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FAA AIRCRAFT SEPARATION ASSURANCE
TECHNICAL DEVELOPMENTS

On December 27, 1978, the Secretary of Transportation and the
Federal Av iation Administrator announced a comprehensive program
intended to further improve the safety of the flying public. In
that “Plan for Enhanced Safety of Flight Operations in the
Nati onal Airspace System,’t the Administrator announced a series
of actions intended to provide a high l evel of protection for
the flyi ng public while retaining a large degree of freedom of
airspace usage consistent with this safety goal. The plan de-
scribes a seri es of programs to be implemented and other pro-
grams that are planned and being proposed. It is clear that no
single action will ensure the desired level of safety as the
density of traffic rises, but that a series of integrated ser-
vices is needed to achieve and maintain the high level of safety
to which the Mierican public has become accustomed.

It is the purpose of this paper to provide background on the
portion of the FAA plan that rel ates to the technical systems

~ 
needed for aircraft separati on assurance and future av ion ics
requirements. This discussion will deal with the technology
developments and the rati onale for the actions taken and pro-
posed.

Suninary of the Plan

The Administrator ’s plan calls for increasing radar services at
80 air carri er airports, establishing mandatory terminal control
areas at 44 additional locations and putting most of the busiest
air routes above 10,000 feet under direct air traffic control.

In addition to these measures, the FAA wi l l propose regu l ati ons
requiring wi der use of altitude reporting Air Traffic Control
Radar Beacon System (ATCRBS) transponders by all aircraft opera-
tors and Installation of collision avoidance systems in most
airliners as soon as this equipment becomes available.

FAA also will expedite ongoing research and development efforts
In the air traffic control field and continue with the instal-
lation of additional safety facilities at airports. For ex-
ample, the FAA will Install 24 instrument landing systems (ILS)
at general avi ation (non—airline) airports in l arge metropolitan
areas to acconinodate practice Instrument approaches. It also
will Install equipment at eight airport control towers that will
permit direct radar readout of such vital flight Information as
aircraft i dentity and altitude.
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As a consequence of the research and development on aircraft
separati on assurance, FAA plans to issue an advance notice of
proposed rule making In March 1979, soliciting industry and
pub lic coninents on such additional regulations as:

o Requiring altitude—reporting Beacon transponders for all
aircraft operations in Terminal Control Areas and Termi-
nal Radar Service Areas (TCA/TRSA) by July 1981. In
addition , all transponders installed in aircraft after
Jul y 1982 will be required to be a new version known as
the Discrete Address Beacon System (DABS~ which among
other evoluti onary improvements provides a means for
automati c “data link” coninun ications for use with a
ground— based collision avoidance system.

o Requiring all airliners and air taxi aircraft to carry
an Active Beacon Collision Avoidance System (BCAS) by
January 1985. This device triggers transponder replies
from other aircraft, evaluates the position and altitude
informati on and advises the pilot when a potential prob-
lem exists and what evasive action is necessary, If any.

Objectives of the Plan

The Nati onal Airspace System consists of two operat i onal modes:

o A system of controlled ai rspace, in which separation is
prov ided by procedural , radar or visual means along de-
fined routes and airways for aircraft in contact with
the air traffic control services and operating under
Instrument or Controlled Visual Flight Rules. The plan
expands the airspace in which control and separation
servi ces are provided and made obligatory.

o A system of uncontrolled airspace, which operates under
V isual Flight Rules (VFR), is used heavily by general
aviation , and relies primarily on procedures and see-
and—avo id as its means of collision avoidance .

The two modes have distinctly different mi d-air coll ision prob-
lems. The large majority of collisions have occurred outside of
control In VFR airspace, most frequently between general avia-
tion aircraft with one or two occupants, near uncontrolled air-
ports. However, a coll isi on risk exists in controlled airspace
as well , as evidenced by FM system error reports, pilot near-
mi dair collision reports, and reports through the Aviat ion
Safety Reporting System. That risk , though hi storically small ,
rises as traffic density rises. The features of the plan are
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intended primarily to reduce the collision risks within the
controlled system.

The plan takes a dual approach to collision avoidance or air-
craft separation assurance. This approach provides for a
ground-based primary system, backed up by an airborne system.
The two work together to provide maximum protection to the
greatest number of people who fly.

This paper describes the Automatic Traffic Advisory and Resolu-
tion Service and the Discrete Address Beacon System that makes
it possible , the development of airborne collision avoidance
systems, and the relationships among them. It also touches
briefly on an FAA development concept called the Automated Term-
inal Service which may bring a level of additional collision
protection to uncontrolled airports where historicall y the
largest numbers of collisions have occurred.

Background Facts

Eight years of Nat i onal Transportation Safety Board collision
stati stics (Figure 1) show that collisions occur most frequently
outside the control system or at the boundary between controlled
and uncontrolled airspace. Over the eight-year period 1970—1977
there were 187 collisions between two uncontrolled VFR aircraft,
with 228 fatalities . In addition , there were 13 collisions in-
volvi ng one control led and one uncontrol l ed aircraft, with 105
fatalities. Wh ile the 1978 San Diego collision is not repre-
sented in these data, it remains true that there are relatively
few collisions involving air carrier aircraft, and most air
carrier fatalities have occurred under circumstances in which a
controlled air carrier aircraft encountered an uncontrolled
military or general avi ati on aircraft.

However, even without the San Diego case, this record is not
satisfying, in that other measures of safety indicate that risks
of potential collisions continue to exist in the controlled sys-
tem. This Is shown by the high air carrier involvement in m ci-
dent reports shown In the stati stics listed in the l ower portion
of Figure 1.

The FAA has for several years collected system error reports
from controllers and near-midair collision reports from pilots.
These reports are investigated and verified . Fi gure 1 shows a
compilation of reports In each category. These data show a high
i nvolvement of air carriers and a large concentration of inci-
dents within the terminal area.
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A new and additional concern has been raised by the Aviation
Safety Reporting System administered by NASA . Among the reports
received, 228 reports in the first year and half of operation
concerned altitude deviations. These were all reported out of
the controlled system, and consisted of aircraft which for one
reason or another flew through their altitude clearances. These
reports are over 50% air carr i er, and one in ten led to a loss
of vertical separation. While there are limitations in the NASA
reporting system, in that the reports are from single indivi-
duals and not verified by investigation , this represents another H

dimension of mid— air collision risk within the controlled system.

In sum, the majority of risk of collision fatalities for air
carri ers is concentrated in the terminal area part of the con-
trolled system where traffic densities are high. Because of the
traffic m ix, the air carrier risk is hi ghest at the fringes of
the terminal control system. In contrast, most of the general
avi ati on col l i si ons occur at the 12,500 small airports where
there are no control facilities . These two areas are importaflt
facets of the collision problems addressed by FAA ’s Aircraft
Separation Assurance Program.

Coll ision Avoid ance Systems Development

FM’s development programs for airborne collision avoidance sys-
tems are intended to produce systems that work under all weather
and traffic conditions. They are intended to electronically
“see” all aircraft of concern , to use computers to automati call y
detect possible threats, and to display to the pilot (and the
controller , In some approaches) an alert, al ong with a recom-
mended maneuver comand to avoid a collision. They are i ntended
to operate integrally with the ATC system in controlled air-
space, and in some desi gns to provide a measure of protection to
equipped aircraft in uncontr~1led airspace as well.

To Illustra te thi s concept, consi der that the system functions
by setting up an electronic shield around the protected aircraft
(Figure 2). Any other aircraft that is projected to pass
through this shield within a pre—determined time will cause an
alarm accompanied by a reconinended maneuver . This pre—set time,
known as the warning time, is typically 30 to 40 seconds.

The size and shape of the electronic shield is critical , since a
shield that is too large or improperly shaped will cause too
many False or unwanted al arms, wh i le one whi ch is too smal l (or
improperly shaped) will not provide sufficient protection.
Further, it Is difficult to control the size and shape of the
electronic shield , since it is determi ned by factors such as the
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ability to precisely measure the position of another aircraft,
the response time of the aircraft involved , the pilot response
time , the relative closure speeds, the AIC separa ti on standards
in effect at the time, terra in and obstac le avo id ance , airport
configuration , and the like.

The word “projected~ was used to describe the path of the otheraircraft of concern. Not all collision avoidance concepts have
knowledge of pilot intent , and airborne collision avoidance sys-
tems never do. If a pilot intends to change fli ght path in the
nex t 30 to 40 seconds , but at the moment appears to be on a
course that would pierce the protected volume , the system will
al arm. This is troub lesome in the denser terminal areas where
turning aircraft are the rule rather than the exception , and is
an additional source of false or unwanted alarms .

Third , false al arms may be unsafe. If a pilot executes a maneu-
ver based on a fal se a l arm , it is necessary to assure that this
does not place him suddenly in conflict with another aircraft
operati ng on a perfectly safe course.

Finally, collisi on avoidance systems differ radicall y in their
ability to establish these electronic screens. Some devices can
prov ide onl y one or two s hapes of screens , while others can con-
tinually vary their protective shields as different situations
or ai rs pac ’ reg i ons are encountered . The FAA and various equip-
ment manu facturers have been ex perimen ti ng w ith a num ber of
collision avoidance system concepts and designs since the late
1950’s. The earl iest of these were a seri es of Airborne Colli-
sion Avoidance Systems (ACAS), whose history is described in
Appendix A. As discussed there, a detailed evaluat i on of all
contending ACAS concepts was completed in 1975, with the con-
clusion that none could form the basis for system-wide collision
protection either in uncontrolled or in high density controlled
airspace .

Follow ing thi s evalua ti on , and faced by what some felt were in-
surmountable technological l imits , the FAA held a series of
public meeti ngs on the collision avoidance question in the
period September 1976 through February 1977. These conferences
were widely attended by all se~nents of the av i ati on and user
conrun ity. The objective was to review the results of the
tests, and to consi der various new technologies under parallel
development by FAA and DOD that held promise of eliminating many
of the shortcomings of the ACAS systems.

As a result of these and other activities , a comprehensive,
multi-faceted approach to the collision avoidance problem was

7
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formu lated , blending together requirements from the pi l ot and
user coninunity as well as the new technologies under development
at the time.

This approach , which FAA calls the Aircraft Separation Assurance
Program , forms the basis for the current development efforts.

Cornerstones of the Aircraft Separation Assurance Effort

The fcllowi ng are the cornerstones of the aircraft separation —

assurance philosophy as it rel ates to the technical systems
development:

o First , even using the latest technology , FAA does not
believe it is possible to develop a single Collision
Avoidance System that will meet the need in all environ-
ments (controlled vs. uncontrolled , high vs. low den-
sity). A mix of collision avoidance devices will be
required. Independent but coordinated airborne and
ground-based solutions to this problem are needed.

o Secon d, providing high quality collision avoidance ser-
vice in the denser termi nal areas requires that the
electronic protective screen discussed earlier be tai-
lored on a site-by-site basis to account for differences
in operational procedures , separation standards , ob-
struc L10 fl 5 , runway confi guration , etc. To be practical ,
this requires ‘~~~~~ ~ of ground-based collis ion avoid-
ance service taPort~ - 

indT~idual h i gh density
airport.

o Third , the need to achieve earliest possible prc.~tectionfor the l argest number of aircraft and passengers , re-
quires that users who equip can receive protection from
other aircraft which are equipped only with altitude -
reporting transponders.

o Fourth, the capability to incorporate a system to pro-
vide the pilot with a displa y of surrounding traffic as
wel l as a maneuver advisory is a highly desirable poten-
tial future capability of any anti-collision system.

o Fifth, It is essential to aflow for evolution of the
system in a manner compatible with future ATC system
evolution.

FAA ’s program Is designed to satisfy these fundamental require-
ments.

8
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FAA is pursuing several separate but coordinated technical
developments as a part of the separati on assurance effort. It
should be stressed that this effort is possible only because of
the recent advent of large scale microprocessing technology;
technology that did not exist even a few years ago. The major
elements of this program are: the Automatic Traffic Advisory
and R~solut on Service for high density controlled airspace and
the Discrete Address Beacon System that supports this service;
an active Beacon Collision Avoidance Systems for l ower density
controlled airspace and some uncontrolled airspace areas as
well; a full-capability BCAS development applicable to all air-
space; En Route Conflict Alert and Resolution , and Terminal Con-
flict Alert services; and the development of the concept of an
Au tomated Termi nal Service.

Conflict Alert/Conflict Resolution

Conflict Alert , the initial phase of the aircraft separat i on
assurance program, is already operational in most of the
Nat i onal Airspace System. In en route airspace Conflict Alert
warns controllers of potential separat i on minima violations two
minutes before they occur . Altitude clearances can be manually
inserted into the computer by the controller , which serves to
inhibit the generati on of a number of false alarms . This system
is current ly implemented above FL230 in all centers, and in well
over half of the l ow-altitude sectors. The system is also
usable on primary radar targets with manual insertion of alti-
tude and manual track initiat i on.

In the term i na l area , Conflict Alert warns controllers of poten-
tial separati on minima violat i ons some 40 seconds in advance.
The logic currently uses 1.2-mile horizontal and 400-foot verti-
cal separati on minima criteria. The system is currently imple-
mented in all of the ARTS III terminals except the dual beacon
sites , which are scheduled for implementat i on this year.

Although the system warns of impending violat i ons of separation
minima , it does not provide a secondary backup to protect
against human errors by the controller in generating and issuing
resolu ti on c l earances , or by the pilot in executing a clearance
wh i ch was generated as a result of the conflict alert . Conflict
Alert tells the controllers when a conflict situat i on starts and
f in is hes. The con trol l er , howeve r, can su ppress the aler t, and
no second warning is given if the situation fails to resolve
itself. In short , there is no effective backup in the case of
hum an error , such as clearance or altitude violat i ons.
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Conflict Alert wi ll be effective in warning the controller of
system errors. In most cases, this will result in successful
resolution . In some percentage of the cases, howeve r, where
human errors occur , an automatic backup is needed. This need
will be met by other elements of the aircraft separation assur-
ance system.

Confl i ct Resolution is an advisory assistance to the controller
in resolving an en route conflict alert situat i on. Development
work is starting on the definition of the conflict resolution
function for use in the en route center areas. As currentl y
env i s i one d , Conflict Resolution would offer the controller a
family of acceptable solutions , leaving the selection of the
actual resolution for any given conflict up to the controller.
It is envisioned that the Conflict Resolution advisories would
be given to the controller at the time that the ori ginal Con-
flict Alert is displayed.

Automatic Traffic Advisory and Resolution Service

To address the hi gh density airport problem (as well as other
airspace regions), FAA is working on a system which uses ground-
based computers tailored to the requirements of an individual
airport . This system is called Automat ic Traffic Advisory and
Reso lution Service (ATARS), illustrated in Figure 3.

ATARS makes use of ground computers which operate independently
from the normal ATC computers and from the controllers them-
selves. This system employs an upgraded radar transponder sys-
tem known as the Discrete Address Beacon System (DABS) being
developed to serve a var i ety of future ATC system needs. This
new DABS system is full y compatible and evolutionary with
today ’ s ATC system, and will i ncorporate an automatic conriuni-
cati on channel -— a data link -— between the aircraft and these
ground collision avoidance computers. This system will provide
the needed information on transponder-equi pped aircraft in all
weather conditions , will include distance , altitude , direction
and i dentity, and can be implemented without making obsolete the
existing ATC safety systems.

Once the necessary equipment is installed on the ground , a user
must buy a new airborne Discrete Address transponder and a dis-
play of his cho i ce to make use of the service. This new trans-
ponder can replace his present ATC Beacon transponder at a
modest cost i ncrement, and will util ize the existing altitude
encoder systems that are a necessary element of collision avoid-
ance protection . Once an aircraft has the DABS transponder and
ATARS data link equipment installed , it will receive inuiediate

10
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protection within the ATARS service areas against ~~ other air-
craft equipped either with today’s AIC Beacon trans ponder and
altitude encoding system or with the new Discrete Address trans-
ponder. This will ensure that the first aircraft that equips
will receive substantial protection ininediately, since the alti-
tude encoding ATC Beacon transponder system is already widely
implemented , and i s cu rrently requ i red by law for operat i ng
above 12,500 feet and in a number of terminal areas.

Final testing of the DABS system has begun at the FAA Nat i onal
Avi ation Facilities Exper imental Center (NAFEC), in Atlantic
City, New Jersey. The ATARS portion has been delivered by the
con tractor , Texas Ins trumen ts , and testing of this portion is
expected to begin in the sunrier of 1979.

Beacon-based Collision Avoidance Systems

It was noted above that no sing le system sati sfies the total
need, and that a mix of ground and airborne systems is neces-
sary. The ATARS system is no exception -- it has known limita-
tions. Even in its ultimate form, it can provide service only
w ithi n D i scre te Address Beacon coverage , leaving a need to
develop a collision avoidance system that works outside of DABS
coverage. To fill this gap, and to provide a l evel of backup
within coverage, FAA i s deve lopi ng two vers i ons of on airborne
co lli s i on avo id ance system known as BCAS -- Beacon Co l l i s ion
Avo idance System. The term “ Beac on” stems from the fact that
these systems, like their cooperati ve ATARS counterpart , can use
the present altitude reporting ATC transponder or the future
DABS transponder as the coninon element (Figure 4). There are
two BCAS designs that differ significantly in their capabilities:

Ac ti ve BCAS

The first and the simpler of these not-so-simple systems has
been named “Active BCAS.” It is similar in concept to the
earlier ACAS systems except that it capitalizes on the essential
protection and evolutionary advantages of being Beacon based.
L i ke i ts ACAS predecessors , because of the inavailability of
directional informati on it can provide only vertical maneuvers
(climb/dive). The basic protection logic (electronic shield)
has been improved over its predecessors, but the system will
have many of the ATC interaction problems that pl agued ACAS .
Because of these limits and other detailed technology problem s,
the system will not be used in the denser terminal areas, but
will be confined to operation in the en route airspace and in
less dense environments (as well as outside of radar coverage).

12 
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This system can in addition be made available earlier than any
of its counterparts. Experimental models of this system have
been fl i ght tested in the New York, Was hi ngton , and Los Angeles
areas. A draft National Standard for this system has been
issued in order to enable the airline equipment manufacturers to
begin designing marketable versions of this system. Three engi-
neeri ng models are currently being built for FAA by MIT’s
Lincoln Laboratory.

In its present form, the Active BCAS system cannot obtain the
directional information necessary to provide a traffic display
to the pilot . However, recent developments in the airborne
directional antennas hold promise of at least partially elimi-
nati ng this restriction in the not-too—distant future. FAA is
investigating this possibility, and believes it will be possible
to obtain a form of air-derived bearing inform ati on to provide a
proximity display with this Active BCAS system.

Full Capability BCAS

The second type of BCAS system which is under development is
calle d t he “Full—ca pability BCAS.” It p rov id es a more compl ete
serv i ce than Act i ve BCAS , and makes use of recen tly develo ped
techniques and new high speed computer technology. When opera-
ti ng i n radar cove rage , this system can “listen ” passivel y with-
out adding interrogations of its own in high density areas, and
will provide directional information of much higher quality than
is possible even with the airborne directional antenna mentioned
earlier . Because of this important breakthrough , this system
can also provide both horizontal and vertical maneuver coniiiands
in addition to an electronic display of surrounding aircraft.

Full—ca pability BCAS can operate in multiple modes of active
and/or passive participation depending upon the radar coverage
serv i ces ava i la bl e, the equipment on board the threat aircraft,
and the density of traffic in the surrounding airspace. It pro-
vides protection to a Full-capability BCAS equipped aircraft
from any Intru der carr yi ng an al tit ude repor ti ng ATC Radar or
Discrete Address Beacon transponder. It al so provides traffic
advisor i es on all aircraft equipped with at least Radar Beacon
trans ponder , with or without altitude encoding. BCAS equipment
Inc l udes a display , a processor, a transmitter capable of mak i ng
Interrogations on 1030 megahertz, a receiver capable of re-
ceiv ing replies on 1090 megahertz, top and bottom mounted direc-
tional antennas and a Discrete Address transponder . The fre-
quenc ies used by BCAS are the same as those used by the ground
surveillance systems.

14
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In a purely passive mode, BCAS can listen to the replies that
surrounding aircraft make in response to interrogations from
several ground ATC Radar Beacon interrogators (of which at least
one is equipped with an azimuth reference) and can infer the
position of own aircraft rel ative to other aircraft. When oper-
ati ng within the coverage of only a sing le ATC Radar Beacon
interrogator, BCAS can augment its surveillance by making its
own active interrogations of the surrounding aircraft and of a
fixed transponder pl aced on the ground at the radar i nterrogator
location . When operating within coverage of a single Discrete
Address Beacon i nterrogator, BCAS can infer the positions of
surrounding aircraft by listen ing passively to their replies to
DABS interroga tions , and by listen i ng to certain information
describing the current pointing direction of the Discrete
Address ground antenna as transmitted by the DABS sensor. BCAS
can also operate (albeit with somewhat more limited informati on)
outside the coverage of any Beacon radars by operating in a
purely active mode. In this mode, BCAS makes its own i nterro-
gations and listens to the replies of surrounding aircraft
carrying DABS or Radar Beacon transponders to those interro-
gations. Threat direction (PWI) advisor ies are provided by em-
ploying the directional antennas in the active mode.

L ike ATARS , BCAS is designed to provide traffic advisories and
to issue maneuver advisories in the last moments before colli-
sion, in each of its operating modes, BCAS exchanges informa-
tion with another BCAS unit at the time of detecting a conflict
in order to coordinate the advisories being displayed. BCAS
generates and disp l ays traffic advisory information on threats
equipped with DABS or Radar Beacon transponders, with or without
altitude reporting capability . BCAS decision thresho l ds for
advisori es are comparable to those used by ATARS. BCAS is cur-
rently in the experimental stage and would not be implemented in
its full capability form for several years.

The Full-capability BCAS described above provides service in all
airspace well i nto the 1990 time period. It will provide backup
protection to equipped users in all airspace (particularly air-
space with high aircraft densities) until ATARS is implemented.

Both the full capability and limited capability systems are
i nterf aced with ATARS through the DABS data link . BCAS resolu-
tion advisories are suppressed when the aircraft operates in an
ATARS service area.

The technology for Full-capability BCAS is still new. Basic
experiments are now being conducted at FAA ’s Nati onal Av i at i on
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Facilities Experimental Center. FM is in the process of con-
tracting with avionics equipment manufacturers for desi gn
studies l eading to the construction of several models of this
system for test and evaluation .

Time Frame for the Elements of the Aircraft Separation
Assurance Effort

As discussed above, no sing le device can offer a complete solu-
tion to the problem , thus a mix will be necessary. The ATARS
system Is needed to deal effectively with the high density areas
typical of the major airport areas. The Active BCAS or the
Full-capability BCAS system can provide protection outside of
ground radar coverage and in less-dense regions (including por-
tions of uncontrolled airspace) where the ATARS system would not
be implemented. In addition the Full-capability BCAS can backup
ATARS in high density airspace, and will provide the bridge
until DABS/ATARS is fully Implemented .

The time frames projected for the availability of the various
systems al so differ. The ATARS and the Active BCAS systems are
furt hest along in the development process. Testing of DABS and
ATARS w ill begin early in 1979 at NAFEC. Earlier tests of this
system were conducted in the Boston area in 1975-76. Deployment
of the ground elements are expected to begin in l ate 1983. Ex-
perimental tests of the Active BCAS have been conducted and the
draft National Standard has been issued this month.

The Full -capability BCAS system is in an earlier stage of
development than the other two systems because its technology is
much newer and because it Is more complex . This system will
take several more years of development to perfect. Sufficient
development data to support a draft National Standard will be
available in February 1982.

Dependence on ATC Transponders

The aircraft separation assurance program depends on widespread
use of ATC Beacon transponders with altitude-encoding capabil-
ities . It presumes a timely transition to Discrete Address
transponders, especially for new and replacement transponder
purchases. For this reason the program calls for altitude re-
porting Beacon transponders in all radar terminal areas
(TCA/TRSA) by July 1981, and for DABS transponders In new
installations after July 1982.

16
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Pros pecti ve Effect iveness of the FAA Pro gram

The potential effectiveness of the FAA program can be illus-
trated by examining how the availability of the new systems
might have affected past mi dair collisions and near-midair col-
l isions involving air carriers.

During the period 1964-1972 there were fifteen mi dair collisions
involving at l east one air carrier (Figure 5). Those fifteen
midair collisions resulted in 271 fatalities . Two of those
coll i s i ons occurred un der con diti ons that were probab ly not
resolvable by any form of collision avoidance system. One was
a coll i s i on at Har li ngen , Texas , that occurred at 200 ft. on
final approach between a conuiercial and general aviation air-
craft under con diti ons where ne ither BCAS nor ATARS woul d have
been effective. The other was a mi dair collision over Carmel ,
NY , in which two air carrier aircraft initially had adequate
altitude separation, but a visual illusion caused by a sloping
cloud deck caused one pilot to conclude that separation did not
in fact exist. As a result he pulled up into and collided with
the other aircraft. This was a clear case of human error.

Thirteen of the fifteen mi dair collisions occurred under condi-
tions where either the Automatic Traffic Advisory and Resolution
Service System or the Full— capability BCAS might have prevented
the collisi on. All of these collisions occurred in Beacon
ground system coverage. Considering the risks , the use of
Full—ca pability BCAS, or of DABS/ATARS in coverage plus active
BCAS for use outs ide coverage areas , are judged to be equiva-
l ently valuable services.

Eight of the fifteen mi dair collisions mi ght have been prevented
through the use of Active BCAS if the traffic level had been at
l evels experienced in 1975. If the traffic had been at the
level expected in 1995 it is judged that Active BCAS performance
would have been degraded and that it would have been successful
in only six cases.

Another way to view the relative merit of the various collision
avoidance systems is to examine their potential effectiveness at
preventing near-mi dair collisions. An advantage of using near-
midair collision data is that the near-midair collisions occur
more frequently than do the fortunatel y rare midair collisions
and thus provide a l arger number of data samples. A disadvan-
tage of using such data is that the data is based on reports of
indivi dual s who have some motivation to submit such a report.
There are probably other near—mi dair collisions that are not
reported, and the reported cases may not be fully representative
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of the distribution of near-mi dairs throughout the system, or of
the conditions under which they occur. The near-midair reports
do, however , provide an indicat i on as to where improvements are
possible.

Out of the 227 near-mi dair collision reports tabu l ated in Figure
1, 52 involved at l east one air carrier aircraft (Figure 6).
All 52 were potent i all y preven tab le throug h the use of the Full -
capability BCAS. Five of those 52 near-mi dair collisions oc-
curred outside the hypothesized ATARS coverage with the result
that ATARS would have been effective in 47 cases.

The five cases falling outside ATARS coverage were likel y to
have been preventable with Active BCAS. It was judged however
that active BCAS would not have been effective in 11 cases oc-
curr i ng in the hi gher dens ity term i nal areas -— cases w here
ATARS and the full-capability BCAS were judged as likel y to be
effective. Thus Active BCAS mig ht have prevented a total of 41
of the 52 near-mi dairs .

This brief and simplified review of midair and near-midair
collision data indicates that ATARS has the potential of pro-
viding for a significant increase in collision avoidance pro—
tection within the ai rspace receiving ATARS services. The data
also indicates the need for additional protection outside of the
ATARS ai rs pace , and FAA believes active BCAS is the most suit-
able answer.

Even in 1990 most of the airspace over the contiguous 48 states
will lie outside the high/medium density areas (Figure 7). This
is the airspace where an active BCAS system would be the most H
effective. Either ATARS or the Full-capability BCAS would be
needed to provide a high level service within the ~~~~~ high!
medium density areas. The active BCAS would also provide some
protection in these areas under certain conditions but, in
general , acti ve BCAS per formance wou ld be degra ded, and likely
not available.

Figure 8 shows a plan view of the ATARS coverage that would be
real ized if ATARS were installed at 162 Airport Surveillance
Radar si tes and effective out to a distance of 50 nmi from each
site. A comparison of the hi gh/medium density areas of Figure 7
with the hypothesized ATARS coverage Figure 8 shows that all
hi gh/medium density areas would receive separation advisories
from at least one ATARS site.
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Developments for Lower Activity Airports

With the provision of ATARS, and the carriage of BCAS by air
carriers and some general avi ati on -- especially the coninuter
carri ers -- the major sources of public transportation colli-
sions and fatalities within the controlled system and at the
boundary between controlled and uncontrolled airspace are
addressed. One remaining port i on of the program is directed to
the general aviation operations at small uncontr olled airfields
which do not now have towers today but support a large enough
number of operations to cause concern about the risk of colli-
sions and considerat i on of providing a VFR tower with all of its
limitations. A new capabilit y now under development , the Auto-
mated Termi nal Service (Figure 9), is desi gned to reduce the
risk of collision at such airports and to provide other services
as well . Through the use of the ATC Radar Beacon system with
altitude encoding, and an automated voice-response system, the
Automated Terminal Service provides traffic advisories to the
aircraft in the pattern , management of the traffic pattern it-
self in terms of sequencing, as well as the normal weather and
runway advisory services provided by the Automated Terminal In-
formati on Service at larger airports. This system may provide a
more cost effective solution than the inst allation and operation
of a tower.

The additional provision of a Discrete Address interrogator with
its data link at these facilities would support the addition of
an ATARS type service. Such a service would provide both im-
proved collision protection in and around the airport , and addi-
tional sources of low altitude coverage of the Automated Traffic
Advisory and Resolution Service. The avaiab ility of DABS Data
Link and ATARS at these low density fields would provide a
system-compatible approach to addressing the collision risk out-
side controlled airspace.
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Sumar y

FAA ’ s aircraft separati on assurance program offers compatible
collision protection both within and outside the controlled sys-
tern.

In the controlled airspace where most all air carriers and many
conmiuters and instrument-equipped general aviation aircraft
routinely fly, the pr imar y source of se parati on assurance w ill
continue to be the air traffic control system backed by the Con-
fl i ct Alert service.

To provide a backup , three interre l ated elements were announce d
in the Administrator ’s plan of 27 December 1978:

o Within coverage, the Discrete Address Beacon System and
the Automated Traffic Advisory and Resolution Service
will provide the primary backup to the air traffic con-
troller in both medium and high density areas as well as
in the en route system at high altitudes.

o Where cov~”-~ge is limited or traffic is light , the Bea-
con Co lli si on Avo id ance System, either Active or
Full-capability BCAS, as chosen by the operator , will
provide protection against uncontrolled transponder-
equipped aircraft operating in and around the fringes of
the controlled system.

o Clearance verification via DABS Data Link which will
result in reductions in misunderstanding between pilots
and controllers as to the parameters of each air traffic
clearance. This in itself should assist in reducing
system errors and associated near-midair collisions.

These efforts depend on wi despread carriage of either Discrete
• Address or conventional Beacon transponders with altitude en-

coding in order to provide the maximum prGtection to the users.

• Outside controlled airspace, in regions in which primarily com-
muter , air taxi , and the small general aviation aircraft oper-
ate, FAA expects to provide three levels of service for colli-
s i on pro tec ti on:

o Where low altitude radar coverage exits from the DABS
sites of the controlled system, or where it can be ex-
tended through provision of DABS at the Automated Termi-
na l Ser v i ce l oca ti ons , a primary source of collision
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avoidance protection , that is , the Automated Traffic
Adv i sor y and Reso luti on Serv i ce , will be available.

o At small general aviation airports that mi ght in the
future qualif y for a Con trol tower becau se of tra ffic
densities or collision risk , improved services through
the provision of the Automated Terminal Service will be
availab l e.

o F i nal ly, at the smal l er, lower density fields that make
up the bulk of 12,500 airports in this country, FAA will
continue to rely on the use of basic air traffic proce-
dures plus the coimlunications provided by UNICOM ser-
vice . FAA expects that in order to provide effective
UNICOM service to sufficient airports , discrete airport
frequencies will have to be assigned , and this effort is
underway.
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APPENDIX A

AIRBORNE COLL ISION AVOIDANCE SYSTEMS

The fi rst attempt at developing a Collision Avoidance System in
an i ndependent airborne system was spearheaded by the
McDonnell-Doug las Corporation in the early 1960’s, working pri-
marily with the airlines. The system they developed used tech-
nology that was advanced for the time, and was based upon the
use of expensive and delicate atomic clocks. The system did not
make use ~~ directional informat i on, and , conse quen tl y, could
provide onl y vertical avoidance maneuvers onl y -- climb , de-
scend. Limited flight tests of this system were conducted by
the Martin—Marietta Corporation in 1968 and 1969. To complement
this hardware development , the airlines developed and published
a set of computer logic defining the desired alarm parameters,
warning times , etc., which matched the capabilities of this de-
vice.

While the McDonnell -Doug las system, calle d “EROS ,” was be i ng
perfected, two other compan i es entered the coll i s i on avo id ance
field ; RCA began developing an airborne system which they called
“SEC ANT ,” and Minnea oolis—Honeywell undertook the development of
an airborne system called “AVOIDS. ” While different in the
technology used, the RCA and Honeywell systems were almost i den-
tical in concept to the McDonnell-Doug las approach. None of
these systems had directional information available and all were
l imited to vertical escape maneuvers.

The RCA and Honeywell proposals used then newl y-feasible tech-
nology and were potentially lower in cost than the McDonnell
device. Within the aviation industry, these three systems
collec ti vel y became known as “ ACAS ” systems -- Airborne Coll-
ision Avoidance Systems.

In 1971, the FAA undertook a comprehensive program to complete
the development and to evaluate all three of these systems. FAA
awarded contracts to all three of these manufacturers to obtain
operating systems for flight test. A series of simu l ations was
conducted at FAA’ s National Aviat i on Facilities Experimental
Center (NAFEC) in At l antic City, New Jerse y, to assess how the
systems would perform under varying traffic and operational con-
ditions . A joint flight test program was established with the
Department of Defense In which live flight tests were conducted
at NAFEC and at the Naval Air Development Center in Warminster,
Pennsylvan ia. This program of evaluation was compl eted in 1975.
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The fundamental conclus ions of this evaluation were:

o All of these systems were limited to use outside the
dense terminal areas since they produced undesirable ATC
i nteraction or fal se a la rm problems when operating in
the dense terminal regimes.

o All of these systems l acked an Important evolutionary
capabi l ity in that they could not be introduced grad-
ually and build upon the current ATC system base. These
systems were fully cooperati ve and required that new
equipment be installed almost simultaneously in most
aircraft to achieve protection. The first person who

• bought the system received no protection until others
installed the device.

o These systems would not provide protection against
fore ign aircraft operating in U.S. airspace since, as a
pract ical matter , such action would require worldwide
standardization of these systems and adoption by the
International Civil Aviat i on Organizat ion —— an unlikely
prospect since there was little international interest
in collision avoidance systems.
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