) System

In the early 1970's the FAA issued a specification for the EVS
system for use at the centers (ARTCCs) and defined the requirements
in broad terms. The purpose of the specification was to evaluate
the vendor proposed techniques and equipment for the effectiveness
of the approach [3]. The EVS System capacity was defined as the
capability for interfacing with up to 250 ATC positions at an ARTCC

and more than 800 voice lines to other locations.

The system was conceived as a replacement for the existing
leased switching systems currently used as a cornerstone in the
FAA communications network. In addition to satisfying the basic
switching functions and demands on the normal and new operational
features, maintenance requirements were minimal. The EVS system

was required to be flexible for fast reconfiguration, accommodate




additions and deletions to allow orderly growth and, require a

minimal on-site installation effort. The initial and final config-

urations of the EVS system concept are shown in Figures C-4 and C-5.

The EVS system was designed to perform all the basic IC/IP net-
work functions, i.e.,

O Intercom

0 Interphone

© Administrative PABX

o Air-Ground Communication

o Remote Control Switching of PTT and main/standby units

The switching system concept included the following new features
for FAA IC/IP systems:

o Remote control: The operation of facilities of one ARTCC
from an adjacent center when operational justification for
such activity existed.

o Reconfiguration: the automatic reassignment of communica-
tions from one ATCC position to another preassigned ATC
position, on automatic direction (via date entry) from the
NAS Center Computer Complex.

o Tandem Switching: the automatic trunk-to-trunk switching
capability for alternate voice/data circuits on a non-
blocking basis.

o Fast Connection Time: 300 ms maximum response time for all
switched connections.

The types of positions in the ATC to be served by the EVS

system included:

o Radar Controller's Position: For contact with aircraft
(e.g., arrival, departure reporting, etc.)
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o Handoff Controller's Position: For all telephone communi-
cations (intercom/interphone) pertaining to handoff of all
aircraft.

OO~ ~ RN
N -

© Manual Controller Position: for update of flight strips from
information received through the interphone/intercom.

O Assistant Controller's Positon: for accepting flight plans
and other flight information via the intercom/interphone.

o Coordinator's Position: for intercom/interphone communi-
cations in particular with the radar controllers it coordin-
ates. )

0 Supervisory Positions: for intercom/interphone contact with

the other operational positions, e.g., watch supervisor,
flow controller, systems engineer.

"The EVS program had been expected to produce significant

( future cost savings. However, a careful review of the development
program indicated little assurance of the anticipated economic
benefits. Therefore, the EVS program has been canceled and effort

! IR is now focused on alternative approaches for achieving the desired

capability on a timely and economical basis."[4]

B. Integrated National Airspace Communications System (INACS)

The INACS program was initiated by the FAA in the mid 1970's
to produce a design for a comprehensive state-of-the-art integrated
FAA communications network to support the projected requirements
for air traffic control operations in the 1980's and 1990's.
Although the INACS program was terminated before any hardware pro-

curement action was initiated, it was productive. The INACS system
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design effort has provided an excellent foundation for develop~
ment of new FAA voice switching systems and many of the design

concepts are still considered valid and are being pursued in the

‘current programs.

1. System Configuration

The INACS subsystem designs were developed initially to
perform discrete tasks and then integrated into a system to
exploit to the maximum the capabilities of shared facilities,
networks, switching nodes and control and monitoring. The

INACS hierarchy is shown in Figure C-6.

The INACS subsystems were envisaged to be:
0 Voice Communications Subsystem (VCS)
o Radio Communications Subsystem (RCS)
o Data Communications Subsystem (DCS), and

o Technical Control Subsystem (TCS).

These subsystems were designed to share the switching devices,
configuration elements, concentrators, multiplexers, and leased/
owned transmission facilities. Each subsystem (except TCS) was
capable of a stand-alone operation, whereas the TCS was to inter-
face with each of the three other subsystems to establish coherent

INACS technical control.
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2. Features

The INACS features include some unique and advantageous

means of increasing the operational capabilities and reducing
costs by:

o Reduction of the number of dedicated switching systems,
by integrating voice/radio/data switching.

e r

o Reduction of leased transmission links by a common
traffic routing/distribution hierarchy, and the common
use of leased facilities by voice/radio/data, as well
as centralized traffic flow management and control

t1 N\ from the local/regional/national centers.

0 Minimizing failures and associated repair effort by:
- using high reliability devices,

r‘ ( - eliminating the maintenance visits to remote sites
by using an autorated centralized technical control

- and maintenance console for remote monitoring of

: the status, and for the restoration of service,

b - use of a centralized data base, maintained at regional/
*. L national centers to indicate the updated status of
remote equipment.
0 Minimizing maintenance efforts by programmable software
control and modular hardware/software packages for
affecting the changes, deletions, rearrangements and
tl addition of new services without interruption/degrada-
tion of operations.

o Reduction in the logistics/training effort by the
utilization of general purpose common modules/assemblies
f in all INACS subsystems.

¢ Reduction in service interruptions by an automatic
switchover strategy based on fault trend detection on
the critical parameters aided by local/remote diagnostics
both on-line and off-line.

{ ’ 0 Reduction in travel time for the FAA technicians by cen-
tralized certification of remote FAA site equipment.




| Smings S e

4
.
,

3. The Switch Element

This element provided circuit switching functions including
alternate routing and tandem switching. Two types of switch-

ing units were defined, the "local" and the "remote".

The local switch included:

o technical control switching stages for voice/radio/data,
o switching stages for voice/radio/data,

o common switching stages,

0 tandem switching stages, and

o Stored Program Control element.

The "remote" switcheés provided "far-end" switching under
the control of a central Stored Program Control element by
utilizing command and control telemetry signals. A loop back
capability was also included in these switches to assist in
remote testing, fault isolation, diagnostics and remote FAA

certification.

4. The Voice Communication Subsystem

The structure of this element is shown in Figure C-7, together
with the other pertinent details explaining the VCS and its com-
ponents [S]. The design of this subsystem provides all the nor-
mal standard/optional ground-ground voice functions required

for the en route, terminal, FSS, national/i-iternational ATC

R O P - . i e e . -
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operations in the NAS, and their associated supporting main-
tenance functions. It is suitable for deployment at all sizes
and classes of ARTCCs, TRACONs, ATCTs, Hule FSSs, and the

National/International Centers.

SYSTEM APPLICATIONS

The IC/IP network provides a media for both internal and ex-
ternal voice communication to the FAA facilities. The basic elements
of this network are the switching systems employed at the nodes, e.g.,

ARTCCs, ATCTs, SCC, FSS, etc.

Each IC/IP switching system serves a number of lines internal
to the FAA facility, and a number _f trunks connecting it to other
FAA facilities and non-FAA locations, either through direct circuits
(leased or owned) or the dialed TELCO network. The interconnection
of the switching nodes and the various FAA facilities is shown in a
matrix format in Table C.1 [l]. A list of prime users of the IC/IP

network with type of communication is given in matrix format in

Table C.2 [1].

The role played by the IC/IP network in providing FAA voice
communication requirements is discussed in the following paragraphs
where details on the voice communication requirements of each major

type of FAA facility are described.
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L Table C.1l
: IC/IP NETWORK TERMINATION FACILITIES
'-
B Facilities with major ARTCC
: switching capability: ATCT/TRACON
i : ' : o SCC
DI | Facilities with minor S ATCT
. switching capability: : -CS/T
| Military Terminations: ' BASOPS
' GCA’
Towex
ARAC
Termination on a space ~ DDD
available basis: . FTS
'AUTOVON
| pilot Asgistance Terminations: 1 ras
: ’ FX
. WSO

c-20




Table C.2
FAA VOICE (IC/IP) COMMUNICATIONS NETWORK CONNECTIVITY

Outside Or
FAA Facility
To/From

ARTCC

ARTCC

ATCT

ATCT/
TRACON

FSS

Cs/T

FSS

cs/T

ATCT (private
or public)

ATCT/TRACON

>

Ly

RAPCON (IFR)

™

Ly}

RATCC

Ml ML Ml M| ] M|

ARAC

pp— AET_.._.--.__., ;

BASOPS

>

wso

ADC

SAR(USCG)

FAA-SCC(CARF)

2| 2af ba| e pa e | oa| ] e | >4 [ 4] 244

OVERSEAS LINK
(ICAO)

AUTOVON

S0Cs

ARINC

AIRLINES

PBX/UAS

FTIS

CENTREX

SAl D D ]| 2¢] 4] ¢

PILOT BRIEF
LOUNGE

PRIVATE AVIATION

ENTRANCE DOOR

FAS

KEY EQUIPMENT

L R A R R )

FAA-SCC/ (CARF)

ANG

FIREHOUSE

GCA

pIxd] 1 ¢

L]

FX




The Systems Command Center (SCC) is the focal point for NAS
air traffic management and is located at FAA headquarters in

Washington, D. C. The SCC includes the following facilities:

A. The Central Flow Control Facility (CFCF)

Part of the SCC, theCFCF maintains both voice, teletype and
data communication services to all major elements of the NAS. It
---.. also has direct dial connection to all thirty-seven weather radars
throughout the nation. Since it functions as a "watch dog" for
bf perturbations in the system that could affect air traffic movement,
it must have fast response commnniéations to the principle elements

of the NAS.

The SCC primary communications today is a nationwide voice
network that can be connected to enable conferencing of any or all
of these elements for purposes of forming a direct link between
potential problem areas. This is through a leased WECO 304 Confer-
encing System which permits extensive conference groups to be set up
with little effect, and without the transmission degradation normally

associated with such connections.

B. Air Route Traffic Control Center (ARTCC)

The Center (ARTCC) is interconnected to all operational aviation
facilities within its geographic area of responsibility, including

adjacent centers. Centers are eguipped with the WECO 300 Switching

a_ e -—tm a s PN > - o PO R 3 Al e, e - el e g, ] - hd ool i, - e e
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Systems that provide several types of circuits. Direct access

voice call circuits are used for handoff of radar tracked aircraft

between sector positions within the facility and between facilities.

These circuits appear as simple user facilities but often with more

than one center position. 1Indirect dial circuits are provided for

the handoff of aircraft and the transfer of flight information from

positions with relatively light flight activity. Many of these

s

f S circuits employ voice call signalling outward from the center and
k had allow dialing inward from the remote facility. Multipoint circuits
} using selective signalling are also employed between the center and
? remote facilities (from two to fourteen). The multipoint circuits
hi ( provide interference free transfer of flight information between

« e

the FAA and the normal weather, military, or airline subscribers.

P e
I

5

Each ARTCC has from 80 to 150 full-period leased external tele-
phone circuits connecting it to operationally related facilities (a

TRACON or major ATCT has typically from 20 to 80 such circuits).

An example of the circuit composition at a center is:
Voice Call 50 percent (direct access)
Dial Signal 28 percent (indirect access)

Selective Signal 22 percent (selective access)

100 percent
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cC. Air Traffic Control Towers (ATCT)

The connections between ATCT and ARTCC, RAPCON and RATCC are
provided for coordinating IFR aircraft activity. Connections are
also provided to the AREA FSS, or CS/T, to other ATCTs and the
Weather Facility. 1In some instances Flight Advisory Services (FAS)
are provided by ATCT. The number of terminations installed at an

ATCT depends on the flight activity.

D. Control Towers and IFR Room (ATCT/TRACON)

These FAA facilities provide the terminal area control of all
IFR operations at the terminal. The ATCT function controls all air-
craft at the terminal. Where the traffic volume is high, the terminal
area may be designated a Terminal Controlled Airspace (TCA) . This
requires all aircraft entering the area to be radio and beacon-

equipped.

To control the aircraft, the ATCT/TRACON have to be intercon-
nected to all assigned facilities performing the handoff or accepting
the controlled aircraft. Moreover, the same type interconnections
will be required as in any other control tower. To handle the
controlled aircraft, the ATCT/TRACON is equipped with direct-access
voice~-call signalling circuits to/from the area center and adjacent

terminal facilities.

C-24
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E. Flight Service Stations (FSS)

The FSS facilities are equipped with leased Call Directors,

which distribute the incoming calls over a number of specialists.

These FSS specialists answer calls to provide assistance by:

o

o

Conducting Pilot Weather Briefing and updating,
Filing IFR and VFR flight plans (FPs)

NOTAMS (Notices to Airman) verification, correction,
advise,

Rescue coordiration service

Direction Finding Coodination

*NAVAIDS monitoring, verification, advise.

Each FSS has a specific combination of circuit terminations, and

the capacity is determined by the grade of the station which in turn

is determined by the volume of messages, FPs processed and other

operational consicderations. An individual FSS may have from 4 to 7

external circuits, (excluding the FX circuits) of which the majority

are part of multipoint circuits.

Most FSS facilities receive calls from a center using either

voice signalling or dialing—-in. The return circuit from the FSS, as

well as ATCT and ATCT/TRACON terminations, is almost always a dial-

out circuit. The FX circuits are terminated in a key set at a

specialists position. At some high activity stations where several

FX or FAS circuits are terminated, an Automatic Call Distributor is

(2 e 1




provided or a call allotter is included to transfer a waiting call

to an available position.

F. Combined Station/Tower (CS/T)

The CS/T, as the name implies, is a hybrid control tower (ATCT)
and Flight Service Station (FSS), with both functions performed at
the same site but isolated from each other. The number of channels
for interphone use is less than the number required for two separate

facilities.
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~f SYSTEM DESCRIPTIONS (PRIMARY SYSTEMS)

> III. WECO 300 Switching System

The WECO 300 switching system (SS) is a cross bar exchange de-
signed to meet the FAA's special communications requirements. It
serves basically tile voice coordination of flight movements among
controllers 1 and 6 . This system is utilized at the Air Route

;ikTraffic Control Centers (ARTCCs), and allows the operating positions
{5hserved a direct access to specified operating positions (locally
within an ARTCC) and remotely to adjacent ARTCCs and terminals,

including indirect access to virtually any other operating position.

( A conceptual block diayram is given in Figure C-8.

The present structure of FAA telephone switching networks dates
‘:}back to 1956 Eﬂ. At that time the Civil Aeronautics Administration,
" - the American Telephone and Telegraph Company, and Bell Laboratories

formulated the requirements for the 300 Switching System. The 300
system was designed to be "extremely adaptable", and able to handle

a large volume of calls. It consists of racks of wire-spring relays
and crossbar switches installed in an equipment room. It also includes
the modules which provide the interface with ATC operators. These are

installed in the FAA equipment consoles comprising an operating posi-

tion as required.
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The primary design parameters of the WECO 300 SS are:

Capacity: 60 to 300 Attendant (Controller) Posi-
tions
Technology: Hardwired Dual Common Control; crossbar

switches, Step-by-Step Selectors, Relays

Circuits: Switching on 4-W only, accepts 2-W lines

through hybrids

Calls-in-Progress: Number not restricted

Access: Unlimited to any position/landline-radio

channel,

-

Operational Features

1.

Standard Features

The most important features of the WECO 300 SS are:

o Direct access (DA) for Air Traffic (AT) controller to
a number of most-wanted lines, other positions, or
aircraft radio channels by operaton of a key (one per
line).

o Indirect access (IA) for AT controller to any position
or line available to the ARTCC by operation of a push-
button dial.

0 Visual indication at a specific position in the ARTCC

of incoming interphone calls intended for that position.

0 Arrangements enabling an AT controller to have calls

that are directed to his position transferred to another

position.

o Monitoring of a second position by one position (e.g.,
the coordinator) without the knowledge of the second
position.

0 Simultaneous transmission capability on radio and a pre-

selected interphone line at a position.
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©0 Capability for an exchange of position control,
whereby the controller can operate the position
witnout exchange of telephone instruments or jacks.

0 Circuit arrangements to permit establishment of
connections over dial, manual, or selective signaling
lines or connections to air-ground radio facilities
singly or in combination.

o Incoming dial selection of control positions with
call storage and sequence answering, and with prime
and secondary answering responsibility arrangement
on certain lines.

Oo Position intercommunication on an override basis sc¢
that one position always has access to another, ex
though it may be busy.

o Distinctive types of lamp indicators, such as steady,
flashing, fluttering, or winking, at positions to
indicate the status ¢of a line or call.

o Individual position blanking of lamp displays to elim-
inate any unnecessary flashing or ‘steady lamp displays.

o Provisions for using the position telephone set with
FAA-provided radio equipment on an automatic transfer
basis; e.g., between interphone lines and radio channels.

o0 Audible guard tone signal on dial lines while dialing is
in progress.

0 Arrangements to permit simultaneous origination and
termination of multiple line and position connections.

Optional Features

A number of optional features are provided in WECO 300 SS:

o0 ' Coordinator monitoring (for bridge on to attendant tele-
phone circuit)

© Improved key illumination

o Jack transfer (exchange of position control)
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Line hunting

Position sector combining (selective diverting of
incoming calls)

Simultaneous Radio/Interphone

3. New Optional Features

In addition to the standard and optional features, a number

of new features were introduced by American Telephone and Tele-

graph/WECO in the recent past to make the SS better able to ful-

fill FAA requirements:

@]

o

Auto redirected override
Backlighting/indirect lighting

-~

Dual function key (choice of Z override circuits or dis-
association of loudspeaker on voice signalling).

Position monitoring (single/dual)

Preemption control

Remote override

Syllabic lamp feature indicating 4 conditions prevailing
on line circuits (busy/incoming call/line to which posi-
tion is connected/hold).

Blanking, fluttering indication

Position pilot lamp

Audible signals: 2 types of chime signalling.
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4. Special Positions

A number of special positions included in the system other

than the Controller positions follow:

o

The supervisor position is provided to extend services to
lines or other attendant positions,

- urgent call operation

- control over restricted lines

- master/subordinate position

System Maintenance Monitor Console Position (SMMC).

This position is for centralizing and coordinating all
maintenance communication for ARTCC. The functions are
the same as for the supervisor position, .and in addition
provide:

- conferencing key

~ position control key
The SMMC provides for conferencing a maximum of 15
conferees on any one of five conference circuits. These
circuits are color designated blue, brown, green, orange
and red. The SMMC provides the FAA system engineer or
facility coordination officer access to the 300 SS.
Control Computer Complex Console Position

The functions of this position include:

- access capability at ATCs radar computer console in
the central computer complex.

~ voice communication with the SMMC/watch supervisor
operation position in ARTCC/peripheral facility,
e.g., FSS, tower, other ARTCCs.




B. Equipment Description

The WECO 300 is an electromechanical exchange which can serve
up to 120 positions and 240 lines. The capacity of the WECO 300
equipment may be expanded in increments of either 20 positions or
10 lines. A functional block diagram of the system is shown in
g Figure C-9 [7]. The exchange is capable of interconnecting any of

its positions to any of the lines served.

~ The equipment consists of position equipment and back room
equipment. The former is located at the air traffic controller's

terminals and includes a number of keys, lamps, indicators, etc.

( The backroom equipment includes a crossbar switching matrix, associa-
ted relays and control equipment as well as the distribution frames,

. line/trunk interface devices, the power supply and other ancilliary
h &£ equipment. ‘

The representative types of circuits terminating at a WECO 300

. exchange at an ARTCC are shown in Figure C-10.

1. Position Equipment

Each WECO 300 Switching System console includes special keys,

lamps, loudspeakers and telephone sets providing signalling,

LA A s m 1en M A g

switching and voice communication facilities for handling as

many as 40,000 calls a day [7]. The 300 SS minimizes the space
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register connectors and register senders varies
Jrom three to five, depending on size of the system.

FUNCTIONAL DIAGRAM OF THE WECO 300 SS
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Table C.2A

CIRCUIT TYPE CODES

-------------
-------------

'. FAAAN
& FAABN
g FAACN
;" » FAADN
* FAAEN:
FAAFN
FAAGN
- FAAHN
FAAKN
FAALN
FAAPN
FAARN
FAATN
FAEBN
FAFGN
MIL*
PL*

Intercenter Nonradar Circuits
Intercenter Radar Handoff Circuits
Center Intra-;iea Nonradar Circuits-
Center Intra-Area Radar Handoff Circuits
Tower Enroute Circuits

Flight Assistance Service Circuits
Foreign Exchange i-‘As Circuits
Military Flight Service Circuits
Center Facilities

FSS Facilities

Tower Facilities

Miscellaneous Circuits

International Cable

AUTOVON Staff"Communication
Regional Miscellaneous Circuit
Military-Supplied Circuit

Private Line .

*All other codes standard to ORDER 4441.3, Change 1, (9/11/69):
Procedures for Leasing Commercial Communications Services.
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required at the controller's console and the access time to

all lines. Since 90 percent of a controller's calls involve

12 or fewer lines, each one is assigned a "direct access" key.
When a controller operates any of these keys he is immediately
connected to the desired line. To make an "indirect access"
call, the controller presses an indirect-access key, dials a
two or three-digit code on a pushbutton dial pad which connects

to any line or other controller in the center. .

The supervisor's equipment operates in a similar manner to
the controller's equipment, but their consoles have some special
features, e.g., direct-access line keys and lamps for every line
in the system (for a constaht indication of the status of all
lines with rapid access to all) []]. For added security the
supervisors' positions have independent facilities for connect-
ing to the lines by direct access. The supervisors connect to
the lines by a circuit operating on a relay-per-line basis,
and do not utilize the crossbar switch field and common-control

equipment.

2. Backroom Equipment

The WECO 300 SS (shown in Figure C-1ll1l) is a four-wire switch
with FDX, i.e., two wires connected for each of two directions of

communication and also has a HDX, i.e., two~-wire duplex capability.
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The standard FAA ATC circuit is four-wire type, but provisions
have also been made for interconnection to the FTS network

and local PBX circuitry [8]. The switch includes a rectangular
grid network of a series of crossbar switches. A crossbar
switch consists of a combination of specialized relays in which
connections are set up in both horizontal and vertical planes.
When properly conditioned, contacts are made at the intersection
and locked in by a holding magnet until a change to another
combination is made. The point(s) of intersection are known

as crosspoints. Each crossbar in the WECO 300 SS consists of
200.crosspoints (Figure C-12). Twenty positions are provided
access to any of 10 lines at a crosspoint, and each crosspoint
makes six connections. This switch is known as the six-wire

crosspoint switch.

3. Additional Lines

Besides the dial lines many other types of lines terminate
in a variety of line circuits of the 300 SS [7]. These line
circuits provide the proper transmission elements and perform
a number of control and signalling functions, e.g.:

o The conventional two and four-wire toll lines use
manual ringing for signalling in both directions, or
they have loudspeakers at the distant end for direct
voice calling.

o At the control center, they connect to the console

loudspeakers for alerting or for passing messages
directly to the controller.
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o A voice-operated switch associated with a line allows
incoming speech to actuate a locked=-in flashing line
lamp.

4. The Radio Circuits

The 300 SS initial design allowed a radio transfer feature
to the controllers who have FAA switching equipment for connect-
ing to air-ground radio transmitters and receivers [7]. The
controller uses the same telephone set for radio as for tele-
phone communication, but it is normally connected to his radio-
control equipment until he operates a line key, the indirect
access key, or common-answering key. By operating one of
these keys, the telephone set is automatically transferred
from radio to the 300 SS; when the line is released the system

returns to the radio.

WECO 301 SWITCHING SYSTEM

At the smaller FAA facilities, the workhorse of the FAA tele-
phone switching network has been Western Zlectric Type 30l1A Key
Telephone System (WECO designation J-53048) [1]. The system may
be used in TRACONs, ATC towers, common IFR rooms, RAPCONs (Radar
Approach Control), and small air traffic control centers. The
system is a "Direct Access Type System"”, requiring a pick up key

for each circuit appearing at each position [}L]. Although this
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electromechanical relay based system is designed to provide voice
communication for a maximum of 42 control positions, facilities
having more than 30 positions may find this system restrictive in
operational flexibility as well as being economically expensive.
Under certain conditions this system may be expanded beyond the

normal 42 maximum position capability.

The Western Electric Company has recently developed a more
efficiently packaged Modular Terminal Communications System (MTCS)
to replace WECO key systems [9]. The MTCS will have the standard
301A features, and the electromechanical design, howeQer, the equip-

ment space requirements will be considerably reduced.

An enhancement of the original 301 Key Telephone System is

known as 301A Key Telephone System.

A. Operational Features

l. Standard Features

The standard features incorporated in a WECO Type 30lA Key
Telephone system are basic to the requirements of all FAA com-
munications. 1In addition to the standard features, the follow-
ing are other features which are utilized to meet specific
requirements at the individual FAA facilities [1,][10] and[11]:

o0 Connects interphone and radio control equipment to
controller's positions (non-locking type push button keys).




o Terminates two and four-wire interphone lines (wire
line, voice paging, emergency paging, override and
radio access). An exception is the Automatic Voice
Network (AUTOVON) lines which cannot be terminated
in the system.

0 Interfaces with other telephone switcﬁing systems,
(e.g., the 1Al, 6A, SsS-1/A, 300, 301, 302 and 102A
equipment) .

© Provides status lamp indications to display trunk
status conditions.

O Provides selective override, permitting a controller
to override one or more other controller positions.
Regardless of which position initiates an override, a
two-way conversation is possible. If the overridden
controller is using a wire line, a three-way conver-
sation is possible. If either is using radio, the
aircraft can hear only the controller who originated
the radio connection. (This is basic FAA doctrine
which all IC/IP systems must satisfy.)

0 Provides a variety of position equipment coensisting
of such items as headsets, handsets, microphones, key
modules, rotary dial, speakers, buzzers and jack
panels. Position loudspeakers receive wire and radio
calls. Override calls can also be received in this
LS when the HS/LS button is operated.

O One set of recording leads is provided per position.
TELCO supplied recorder connectors are required only
when a "beep" tone is necessary as on business tele-
phone line recording.

0 The system can be wired for simultaneous interphone/
radio operation. This requires that preselected
handoff and override circuits be equipped for hold-

‘'down operation. When a controller is using radio
and then depresses a nonlocking line button, the radio
is not released, thus permitting simultaneous operation.
A maximum of four buttons may be held down without
affecting transmission quality appreciably.

0 Voice activated status lamps. When an incoming voice
: call is received, this features causes the line status
3 lamp to flash until the call is answered.

—p—
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- o Extensions of business telephone lines may be termin-
e " ated at the watch supervisor's positions for use
- during night hours.

P 2. Optional System Features

o The coordinator override auxiliary indicator feature
advises the coordinator that he is being overridden
although he may be some distance from his position.
It includes a "beehive" light and buzzer located at
any appropriate place on the consoles. The light
will flash while the regular override lamp at the

o .coordinator's position burns steadily. The buzzer
\ will sound for about two seconds after the position
is overridden.

© The coordinator monitoring feature provides the coor-
dinator with the ability to monitor from one to five
controller positions simultaneously and will not cause
( the override lamps to burn at the monitored positions.
However, the override lamps will be activated by calls
from other positions as usual.

0 LS/line cutoff feature deactivates certain lines from
a position's LS by the prearranged use of one additional
P button for each line desired to be cut off at the
- position.

0 The emergency voice paging circuit between the tower
cab and the radar room is terminated in one to four
strategically located emergency paging LSs in each

q room and at nonlocking pickup buttons, normally at all
positions.

o Colored key buttons are available and may be used as
desired locally to accentuate circuits or functions.

¢ o The continuous transmission feature permits preselected
wire lines at specific positions to be arranged for
"continuous transmission", i.e., the PTT button need
not be depressed in order to transmit.

y , 0 Single position monitor arrangement permitting a position

« to monitor one preselected position without lighting the
override lamp at that position and without supplying
microphone current to the position or any noise in the
overridden position earpiece.
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The recently introduced Modular Terminal Communication

System (MTCS) version of WECO 300 Key Telephone System includes

the following standard 3012 features:

o

o

12 to 36 PB key units

Electrically locking or "hold-down" line pickup
Override and/or intercom

2W and 4W interphone circuits

Automatic/manual radio access

Single channel position recording

Jack preemption

Variable backlighting

Position monitoring

In addition, the new MTC features not included in the old

version of 301A are:

o

(o]

o

o

Receiver amplifier arrangement to:

- limit tones into headset

- prevent recording of speech pickup from HS receiver
Recording of controller briefing
Tone ringing
Standard transmission levels to FAA:

- radio

- recording
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B. Equipment Description

The WECO 301 Key Telephone System is basically designed for
the medium sized FAA air traffic control facilities, e.g., ATCT
or TRACON. The circuits connecting into the ATCT and ATCT/TRACON
facilities are shown in Figures C-13 and C-14 [I]. These figures
exemplify the communication connectivity; the functions of links
terminated at 301 systems and the end terminal facilities. This
system consists of position equipment and key telephone system

backroom equipment.

The landlines used for providing connectivity are leased TELCO
circuits. The following four types of landline circuits are

interfaced:

o0 Override line circuits between attendant positions within
this system, between one or more positions external to
this system and one within this system, and between one
or more positions within this system and one external to
this system.

0 2~wire line circuits with automatic loop, manual ring or
voice signalling to other systems, station sets or a
CO or PBX. A "beep" tone will indicate recording.

0o A 2-wire dial intercom line circuit.

o 4-wire voice paging line circuits and selective signalling
line circuits with send only capability or with two-way
dial capability.

1. Position Equipment

The position equipment of the Modular Terminal Communications

P U D U S U o
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System is the latest version of the WECO 301 Key Telephone

System.

The components of the position equipment are:

o A Pushbutton (PC) key unit, connector-ended and flush-

mounted in the FAA ATC position console.

o A set of six electrically-locking common function push-
buttons with the following functions:

Release disconnects the position instrument jacks
from an established landline connection, (except an
incoming override connection), connects the jacks to
the radio interface circuit, (if the automatic

radio feature is provided) - connects the incoming
voice signals, (except override), to the position
loudspeaker.

Manual radio (optional) - connects the position
instrument jacks to the radio interface circuit and
releases any selected landline (the status lamp on
the PB flutters when this feature is selected).

Flash/ring - when operated, provides a manually con-
trolled ringing on a ringdown line or takes the place
of a switchhook for flashing recall of a distant
operator. The status lamp associated with this push-
button will be lit steadily when an incoming override
call is connected to the position.

Hold (optional) - when momentarily operated, estab-
lishes a "hold" condition on an established CO or
PBX connection.

Spare - may be used for miscellaneous purposes such
as to control a customer-provided door opening
mechanism.

) 0 Twelve electrically-locking line selection pushbuttons
{ for attendant connection of 2-wire and 4-wire landlines:

only one line may be connected to a position at a
time,

selection of another landline releases any previously
selected landline,

selection of any landline transfers the radio receive
circuit to the loudspeaker position.
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.l o Two sets of connector-ended instrument jacks for use
- with either headset, handset or hand microphone: ‘

- a green set labeled "CONT", normally used by the
controller;

- a yellow set labeled "INST", normally used by an
instructor.

© The receiver transfer or "LS" switch is a turn button
on the jack assembly panel. It transfers the total
receiving capability of a position from the telephone
instrument to the LS regardless of the circuits selected.
The talking portion of the circuit remains in operation
through the jacks. A handheld microphone should be .
used for this operation.

o The following visual signals are displayed on push-
buttons to indicate line status or feature status:

- Off (dim, when back lit)
-- line still available
-= feature still available

~ Steadily 1lit (bright)
-=- line selected by another position
-- the feature has been selected at this
position

- PFlash (50 IPM, 50/50 on-off ratio)
-= an unanswered call

- PFlutter (720 IPM, 80/20 on-off ratio)
~-- selection of a line at this position

- Wink (120 IPM, 47/3 on-off ratio) y ®
-= a CO or PBX line in a "HOLD" condition

0 A loudspeaker for receiving incoming voice calls (over-
ride, interphone and radio):

- equipped with

-=- automatic gain control
an ON/OFF switch with visual indicator
-= an external volume control




Eﬁ © A loudspeaker mixer circuit - permits simultaneous

- reception of up to ten incoming voice calls in the

o position loudspeaker,

Fl - provides a minimum of 60 dB isolation between voice

;I 0 Sidetone circuit - permits the attendant to hear his
. voice transmission at a normal receive level in his
instrument receiver.

- inhibits sidetone from being heard in the loud-
. speaker.

o Push-to-talk switch on the telephone instrument,
- orginates voice transmission

- 1inhibits transmission to an overriding position
when connected to a radio interface circuit.

( o Position recording interface - permits recording on an
FAA recorder via a single channel, of all voice trans-
missions to and from the position instrument jacks and
to the position loudspeaker.

- provides a separate recording channel with split
O position capability for recording all transmission
: to and from the controller connected to the radio
interface circuit.
- o Incoming voice signalling,

fi - announced over the loudspeakers of positions associ-
ated with a voice calling line.

- a voice-operated lamp flashes to indicate the incom-
ing call at the pushbuttoms associated with that line.

- inhibits incoming voice from all associated position
- loudspeakers when that line is selected by an attendant.

o Instrument disconnect arrangement,

- activates when all telephone instruments are removed
¢« from position jacks.

‘rfaB




- eliminates line selection or answering ability at
the position and releases any connected circuits.

- transfers incoming radio and override calls to the
position loudspeaker.

- retains incoming override and individual line status
lamp indications and buzzer operation at the position.
The following items are available as options on the position
equipment [9]:
o Two types of key modules (Key Module #635, #652).

o Direct access (DA) to initiate or answer a call (not an
incoming override call).
o A key for each outgoing override circuit terminated at
a position.
( © A pick-up key is used to initiate or answer an emergency
voice page call.
o The Radio Key (RDO key) allows radio calls to be received
at the headset or handset at a position having radio/
LN interphone capability.
0 Buzzer and Buzzer Cutoff key
- The buzzer shall be energized on calls directed to
the position which causes the position pilot lamp
to operate.
- - -~ Successive operation of the buzzer cutoff key alter-

nately causes the buzzer to be operated or silenced
on incoming calls. The status lamp associated with
this key is energized when the key silences the
buzzer. .

© The Speaker Cutoff key is provided per position for each
voice call circuit with the "Speaker Cutoff" feature.

0 Voice Actuated Status lamps flash when an incoming voice
’ call is received at the position until the call is
answered.




Coordinator Override Auxiliary Indicator lamp flashes
on override calls only. The feature consists of both
a lamp and buzzer (separate from the position normal
buzzer).

Monitor "MON" key is a special key used for the coordin-
ator monitoring feature (optional), which provides a
monitor capability for up to five other positions simul-
taneocusly with a level drop not to exceed 3 dB.

Simultaneous Interphone/Radio for positions having a
radic capability, is activated when the position "RDO
Key" is depressed to transfer the position instrument

to radio. Up to four circuits may be selected for simul-
taneous conversation with radio.

Automatic PTT (also called the "Continuous Transmission”
feature) is energized when the pick up key is operated
and incoming calls are received over SS-1 Type 4 or 5
circuits. (Energizing the PTT is a universal option for
all circuits.)

Attendant telephone-instruments include:

- Headset equipped with a push-to-talk switch, having
both a mechanically locking and a non-locking position,
and a retractile 6-wire plug-ended cord.

- Handset equipped with a non-locking push-to-talk
switch and a retractile 6-wire plug-end cord.

- Hand microphone equipped with a non-locking push-to-
talk switch in the microphone housing and a retractile
4-wire plug-ended cord; used in conjunction with the
position loudspeaker when the receiver transfer key
is operated. )

Footswitch (push-to-talk capability) is plug-ended in a
jack and is in parallel with the PTT switch of the position
instrument.

Plug-ended rotary dial is used to dial on CO, PBX, inter-
com or 4-wire selective signalling lines.

Trainee jack preemption (by operation of the PTT switch),
allows voice preemption by instructor when the trainee
is overridden while connected to radio.
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Pushbutton key units provide direct access selection of
up to 24 lines or control functions at the position (in
addition to common function pushbuttoms).

The Automatic Instrument Jack connection to a radio inter-
face circuit is automatically made when no landlines are
selected at a position. When a landline is selected at
the position, the radio is automatically released from

the jacks and the radio receive is connected to the
position loudspeaker.

The Manual Instrument Jack connection is a pushbutton
connection of the position instrument jacks to the radio
interface circuit when the manual radio pushbutton is
operated and released of any selected landline. Selection
of any landline will release the radio connection from the
position instrument jacks and reconnect the radio receiver
to the position loudspeaker. During this manual radio
connection to the jacks, incoming override calls will also
be connected to the instrument jacks.

Split Position Operation is when one attendant utilizes

a telephone instrument plugged into the "INST" jacks
connecting only to the radio interface circuit, and another
attendant plugs the telephone instrument into the "CONT"
jacks connecting to a selected landline and to override
calls incoming to the position.

The trainee jack preemption capability, if provided at the
position, will be disabled.

A variable backlighting arrangement is an attendant opera-
ted control for varying the intensity of the dial/push-
button and status signal pushbutton intensity as the
ambient lighting changes.

Manual disconnect of voice signalling lines when operating
a PB (provided one per line), will cut off incoming sig-
nals on a particular line from a position's loudspeaker
and disable all lamp signals at the line selection push-
button fcor that line.

To indicate an unanswered incoming landline call, either
a common buzzer or a buzzer per position is supplied.
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o Telephone console (Call Director) - The Watch Supervisor
position is provided with a Western Electric Type 50A1-60
(grey color) or 60Al1-61 (beige color) telephone console
(or equivalent), which is desk top mounted or panel flush
mounted. As alternates to the 30 key console, a 50 key
flush mounted telephone console could be used. Either of
these consoles will be usable for other supervisor posi-
tions within the system (such as the supervisor position
in the tower cab).

2. Backroom Equipment

The 301 System is controlled and switched by the backroom
equipment which also provides interfaces to all lines to posi-
tions as well as various TELCO and other trunks. It includes

power supplies and distribution frames.

A 301 Key Telephone System block diagram is shown in Figure
C-15, simplified to show its basic functions. The interface
points on the TELCO network are shown in Figure C-16. A compact
Modular Terminal Communications System (MTCS) has been developed

which replaces the WECO 30lA systems [b].

The basic dimensions of the equipment racks accommodating a
301 system are:

o Space, Height: 6'10" (minimum ceiling 7-1/2 £ft.)

Width: 2 feet
Depth: 1-1/2 feet
Weight: 300 1lbs.
o The operational environment for the 301 system is defined
at: B
o o}
Temperature: 40  to 100 F.

Relative humidity: 5% to 90%
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= o The primary power supply requirements are:

- Voltage: =24V; current approximately 2-1/2 amperes

h per position.

3 0 Emergency backup power is provided to last up to eight
t hours.

ﬂl The latest MTC version of the WECO 301 system interfaces

b

with the TELCO equipment at 2 levels.

© The radio interface with FAA radio control equipment
will include a push-to-talk function. A dry contact
\ o closure, capable of handling a 250 milliampere lead,
will operate within 15 milliseconds of the operation
of the position telephone instrument PTT switch.

o The transmit and receive audio levels at both the FAA
and the Bell System interfaces will be in accordance
( with standard Bell System practices.
The types of circuits interfaced are:
o0 Circuit No. 1 - Override, includes three options:
L - Normal override

- Remote override

- Multiple override.

‘ o Circuit No. 2 - Local Coordinator ("C" circuit).
0 Circuit No. 3 - Non Selective (private line circuit).
©0 Circuits No. 4 and No. 5 - Selective Signalling (works
q on SS-1 signalling).

o Circuit No. 6 - C.0.E. or PBX Extension (for connections
to remote stations).

o Circuit No. 7 - PBX Tie Line (not presently employed)




o Circuit No. 8 - Local Dial Line (for communication to/
from local C.0. subscribers).

© Circuit No. 9 - Voice Page ("hot line").

© Circuit No. 10 - Remote Coordinator (used between distant
ATC facilities).

WESCOM 920 KEY SYSTEM

A limited number of WESCOM Key Systems have been employed by
the FAA, primarily in smaller facilities served by GTE operating
companies [12]. These systems are designed as interphone key
systems for small air traffic control towers and provide an inter-
face for radio control. A functional block diagram of a WESCOM 920

installation is shown in Figure C-17,

A. Operational Features

The WESCOM 920 is a modular unit which provides the following
basic features [8]:

o Position consoles for selection of interphone or radio
control equipment. Available in sizes of 12, 18 or 30
lines, with speakers. Equipped with plug-ended cables
for ease of installation.

o Connections to:

~ A variety of lines
~ Standard telephone equipment and facilities

~ Switching Systems (301A, 300, 1lA2, 6A, SS-1A)

- Cable and carrier systems.




CONSOLE l IDF BAY
r EQUIPMENT | POSITION BAY {OPTIONAL) INTEAFACE BAY
ey 1 [ L
' n
I . °
’OsnnonJ I :
1 ' a POSITION
"M 1 T lEQuIPMENT
| : INTERFACE
A CIRCUITAY
L E | t
[ 1 .
{ R
(=1 2
POSITION | I 2
2 D | A POSITION
l » EQUIPMENT!
' [ 1 ||t
s A COMMON
L . E EQUIPMENT
- e
‘ €TC. : £7C.
CONTROL l EQUIPMENT l 1 .
ROOM | ““Room NALA DY — A%coRoERs

\
L > FACIL:TIES

FUNCTIONAL BLOCK DIAGRAM OF A WESCOM 920 INSTALLATION

ey

Figure C-17

————"—

P

240 VAL,
120 vAC, OR
-24Vee




o Compatability with Type 3 through Type 9 trunk circuits.
0 Connections for recording devices (voice data connection).
o Termination of 2 and 4-wire lines of various types.

© A system intercom allows intra-communication between
operators.

o Preemption feature (optional) at each position. An instruc-
tor can preempt control of voice transmission.

o Audible signalling (optional) provides a tone ringer which
is energized on all incoming calls except radio and voice
page circuits. Tone ringing ceases when the circuit is picked
up by a position.

© The Push-to-Talk (PTT) feature provides the customer with
one set of closed contacts when the PTT switch associated
with the position instrument is operated. . The PTT switch
must be closed to transmit voice from the position. The
time interval from activating the PTT switch to the appear-
ance of the closure at the demarcation strip is less than
25 ms. The switch contacts will accommodate a maximum load
in excess of 250 ma.

B. Equipment Description

The WESCOM 920 is a relay based key system used by the FAA in
small facilities where air traffic controllers are allowed to access
lines to radio equipment, other controller positions, remote loca-
tions at the same FAA site, distant FAA facilities, and the commer-
cial telephone network [12]. The system block diagram is shown in
Figure C-18. The system capacity is a minimum of two and a maximum
of ten positions, and can accommodate from 1 to 30 lines. The
system includes Position Consoles and backroom (contact/interface)
equipment which allows interface with a variety of lines, equipment,

facilities and switching systems (viz: 300, 301A, 1Al, 1A2, SS-1A,

NS Attt et entuntubenenteshed
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etc.) [8]. Features of this system are:

© Visual and Audible Signaling: The WESCOM 920 system
incorporates a number of visual and audible indications,
which aid the controller in identifying the status of lines
and other events.

0 Status lamp visual indications - internal line status lamps
provide the indications shown below for each of the pickup
keys. There are no status lamp indications for the HOLD,
RING, FLASH or RELEASE keys. All other keys have status
lamp indication.

Lamp Condition

LR Tvv AR A S A 4 ake 2l e & a0 i 2 YTV
R A [ W ro o "".”u
. o P

Status Indicated

| ¥ Off or Dim Line is idle; no position connected
Steady On Busy; connection has been made by
any position to that circuit

Flashing Incoming calls being received; no

LF! ( position connected

d

S Winking PBX or CO circuit placed in a hold

g condition.
Note: DIM - Minimum backlighting

!
t
:

- e e v v v

e oo ——n —

FLASHING - 60 impulses per minute (IPM),
50/50 on-off ratio

WINKING - 120 IPM, 47/3 on-off ratio

Four broad categories of lines/trunks are terminated at the

system, the interface requirements are:

o0 Commercial (TELCO) - two-~wire central office of PBX lines
are accessed through a 2-wire line card. This card converts
the incoming 20Hz signalling to flashing lamp voltage for
the appropriate line key(s) and the 20 H=z interrupted tone
ringing or the ground as required for the consoles. The
2-wire card also provides the hold function and controls the
wink function of the line status lamps.

C-62
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0 Radio Access - A radio access circuit consists of 4-wire
line and a 2-wire PTT control circuit. The 4-wire line pro-
vides the transmit and receive paths between the radio
equipment and the interphone key system. The transmit level
is adjustable to provide the necessary (nominally o dBm)

b at the demarcation strip. The receive level is also adjust-

able to provide the necessary level at the position speaker

T and instrument. When the PTT switch is closed, the 2-wire

radio control line provides a contact closure to key the

{" radio transmitter.

o Local Site - Local site communications include the inter-

y position and the controller position to the on-site remote

- location communications. Interposition communications can
. be provided by the following three circuits:

- a dial intercom
- an interposition ARD line

- a 4-wire voice intercom.

This dial intercom can be configured as a single-digit system
or as a double~digit double-link system.

o Intersite - The most common intersite communications (besides
commercial TELCO lines) is by means of the SS-1A capability
-i Y ) which is provided in the WESCOM 920 package. The signalling
a and coding systems are compatible with the WECO SS-1A system.
3 The SS-1A systems may send only, receive only, or send and
receive, depending on the site requirements.

)
*l 1. Position Equipment
P

The WESCOM 920 multi-line type console shown in the Figure

C-19, consists of a number of pushbuttons and other devices [12],

1 e.dg.,
© Set of 12/18/30 keys

o Dial or DTMF key pads

¢ ’ . ¢ Push-to-talk switch for transmitter control
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oo DARK ENVIRONMENT .o
t’ a. SonT f:’s‘-”';.?:s 12, 18, OR 30 LINE PICKUP KEYS WITH
e HOLD/RELEASE AND LAMP SUPERVISION
* - -
ON/OFF & VOLUME CONTROL .
FOR TONE RINGER CUSTOM MANUFACTURED

PANEL FOR.FLUSH MTG.

. -

T

.
ROTARY DIAL."

———

..
POSITION SPEAKER WITH

/ VOLUME CONTROL

]
- _ .
- TONE RINGER COMMON e e
t o AUDIBLESIGNAL ~——— CLOLESWIIONES .
t - UG & SOCKET
g HOLD KEY TT~~—RELEASE KEY
s /L . -
: . .
FLASH RECALL KEY RING KEY FOR MANUAL

RING-DOWN CKTS.
COAM KEY

3-FT AMPHENOL CABLES
FOR QUICK CHANGE OUT

(2 REQUIRED) ' f ' 1
. CONTROLLER-INSTRUCTOR DUAL JACKS

. . WITH PREEMTION OR
OVERRIDE & P.T.T. OPERATION

S0-PIN AMPHENOL

3
PLUG & CONNECTORS. -6-WIRE HEADSETS OR

HANOSETS MUST BE USED.

. NOTE:

CABLES TO EQUIPMENT ROOM

1} * DENOTES COMMON EQUIPMENT.

2) °* DENOTES SEPARATE TARIFF RATED
FEATURES/SERVICES.

WESCOM 920 12-LINE CONSOLE LAYOUT

Figure C-19
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o Common key functions:

- The REALEASE key to release the selected circuit -
at the termination of a call.

= A RING key for manual ringdown circuits.
- A FLASH key to monentarily break the 2W loop.
- A HOLD key to pruwvide circuit hold functions.

- A COAM key with a ground output for any function
desired (if not designated for door control).

o Lamp indications for line status

o A variable backlighting control on each console, to
adjust the level to suit the ambient lighting conditions

o0 Tone ringer call arrival indication
0 Handset/headset with push-to talk button

o Loudspeakers (receive/terminate incoming voice signal/
calls)

o Off/volume control on low limit volume control on lous-
speaker (optional)

o Plug-ended cables for connection to relay. rack equipment
o The level adjustment equipment provides a connection

to other interphone and radio lines at transmit and
receive levels standard in the telephone industry.

The Console Operation. To select a line, the appropriate

mechanically-locking line is depressed by the controller. Only
one key may be locked at a time. To release the line there
are three alternatives:

O By depressing another line key,

O By operating the RELEASE key, or




0 By removing the position instrument plug from the jack
box.

2. Back Room Equipment

The WESCOM 920 system backroom equipment consists of a 19
or 23-inch relay rack which is provided to mount the circuit
!l modules and common equipment [12] . The WESCOM Type 400 shelf
E is used to house the equipment as shown in Figure C-20. A
L! : broad range of modules for supplemental services are available
E for this mounting assembly. Included with the common equipment
is a =-24VDC power supply (normally 1l15VAC input), fusing,
x ringing generator and ballast lamps. A wire-wrapped strapping
ﬁ! ( field shown in Figure C-21, is pfovided at the top of the
relay rack to facilitate factory and site wiring. All assign-
ments of lines to line circuits and stations to lines are

RO |
mulEa done on the strapping field.

V1. SMALL KEY STSTEMS

e The Key Telephone Systems (KTS) are meant for the Flight
Service Stations and the smaller towers. The standard WECO types

are 1A, 1lAl, 1A2 and special assemblies assembled to meet specific

tan SEMS i . o B b o s o Sae o4 oD

requirements of the FAA.
The three FAA facilities where these smaller units are used
L‘ . are:
[- ©o Air Traffic Control Towers (ATCT)
L




.......

(
L‘ .
.
[
‘ ’

STRAPPING
FIELD

s BB BALLAST

[t T

353 ERoFermr )
}gﬁ;rrxrmfeﬁfé—;———LAMP
PANEL
RELAY
RACK
RING
GENERATOR

WESCOM 920 BACKROOM EQUIPMENT

Figure C-20




, AR SRR

1z’ L.J. Sz ew wq ¢ n.rﬂ....t“..

_ e
. 'y
' ..6 -
‘. E K] Q
.. Ly
.... wﬂ .
.n_.s..
3.8
-‘- - hr
..- vx
$ LR
g ¢ sh
i
B 57§
* .. N 3 W“ _
: ‘. 2 ) i}
b wa ) «
8 by el o <
i .. %.& N u C
v £A 2 5
: t -
.M ' m a.u N [N
i iy
. b Z |
‘e i
i
. 1 - v = ! s ]
T ...-' - - \Cﬁ %r& ....
L Lo
. & __ ._“ ee&ﬁa i
. 3 e A
. T | ;i
v .? VR
- .1. . , i L p
"

Pre ﬁlﬂ.!l..ll.ﬁ.&xs C
A /) 2» io (e ettt SR

. -,s).lé.ﬂu\\,.w
- 9 & _li‘."."‘}s- e |




A Alad A S0 SN OB A S Sn SEne AR ) e 4
P

-

o0 Control Tower and IFR Room (ATCT/TRACON)

o0 Combined Station/Tower (CS/T)

When a facility outgrows a Key Telephone System (KTS) it becomes.

a candidate for an Automatic Call Director (ACD).

The 1Al key equipment is the most common "backroom” equipment
used for terminating the voice circuits. It is used at the
relatively small (in terms of circuit usage) facilities. A
number of other types of small special key equipment are used
at operating positions in various facilities, as shown in Table
c.3 1 . Each module, although electrically consistent with
many others, is physically constructed with a number of variations.

Each variation is assigned an individual number.

A. Operational Features

© The lA Key Telephone System

This unit serving aviation controllers performs limited
switching functions, e.g.,

~ Holding on CO/PBX Lines

- Providing Visual Line Signals

- Intercommunication Switching

- Cut-off, exclusion and selective privacy
- Private line

A few options are available e.g., Visual/Audible Signals,
intercommunicating facilities, automatic time-out, etc.

laly ]
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Table C.3

Key and Switching Equipment at FAA Facilities.




B.

The 1Al Key Telephone System

In addition to the basic features and functions provided by
lA Key Telephone System, the 1Al Key Telephone includes
audio and visual indication of incoming signals by steady/
intermittent signals.

The l1A2 Key Telephone System

In addition to the features provided by the 1Al system, the

1A2 KTS line circuits are arranged for time-out of the
locked~in visual/audible signals on a per line basis.

Other features are; pick up and hold on CO or PBX lines,

visual signaling, audible signaling, power failure transfer,
intercommunications, exclusion, tie lines, add-on conferencing,
station busy lamp, long line capability, supplementary hold.

Equipment Description

The 1A Key Telephone System is a small capacity, simple

key telephone system, compared to the 1Al and 1lA2 system.
The Line Circuit includes relays which operate and latch

on the line battery. To provide the Hold feature, Transmit/
Receive pairs and a hold lead is required.

The 1Al Key Telephone System may consititue a WECO multi-
pushbutton Set Call Director, or a separately mounted
multi-~button key on KTU or a package called the Key
Service Unit (KSU). These are units which provide the
switching and control function contained in the apparatus
boxes or the equipment cabinets.

Outside lines (FAS, FX or local telephone) are terminated
at the key sets, an in some high-volume operations through
a call allotter. The call allotter assigns waiting calls
to the first available operator on a first come - first
served basis. )

The 1Al system may be terminated by a é-button or a 12 or
18-key keyset or a 6-, 12- or 1l8-key call director at

each specialists position. (this configuration also applies
to 1lA2 system).

1A2 Key Telephone System consists of:
- KTS or non-key set

- 400 Series KTU switching and control feature
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- KSU Panels

- Local power for talking, audible, signal, lamp/relays
operation, etc.

CALL DISTRIBUTION UNITS

A Call Distributor Unit distributes incoming calls at a
Flight Service Station (FSS) to the attendants. The distributors
are connected to a number of local loops (station lines) from a
local exchange and to the Foreign Exchange (FX) lines and WATS
lines. These lines terminate the calling pilots and the public
(over the TELCO network) who wish to reach the FSS specialists.
The following types of Call Distriburors are commonly utilized

in the FAA facilities [13] .

O WECO 2B automatic (large capacity).
© WECO 4A non=-automatic (small capacity).
o WESCOM 928 ACD

©0 WECO ESS-ACD (being developed).

The Call Distributor units are versatile and include a number
of features not generally applicable in the FAA network. There
are some modifications done by the local TELCOs to adapt these
to FAA requireménts. Other modifications to the original
equipment have made it possible to accommodate greater capacity

in smaller space and to include the new control features for more
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efficient administration and reduced installation cost.

El A. Operational Features

The larger FSS facilities employ one of the three call

distribution units which include the following basic features:

Include 18 or 30 pushbutton sets
interface capability over 2- or 4=-wire circuits

Standard signaling e.g., SS-1, ringdown, automatic and
voice signalling

a hold feature for central office lines
single lamp operation (flash, steady, wink)
locking buttons, switch hook

single jack operation

dial selective local intercom termination.

Options include:

loudspeaker monitoring

common signal key

In addition to the basic features, the Automatic Call
Distributor (ACD) unit WECO 2A includes the following additional

operational features:

Distributes the incoming calls in order of arrival

Transfers the calls to the other positions or to the
supervisor

Supervisor's position control of the attendant positions

Means for the attendants to consult the supervisor
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0 Sends the delay announcements to callers not answered
immediately

o Display of the incoming trunk status
o Rotary dial calling (pushbutton capability)

o Interface with radio and landlines to allow the radio
operator to help the ACD attendants

o 6-Wire Jacks

(NOTE: The WESCOM 928 ACD unit has similar features.)

A WECO 4A call distributor includes the operational features

listed:

© Incoming trunks at all attendant positions and at
supervisors position '

o0 Incoming calls are identified on a first-come first-
served basis on a lamp display

o0 A recorded announcement is sent to all calls which cannot
be answered immediately

o Rotary Dial provided (Pushbutton capability)
0 Handset or headset is provided

o Service observation capability to attendant positions.

O Supervisors' capability to enter conversations handled
by attendants

© The transfer of calls from one attendant position to the

- other takes place by verbal indication and depressing
the appropriate pushbutton for the incoming trunk.

B. Equipment Description

The call distributor units interface with the FAA communica-

w—

tions systems exchanges at the towers, TRACONs, ATRCCs, other
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FSS units, and with the local TELCO telephone network. The
transmission facilities terminated at these switching elements
include the IC/IP network, FTS, DDD, Foreign Exchange (FX) lines,

Local Exchange (LX) lines, Local PBX trunks, and the WATS lines.

The telephone system which a flight servcie station utilizes
varies from location to locétion. The telephone system includes
on or two pirvate number lines to a local exchange in the smaller
FSS, local exchange numbers on a ringdown, several foreign ex-
change numbers; private on-base circuits, and GP circuits for
the larger stations. The smaller FAA facilities utilize a six-
button desk set with two or three local exchange numbers.

The larger facilities use call distributors e.g., Western

Electric (WECO) 2B ACD, WECO 4A ACD, or the WESCOM 928 ACD.

l. WECO 2B Automatic Call Distributor (ACD)

The WECO 2B is used in high activity FSS units, and
performs automatic distribution of calls in order of their
arrival. The ultimate capacity of the distributor is 78
output positions and 68 incoming trunks which can be housed

in 4 cabinets. Some of the system features are:

o Attendent Position Equipment consists of a flush-
mounted 12-, 18-, or 30-button console, with a
headset and rotary dial. At the A/G positions,

a six-wire "TELCO jack" interfaces the headset/
push-to~-talk switch to the radio channel equipment
through the radio transfer key of the console




(for using the same headset for both A/G and
TELCO operations). An intercom capability
allows inter-communication between attendant,
supervisor counsole, and other FSS administrative
or maintenance positions. .

O Supervisor's Console includes the features as
attendant positions, plus provisions for re-
cording and monitoring a delay announcement,
concealed monitoring of attendant positions
and, controls to activate overflow and alarm
conditions.

(NOTE: The WESCON 928 ACD unit also provides
similar capabilities.)

2. WECO 4A Call Distributor

The WECO 4A call distributor is a simpler and smaller
capacity unit, which is employed at flight service stations
requiring up to 20 incoming trunks and 15 attendant positions.
The system does not distribute the incoming calls auto-
matically in the same manner as the 2B ACD. Each incoming
call is displayed on all attendant positions, and any available
attendant can answer the call by pressing the appropriate

pushbutton.

The order of arrival of the incoming calls is indicated
by flashing the lamps at different rates (fluttering for the
first one, then flashing for subsequent calls). Therefore,
the only call receiving priority is the first call. This
unit is relay type equipment designed for general application
and ﬁas many features not directly applicable to the FAA

requirements.
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- 3. WESCOM 928 Automatic Call Distributor

The WESCOM 928 system is being used as a prototype
for specification requirements determination for future FAA-

owned FSS telephone systems [13] . The 928 ACD is a solid-

state unit employing a crosspoint switching array, and
distributes calls in a circular order to all available
nonbusy attendant positions. A 30-second delay announce-
ment is repeated at 60-second intervals for all unattended
calls (10 seconds waiting time). Like the other ACDs,

the WESCOM 928 provides the controller with the ability

to terminate into the radio channel equipment; it also
transfers incoming calls to either another position or a
subscriber line (private line, e.g., National Weather

Service).
‘e

VIII. TERMINAL COMMUNICATIONS SWITCHING SYSTEM

A Terminal Communication Switching System (TCSS) requirement

was prepared by FAA in the early 1970's for use in FAA Air

q Traffic Control (ATC) Terminal Control facilities El4] . The
{‘ resulting system provides nonblocking, decentralized control
{ voice communication, including ATC communications within the
Dallas/Ft. Worth terminal facility (ATCT and TRACON), at air-
; , ground radio transmitter/receiver sites and other FAA Air
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Traffic Control facilities. TCSS utilizes Frequency Division

Multiplexing (FDM) techniques for the communications functions,
and is stored program controlled employing coaxial cable as the

primary means of signal distribution.

The Amecom Division of Litton Systems was awarded the con-
tract to provide all necessary engineering management, services
and materials to design, develop, fabricate, test, deliver and
install the equipment. The system was installed at the Dallas/

Ft. Worth airport and commissioned in July, 1975.

TCSS was designed to provide sophisticated capabilities
in terms of operational features as well as easy maintenance,
accommodation of orderly growth and minimal on-site installation
effort. Its major functions are provision of intercom, inter-
phone and radio communications. Administrative communication

is provided by a PABX, which can be accessed by the TCSS.

This system is of particular interest because it is the

only major voice switching system operated by the FAA which

[ exclusively employs modern solid state circuitry. The analog

¢ circuits are primarily integrated circuit operational amplifiers,
although limited use is made of custom hybrid circuits. Digital
circuits are primarily standard MSI devices but some LSI devices

‘e ", are used. The distributed control function is implemented by
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utilizing an Intel 8008 microprocessor-based-controller at

each position.

All of the basic FAA IC/IP functions are provided plus
several unique functions, including: 1) software based, re-
configuration of the communications capability of each position;
2) radio communications and control integrated with IC/IP voice
switching; and 3) traffic data collection. Other unique aspects
of this installation are: 1) the system is owned and maintained
by the FAA; and 2) signal distribution is by coaxial cables which
reduces facility cabling and makes expansion of the system less
difficult. Satisfactory system availability is achieved by a
combination of mil-specification components, hardware redundancy
(primarily power supplies), functional redundancy provided by the
reconfiguration feature, and system maintenance by module re-

placement.

The TCSS connection times for various activities are:

PTT Activation: 50 Milliseconds Maximum
IA Selection: 50 Milliseconds Maximum
Radio Channel Selection: 50 Milliseconds Maximum
Intercom Call: 250 Milliseconds Nominal,

500 Milliseconds Maximum
1 Second Maximum

Interphone Direct Access: 2

Main/Standby Switchover:

Seconds Maximum

Reconfiguration: 5 Seconds Nominal,
10 Seconds Maximum

s
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A, Operational'Features

All oasic features normally required in a FAA facility for
:' IC/IP functions are incorporated in the TCSS. These functions

5 provide a variety of call placement and answer features to permit
{‘ rapid, unambiguous call processing. These features, as imple-

- mented by TCSS, include the following capabilities:

Direct access (DA) calling is accomplished by depressing

a single pushbuttcn to communicate with the party
identified by the light-emitting diode (LED) display
(unique to TCSS) associated with the selected push-
button. Ring-back intercom, intercom override, and
interphone voice calls can be placed via direct access.

Indirect access (IA) calling is accomplished by push-
button dialing, using the 10-digit dialer module pro-
vided at each position. All intercom and interphone
calls can be placed via indirect access by dialing

the subscriber number (intercom call), the trunk access
number (interphone voice call), or the trunk access
number followed by the subscriber number (interphone
SS-1 and PABX calls).

Combined DA/IA calling is accomplished by first de-
pressing a single pushbutton to access the interphone
trunk identified by the LED display associated with the
selected pushbutton, followed by dialing the desired
subscriber number, using the 10-digit dialer. Ss-1

and PABX interphone calls can be placed via DA/IA.

Whenever an intercom/interphone call arrives from a
party identified on one of the LED displays on a DA
panel, the associated DA pushbutton flashes to indicate
the incoming call.

Whenever an intercom/interphone call arrives from a

party not identified on any LED display, the call is
queued in the position common answer (CA) feature.

Cc-80




¢ Override intercom calls may be placed via DA or IA,
and provide automatic call connection on a conference
basis. Several positions can be simultaneously conferenced
via override calling.

o0 Each position with radio communications capability is
provided with two or five radio modules, for access to
12 or 28 radio channels, respectively. Each radio module
has up to six radio channel frequencies assigned, as
indicated on the six-digit LED displays at the leftmost
end of each radio panel. For each assigned channel, the
controller at a position can independently enable transmit
and receive capability, and can independently select
main or standby transmitters and receivers.

l. Call Control

Some other noteworthy call control features are in-
corporated in the TCSS, which are identified at the position
by LED displays and are initiated by the depression of the
corresponding DA pushbuttons:

© HOLD: Places an incoming PABX call in hold, per-

mitting any other call to be placed or

answered without losing the held PABX call.

© COMMON RELEASE: To terminate any call in progress,
except an incoming override call.

The Incoming call transfer feature includes:

© Headset/loudspeaker transfer (HL) to direct specific
calls to either the position headset or loudspeaker.

kl o Override headset/loudspeaker (OHL) for incoming
} intercommand override calls.

o Radio haedset/loudspeaker transfer (RHL) for in-
coming radio communications on select channels.

v
-
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The RME stores up to 10 maps (System Communications
Configurations) and, upon RME operator command, transmits
the data from the selected map to the control element
(microprocessor) at each ATC position. This data is pre-
sented to the ATC position operator on the DA pushbutton
and Radio LED displays, and appears as position I.D. numbers
(for ringback and override intercom calls), trunk I.D.

numbers (for voice call, SS-1 and PABX interphone calls),

Special Function Codes and channel frequencies (for Radio
communications). By this process, each position is con-

'_ figured for the specific communications capability contained
E‘ ( in the selected map. In addition to configuring the DA
pushbutton and radio LED displays, the map data transmitted
to each ATC position sets up the class of service markings.
‘l L During system reconfiguration, the RME also transmits map

4 data to the Voice Call Matrix to establish the Voice Call

Sectors.

Reconfiguration can be accomplished in one of three
| - ways:

O Global Reconfiguration - Upon RME operator command,
! configuration data from the selected map is trans-
mitted to all system positions.

o Local Reconfiguration - This is similar to the

Global Reconfiguration except that map data is
1 P transmitted only to those positions selected by
3 the RME Operator.
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o Automatic Reconfiguration - Whenever a position
is brought on-line the position microprocessor
transmits a reconfiguration request to the RME.
Upon receipt of such request, the RME transmits
data from the current system map to the requesting
position only.

4. Traffic Data Collection

Depression of any pushbutton at a position to initiate,
answer, or terminate a call is recorded by the RME. The
microprocessor at each position transmits coded data to the
RME, identifying the pushbutton depressed; the RME formats
this data, together with position 1I.D., time-of-day, and
current map number, and records the information on IBM-
compatible 9-track magnetic tape. The recorded data can
then bé reduced, off-line, to determine the number of calls
handled at each position, source, destination, time of
placement and duration for each call. The results of the
data reduction can then be used to determine the distribution

of traffic load per position.

B. Equipment Descriptions

The purpose of the FAA's Terminal Communication Switching
System program was to accommodate the diversified and complex
nature of the Air Traffic Controller's voice communication re=-

quirements by a state-of-art computer controlled stored program
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and solid-state/integrated circuit electronic switching system [}4].
The system shown in the Figure C-22 was installed at the new Dallas/
Ft. Worth facility. Through computer control, greater flexibility

and speed of communication in performing the required functions

is provided, e.g.: direct access intercom, with and without over-
ride; voice call; remote radio control; selective signalling;
Automatic Terminal Information Service (ATIS); tape recording of
all ATC voice communications; and access to and from long-line
trunks. Additional requirements were imposed on TCSS to allow

for greater flexibility and growth capability for application

in the upgraded third generation (UG3RD) ATC communication system.

TCSS employs distributed control and switching. Voice and
signaling data are multiplexed onto a redundant pair of coaxial
cables. Dedicated FDM channelization results in a non-blocking
switching system, and the communication via coaxial cable pro-
vides a bounded transmission medium which is isolated from the

environment of the ATC facility.

The switched voice and signalling are modulated (single-
sideband aAM), and then FDM multiplexed, resulting in a high
quality transmission isolated from interference due to the sur-
rounding environment. Full duplex, equivalent 4-wire transmission

is provided throughout the system.
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Because voice and signaling data are included in the co-
axial cable transmission, the physical system control interface
connections are minimized. Multiplexed signals are transmitted
in two bands, approximately 10 to 12.5 MHz and 12.5 to 15 MHz.
With a channel spacing of 10 kHz, about 200 usable full duplex
channels are Obtained. Signalling is accomplished by an FSK
signal located above the upper limit of the wvoice band (3,000 Hz)
in each FDM channel. Relatively low data transmission rates
(300 and 600 baud) are used. A 5 MHz reference signal is trans-
mitted on the coaxial cable to all subsystems as required. The

frequency standard is redundant.

To provide error detection capability, all signalling and
data tra- smissions are encoded by the distributed control at
each position and trunk. In response to each transmission error
at a receiving unit, a retransmit request is returned to the trans-
mitting unit, which automatically re-attempts the transmission,

to reduce the probability of lost calls.

The primary power is 208V, 3 phase, 4-wire at 60 Hz and a
power line drain is 32 kva. An uninterruptable power system
(UPS) is provided which is capable of operating the system for

more than 30 minutes. [14]
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1. Major Subsystems

A summary of racks and modules constituting the system

is as follows:

ATC Positions 38
Junction Modules 13
Power Racks 9
RTR Modem Racks 4
Trunk Modem Racks 3
RME Modem Racks 2
TELCO Interface Racks 2
RME 1
SMC 1
Coaxial Cable Systenm 1
PABX (External) 1
UPS 1l

Total 76

The TCSS equipment consists of six major functionally
and physically distinct subsystems. These six subsystens

are:

o POSITION/JUNCTION MODULE SUBSYSTEM. This subsystem
includes all controller position equipment which

provides the intercom, interphone and radio communica-

tions capability to the controllers, as well as the
junction module interface between each controller
position and the coaxial cable transmission medium.

O SYSTEM MAINTENANCE CONSOLE (SMC). The SMC provides
the system real time quality control monitor cap-
ability, with associated fault status indication
and printout, and the maintenance communications
position (MCP) capability by which the maintenance
personnel can establish voice communications for
information, monitor and test purposes.

O RECONFIGURATION AND MONITOR ELEMENT (RME). The RME
is a centralized equipment group which provides the
system reconfiguration and traffic data collection
capabilities.
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© POWER SUBSYSTEM. This subsystem provides total TCSS
system power, via an UPS as well as power distribution
within the system via the power supply racks.

©0 INTERFACE SUBSYSTEM. Provides all system interfaces
to the RME and to external communications equipment
such as interphone trunk circuits and RTR sites.

O SUPPORT COMMUNICATIONS SUBSYSTEM. A private automatic
branch exchange (PABX) provides administrative and
support personnel with the capability to communicate
among themselves, with TCSS ATC positions, and with
external locations via the FTS and DDD networks. This
subsystem alsc includes the order wire telephone at the
RTR sites.

2. Position Equipment

The TCSS position equipment is installed in TRACON
horizontal and vertical display positions, and tower consoles.
A horizontal position installation is shown in Figure C-23 [14].
The individual elements e.g., push buttons, headsets, speakers,
and chime controls are designed and located for convenience

at the position.

The ATC position modules provide the operational inter-
face between the Air Traffic Controller and the TCSS, and are
grouped in various combinations for installation in the

operator's consoles to form the ATC position equipment [15]e.g.:

o The Direct Access Module provides the air traffic
controller with the capability to place or answer a
call by deprzssion of a single pushbk:tton. Each DA
pushbutton contains an indicator lamp to provide call
signalling and is adjacent to a 6~digit alphanumeric




Figure C-23
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LED display which contains the identy of the position
or trunk with which communications will be established
when the DA pushbutton is depressed. The contents of
the LED displays are controlled by the Reconfiguration
function.

The Indirect Access Module provides the air traffic
controller with the capability to place calls to any
ATC position or Interphone trunk, on a dial-up basis.
The IA Module also provides the Common Answer (CA)
capability for answering calls queued in the Common
Answer feature. All pushbuttons on the IA module are
backlighted, and the IA and CA pushbuttons also
include indicator lights which provide call signalling
indications. At the upper end of the IA module is a
green indicator lamp which signals the arrival of °
incoming override calls.

The Radio Module provides the capability to select
radio channels for establishment of communications
with aircraft. Each selectable radio channel is
identified, by frequency, on a 6-digit numeric LED
display at the leftmost end of the radio panel.
Main/standby selection is provided for each channel's
receiver and transmitter, independently. Two
additional indicators are provided for each radio
channel: an amber VOICE indicator blinks at a
syllabic rate whenever there is audio received on
the corresponding channel; a red STATUS lamp
incidates whether a transmitter is free, is being
accessed by the position controller, or is being
accessed by a sharing position.

The Speaker Module contains the position loudspeaker,
the independent volume control knobs for the head-
set and loudspeaker, and the position chime which
provides audible indication of incoming Intercom/
Interphone calls.

The Dimmer Module contains the independent bright-
ness control knobs for all LED displays and for all
pushbutton and indicator lamps on the DA, IA, and
Radio Modules.

The Jack Module has provision to plug in an operator's
headset (or handset) and a monitor headset (or
haiadset). The monitor jack incoroprates a PTT over-
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ride for use during training periods. Removal

of all headsets (or bundles) from the jack module
disables all position controls except for the
brightness and volume controls.

o The Position Electronics unit is not an operator
interface module but one unit is physically
located at each position. This unit contains the
position controller (microprocessor), and the audio,
RF, and digital circuitry which provides the control
and communications interfaces to the other position
modules, and to the Junction Modules (located in
the common equipment racks).

The combination(s) of position modules which make up
an ATC position communications complement for the Dallas/

Fort Worth TCSS are:

Position Electronics 1
Direct Access Module 3
Indirect Access Module 1
Speaker Module 1
Dimmer Module 1
Jack Module 1
Radio Module 10 Positions with None

25 Positions with 2
3 Positions with 5

3. Support Private Automatic Branch Exchange (PBAX)

The support PBAX subsystem is actually a separate
system external to the TCSS, but installed with the TCSS by

Amecom. It provides the communication facilities among
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administrative and support personnel, as well as the access

to the Federal Telephone System (FTS) and Telco's DDD net-

works for the external communications.

The PABX interface with the ATC position communications
subsystem is via the PABX modems, permitting the air traffic
controllers to communicate with administrative and main-
tenance personnel. The PABX subsystem contains a power
supply with battery reserve, and a Main Distribution Frame

(MDF') .

4. System Maintenance

The TCSS maintenance is performed both in on-line and
off-line modes. The failed major units are identified and
replaced on-line, which is followed by off-line isolation
and the replacement of the faulty card/module within the

unit.

On-line Maintenance Equipment includes a System Main-
tenance Console (SMC) thch.consists of the Real Time Quality
Control Monitor (RTQC), the Maintenance Communications
Position (MCP), and a Teletype printout unit. It is sup-
ported by Order Wire links (for communications between the

SMC and each RTR site Fast or West), as well as a testboard

at the TELCO trunk interface equipment (for connection to
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either the line side or the drop side circuits) for per-
forming make busy tests, to establish an out-of-service
condition for any line under test, and to originate or

monitor calls.

An off-line maintenance facility simulates the system
interconnections to each major unit of the system, for
troubleshooting and isolation of faults within the unit to
the card/module level, and for replacement. This is per-
formed at a Test Console equipped with special test circuitry
and the interconnecting cables for supplying power, audio,
RF, and digital data ihputs to the unit under test. This
unit has the display and conversion circuits to interface
the unit output for the display, recording, and teletype
printout; it also provides the operator controls to establish
the data formats and the circuit selection for the unit under
test. Terminals are included to interface the input and
output parameters with external generators, oscillosccpes,

meters, and other standard test equipment.

WECO 304 CONFERENCE SWITCHING SYSTEM

A WECO 304 conferencing system is a custom designed switching
unit serving the FAA System Command Center (SCC). Eﬁ] It is a

specialized exchange developed by Bell Telephone Laboratories in

-




the early 1960's, at the request of NASA, to serve the con-

ferencing needs of the control center of the global satellite
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tracking network. A block diagram of this system is depicted

in Figure C-24.

The system may handle as many simultaneous conferences as
the number of links in the system, each of which may include a
practically unlimited number of conferees located anywhere. Two
control consoles are provided, and unless the traffic warrants,
one attendent may control the system. The attendent maintains
the transmission quality of each line to keep the line noise

low.

A. Operational Features

The 304 system terminates both two-wire and four-wire lines
which can be connected to the same conference. It will accommodate
voice, data, and facsimile traffic on a point-to-point, broadcast,
or conference basis. The data system can be either half-duplex
or full-duplex, and, if full-duplex, the data can be transmitted
simutaneously either at the same frequency or at different fre-
quencies. Common control functions such as signalling, trans-
ferring of calls, releasing lines or conferences, etc., are con-

trolled by a dial and 13 common keys and lamps.

Attendents can establish conferences and originate outgoing
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"WECO 304 Conference Switching System Block Diagram

A pushbutton console controls the establishment of connections through
the lines and links of a crossbar switch field in the Line Connector Circuit.

Figure C-24
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calls, answer incoming calls, transfer lines from one conference
or link to another, identify the conferees of any particular
conference, and participate in any conference. They also control
a group of recorders and loudspeakers which may be connected to
any conference, and there are provisions for connecting to the

public address system.

The design approach adopted by Bell Labs for the system is
shown in Figure C-25. The transmission line impedence consists
of a few elements in parallel:

o Two amplifier terminations associated with non-echo

protected lines.

0 Terminations of all echo protected lines.

O A resistor.

0 A trimmer potentiometer.

The last two elements are chosen and adjusted to cause the
impedence of the line with one line connected to be three ohms.
Up to 122 lines may be connected before the resistance needs
readjustment (i.e., to be lowered by one percent). For non-
echo protected lines, bridging loss is negligible until approxi-
mately 300 lines are connected. For lines with round trip delay
less than 12 milliseconds the sidetone is derived from the con-
ference bridge, else a local sidetone at the end is provided to

mask the echo.
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Other important system feature includes seven lamp signals
associated with each line pick=-up key. Three common release
keys provide for position release, line release and link release.
A fourth, master release key, must be operated simultaneously
with the link release key to release all lines connected to a
particular link. A number of other keys allow the attendants
to perform many required functions including alarm cut-off.
Signalling on lines requiring manual ringdown is done by operating

signal key.

B. Equipment Description

The WECO 304 conferencing system allows conferences between
a large number of lines of four different types. However, this
involves major technical problems, the most important being the
echo path to the talker through the line amplifier. Use of
amplifiers on long lines to provide uniform inputs/outputs on
the conferencing circuits is precluded due to their amplitude and

and/or phase drift.

The confering lines can be divided into four logical categories

and their interface with the bus is:

o Lines not requiring echo protection (4-wire lines with
roung-trip delay less than 20 milliseconds).

o Lines requiring line amplifiers and isolation resistors
(4~wire lines with roung-trip delay between 20 and 100
milliseconds).




2

o0 Lines requiring a split echo suppressor, line amplifier,
and isolation resistor (4-wire lines with round-trip
delay greater than 100 milliseconds).

FI o Lines requiring a split-echo suppressor and a hybrid coil,
: line amplifiers, and isolation resistors (2-wire lines).

A pushbutton console controls the establishment of con-

nections through a crossbar switchfield in which lines are
associated with verticals and conference links with horizontals.

In each conference link a low impedance transmission bus is in-

cluded which permits a number of lines to be bridged simultaneously
; with no appreciable transmission loss. Twelve separate paths
L are required for each line-to-link connection, the crossbar
&‘ ( switch bare wire multiples are severed in the center and two
verticals are associated with each line. A lockout circuit
prevents interference between positions, avoiding false or double
!! o connections. Loudspeakers, recorders, and public address systems
are connected to verticals the same way lines are connected,
hence they may be associated with any conference. The pushbutton
¢ controls and lamp signals tied in with the recorders, loudspeakers,

and public address systems are identical to those employed in line

! connection.
|
3
X. SUPPORT PBX FOR ADMINISTRATION AND MAINTENANCE
] These support PBX switching units are provided for inter-
q ’

{ connecting the administrative and maintenance personnel and their
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telephone communication to the public TELCO telephone network sub-

scribers. These installations vary in capacity and are mostly

procured on leased basis from the local TELCO. The enclosed Table
C.4 lists the features of the WECO PBX normally service this FAA

function.

In addition to WECO units, some other systems, e.g., NORELCO,

ARD-561, and the GTE System, are employed at discrete FAA facilities.

3
b

' The FAA switching systems operational in 1980's and beyond
will be implemented with a technical control capability which

k' includes:
b

[ o Automatic and remotely controlled status and performance
4 monitoring

©0 On-line and off-line diagnosis

© Fault isolation, and certification

© Routine special status reporting and logging

( This capability will extend beyond the individual system
i and provide the input to, and the operational interface with,

an overall NAS technical control system

The most common maintenance operations presently being per-
formed manually are: patching, coordination, testing, monitoring,
reporting, fault isolation, repair and certification. These are

candidates for automation. The introduction of a modern state-of-
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the-art switchino system will automate it and make it more
efficient and economical. Moreover, the availability will be

increased to near 100%, by:

o Higher MTBF of equipment
o Automatic and fast switch-over of redundant units
o Programmed maintenance, use of failure prediction and
~ fault trend detection methods
o Lower MTTR through module replacement
o0 Use of the centralized maintenance console with adequate

- remove testing capability, and indications for
intermittent failures and faults

©0 Real time quality control with alarm cue repairs before
catastrophic failures.
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Table C.4

Specification of Most Commonly Used WECO PBX
for FAA Administrative/Maintenance Use

d-
' 1 2 3 4 5 6 7 8 9 10
System ' 701B| 740E| 756A| 757A[ 770A] 800A | 801A| 805A] 812A] 101
Feature ESS_
.| Attendant Conference ol ol o} o} o 0] of M| o] o0
- DSS No| No| o of o o of mo| No|No
. Restriction '
E‘ Direct Trunk Transmission c c
[ Switched Loop Cc
| Attendant Trunk S S| s s| s| s| sYs
\ oY Lamp Field Ounly 0 0
Busy Verification - Station 0 0 0
Call Transfer - Attendant S S S S S S S S S
CCSA Access 0 0 o O
1 0. Trunk Termination S S S S S Ky
Code Call 0 0 0 0 of O
Code Restriction 0t O
Conf. Calling - Attendant 0 0 0 0 0 0 0 0 0
£\ ‘ Station 0 0 0 0
«..dtrolled Station Restric- 0 .0 ' 0
tion
DOD S S S S S S S S S| S
Direct Trunk Termination |
Switchboard C c c c
Console S S S S S
Fully Restricted Station 0 0 0 oj O
ITncoming Call Ident. 0 0
cwout
" Fxchange Network c C C C Cc c
4 i-regs Line
) ) -
_r 1 Feature 1 = Switched Loop Operation only
“watire 2 = Equipment required at Central Office (C.0.)

Equipment required at C.0. and segregated
trunk groups reguired

. +~d at no extra charge 3

£
"

Includes all types of trunks

r=1012

| | ‘
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4 (continued)

10

System
Feature

701B

740E |756A

757A

7704

800A

801A

805A

812A

101
<

Manual Line Service
Switchboard
Message Waiting
Misc. Trunk Restriction
Night Service
One-Way Splitting
Paging-Loudspeaker
Paging-Radio

Power Failure Transfer

Recorded Telephone Dictation

Reserve Power

Restrictions from Outgoing
Calls

Secrecy (With Lockout)
I/C Exchange Network
CCSA Access Line

Single Digit Dialing

Station DSS

Station Hunting

Station Message Registers

Station-to=-Station Calling

Supervisory Cabinet

Switched loop
Switchboard
Console

Tie Line Service

Toll Denial

Toll Restriction
Per System Basis
Per Station Basis

Toll Terminal

0O WL O »u O o O O nw o O nn O O mn 0O O O

O

wn

v O O h O O
nn O O »w O o
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,_‘_ C.4 (continued)
1 2l 31 4 5] el 72| 8] 910
Y System 701B |740E {756A |757A {770A {800A 18014 {805A{812A]101
AR A
- | Toluch Tone Calling o]l of ol o] of o of of ofs
Trouble Alarms S S S
Two-Way Splitting C C C C c _
Capacity - Lines No | NA 60| 200( 400] 80| 270| 57|2080|4000
Limit
- C.0. Trunks No | NA 10] 43| 100 20| 40| 12]600% 384
1 Limit :

o
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FUTURE FAA SWITCHING SYSTEMS

There is a substantial and obvious lag bhetween the current
state-of-the-art and FAA's existing IC/IP network switching tech-
nology of the 1950's. The electromechanical crossbar and relay
exchanges and key systems, which have been a workhorse of FAa,
have proven to be reliable electromechanical switches. However,
being hardwired, they fall short of meeting the growth and func-
tional requirements of the present and future aviation communica-
tion needs which requires a highly flexible system. The computer
controlled solid-state electronic switching systems constitute the

only state-of-the-art systems within the FAA IC/IP network.

FAA has taken a realistic systems approach, in which due
consideration is given to the total communications scenario.
Integration of existing separate smaller switching systems into
one large combined system is considered the theme and simple cen-
tralized automatic maintenance aids have been favored. Flexibility
of reconfiguration will have obvious rewards in the form of reduced

coentroller manpower regquirements, planning and in meeting emergen-

cies and breakdowns.

The integrated switching system planning approach has recog-
nized and empﬁasized the importance of shorter features, e.g.:

o Shorter call handling (call set-up) periods

.....




© greater connectivity

o higher reliability
o higher maintainability

o system availability

FAA has analyzed the costs critically and sought relief
through the use of standard interfaces and universal hardware/
software, efficient use of circuits, and centralized management
and maintenance. The FAA has originated a series of study, con-
ceptualization, design and development programs aimed at modern-
ization of its switching network; the most noteworthy being the
EVSS, the INACS, the EKS, the VSCS, and the SVSS. Details on

these systems follow:

A. Small Voice Switching System (SVSS)

Small FAA facilities including low activity towers have
limited but sophisticated communications requirements. The

FAA has launched a SVSS program to develop a switch which

will employ state-of-the-art, fully electronic communications

technology [;f]. The program will provide voice intercom be-

tween tower positions, voice interphone service for communi-

cation with larger towers, FSSs, TRACONs, ARTCCs, airlines and

other support locations, as well as controlled aircraft commun-

ications. The proposed SVSS capacity will be:
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Operating positions: 3 to 10
Interphone trunks: Up to 20
Radio Channels: Up to 20

Expansion will be easily accommodated and the system
will be very flexible in this regard. The system will con-
sist of five main subsystem elements: .

© ATC Position Element

o Configuration/Switching element

- Control Processors
- Switching networks
o Interface element
- Radio circuits
- Interphone circuits
- Recorder circuits
© Maintenance element

© Power supply element

The system design will assure efficient partitioning
between the radio functions and the interphone/intercom

functions.

1. Operational Features

The principal features specified for SVSS are:

o The SVSS will act as an interface between,

e i S S

- The controller (through the position equipment)

and the radio IC/IP elements
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- ATC positions and voice recording equipment

- the SVSS and leased telephone company switch-
ing systems and standard telephone equipment,
such as the 301A, 300, 1lAl, through 2 and 4-
wire trunks

Status lamp indication of circuit conditions

Emergency back-up power

Facility entrance system intercom connection

Other features

- Intercom (except a connection to facility
entrance is standard)

- Indirect access intercom
- Direct access intercom

- Local override

- Remote override

- Call forwarding

- Antenna switching

- Radio Channel Control Equipment (RCCE) intefface

A reconfiguration of SVSS will be required frequently

for most efficient utilization of scarce skilled controller

manhours; the éonfiguration Control function and capability

will be used:

o]

to meet the changing demands of air traffic
activity

to compensate for equipment failures

for appropriate assignment of position inter-
phone and intercom circuits

Cc-109
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o for reassignment of functions assigned to
pushbuttoms on the PB modules

o for affecting appropriate changes to any desig- :

nated radio fregquency to the appropriate radio
channel selector modules. -

2. Egquipment Description

The srequirements for the SVSS system have been
spliced [17]: a conceptual block diagram is shown in
Figure C-26. The system consists of:

© Position equipment for air traffic controllers

o0 Backroom equipment which includes equipment for

interfacing lines to various local positions,
trunks to other FAA and non-FAA facilities,
switching matrixes with associated control de-
vices and maintenance and power units.

The environmental constraints of the installations
are specified by FAA as +10°C to +50°C and 10% to 80% R.H.

The range in case of unattended facilities is somewhat

broader.

The external interface requirements of the SVSS system

are:

O Universal Interphone Trunk Circuits - both two and
four-wire circuits with interchangeable signalling
equipment, jack circuits and protection egquipment
(trunk circuit type numbers 3, 4,48, 6 and 9, toget-
her with override trunks will be accommodated).
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o Signalling - a number of conventional TELCO
signalling schemes will be handled; the most
important are:

- single frequency (SF) signalling,

- selective signalling (SS-1A)

- voice call signalling

- central office and PBX signalling over type
6 trunk circuits.

o Interface with Common Carrier Circuits - The SVSS
will provide the necessary 4-wire conversions,
address outpulsing, supervisory signals and audi-
ble signals provided with (a standard "beep" tone
to the distant party to indicate conversation is
being recorded). Tandem switching between Direct
Distance Dialing (DDD) lines, between Federal Tele-
communications System (FTS) lines, and between DDD
and FTS lines, will be prohibited at SVSS.

- Tariff FCC no. 260 (voice/data to other facili-
ties, 4-wire series 3002 channel without C-type
conditioning).

-~ Tariff FCC no. 259 (FTS network, for interstate
links between adjacent switching systems)

-~ Tariff FCC no. 263 (2 and 4-wire circuits for
support communications to local PBX, intra-
and inter~state voice communications).

For an aviation telecommunication switching system,
; the highest reliability, maintainability and availability
i‘ reguirements have been stipulated by FAA. The single
thread availability of any function shall be no less than
i‘ 0.9999, with a maximum time to restore limited to 0.5 hours.
4 ’ The system will incorporate the capability for transmission
of maintenance status information tc a remote control main-

tenance facility.




The SVSS system will fulfill the specified stringent
performance requirements under light, moderate and full-
load traffic of up to 180 calls during busy hour, with a
holding time of 30 seconds per call, and a grade-of-service
of 0.001 for intercom/interphone and non-blocking for

radio.

3. Position Equipment

SVSS position equipment will be used to accommodate
air traffic controllers and will consist of a console with
a number of pushbutton sets and other non-electromechanical
flush mounted plug-in modules held by fasteners and allowing
quick replacement. A number of other modules are incor-
porated in these positions. Pushbuttons mounted on a
number of standard and optional pushbuttom modules allow
the controller to set up calls to required destinations
within and outside an FAA facility, as follows:
(a) The ATC controllers' position will include a
panel of 16 pushbuttons (PB) for actuating the
electronically (micro-processor) controlled basic
functions, e.g., directing and controlling interphone
calls (DDD, FTS and calls to other FAA facilities),
intercom calls (calls within the facility, including
the facility entrance) and calls to the radio system

(calls to pilots in aircraft).
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(b} A set of the following pushbuttons will be

—r—

T TTT.Y-VTV —

associated with special functions:

o Hold PB (non-locking), for establishing
a "HOLD" condition on one or more of
either CO (central office) or PBX (private
branch exchange) circuits to select other
radio, interphone or intercom circuits.

o} Release PB (non-locking), for release of
a position from any existing interphone or
intercom connection.

) , o) Ring and Flash (R&F), non~locking PB to
g -~ manually control signalling on trunks
equipped for single frequency signalling.

o Door release, non-locking PB, for access
to the door intercom, to unlock the facil-
ity door.

hn { o Interphone/Intercom HS/LS locking PB, for
directing the incoming interphone and

s intercom voices to the headset or the posi-
{ tion speaker.

!! ‘:‘ o Split radio interphone/intercom, locking

PB, to permit two controllers to simulta-
neously use one position, one controller
each using separately the radio function
and the interphone/intercom.

MAJM A MG S e SEE o ol SN Sin JEL G o g

(c) A group of interlocking circuit selector PBs
(with status lamps) allow selection of only one
F circuit at a time.
¢

[ o} Interphone circuit selector PB - gives
access to interphone trunk circuits, (limit

one interphone or intercom circuit at a

! time). A call may either be completed with

1 one PB operation, (or subsequent dialing

¢ ’ may be required) which releases the position

1 from any connected interphone or intercom

' circuit (except circuits in HOLD).

C-114




o Intercom Circuit Selector PB - gives
access to another local position by de-
pressing one of the following pushbuttons
(PB) :

- Direct access (DA) Intercom - allows
communication between two local positions
by operation of this PB. It may be pro-
vided in one or both of the following
methods:

.. DA intercom without override -~ for
access to a local positiorn by a
single operation.

.. DA intercom with override - for
overriding positions that have a
direct communications path to the
telephone instrument or speaker of
an overridden local position. The
overriding position joins the circuit
on a conference basis (maximum of 5
conferees).

o) Faci'.ty Entrance Door Intercom provides
cor .:ication access between one or more
operating positions and the door intercom.
A separate non-locking PB shall be provided
at the operating position to release the
door latch.

(d) Other modules included in the SVSS position

equipment include a Radio Channel Module, allowing

p each posiﬁion an access of up to 12 radio channels.

! Radio transmitter and receiver selector switches
will be provided on the radio channel module,in
addition to a PTT switch which causes received radio
signals on the circuit to be muted at all positions.
Many other useful status indicators, PB's, and

switches are also provided for important functions,

PPy —

py—
-
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e.g., switchover of antenna from main to standby.

P! (e) This Indirect Access Dialer Module will be a
' 10 digit pushbutton dial pad, which will permit
a position to select a called party's number for
t' indirect access. An incoming override call status

! indicator will also be incorporated in the module.

i (£) A plug-in loudspeaker will be included in SVSS
positions. A chime sound will be included in associ-

ation with each loudspeaker, as well as two volume

controls for independent volume control of the

headset and the speaker.

(g) A jack module with a dual set of telephone
jacks, one for the controller and the other for
an instructor. A remote jack module will also
be included for accommodating a hand-held micro-

phone.

(h) Audible standard signalling - information tones
will be used in addition to chime signalling, which
sounds at approximately once a second in the loud-
speaker., A choice of any cf 5 tones may be assizned

to any position,




_AD-A126 914 SOCIOECONDHIC IHPRCT ASSESSMENT : COHNUNICRTIONS 4/4 - N
g INDUSTRY E 1 TECHNICA. . CU) ACUMENICS RESERRCH AND

. ECHNOLOGV INC BETHESDA MD' @2 FEB 79 FAA-AP0-81-11-2
UNCLRSSIFIED DGT-FR78WAI-932 F/G 1277 NL




o

Il

s

I

EEEEE

EEEE

E—
, N
(@]

FEEE

E
3
FE

i

===
N
N

L

22 s e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

. M -

-@- @

T e
S . — —

MR
ot

)

ik A

o
¥
ina

e ]

.o o . R
e M




- el el A N T e Ly ‘-‘—P?—"J-!}-l.,,"'.n I "‘":‘-':""I;";ﬂ:dln.‘ji. " . Wy LM e

(i} Side Tones permit the controller to hear his
voice transmissions on interphone, intercom or
radio operations, in his earpiece when using a

headset (not in the position speaker).

(j) The Position Voice Recording Channel collects
the voice transmissions/receptions at the position

and presents it for recording on the FAA voice

recording equipment.

(k) Split Radio Interphone/Intercom Operation

allows operation of the position module's radio

and the interphone/intercom portions of the system
independently and simultaneously by two controllers,

. ) without interfering with each other.

4. The Backroom Equipment

The Backroom Equipment will include the following

i units:
o Configuration/Switching element
i o0 Interface element

© Maintenance element

o Power supply element.

Y The configuration/switching element will consist of

a pair of dual (redundant) "Control Processors" and the

. . . -
B e S L S S WP
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"Switching Network". The Control Processors complement

will include associated I/0 and interfacing devices. The
required software will be included to perform system con-
trol functions, e.g.:

o Call Processing for the intiation and termination
of calls. Processing of service requests, scanning
for circuits or line status; controlling and time
connections, dial tone, position signals and acknow-
ledgement signals, connection of address receivers,
dial or address analysis, supervision and control
of telephone and instrument or pushbutton lamp
signals and indicators; outgoing or incoming trunk
selection and path selection, address outpulsing and
trunk supervision.

o Equipment Control for control, access and supervision
of all peripheral equipment - (memory systems, message
entry devices, switching matrixes (if used) and off-
line or standby equipment, etc.).

o Status Information, such as trunk or equipment
availability, traffic load, and fault or error
conditions.

The Interface element will provide circuitry to ter-

minate the trunks and lines which connect SVSS to other

FAA and non-FAA facilities. The maintenance element will
include sophisticated devices for fault detection; reporting
these will be maintenance consoles, localization cabinet
maintenance panels/alarms, path panels, monitoring/test

panels.

The power supply element will obtain the primary power
from the local commercial (AC) power. Distribution/conver-

sion/regulation equipment with necessary measuring devices
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will be included. The unit will feed the SVSS with the
required DC voltage and include protection devices. An
emergency back-up power supply will be included using
batteries to feed the system for one hour under full-load

condition in case of breakdown of primary power.

. XII. VOICE SWITCHING AND CONTROL SYSTEM

N An important program is being conducted by the FAA to develop

a new Voice Switching and Control System (VSCS). This program is
nearing the completion of the concebt and preliminary system design
phase, and the preparation of a systém specification is now in process
by the FAA. The concept is the result of a design study which evalu-

ated various system architectures as well as the fundamental question

{.“"/t"l VoA

regarding combining the radio and IC/IP functions into a single basic
system. The system design is intended to be cost-effective over a
range of medium to large siz; systems so that it would be a replace-
ment for both the WECO 300 and 301 systems for ARTCC and TRACON
applications, and pbssibly for large Towers. VSCS will incorporate

a subsystem for performance monitoring and fault isolation. A com-

plete description of this system is given in Appendix A.

L
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. XIII. THE NAFEC COMMUNICATION SWITCHING SYSTEM (NCSS)

» - -
R =t 0.0 % %
. >

The National Aviation Facilities Experimental Center (NAFEC)
has issued a specification for procureﬁent of a voice switching
system to meet its very special requirements [;8]. The system is

l of interest to this program since many of the equipment techniques

r

developed will be applicable to the future ATC voice switching

systems of the FAA.

The NCSS specification will impose stringent reliability and

¢

availability requirements, and demands extreme flexibility for

4

: tailoring its configuration to fulfill a very diverse combination

o

of operational and test conditions. The system will be a solid-
state unit which will interface with simulated and live lines and

trunks associated with the NAFEC interphone, intercom and radio

T
- A R
‘. R )
s

‘;; networks. )

NCSS will be a versatile unit employed in a variety of opera-

~ v vy
.
'

;é tional and test situations and combinations; some of which are:
oS

- 0 Collection of NCSS data for operational and traffic

& analysis.

b

EE o The reconfiguration of position assignments to lines

Ei and trunks, position direct access keys, position radio
~ keys, and predetermined groups of positions.

- 0 Scheduled support of simultaneously operated laboratories
- and facilities to effectively utilize NAFEC resources.

4 VR; o Simulation of ATC environments, to assist in developing

ATC procedures and equipments.
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o Provision of communications links from various ATC
operational positions.

- to other ATC positions (local or remote)

- to controlled aircraft either live or simulated by
means of radio channels :

- to other external communication networks via a
common carrier interface.

A. Operational Features

In addition to providing all the required IC/IP and radio
communication functions, the NCSS system will include a number of
specialized features in support of the NAFEC mission, e.qg.:

o Incremental functional growth by addition of equipment
modules into pre-wired nest positions, or additional
subassemblies/functional units [1§].

o Expansion of common control functions by simple program
modifications or subroutine additions. Larger enhance-
ments will be possible by modular expansion of the basic
processor.

o0 Reconfiguration in two dimensions for:

- Geographic (operational environments), such as large
control areas with relatively low aircraft density,
quick transient conditions that exist at busy control
centers.

- Positional reallocation of functional capability within
an NCSS including control of agssigned functions at
positions, line/trunk terminations and radio channel
allocations.

- Experimental Support: operation in many different
test scenarios simultaneously, with master configura-
tion "maps" depicting commonly used scenarios kept on
auxiliary storage for easy entry.

c-121
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- Availability Restoral: restoration of functional
performance in reaction to equipment failures.

T
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This system capacity is shown in the Table C.5. The effective
ultimate éapacity will be far less than 250, i.e., about 125 posi-
tions at any given time, since some positions are not counted as ~

true positions due to their limited capabilities and usage.

bos

b
P <>
&

B. Technical Eguipment

The NAFEC switching system will consist of position equipment
and very sophisticated state-of-the-art computer controlled elec-
tronic backroom equipment, which are described here [;Q]. The
block diagrams showing the concept of an NCSS is Figure C-27. The
NCSS will operate in a voice communication environment. The ter-
minations will consist of ground-ground and air-ground links which
will be classmarked. It will allow easy and frequent reconfigura-

tion, partial or total.

The expansion of NCSS will be facilitated by modular construc-
tion, to meet future requirements. This will contribute to mini-
mizing NCSS maintenance management; other factors contributing to
it.will be the optimal system organization high modular reliability,
built-in test/diagnostic routines, centralized status monitoring,

control and automatic service restoral/reconfiguration.
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Table c.5
System Capacity and Modularity [18]

DESIGN LEVEL CATEGORIES

EQUIPMENT I 11 1

Sizing ;
Maximum Number of Positionsg 150 200 250 -

ATC Positions, Enroute and Terminal

Positions equipped as:

Radio Positions 91 125 158
Non-Radio Positions 51 63 80
Supervisory Positions -7 11 11

Maintenance Position 1 1 1l

Line Circuits

Override ' 150 200 250
Automatic Ringdown (Siﬁulated) 130 150 175
Voice Call (Simulated) ' 150 175 200
Radio (Simulated) 90 90 100
Automatic Ringdown (Live) 20 25 25
Voice Call (Live) 10 15 20
T; Radio (Live) 15 20 25
;; Conference 15 20 25
;i PABX Tie Lines 15 20 25
?3 Maintenance Circuit 1 1 2
éf \ Pilot Laboratory, DSF
B g Pilot Positions 646 80 96
S Line Circuits Radio (Simulated) 80 80 90
Ei Flight Simulation Laboratory
0 Line Circuits Radfo (Simulated) 10 10 10
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‘ _ Figure C=27
-7 NCSS Block Diagram
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The NCSS Maintenance Repair will be designed on the module
replacement principle, and will be aided by utilization of gquick-
disconnect features. High reliability will be enhanced by

utilizing quality components and elements.

The NCSS unit will interface with PABX's, Central Offices,
Federal Telecommunications System, Pilot Laboratory of the Digital
Simulation Facility, and the Flight Service System Support Facility,

as well as remote radio transmitters and receivers.

C. Position Equipment

This unit will be employed at the operating positions. The
functions performed consist of requesting and acknowledging
communication service and actually transmitting information
through speakers, headsets and microphones. All NCSS position
equipment in the laboratory/facility operating consoles consti-
tute a human factors man-machine interface, which will function-
ally and operationally duplicate:

o The Western Electric 300 Switching System as utilized
in the Air Route Traffic Control Center (ARTCC),

© The Western Electric 301A Switching System as utilized
in Air Traffic Control Towers (ATCT) and Terminal Radar
Approach Control (TRACON) facilities,

© The FAA owned radio channel control position equipment.

These positions will have the capability for replacement of

the positions and applications in different test scenarios of

C-126
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various field conditions. They will be highly flexible and will

AR
. .

meet the configuration and reconfiguration requirements for

accommodating various position equipment situations.

The positions will be allocated through pushbuttons of the
standard FAA communication capabilities, e.g., Direct Access (DAa), =
Indirect Access (IA), Conferencing, etc. A number of status
indications will be employed to indicate conditions, e.g., OFF,

FLASH, FLUTTER, STEADY, or WINK states.

The radio transmitter will be controlled by the push-to-talk
switch, if a position is not already overridden. Selection of
receive/transmit radio channels will be by radio channel modules,
and a transmit interlock feature will prevent other positions

from using an occupied channel.

D. Backroom Equipment = .- -

The NCSS backroom equipment will consist of: a common con-

oy
A

g trol subsystem, a switching subsystem, and all the support equip-
-

- ment.

<

a

al E. The Common Control Subsystem

-

jl This subsystem controls the exchange activity and will include
S

f_ B a redundant pair of digital computers, the required software and
T

ancilliary devices.
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The main functions and capabilities of the exchange common

control subsystem are:

o

Call attempt recognition, reception and setting-u
connections, their maintenance and disconnectiocn.

Classmark table maintenance on a per termination ! is
and its analysis for each call attempt.

Control of external interfaces to networks, e.g., trunks
of other PABX's, FTS, TELCO Central Offices, recognition
of signalling and other specific requirements.

Configuration map maintenance and interpretation for
each laboratory/facility.

Indication at each position as to which functional capa-
bilities have been assigned to the position. The functions
assigned to a position will be displayed by LED's, LCD's,
or similar devices, and include: trunks and circuit
designators, radio channels special assigned function
pushbuttons.

An automatic switch-over to the stand-by unit to assure
continuity of service will be transparent to the main-
tenance crew. A manual switch-over inhibit will also
be provided. ' )

Automatic data logging will be done on service informa-
tion, maintenance records on operational parameters and
failure statistics, could also be displayed at the Main-
tenance Console.

Real time Quality Control (RTQC) to check for system
degradation. The results will be displayed on a Receive-
only teletypewriter.

The Support Equipment required in the backroom is not directly

involved in the process of carrying the traffic, however, it is

important and in some cases imperative to the functioning of the

exchange and includes the following capabilities and functions:
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0 Maintenance Management Aids shall include equipment (such
as Maintenance Colsole) and software (such as Real Time
Quality Control), on-line routines continually monitoring
the performance, and off-line diagnostic and fault isola-
tion routines.

o Data Collection Units shall provide a means for re-initial-
ization of the NCSS from a dead start (i.e., no power and
memory loss).

o Special Equipment - all special test equipment and special
tools necessary for proper NCSS maintenance and operation.

CONCLUSION

The Interphone/Intercom Service of the FAA has been served
since the 1950's by crossbar and relay based switching systems,
with hardwired logic, which were then the state-of-the-art. The
increasing air traffic and complexity of procedures in serving
safe take-offs, landings, and flights, has demanded quicker,
more versatile and feasible switching systems. The old systems
cannot meet the challenges--of aviation communications of the

future.

The state-of-the-art in technology has advanced from the
relay and crossbar days to computef controlled all solid-state
electronics. Todays systems technology offers substantial savings
in reduced building space and power requirements, far hiéher speeds
of connections, utmost reliability, low downtime, and instantaneous

fault detection location and repairs (through module replacement).
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Additionally, systems allow for quick reconfiguration in gaining
optimal configuration for utilizing scarce and expensive trained
controller resources. These systems can adapt to any new signal-
ling scheme through software, however, the very specific require-
ments have so far prevented any zealous activity on the part of
the industry. The ultimate reliability requirements have been
the cause of new hasty actions on the part of the FAA, which did
initiate some programs for developing new switching units. These
programs were shelved at various levels during conceptualization

or development for one reason or another.

The TCSS program did result in the procurement of a Litton
exchange, which has been installed at Dallas/Fort Worth. The
success of this modern exchange has proved to the FAA that the
replacement of other existing systems will be advantageous and
timely. The FAA has issued_documents and specifications for
development and procurement of the switching system to be used
at the NAFEC facility, as well as for the small Voice Switching -
System (SVSS) to be located at smaller FAA facilities. The
existing exchanges at larger FAA facilities will be replaced by
two Voice Switching and Control Systems (VSCS), which are still

being conceptualized.

Thus, the FAA strategy appears to include a two-tier switching
network, a small unit (SVSS), and a large unit (VSCS). Though these
two units may be enough to cover most of the spectrum of FAA require-
ments, it may leave some uncovered range in the middle or lower end

of the spectrum.
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