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PREFACE

This study initiates the USAF Midair Prevention Systems (MAPS)

Program and is an outgrowth of the ASD Strobe Light Evaluation

(ASD—TR—77—33). Three more major program phases are anticipated.

Th e work and r esults of each pha se will be re por ted in an ASD

Technical Report at the end of each program phase. Techn ical

Reports will also be published covering specific task areas in

each phase  and will be doc umen ted in the overa l l  pha se Techn ical

Report.

Co pyr igh t 0 1977

ARINC Research Corporation

Prepared under Contract F09603—77—A—3104 ,
which grants to the U.S. Government a
license to use any material in this pub—
lication for Government purposes.
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MANAGEMENT SUMMARY

1. INTRODUCTION

The purpose of the five-month (June-October 1977) project described in
this report was to define the Air Force midair  collision problem , formulate
concepts to reduce midair collision potential , and prepare materials defin-
ing follow-’rn program phases , includ ing draf ts of Statements of Wor k and
information for a Program Management Plan .

The work was performed by ARINC Research Corporation for the Avionics
and Aircraft Accessories System Program Office , Aeronautical Systems Divi-
sion (ASD), Air Force Systems Command , Wright-Patterson AFB , Ohio. That
Program Office has management responsibility for the Midair Prevention
Systems (MAPS) Program . The MAPS Program , which resulted from an ASD
recommenda tion , is a systematic , thorough approach to considering all
asj-ects of midair collision prevention . The program was divided into three
phases. Phase I was a planning phase during which a management plan and
tasktng requirements for the long-term program were to be prepared . Initial
problem definition and cost and schedule estimates were also to be developed.
The work described herein is a part of the Phase I effort.

Previous Air Force midair prevention efforts were fragmented and
addres~ ed limited areas. As examples , one effort involved collision avoid-
ance hardware; another , strobe lights; and a third , aircraft paint schemes.
The r fore , we were also to consider efforts currently being conducted and
the organizational relationships between the performing activities.

2. DATA COLLECTION AND ANALYSIS

The irimary source of data on near and actual midair collisions was the
fi 1- : ~ of the Air Force Inspection and Safety Center at Norton AFB , California.
Data from that source were supplemented by information obt~ 

- ned during trips
to the major Air Force flying commands and to HQ USAF and Navy offices con-
cerned with midair prevention. Visits were also made to the offices of the
Federal Aviation Administration . In addition , when it was determined that
the U.S. Air Forces in Europe (USAFE ) were experiencing unique midair
coll ision potential problems , a trLp was made to Germany to collect USAFE-
peculiar information.
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The collected data were analyzed from several different perspectives.

These were , f i r st, the characteristics of the near midair collisions; then
the characteristics of the actual midair collisions; and finally , a com-
parison of the two. Our objective was to identify as many character istics
of near and actual midair collisions as possible; however , in some instances
the data were inconclusive. In other instances, the information was of such
significance that further study or reconsuended actions were in order.

3. BASIC CONCEPTS AND USAF ACTIONS

After the data-analysis phase was completed , basic concepts and actions
that the USAF should explore to reduce the midair collision potential were
developed. Because all aspects of the problem were considered , a very wide
range of actions was formulated and divided into the following five
categories:

Equ ipments

Aircraf t Procedures
System-Control Procedures

Training

Program Integrat ion

4. PROPOSED STATEMENTS OF WORE AND P ROG RA M MANAGEMENT PLAN

Tasks included in the above categories were then evaluated for their
potential to reduce the midair collision threat. We examined alternative
methods for technical development and acquisition with the i r  cost impacts.
The task list , including recommendations for organizational responsibility
for task completion , estimated cost, and a time-phased development cycle,
became the basis for the Program Management Plan (PMP) . For the ma jo r i t y
of tasks, for which information was available in sufficient detail , pro-
posed statements of work were also prepared .

Information for the Program Management Plan and draft statements of
work for the reconsnended tasks were provided to the Air Force in a separate
report. The reasons for this are twofold. First, the Air Force wanted
no restrictions on dissemination of this report. Including dra f ts of
proposed statements of work and estimated costs and schedules for tasks
which may be performed contractually under competitive procurement could
understandably ~tr~ ct dissemination . Secondly, the inputs to the
Program Management Plan had not been coordinated within the Air Force.
Therefore , additional internal Air Force review was required before they
could be disseminated .

x i i i



5. DEFINITIONS

Bef ore presenting the conclusions resulting from the data analysis
and the actions recommended for the Air Force to undertake , the following
definitions are provided :

Near Midair Collision (NMAC) - An unplanned event in
which the aircrew of an aircraf t took abrupt evasive
action to avoid a midair collision , or would have taken
evasive ac tion if circumstances had permitted .

Midair Collision — An accident or incident occurr ing
between two or more a ircraft  during fl ight, where f l ight
is defined as all operations between the beginning of
the takeoff roll and the end of the landing roll.

Associated Flying - Flight involving two or more aircraft
operating in a limited airspace; each aircraft is aware of
the presence of , but not necessarily the exact location ,
of the other.

Nonassociated Flying - Flights where the aircraf t involved
are not both aware of each others ’ presence.

6. CONCLUSIONS

Air Force aircraf t were involved in 301 midair coll isions during the
nine and one-half years from January 1968 through June 1977. In addition ,
during the two and one-half years from January 1975 through June 1977,
Air Force aircraft were involved in 376 near midair collisions. On the
basis of this experience and addi tional analysis contained in this report,
it is concluded that the Air Force does have a midair collision prevention
problem.

£.l Near and Actual Midair Collision Data

The near midair collision ( NMAC) data being collected and formulated
by the A ir Force In spection and Safe ty Center are ex tremely valuable in
identifying the characteristics of NMACs, and in many are.-~s the data
correlate closely with the data related to actual mida ! ~.allisions. The
NMAC and MAC data would be easier to use and more meaningful comparison s
could be made if the two separate files were restructured to include
command data elements and retrievability codes.

6.2 Air Force-Air Force NMACs and MACs

Air Force aircraft are experiencing a higher number of MACs with other
Air Force aircraft than would be expected from the number of NMAC5 being
reported. Approximately 75 percent of all Air Force MACs are with other Air
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Force a i r c ra f t , while only 12 percent of the NMAC s are with other USAF air-
craft . The majority of the MACS occur during relatively high risk operations
such as air refuel ing and formation f ly ing .  Since no NMACs were reported
during these types of f l i g h t  operations, it is concluded that the NMAC data
parallels or models only the nonassociated data on MAC . Nonassociated
MACs between two Air Force aircraft during Lhe period January 1963 ‘~‘ro~~ h
June 1977 occurred at approximately the same rate as between Air Force
aircraft and general aviation aircraft.

6.3 Air Force-Air Carrier NMACs and MACs

With the exception of one MAC with a foreign air carrier (DC—4) in
Viet Nam , the Air Force did not experience any MACs wi th air carriers .
However , during the period January 1975 through June 1.977 , the Air Force
experienced 22 NMACs with air carriers , 10 of which were in the U.S.
Because of these NMACs and the potential fa talities that would result
from a MAC between an Air Force plane and a wide-body jet air carrier , it
is concluded -that the Air Force must devote efforts to preclude this
possibility as a par t of Phase II  of the MAPS Program.

6.4 Air Force-General Aviation NMACs and MACs

Almost 70 percent of the NMACs reported involve general aviation air-
craft. From January 1968 through June 1977, general aviation aircraft were
involved in 54 percent of the Air Force nonassociated MACs , and during the
more recent period January 1973 through June 1977, 83 percent of all Air Force
nonassociated MACs were with general aviation aircraft. Based on the data
from this more recent period , it is concluded that with the exception of
Air Force high risk operations such as air refueling and formation flying .
the Air Force ’s greatest midair collision problem is with general aviation
aircraf t.

6.5 NMACs and MACs by Time of Occurrence

The majority of the nonassociated MACs and CONUS MACs occurred during
daylight hours. However, the percent of night MACs is higher than the
percent of night NMAC5. It is quite likely that there are more NMACs at
night than are being reported because aircrews do not see the other aircraft
in the darkness. Of course , all MACs are reported and 20 percent of the
nonassociated MACs occurred at night . Just over half of these involved
civilian aircraft.

6.6 NMAC5 and MACs by Flight Activity and Altitude

Almost 64 per :ent of the NMAC5 and 83 percent of the nonassociated MACs
occurred during the takeoff-departure and arrival—landing phases of flight.
On the basv~ of flight activity and related data , this analysis reconfirms
earlier conclusions that the majorit y of both NMACs and MACs occur at
relat ively low altitudes (below 5,000 feet) , and in the vicinity (within 10
nautical miles) of airports.
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6.7 NMACs and MACs on Military Low-Level Training Routes and Olive Branch
Routes

Less than 10 percent of the NMAC5 occurred on military low—level and
Olive Branch routes. Only one MAC (in USAFE) of the 24 nonassociated MACs
occurred on ~uch routes. This, coupled with the conclusion presented in
the paragraph above , leads to the addi tional conclusion ‘..hat while TR and
OB routes deserve attention in the MAPS Program , they have received
publicity and emphasis disproportionate to the total Air Force midair
collision potential problem.

6.8 NMACS and MACs by Air Force Commands

Certain commands were shown to have NMAC and MAC rates noticeably
above the USAF average. This was particularly true for USAFE, which
demonstrated a NMAC rate 5.8 times, and a MAC rate 5.2 times the Air
Force average. Two other commands, TAC and ATC , were also shown to have
rates higher than the Air Force average. It is therefore concluded that
thes ’ three commands deserve special attention during Phase II of the
MAPS Program.

6.9 NMACs and MACs by Cause

Almost two-thirds of the NMACs and over one-third of the MACs resulted
from the system-environment in which the aircraft are operated . Pending
imp) ernentation of additional control procedures or collision avoidance
hardware , or both, see-and-avoid must continue to be a major midair
collision avoidance technique.

6.10 Forr’ation, Air Refueling, and Associated Air Force Flying

A large portion (80 percent) of the Air Force MACs occurred during
formation , air refueling, or associated flight . Most Air Force personnel
contacted during this study indicated : (1) the risk is acceptable and
(2) there is no way to prevent these incidents anyway . However , because
of the large n umber of MACs involved in these categories (29 percent forma-
tion , 45 percent air refueling,and 6 percent associated) , some MAPS e f fo r ts
should be directed toward finding ways to reduce the midair collision
potential in formation , air refueling , and associated flying.

7. RECOMMENDATIONS

7.1 Overall Recommendation

Chapter Three of this report indicates that the Air Force does have a
midair collision prevention problem , and Chapter Five discusses concepts
that could reduce the Air Force ’s midair collision potential. It is
therefore recommended that Phase II of the MAPS Program be undertaken and
that these concepts be evaluated .
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7.2 ~pecific Recommendations for Phase II Activities

it is recommended that the following actions be undertaken dur ing
Phase II of the MAPS Program.

Equ ipment
Institute comprehensive basic research into technologies that
could lead to an Air Force Non-Cooperative Collision Avoidance
System.

“ Actively monitor FAA development of a Cooperative Coll ision
Avoidance System and work to assure compatibility between FAA
developments and USAF requirements .

Investigate the practical ity of a small , low—cost airborne CAS
for use by the air training command in the mil i tary operating
areas.

Evaluate actions planned to upgrade radars in Europe to ensure
that they will provide the added capability needed to assist
in reducing the midair collision potential.

Determine the visual enhancement character istics requ ired to be
effective in reducing midair collision potential under daylight
conditions.

Examine the use of simulators and their potential for reducing
the midair collision problem .

Aircrew Procedures
Complete a review of aircrew procedures and related in-flight
duties which contribute to “heads—in—cockpit.” Included in the
rev iew should be checklists, radio transmissions and frequency
changes , aircrew workload requ iremen ts, and displays.

Determine the feasibility of alternative procedures on the use
of mandatory traffic advisories and vectors.

Determine the feasibility of changing the procedures for assign-
ing tactical call signs.

Determine the feasibility of increasing the use of airborne radars
tø redi~c-e- -xnidair collision potential

System-Control Procedures 
-

Determine the best altitudes for conducting low altitude flights .

Determine the optimum airspeeds for USAF aircraft below 10,000
feet.

Investigate tra&-offs between maximizing IFR flight plans and
using “see-and-avoid” techniques on VFR flight plans.

Redu ce instrument approach pla te complexity.
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• Training

Develop better techniques and methods to teach “see-and-avoid”.

Refine  and teach techniques for us ing outside references for
pitch , ban k , and heading control.

Determine the effect of F-l5 and F-16 air—to—air training on
the risk of midair collision and develop an optimum training
syllabus.

Review actions already under way or planned relative to low-
alti tude Olive Branch routes and determine additional actions
necessary to reduce midair collision potential.

~~ Review formation and air refuel ing requirements, procedures ,
and techniques, and recommend improvements needed to reduce
midair collision potential.

7.3 Other Recommendations

I t is recommended that the following add itional recommendations be
considered :

Examine the operations and benefits of the Join t Air Miss Working
Group in Eng land and the A ir Miss Eval uation Group in Germany , and
determine whe ther the establ ishmen t of a similar group in the USA
would be productive in reducing the midair collision potential.

• Review curren t programs and procedures for the exchange of informa-
tion between the USAF and the general aviation community and
recommend ways to broaden and enhance this two-way information
exchange .

Investigate the unique requirements of drones relative to midair
collision potential.

• Initiate a separate program management-integration task to ensure
that the above actions are coordinated and integrated into an
effective midair collision prevention program.
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CHA PTER ONE

INTRODUCTION

1.1 BACKGROUND

In October 1975 , the Aeronautical Systems Division (ASD) of the Air
Force Systems Command (AFSC) recommended a systematic approach to the Air
Force midair collision problem. The recommendation resulted in establish-
ment of the Midair Prevention Systems Program (MAPS). The objective of the
MAPS Program is to reduce the midair collision potential associated with
Air Force flying . Throughout this report we define a midair collision as
one between two or more aircraft during flight , where flight is defined as
including all operations between the beginning of the take-off roll and the
end of the landing roll.

Previous Air Force midair collision prevention efforts were fragmented
and addressed limited areas. For example , one e f f o r t involved collision
avoidance hardw are , another strobe lights , a third , aircraft paint schemes.
The MAPS Program is designed to consider all ispects of midair collision
prevention thoroughly and systematically. In addition to hardware , such
other considerations as training and procedures are to be included. Pre-
liminary AF planning documents (e.g., References 1 and 2) di- - i ~~ed the MAPS
Program into the following phases:

Phase I - During this phase a management plan and tasking require-
ments for the long -term program were to be prepared . Initial
problem definition and cost and schedule estimat~ s were also to
be developed .

Phase II - This phase was to include a more detailed definition of
the problem and establishment of system requirements that would be
usti d to evaluate potential alternatives. In addition , the feasi-
bilities of potential collision prevention systems were to be
assessed as to cost , capabilities , and timeliness. The goal of
this phase was to produce a coordinated and complete set of
requirements for potential systems.

Phase III - Using system requirements developed during Phase II ,
this phase was to develop, test , and evaluate the candidates
previously recommended to determine their potential for the re-
duction of midair collisions. At the completion of Phase III , a
midair collision prevent i on system would have been recommended for
Air Force implementation , according to the early plan .
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The work being reported on herein was in support of the Phase I effort
described above. The tasks of ARINC Research Corporation were to:

• Define the organizationa l relationships of the activities cooper-
ating in various aspects of midair collision avoidance efforts.
It was necessary to identify the various participating organiza-
tions ; to understand their roles , responsibilities, and possible
contributions; and to define how they will interact in the MAPS
Program .

• D~ fine requirements by identifying the characteristics of near and
actual midair collisions. User requirements were to be examined
so that any unique user problems could be addressed.

Identify early initiatives that should be undertaken in the near
term and formulate concepts to be examined in Phase II.

• Develop inputs for the Air Force Program Management Plan (PMP),
based on the results of the previous tasks , as well as proposed
~~at~ ient(s) of Work for tasks to be undertaken in Phase II.

1.2 PROGRAM APPROACH

The first step in completing the work was to visit as many of the
organizations interacting with MAPS as possible. Visits were made to the
major Air Force flying commands, the Air Force Inspection and Safety Center
(AFISC), HQ USAF o f f i ces concerned w ith MAPS, and off ices of the Chief of
Naval Operations and the Federal Aviation Administration (FAA). Information
was also received from such organizations as the Aircraft Owners and Pilots
Association (AOPA). In addition , when it was determined that the Air Force
midair collision problem in Europe was unique in terms of the number of
midair collisions experienced , a trip was made to that theater of operation .

Data collected during visits to the interacting organizations served
several purposes. First , the roles and potential contributions of these
organizations to the MAPS Program were defined. Second , the data collected ,
particularly from the AFISC, helped to define the characteristics of both
n~ ar and actual midair collisions. Finally, efforts being undertaken by
the organizations to reduce the mida ir collision potential were evaluated
for application in the MAPS Program , either as initiatives that the Air
Force should undertake early, or as concepts that could be evaluated for
inclusion in follow—on efforts.

Following the data collection phase , the data were analyzed from
several different perspectives. The c~’aracteristics of the near midair
collisions were determined , then those of the actual midair collisions.
Finally, a comparison was made of the two . Initiatives already under way ,
such as hardware and increased traffic control procedures , were evalua ted
in relation to near and actual midair collision data. If increased traffic
control procedures appeared to be a possible alternative , it was necessary
to recognize that the Air Force teally had little control over the implemen-
tation of new control procedures applicable to segments of U.S. aviation
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outside the Air Force itself. The implications of this aspect made a
special analysis of the civil aviation view and activities necessary.

Following the data analysis, a list of tasks recommended for inclus ion
in follow-on phases of MAPS was developed . The tasks were divided into
five different categories and evaluated for their potential impact. We
examined alternative methods for technical development and acquisition with
their cost impact. The task list, including recommendations for organiza-
tional responsibility for task completion , estimated cost, and a time-phased
development cycle , became the basis for input to the Program Management
Plan (PMP). For the majority of tasks, where information was available in
su f f i c i ent deta i l , proposed statements of work were also prepared.

1. 3 REPORT CONTENT

Inputs to the Program Management Plan and draf t statements of work for
the recommended tasks were provided to the Air Force in a separate report.
The reasons for this are two—fold. First , the Air Force wanted no restric-
tions on di~,semination of this report. Including drafts of proposed state-
ments of work and estimated costs and schedules for tasks which may be
performed contractually under competitive procurement would understandably
restrict dissemination until they had been coordinated and approved by
proper Air Force authority. Secondly, the inputs to the Program Management
Plan had not been coordinated within the Air Force. Additional internal
Air Force review was required before they could be disseminated .

This chapter has provided background on the establishment of the MAPS
Program and described the four proposed program phases.

Chapter Two defines the organizational relationships of the various
activities interacting with the MAPS Program in terms not only of their
existing responsibilities , but also their contributions to future phases.

Chapter Three presents the results of the ARINC Research analysis of
the characteristics of the near and actual midair collisions , and compares
the two. Unique aspects of the different major flying commands are also
considered in relation to these characteristics. The chapter concludes
with our assessment of the Air Force midair collision problem .

Chapter Four addresses the views of both the FAA and the various
civil ian users of the airspace shared with the Air Force. As shown in
this chapter , the views and activities of these organizations impact on
possible courses of action that the Air Force mi ght take to reduce midair
collision potential.

Chapter Five describes the effort to identify early initiatives that
the Air Force could undertake. Concepts and alternatives that the Air Force
could pursue in follow-on phases of the MAPS Program are presented .



Additional conclusions and reconmtendations resulting f rots the project
are provided in Chapter Six.

During the research for this study , we gathered data relating MACs and
N?IACs to radar service , transponders, and to the aspect of the other air-
craft first sighted that led the pilot to initiate evasive action. Unfortu-
natel y, the data inc luded so many unknowns that they were of little value to
this study. The information has been included as Appendix A to this report,
however , with the expectation that it may be of use in later studies with
different objectives.

Appendix B lists related references.
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CHAPTER Two

ORGANIZATIONAL RELATIONSHIPS

2.1 INTRODUCTION

A n umber of organizations , both internal and external to the Air Force ,
are working on various aspects of avoiding midair collisions. These orga-
nizations represent a wide range of activities. This chapter identifies
the various participating organizations and their roles and responsibilities.
Their potential contributions and relationship to the MAPS Program are also
discussed .

2.2 INTERNAL AIR FORCE ORGANIZATIONS

2.2.1 Headquarters USAF

The internal Air Force organizations associated with the MAPS Program
are shown in Figure 2—1. The figure reveals that practically all ma jor Air
Force elements are involved to some degree with MAPS Program efforts. At
the HQ USAF leve l the two organizations primarily involved ar e the Airspace
Management Branch in the DCS/Plans and Operations, Director of Operations,
(A}XOO); and the Avionics Division in the DCS/Research and Development ,
Directorate of Acquisition and Development (AFRDP).

The Airspace Management Branch is responsible for Air Force airspace
management policies. It coordinates its work with :

• Federal Aviation Administration (FAA)

• Air Force Representatives to the FAA

• Other HQ USAF Offices

Major Air Commands

Counterparts of the U.S. Army and Chief of Naval Operations

DoD Advisory Committee on Federal Aviation

Assisting the Airspa~:e Management Branch are the Air Force representa-
tives to the FAA regions. These representatives are authorized by the
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Secretary of the Air Force to coordinate and negotiate on airspace matters
for the Air Force. In addition , these representatives :

• Act as liaison officers for the Airspace Management Branch on
matters pertaining to the regional FAA air traffic services

• Maintain liaison with state and local governments regarding civil
and general aviation interests

Serve as Air Force spokesmen at informal airspace meetings held at
FAA facilities or regional offices

Because of their close relationship with both the FAA and general
aviation activities throughout the FAA regions , the Air Force r -presenta-
tives are in a unique position to assist the MAPS Program in areas requiring
cocq-eration between the Air Force and general civil aviation .

The Avionics Division in the DCS/Research and Development , Directorate
of Acquisition and Development , is the other major HQ USPLF organization
concerned w :tL the MAPS Program. Any new equipment development or acquisi-
tion on the MAPS Proqram will be directed by the Avionics Division . Program
Mar t :enier t Dir otive (PMD) R—P2021(6)/64212F/27l3 was issued by this Divi-
sion. Any changes to the MAPS Program , or approva l to proceed with follow—
on ~hascs , will be directed by the Avionics Division via an updated PMD .

In addition to the two HQ USAF organizations involved with the MAPS
Program , there is a USAF ;eneral Officer Panel for Safety Matters , which is
: ii r . - d l~ t~ Air For-o Inspect r - -rie ral’ s Office (AFI ;I). This panel was
formed in Novernb r 1975; it was known then as the General Officer Panel on
Midair Collision Pot -nt i i i .  The p u - I  met frequently during 1975 and l9~6
and initi at e d several actions that are now closely related to the MAPS
Program (for example , strobe light evaluatiox~). The panel’ s chairman calls
sessions to mon itor the progress of assigned tasks and to continue the
r :irol’ s function as the Air Staff focus for action to reduce the potential
for midair collision .

2.2.2 Air Force Inspection and .~afety Center

The Air Force Inspection and Safety Center (AFISC) at Norton AFB ,
California , directs the Air Force inspection and safety progams , and eval-
uates operational readiness , accident prevention , and management systems.
All aircraft accidents , including midair collisions , are investigated by
the AFISC . Data and statintica l analyses regarding these accidents form
the basis for many internal Air Force recommendations on midair collision
prevention .

The AFISC also ) }a i~~~t ( - . the Hazardous A i r Traffic Ret ort (HATR) Prn~ ram
(Reference 3). Thin program includen reports on rn-a r midair collisions
involving Air Force aircr a ft. Although the proiram was not formally begun
until 1976, the AFISC collected d ata on near midair collisions through part
of 1975 and entered t hese reports into an automated data file. The file is
still being established , hut in itial output from it used during this effort
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*
indicates that it will be extremely valuable as a source of data on Air
Force near midair collisions. The AFISC also publishes a monthly magazine ,
Aerospa oe S af e t y ,  which is a valuable source of information on all aspects
of safety including near midair collisions. Articles published in the
magazine such as “Heads Up” (May 1977), “Contradictions in Midair Collision”
(November 1975) and “The Critical 11 Minutes ” (September 1976) play an
important role in informally educating Air Force crew members.

The AFISC has a significant function in the MAPS Program. AFISC
efforts include :

• Collecting data on AF midair and near midair collisions

• Analyzing the data and providing the results to other concerned
organizations

• Making crew members aware of midair collision potential and ways to
reduce that potential

• Appraising the effectiveness of proposed programs to reduce midair
collision potential

2.2.3 Air Force Systems Command

The Air Force Systems Command (AFSC) is the imp lementing command for
the MAPS Program and is also responsible for the overall management of the
development program. This responsibility includes coordination of the MAPS
Program wi th re lated developments in AFSC and in the major systems program
offices within the Ae ronautical Systems Division (ASD) and the Electronics
Systems Division (ESD).

Within ASD , program management is the responsibility of the Avionics
and Aircraft Accessories System Program Office (SPO) (ASD/AEA). Technical
support is provided by the Deputy for Engineering (ASD/EN). AFSC coordi-
nates efforts of the ASD with the Traffic Control and Landing Systems
(T1~ACALS) SPO in ESD.

2.2.4 Air I- r .~ Communications Service

The Air Force Communications Service (AFCS) manages Air Force air
traffic control. This r i - -pon sibility includes site engineering, installing ,
operating, and maintaining ground TRACALS facilities and equipment. In
coordination with the FAA and the USAF fly ing commands , AFCS establishes
TRACALS ohjectives and plans for submission to HQ USAF for approval. In
addition , as the operatio nal managers , AFCS prepares and periodically
updates the USAF TRA(:ALS Plan.

The AFCS will c o i l j i i i t ~~ efforts with the MAPS Program in two primary
areas : TRACALS ground elements and operation of USAF air traffic control
services . Any recommendations for changes or additions to ground-based
equipment to reduce the midair collision potential must be compatible with
existing/planned equipment in the USAF TRACALS plan. In addition , any
system ; or proc ’slural changes that impact on air traffic control operations
must be coordinated with the AFCS .
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2 . 2 . 5  Air  Force Logistics Comand

The Air Force Logistics Command (AFLC ) has Air Force engineering
responsibility and configuration control for existing TRACALS equipment
and program management responsibility for TRACALS equipment modification
programs . The AFLC is also required to assist AFSC on the MAPS Program in
logistics planning and support , retrofit , and life—cycle cost studies .

2.2.6 Air Force Test and Evaluation Center

The Air Force Test and Evaluation Center (AFTEC) will be responsible
for monitoring any Initial Operational Tests and Evaluation required by
the MAPS Program. (Developmental T - ~ t and Evaluation will be an AFSC
responsibility.)

2.2.7 Major Commands

The other US)tF Major Commands (MAJCOM ) also participate to varying
degree in the MAPS Program . For example , all MAJCOMs are required to
establish and maintain a Hazardous Air Traffic Report (HATR) Program.
Several of the commands have , on no- ision , conducted special tests (e.g.,
strobe light and painting scheme tests) related to midair collision preven—
tion . Probably the greatest contribution that MAJCOMs can make to the
follow-on ç-hases of ti; : MAPS Program 1;; further evaluation and validation
of requirements to r e luc - t - midair collision potential unique to their
operational missions and environment. For example , the Major Commands
would aid in furth r evaluations of the unique operational requirements
in Europe jr in Alaska as opposed to those in the Continental U.S. (CONUS).
Other examples include further validation of the unique operational require-
ments of the Air Training Command (ATC) and the Tactical Air Command (TAC).
Pr ecial situations such as i r o r i - i s e l traffic mix with Civil Aviation ,
is experienced by the A n ~.it ional ;uard a r i  Air Force Reserve (AFRES), must
also be considered . The MAJCOMs are the o }erators of aircraft involved in
the rni lai r or near mida ir col lisi -ars . Ar ” syst -n resu ltin f re t s  the  MAPS
Program must then fore m e t  ti;~- n p e vi~~ic requirements of the MAJCOMs.

2.3 ORGAN IZATIONS EXTE RNAL TO THE AIR t URCE

2.3.1 Federal Aviation Adnrinis r tt is ;

The F’~ cI -r i i Av rat non Admir t r i  ion (FM) of t I -  Department of Trans-
por ta t ion  ( LX)T) develops o f  op iates a ccxnmon syst -m of air traffic ;entrol
and air navigation f r  ~s t L  civi lian and m i litary aircraft. The FAA also
requla t - ; air tra t tic to ~~ te r aviation a fet ,’ . However , the USAF retains
responsibility for l in rii nq and mar.aying A i r Force programs uni quely con-
cerned with milit a ry air tra tti c control facilities. In general , - i  ieu t-
services a e  provided Ly the FAA (or foreign host government- ;); in terminal
areas at. USAF fixed Las s, ‘-rv l : it - are provided Lv the USAF .
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Several mechanisms exist to ensure that coordination required between
FAA and the Air Force is achieved . As indicated in Section 2.2.1, the Air
Force provides representat ives to each of the FAA regions . These represent-
atives coordinate AF-FAA matters within each region. For example , matters
originated by USAF commands that concern airspace under FAA jurisdiction
are processed through the Air  Force representatives. The FAA Special Use
Airspace Program provides for a continuing review of all airspace assign-
ments. The FAA special use airspace teams coordinate their review with the
AF representatives. Similarly , where the operational situation is Luch
that cont inual  FAA-Al’ coordination is required , the FAA wi l l  provide a
permanent representat ive at an AF location (HQ ATC , for  example) .

The Air Force also has personnel assigned to the FAA Head quarters.
For example,  the cur ren t  DoD liaison officer to FAA ’s Separation Assurance
office is an Air Force officer. The Air Force also actively participates
in joint D0D-FPJ. committees. One such committee is the FAA—DoD Engineering
and Development Coordinating Committee. Formal agreement establishing this
committee was consummated in early 1977. Thus far the committee has
established the following panels:

• Approach and Landing Systems

• Wind Shear

• Separation Assurance

Command , Control , and Surveillance

• Space Systems

Althoug h the Panel on Separation Assurance has not existed long enouoh
to permit a judgment of its value and relationship to the MAPS Program , it

should aid FAA-AF coordination relative to midair collision prevention .

The Air Force and DoD adv~ catit joint research and development activi-
ties with the FM. The FAA-DoD Enqineering and Development Coordinating
ComzTtittei- is ore mechanism that fosters joint research and development.
However , hecius - there are military needs peculiar to air warfare , including
‘-rirnl ,at tr aining , rel ,iti- i equi pment needs , and military operations not under
U.S. territor ial jurisdiction , the Air Force retains responsibility for
planning and manag ing programs uni quely concerned with military operations .
In fulfilling this responsibility , the Air Force needs to maintain an active
role in coordin iting FAA — DoD effort ’; in all facets of airspace use , and in
collision avoidance syr;temr; in particular.

2.3.2 National lransj ~ rtation Sa ~~~~ Board

The National Tr iro portation Safety Board (NTSB ) investigates all U.S.
civil aviation accidents either directly or by delegation to FAA . It also
conducts special studies and makes recommendations on matters pertaining to
aviation safety and aviation accident prevention . Recommendations to Con-
gress on proposed legislation a r -  included . The NTSB also maintains an
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automated data base on civil aviation collisions ; however , collisions be-
tween military aircraft are not included . No direct use was made of the
NTSB automated f ile during this ef for t, but fu ture MAPS phases should
consider i t  as a data source.

2.3.3 NASA Aviation Safety Reporting System

Under a 1975 Memorandum of Agreement between NASA and FAA , NASA ’s Ames
Research Center in i t i a t ed  and manages the NASA Aviation Safety Reporting
System (ASRS). The system is operated by Battelle ’s Columbus Division ,
Mountain View , California . The purpose of the system is to identify prob-
lems requiring correction . To encourage reporting , the FAA has agreed to
waive disciplinary action for violations of the Federal Air Regulations.
As a resul t, the ASRS has been successful in obtaining numerous reports
describing human errors in the system . Copies of the previously discussed
HATR reports are made available to the ASRS by the Air Force Inspection and
Safety Center .  Summary data and resu l t s  of special analyses are published
in NASA quarterly reports. For example , the third quarterly report (Refer-
ence 4) included an analysis of failures in communications between pilots
arid controllers. Because of the relatively short time span on the MAPS
e f f o r t  described here , no use was made of the ASRS ; however , fu tu re  MAPS
phases should find this system a valuable data source in validating require-
ments for systems or evaluating recommendations.

2.3.4 National Associations

Several national associations are expected to influence the workability
of any proposed solutions to midair collision prevention , particularl y those
proposing new re gulations or mandatory aircraft equipment. The influenc’
that the associations exert on proposed legislation is significant. Pos-
sible recommendations or solution s resulting from future MAPS efforts may
require endor se-mi nt from t }ii - following partial list of concerned national
associations:

• Air ‘Fr a r e - ; p or t  Association

Airline Pilots Association

• Aircraft Owners and Pilots Association

• Aviation Distributors and Manufactur e rs Association

• (ommuter Airline Association

• National B u s i n es s  Aircraft Association

• - oaring Society of America

2 . 3 . 5  DeeD Advisory Committee on Fede ral Aviation

The Air Force is the lead service on the DoD Advisory Committee on
Federal Aviation . This Advisory Committee , made up entirely of DoD
organizations , reviews aviation matters in all areas and develops positions
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that consider and coordinate the needs of all DoD components , including the
Joint Chiefs of Staff. One recent example of the work of this committee
was an analysis of the impact on DoD if the proposed FAA Beacon Collision
Avoidance System (SCAS) should become mandatory. Although advisory in
nature , the DoD Advisory Committee on r eeit ral Aviation would be tie rerqan~
iza tion most likely to promulga te a consolidated DoD position on any MAPS
Programs impacting on or relating to Federal aviation matters.

2.3.6 Army Aviation Organization

Several Army organizations are responsible for aviat ion ac t iv i t ies
which ei ther  current ly  relate to the MAPS Program or may relate to the MAPS
Program in subsequent phases. One of these is the U . S .  Army Agency for
Aviation Safety located at Ft. Rucker , Al abama . This organization is sim-
ilar in operation to the USAF Safety Center. Army coordination with the
FAA and most aspects of Arm y policy on Air Traffic control procedures and
equ ipment are handled by the Aeronautical  Services O f f i c e  of the U . S .  Army
Communications Command. Equipment development is the r espons ib i l i t y  of the
Electronics  Cormnand (ECOM) a t  Ft.  Monmouth , NJ . F u t u r e  MAPS efforts which
relate to equipment development should be coordinated with ECOM to prevent
unwarranted  dup licat ion . The Arm y now has some exploratory develonment under
way on equipment w h i c h  may be re la ted  to the MAPS effort ( e.g., equipment
f or control of he l i cop ter  a i r  t r a f f i c  forward  areas)

2 .3 . 7 Naval Avia t ion  Organizat ion

W i t h i n  the Navy , two o f f i c e s  in the Deputy Chief of Naval Operations
(CNO) organizat ion are p r i m a r i l y  involved w i t h  safety and a i r  t r a f f i c  con-
trol. These are the Deputy CNO for Aviation Safety (NOP—OSF) and the Air
Traffic Branch (~ rJ -513). The first office , along with the Naval Aviation
Safety Center in Norfolk , Virginia , fulfills responsibilities similar to
those of the Air Force Safety Center . The Air Traffic Branch has the
responsibility for Navy-FM coordination . From the equipment standpoint ,
t ;  le vi : luç m rit of ground q u i p r n  - i t  f i r  a i r  t r a f f i c  contro l is the responsi—
b i l i t -~ ~ f ~s -  ~:i rv e - i l 1 a n  c; - end  N i V i g a t  ion ~ys t -m ;; D i v i s i o n  w i t h i n  the Na val
E l  -ct ? sOleS Sy ,- r - : ; ’r,nmand. A ir forni e 3 u 1 J r n e - r r t  is developed wi  t h i n  t b e

A v iu re icr ; i ,rvn .;ion ut t : e e  N a v e l  Air ~y s t o m s ssrr ;rnd . A l t i  u - t h  the Nav Y moni tors
FAA ’ s co l l i s ion  avoidance equi~)mer i t de velopment , it does not have a specific
program to address midair collision potential.

2 .4  SUMMA RY

This chapter  l e e -  - discussed the numerous organizations involved in
var ious  aspects of m i d a i r  co l l i s ion  avoidance efforts. They will inter-
r e l a t e  in vary ing h grecs in f u t u r e  MAPS phases.  A summary ma t r ix  of the
organizations and their responsibilities are shown in Figure 2—2. Awareness
of the organizations and their responsibilities is needed in conducting
f u t u r e  midair prevention efforts.
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CHAPTER THREE

DATA ANALYSIS AND PROBLEM DEFINITION

3.1 INTRODUCTION

Chapter Two described the numerous organizations interacting directly
or indirectly with the MAPS Program. Visits were made to as many of these
organizations as possible , especially the major operating commands , to
identify and define the Air Force potential midair collision problem .
Chapter Three w i l l  t rea t  the data collection process and the resul ts  of
the ARINC Research data an~el ysis. The problem that the Air Force faces in
midair collision avoidance , as indicated by the analysis , will be discussed .

3.2 DATA COLLECTION

3.2.1 Literature Search

The data collection phase began with literature searches performed at
the Defense Documentation Center and the National Technical Information
Service . The ARINC Research team was aided considerably by prior literature
searches completed by ASD’s Equipment Engineering Directorate in the course
of its “ASD Strobe Light Evaluation” (Reference 5). Copies of prior
bibliographies and , in many cases , copies of the reports cited in them
were made available to project personnel. The literature search revealed
that a major study of near midair collisions had been completed in 1968
(Reference 6) and that an analysis of actual midair collisions had been
completed in 1973 and updated in 1974 (References 7 and 8). Although some
-.:censideration was given to military aircraft in these reports , they dealt
primarily with civil aviation and did not examine, the uni que military en-
vironment and operational requirements. One report that did address the
Air Force situation was prepared in 1976 by the Directorate of Aerospace
Safety at th e- Air Force Inspect ion and Safety Center (AFISC ) . This report
(Reference 9) summarized all Air Force midair collisions from l9f~5 to 1975.
That report , coupled with two others primarily concerned with civil aviation ,
served as the starting point in collecting additional data.
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3.2 .2 Ai r Force Inspection and Safet,y~c~nter Data

A t r i p  was made ear ly  in the project to the Air  Force T nspection and
Safety Center to discuss the availability of data from its automated files.
The C e n ter  ma in ta ins  two separate files relative to midair collisions. The
f i r s t  contains data on ac tual  m i d a i r  col l is ions;  the second contains near
midai r  col l is ion data collected under the Hazardous Air  T r a f f i c  Report
(HAT R) P rogram .

The HATR Program , established in June 1976 under Air Force Regulat ion
1 2 7 — 3 , reports and inves t iga tes  all  near midair  collisions and air  t r a f fi c
c o n d i t ion s  considered to be haz~ rdous . Under the HATR system a near midair
c o l l i s i o n  (NMAC ) is def ined as “ an unp lanned event in which the aircrew of
an a i r c r a f t  took abrupt evasive act ion to avoid a mida i r  collision , or
would have taken evasive ac t ion  if circumstances had permitted” (Reference
3 ) .  No a t tempt is made to incorporate a precise “miss distance” into the
d e f i n i t i o n . The Di rec to ra te  of Aerospace Safety at the AF I SC administers
the HATR Program and assures that the reports f i led are investigated fully.
AFISC also main ta ins  an automated f i l e  of the reports , summarizes the data ,
and recommends measures to prevent accidents .

Although the HATR Program did not formally begin un t i l  July 1976 , data
on NMACs in 1975 were avai lable and entered into the HATR file. At the
time of our v i s i t  to the  AFISC , the automated f i l e  was still being estab-
l ished.  As a result , sleecial  proyrarnxcc ing baa to be completed to search
the f i l e  and re t r ieve  ce r t a in  data elements.  The AFISC personnel we re most
cooperative and conside red the output  requested as the f i r s t  real test of
the f i l e .

Data on the ac tua l  m i d a i r  co l l i s ions , as opposed to the NMACs dis-
cussed above, were obtained from a separate automated file at the AFISC .
It would have been ideal for comparison purposes if the two files had been
i d e n t i c a l l y  s t ruc tu red , but they were not .  The f i l e s  were establ ished at
d i f f e r e n t  t imes and unders tandab ly  r e f l ec t  d i f fe r e n t  emphases . For example ,
in the ac tua l  m i d a i r  f i le , the most read i ly ava i lab le  printouts  were by
a i r c r a f t  type . Special searches were -  conducted for project personnel to
provide as much automated so r t i ng  as possible.

We reviewed , sorted , and categorized the computer printouts. The
results of this review and analysis are described below.

3.3 ANALYSIS OF NEAR MIDAIR COLLISION DATA

Before p r e s e n t i n g  the d ata ana lys is , some additional introduc tory
coninents are in order. The remainder of this chapter contains numerous
tables and figures that categorize both near and actual midair collision
data . Some of the- categories are t raditional in midair analysis, as , for
example , categorization by altitude and type of flight plan. Other cate-
gories are unique ’ to the Air Force problem, as , for example, by coninand and
by low-level routes. Severa l of the categorizations did not yield signifi-
can t resul ts and permitted no conclusions. The objective of Phase I of the
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MAPS effort was , in part , to identify the characteristics of near and actual
m i d a i r  c o l l i s i e e r i s ;  t he re fo re , as many charac te r i s t i cs  as possible have been
p r e s e n t e d .  Some of them are inconclusive , whili- others are of such sign i f i -
ca nce that furthe r study or recommended action is in order. However, this
report  conta ins  a l l  the  r esu l t s  of the data anal ysis .  In those instances
where the data presented are inconc lus ive , it is presented w i t h  the expec-
tation that fellow-on MAPS researchers will review the data and judge in-
dependentl y wl e - e h ~~ or not a particular aspe~ct merits further study.

Dne discrepancy was noted in the HATR file and should be explained
before the summarised results are presented . The discrepancy pertains to
the to ta l  n umber 01 near mida i r  collisions in the f i l e .  Some searches
indica ted  a total  ef 351 NMAC5 whi le  other searches indicated a total of
376. Th i s  d i f f e r e n c e  was discussed wi th  AFISC personnel but the discrepancy
could not be c l a r i f i e d .  Pro jec t  personnel suspected that  the discrepancy
migh t  have r e su l t ed  from the d i f f e r e n c e s  in format between the 1975 data
and the IIATR system f i l e  set up in 1976. For example , the HATE system
contains  more lata elements for each NMAC than does the ear l ier  f i l e .  A
se-arch against a data element common to both files would therefore pick up
ill records whereas a search against a data element not common to both
files would re sult in a smaller number. It is also possible that 25 rec—
L ’r dS  were  not coded for the geographical areas of the continental United
Stat e-s (CONUS) , U.S. Air Force Europe (USAFE), or Pacific Air Forces
(PACAF ) . A l l  searches by unique data element and geographical location
to ta led 351 NMACs , whereas  a l l  searches by unique data element , regardless
of geographical  loet -at ior i , totaled 376 NMACs. Because the time available
for a n a l y s i s  was l im i t e d , and because the d i f f e r e n c e s  between the two n uin —
be rs was only  about 7 percen t , it was agreed that the discrepancy would not
significantly affect the outcome . Therefore , depending on the data elenients
pr e-s -nteel , the subsequent data analysis figures may show the total n umber
of NMJe1CS to be either 351 or 376.

3.3.1 NMM sby seeegraphical_Area

Because it ole-rates all over the world , the  Air Force must be concerned
wi th the midair collision problem everywhere , not just in the CONtJS . There-
fore , th e- NMA C data were cater --j u r i z e d  by geographical  area .  The resu l t s  are
shown i l e  Tabit 3-1.

Table 3-1 i n c l u d e s  a l l  NMAC reports  in the HATR f i l e  c o v e r i n g  the
period from 1 J a n u a r y  1975 th rough  approximate l y 20 June 1977 . Al though
t h e -  data f i l e  had not been in ex is tence  long enn ugh to e s t a b l i s h  long-term
trends, an additional breakout for  1975 , L976 , a nd for  t h e  t w o  ye a rs  corn-
l ined , does i n d i c a t e ’  t he  r e l a t i ve m a g n i t u d e  of the NMAC situation within
t h e  t h ree  a r e - cc ’ , .  ‘i’lc i s  i n f o r m a t i o n  is shown in Table 3 — 2 .  The:- data i
seated also show the’ to ta l  f l y i n g  hours and the average f l y i n g  hours  i -o r
NMAe : reported. F0c examp le , in 1975 , USAFE reported one NMAC tar each
4. 134 hour - f io w n, while- ~ 1e t l e c -  CONUS t h e ’  Air Force exl-crience’d 45 , 017

f l y ing hours betw- - - ’r i r e - ; ’ e r t . - c I  NMA Cs . S i m i l a r  r e - s u i t s  ire shown f o r  l ’ 17 e
and t h e  to ta l  f i l e -  per iod combine-c l . The r e l a t i v e l y  s ma l l e r  f u m I e r  of NMACs
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Table 3-1 . NUMBER OF NMACS BY
GEOGRAPHICAL AREA

January 1975 - June 1977

Geographical Area Number of NMACs

CONUS* 2 57

USAFE 83

PACAF 11

Total 351

*Includes Alaska and Hawaii because
they have about the same air tr a f f i c
control procedures as CONUS.

in USAFE through June 1977 is not the result  of a reduction in mida ir
threat , but , rather , is caused by the administrat ive and investigative
time required to process European NMACs into the file.

Before the data described above were obtained , AF personnel familiar
with the USAFE area had estimated that the midair problem in USAFE was
probably five to ten times greater than that in CONUS. The lower range of
this estimate is confirmed by Table 3-2. Dividing the total CONUS average
flying hours per NMAC in Table 3-2 by the comparable USAFE and PACAF rates
indicate-s that the- midair problem in USAFE is about 5.8 times greater than
ire CONUS, with PACAF being about 1.3 times as great. Because of the special
USAFE situation , a rrc-mb er of the ARINC Research project team visited the USAFE
area and investi gated the princi pal causes of the higher USAFE midair threat .
The result- ; of that trip are discussed in Section 3.3.9.

3. 3.2 NMACs~~~~ Categor~~of A i r c r a f t  Encountered

Figure 3-1 i-resents the total NMACs by category of the number two air-
crut t. With very few exceptions , the n umber one’ aircraft , i.e., the one
filing the NMAC , was an Air Force aircraft and the n umber two aircraft was
the one encountered by the Air Force aircraft . (Air carriers in the table
include both scheduled and unscheduled airline aircraft , and general avia-
tion includes both business and private aircraft.) As noted in Figure 3—1 ,
the majority of NMACS were with civil aviation (75.2 percent) . General
aviation aircraft (61.4 percent) predominated. The percentage rises to
69.3 percent when both CONUS and foreign general aviation aircraft are
included. NMACs with domestic and foreign air carriers accounted for only
5.9 percent of the total figure .
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Before the data in Figure  3-1 had been collected and summarized , trips
were made to four of the major flying commands: Strategic Air Command (SAC),
Tactical Air Command (TAC), Military Airlift Command (MAC) , and Air Training
Command (ATC). Air Force personnel in these commands were unanimous in their
opinion that the nu mber one midair collision potential was with light gen-
eral aviation aircraft , at relatively low altitudes (below 3000 feet) , in
the vicinity (within 10 miles) of an airport or on low-level training
routes. They considered the midair threat with air carriers very small.
The statistics in Figure 3-1 confirm their opinions.

3.3.2.1 NMAC Rate with General Aviation

Personnel in the commands visited during the course of this project
described several factors they felt contributed to the high NMAC rate with
general aviation . The factors include :

• The large number of general aviation aircraft , estimated to be
approximately 180,000 in the CONUS

• Proximity of military and civil airports

General aviation unawareness of military air refueling and low—
level training routes

• Significant number of flights conducted without flight plans

• Lack of ability of Air Traffic Control (ATC) radars to “see” small
general aviation aircraft not in the ATC system , i.e., the mixture
of aircraft flying under instrument fli ght regulations (IFR) and
those under visual flight regulations (VFR)

• Reluctance of many general aviation pilots to call FAA or Air Force
traffic control facilities to receive traffic advisories

• Lowe r level of experience and training in flight plan filing and
•-n route proce d ures of general aviation pilots

• Lack of equipment , including two—way radios and transponders , in
many general aviation aircraft

The general a’,’ i e t  ion situation , as it relates to NMACs and actua l mid-
air collision;; , will be discussed further in subsequent sections.

3 .3.2.2 NMAC Rate with Air Carriers

As not ed in Figure 3—1 , the NMAC rate with air carrier aircraft ac-
counts for ,i relativel y smal l percentage of the total. Because of the
fatalities that might occur in a mid air collision with a wide—body jet ,
concern with this asj e -t of the MAPS Program is understandably much greater
than the re ’rce-nta qes shown in Figure 3-1 would seem to merit.

In ge-r u ral , the personnel of the Air Force commands visited during
this project arid the numerous individual pilots interviewed bel ieve tha t
the probability of a midair collision with an air carrier is extremely
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small. There are two reasons. First, as indicated by the n umbers in
Figure’ 3—1 , the air carriers are not often involved in NMACs. Second ,
tO - .- i-ilots kn ew the air carriers operate under rigid air traffic control
w i t h  t h e  1 c c - s t  equipment and highly qualified pilots . Nevertheless , between
January  1975 an-I J ’ i r ie  1077, 22  NMACs did occur with air carrier aircraft.

T e L l e r  ‘
~-3 - ; h c c w ’  the altitud e-s at which the air carrier NMACs occurred.

The m e t  cu r l i i  si n-; IOFect of the data seen in t h i s  table is that  10 , or
a~ pro::imately 45 r~ercent of the air carriers’ NMACs , occurred above 25 ,000

- t .  This  f ac t  is con t ra ry  to the overall  NMAC s i t ua t i on  where only  4 . 3
jtrcent - f the t t ,u l NMAC5 occur above 25 ,000 feet (see discussion in
S t - -  t iO fl 3.5.5). The m a j o r  t- - ason for the disparity becomes obvious when
the primary cause- of the NMAC5 w i t h  a i r  c a r r i e r s  is ascertained (Table 3 - 4 ) .

Ta b le  3 - 3 .  ALTITUDE OF NMACS WITh AIR C A R R I E R S

January 1975 — June 1977Altitud e- 
_______ — ______ ________ _______

( i i i  feet ) -CONUS USAF E PACAF Tota l

He-1 -w 2,000 1 1 1 3

,,00l — 5,000 2 1 0 3

5,01-I — 11 1 ,001) 3 0 1 4

1 ,001 - 15 ,000 1 0 0 1

15 ,001 — ,4 ,9~ o 0 1 0 1

24, ) i ’  1 1 1 c 3  - uhe ve 3 7 0 10

Total 10 10 2 22

Ta ble  1-4. PRIMARY CAUSE - )1-’ NMACS WITH A IR CARRIERS

Jaosc ry 1975 — June 1977
Primary Cuusc - — —— —______ _______

CONU S USAFE PACAF Total

(‘orltrol 1 c r Error 7 1 14

Pilot Error - Non-AF 2 1 0 3

Pilot Error - AF 1 0 0 1

Oy st e c m Ic ’ - I i c i ency  1 1 0 2

F a i l u r ’ -  — Sc c—and—Avoid 0 1 1 2

Tot al 1 :  10 2
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C o n t r o l l e r  e r ror , p a r t ic ul a rl ’,’ in a s s i g n i n g  two a i r c r a f t  the same en route
cruise altitude or in erroneously instructing one aircraft to descend or
climb th rough  the other ’s altitude , accounted for 14 , or 63.6 percent of
the NMACs with air carriers. Non-Air Force 1-ilo t er ror ;; were caused pri-
marily by decc- ntc he-low assigned altitude . The one- Air Force pilot error
occurred when the pilot saw the air carrier , incorrectl y perceived it to
be at the same attitude , and in attempting to avoid it descended toward it .

All , but one of the USAFE and PACAF ;‘:rtrolle r er ro rs in volved the
;ccc t c o u n t r y  controllers, In the “I)NU~~, t h e -  Six ‘ o r ; t r e j l l e r  errors were

- - -~ua1ly di vided be t w e en  FAA and AF c s s t r - t l e r  lerSOnfle l .

W h i l e -  the pot ent iii of NMAC with air  -- a r r  i c  r : ;  represents a small per-
centage of ‘-he overall NMAC threat , the numbe r of fatalities that could
occur dictat e that thIs aspect continue f e e  r ec e iv e  emphas is  in the MAPS
Program .

3 . 3 . 2 .3 NMACs Rate with Other Military Aircraft

As indicated in Figure 3-1 , 86, or 22.9 percent , of the NMACs were
w i t h othe r military aircraft. Of th ese , 26 we re w i t h  foreign m i l i t a r y
a i r c r a f t , orimarily in the USAFE area. Of the 44 AF NMACs wi th  other AF
aircraft , 2 1 occurred in the CONUS. Of these- , con t ro l l e r  error was the
primary c-co; -~ in 1-I of the occurrences , AF pil ot er ror i n 4 , and system
deficiency and 11- ’R—VFF traffic mix in 3.

The sombe r of AF-AF NMAC5 may very well be higher than indicated in
I- ’ l ;ure 3—1 . No N~-tA~ s are re-ported for formation flying , or air refueling ,
arid very few f-c- flight in the terminal areas Although close proximi ty
flying is e . -x~~e~~t e - d  in these e ) p e ’ r i t i o f l S , situations (undoubtedly occur where
the  a i r c r a f t  f l y cl- s;e - r thdn planned and have to take abrupt evasive action
to avoid a midair collision ( 5 e ~~e j (-fjnit(on of NMAC in Section 3.2.2).
When such an C / st  cc - , a t c r l  the tW o A i r  Force a i r c r a f t  i nvo lv e - I are
from th e - -;ame organization , ~Is- corrective ac tion is probabl y taken locally
and no further resorts are- made .

3. 3. 3 NMAr~~~~ ’ runmand

Table- 3-5 j - r e - s e - r ; t S  NMAC data for the major Air Force flying commands.
Commandr, - 1; as AFLC , AFSC, and M’CS, which had a re-lat i v e - l y  smal l  amo u n t
of f l y i ng  t cr0 ’ and a corre spondingl y - mall number of NMT ~~ - , are not included .
In a d d i t i o n , come of t h e - NMA I’;; f t - m  1975 (prior to irn~-lcmentation of the
HATR sy- t e - r n  in l97t) did not provide -u breakout by commands , resulting in
the lower I - - I  il n e uml e - r Of N MIe ’ shown on the  t i l de .  The a v - r a q e -  for  a l l
commands combined w e - - en e  NMA C f or every 22 ,688 fl ying hours. As seen in
the t a b l e , th e- USAFE , when i t s  avera cle  was compared to that of al l  the
major  commands , t a c t  4 . 56  t i m e - ; ;  more NMACs than the’ average ; TAC had 1.116
t im e s  m o r (  ; and ADC t e e - I  0. ’e ( , , or about ha l f  the average.
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Several factors account for the wide disparity in the NMA C rates
experienced by the commands. The USAF E is obviously unique both in terms
of operations and its air traffic control environment. The IJSAFE situation
is discussed further in Section 3.3.9.

The Alaskan Air Command (AAC ) situation is also uni que . This command
provided data in addition to that contained in the HATR file. From January
1974 to August 1977 , AAC reported 17 NMAC s involv ing  m i l i t a r y  a i r c r a f t ,
seve n of wh i  cf oc - -:ri rr ef - l tctwelen January 1975 and June 1977. The- s ign i f i -
cant  ~oint - regarding these NMACs are that all involved general aviation
aircraft; all occurred below 3 ,000 feet; and all took place within 25
: i—uti ca l miles of Elrnendorf AFB . The FAA has  es t abl ish ed spec ial Te rm in a l
Ar -a R u l e s  fo r  the An c t ;e r e i q ~ - area (which includes Elmendorf AFB) , and the
FAA General Aviation District Office (GADO) and the Air Force Wing Safety
ffi ce conduct a -i-- n e - al a v i a t i o n  pilot education program. While most of

the - -mph -isis m-i~~t be on “see-and—avoid techni-~ues , command personnel
beli eve- t t , t t  some type of aircraft airborne proximity warning system is
also needed .

Visi’ - - w e - r e made to ;e-’ ,’erral of the othe r commands and individua l
situations d i S C U S Se d . The Tactical Air Command , for example , while con-
cerr,e -: about t o e-  midair threat with genera l aviation , is becoming particu-
larly co: -- m ed abe-it the- increa— ,in -~ potential for midair collisions be—
f c - ; TAC aircraft. The threat incr e ase has been caused by the following :

Pro j c - ct-- i increase in the number of TAC fighters and air combat
training sortie-s

• ~~ ir ;t in g of ne-S air - raft to r e duce  the i r  conspicu i ty

Use of -;rnoke -le ;r ;s e - r; -~ines

• itigher mane uver r a t e - - -;

For examJ ic , TAC is m~~j e- - ;t e-l to have 72’i F—l5s that will fly approximately
500 sorties j efr ~ e y .  Ea~ t sortie s-ill e n t a i l  about four close passes to
>;t h.;r hi - 1 h €‘rformarc e - c i  r- - r a ft . The result will be a total of 2 ,000 passes
wi ts - l  high - a t - - s t  i - c l  for m i d a i r  collisions c - a c t ;  day for the F— l5 fleet
alone. Inc audition , n o c r e -  t ; - i r ;  1300 F—16s will be coming i n to  the  TAC
j ; , , ; I  a - . TAC a C t i c i j  i t c - , that ground attack training missions for the
F—l6 w i ll iccei ;rc t f - a  abou t 40 e r - -nt. of the total sorties and air—to—air
e-r - H-; e’menet;; for  about 60 i c - o c e n t .  The p r o j e c t i o n s  for the F—1 6 f l e e t  are :

hh pc- i c e - i t A/A passes l I R h  a/c  X 0.8 a v a i l a b i l i t y  x 4 p a s se s / f i t

2 f l i q t t / d ay / a c f t  = 5330 A/A passes per day

Th i s  ly l e- of p r o j e c t io n , und e rscored by the February  1977 F — l 5 / F — 5  m i d a i r
co l l i s ion , is of m a i o r  concern to TAC . The command is constantly examining
t r a i n i n g  and op e r a t i o n a l  procedures to reduce the potential fon midair
-olliciofls , but  r e s -o qn iZ e-S that no one solution exists . The high number
of a l r - t e - - i i r  t r a i n i n g  f l i g h t s  being conducted makes mida i r  col l is ions
inevitable. The o b i e - c t i v e -  mus t  I c e  t o  minimize the number of these
occurrences.
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Within the Air Training Command , the n umber of student pilots is
considered to be at a rock-bottom level now . Approximately 1, 000 under-
graduate pilots will be trained this year. The number will increase to
approximately 1 ,900 in 1979. Each student pilot currently receives 250
hours of f l y i n g  t ime ; however , ATC w i l l  soon be using s imulators  for in-
struxn ent  t r a i n in g . Seventy hours of s imulator time may be substituted for
40 hours of f l y ing  t im e , r e su l t ing  in 210 hours total  f l y ing time per
st udent .

To }el~. reduce th e near midair collision potential , ATC uses a n~~re
r i - ~id ly  cont ro l 1e~~ t r a i n i n g  procedure whereby each a i r c r a f t  is , in e f f e c t ,
give-n a vo lume of airs~ ace. The aircraft is required to remain in its
assigned “box for training and must obtain radar coverage to and from the
training are-as . It has been estimated that 20 to 25 percent of the avail-
able training time is significantly degraded by air traffic control pro-
cc~sIures. Air Training Command personnel have expressed concern that these
teaching methods give student pilots no opportunity to develop the inde-
pendent judgment needed to become effective in air operations. Under the
controls now in effect , the students are told what heading to turn to ,
altitude to climb or descend to , etc. Examples of student pilots not know-
ing how to cancel an IFR clearance and make a VFR approach and landing were
cited. While everyone agrees that instrument training is needed , Air Force
personnel believe overall training is being degraded , as 98 percent of the
student Pilot training is under IFR control. In addition , the see-and—
avoid conce pt is degraded.

Within the Military Airlift Command , the aircraft inventory has in-
creased -substantial ly as helicopters , C-l3Os , and T-39s have been absorbed
from other Air Force units. MAC anticipates that the number of NMACs within
its c-em -m -cr d wi ll increase- as a result of ti ; - additional aircraft. With the
exc ’-~-~ i- s> of the helicopter operations and some of the tactical low—level
missions , all MAC flights are IFR. The operation of MAC is quite similar
to that of (- -,ruTre-rcial air carriers. Because of their worldwide mission ,
:rnwe-ve r , the’j fre-4to-ntly operate in; overseas areas where air traffic control
is not as effe ctive as in t h e  CONUS , and they  may t h e r e f o r e  be exposed to a
qr ’-ate r t h r e - - e t  of midair collision .

MAC has no forma l crew midair collision prevention traininu in its
school curriculum . It does publicize the midair collision potential through
such publications as tue MAC Fleje -r . When possible , MAC also assigns an
extra cr -v me mbe r to occur-’, t h e  ju mp se t t  and act as traffic observer in
flights below 10,000 fe-ct . Altho rj-jh it is riot a checklist requirement ,
crew brief ings st re ss the need for traffic observation , particularly on
climb—o ut , descent , and during all low-level operations. However , when
the C—141s and C—Ss ar’ equi~ c~ -ed with dual inertial navigation systems (INS)
uni t - ; , M ice’ plans to remove nav u-ja tcc r s from crews . Although final crew
procedures have not been worked out in detail , MAC believes an increased
pi 1- c t workload and re- t u e - e d  t r i  t fic observation will result.
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The Strategic Air  Command , like the Military Airlift Command , operates
primarily under IFR in large multi-engine aircraft such as the B-52 and
KC-135. It uses extra crew members as observers whenever possible. Maxi-
mum use is made of the instructor pilot ’s (IP) seat as an observer position .
SAC also concen tra tes on reducing “in—cockpit duties ” to a minimum to pro-
vide better pilot clearing ability . Although SAC operates mostly IFR, it
does fly low-altitude training routes known as Olive Branch routes. The
routes are unique to the Strategic Air Command and are discussed below .

3 . 3 . 4  NMACs on Low Altitude and Olive Branch Training Routes

To t r a in  for wartime conditions, the Air Force flies low-altitude,
high-speed training routes. These routes are flown by several of the dif-
ferent operating commands. Within SAC they are known as Olive Branch (OB )
routes. Other commands ’ low-level activities include high—performance jets
in TAC and the Air  National  Guard (ANG) , and tactical cargo a i rc ra f t  in
MAC arid the AFRES. The OB routes have been a matter of concern to the
military and the general aviation community for some time . With the excep-
tion of terminal araas , the low-level routes account for the greatest mix
of Air Force and general aviation flying activity . The low-level routes
are flown both IFR and VFR. The FAA publishes all-weather low-altitude
IFR routes , inc luding  a l t i tudes  and times of operation , in Part 4 of the
Airman ’s Information Manual (AIM). However , publication by DoD of the
m i l i t a r y  VFR low-al t i tude  t r a i n i n g  routes (TR 5) has been on an informal
basis only .

Individual Air Force bases with approved TRs have taken several steps
to make the general aviation community aware of these routes. The Air Force
re presentatives have , for example , visited local civil airports and prov ded
copies of charts depicting the- route structure and hours of use. Some bases
have also rer ereei brochures describing their military operations and dis-
tributed copies to -ill civil airports within the route area . Many bases
have corsiuc-te l ‘Fly- I n; ; ” at which general aviation pilots were invited to
fl-,- to a base- and re-e: eiVe briefinqs and a tour of the base and its opera-
tions . The i-I a was to promote an understanding of military operations and
to ublicize ~se low—l e ve l training routes. Such promotion is beneficial
and shoul-j he continued.

TAC , at N - h is AFB , has emp loyed a different approach . it has chosen
to educate the military on -~~-n e- r al aviation o}eerations and training are- to .
A i r  Forc e -  person n e l  u s in g  a l i - j i t ci  r o r a f t  v i s i t ed  local a i rpor t s  in the
Ne- h is fl ying area and documented a e ’ r e e r a l  a v i a t i o n ’ s opera t ions  and t r a i n i n g
areas .  They discovere d , for examl ic’, that Oliel’ of the m i l i t a r y  low—leve l
routes made a I e - s e : e - n i t  in I r e  a r ’ - a  whe re- e e e r ; e i e t e - r a b l e  gene ral aviatio ue flight
training was being conducte d . The (teer ; e ent point was subsequently changed
with negligible Impact arc military tr ai nin g but a significant reduction in
potential m ulitar y— q~- ue e - ra l aviation traffic conflict. The concept of ed-
ucating military 1 - i l o t - ;  ole general aviation training locations in thei r
local flying cr c- as h-:;t-rve’s furthe r analysis by the Air Force .
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The FAA has also taken action to ensure that military TR5 are publi-
cized . The FM General Aviation News, published by FAA and distr ibuted by
subscription to the general aviation community , con tains numerous articles
on the subject .

The act ions  described above have undoubtedly aided in reducing the
midair col l is ion p ot e n t i a l  on m i l i t a r y  low-level routes. Additiona l actions
we re requi red , however , to further reduce the midair collision threat. In
June 1977 the FAA issued Order 7110.77, which prescribes new criteria and
operat inq procedure-s for m i l i t a r y  t ra ining routes.  This order , the result
of extens ive  DoD-FAA coordination on military low-altitude training routes,
w i l l  reduce the number of routes. All  routes w i l l  be formal ly  published in
appropriate c i v i l  IFR and VFR charts .  A t ransi t ion period w i l l  allow time
for all existing TRs to be converted to the new FAA-published routes by
1 January l97d . Information concerning route utilization will be available
front the FAA Flight Standards Service (FSS ) w i t h i n  200 miles of each route .
However , improvement in reducing the military—general aviation midair col-
lision p ot e n t i a l  under the new FAA order w i l l  s t i l l , in part , be dependent
upon an action that can be taken only by the general aviation pilots; that
is , these p ilots must cal l  the FAA along thei r  intended route of f l i g h t  and
ascertain what military use is being made of the- routes.

As discussed above , the low-altitude training routes have been a matter
of concern for some time . An objective look at the NMAC data indicates ,
however , that  w i t h i n  the Ai r  Force ’ s total NMAC threat , the low—alt i tude
t r a i n i n g  route threat  may be overemphasized. Of the total of 376 NMACs in
the HA TR f i le , a f i r s t  a n a l y s i s  indicated that  54 occurred on ei ther  Olive
Branch or other TRs. A subsequent breakout showed that of the 54, 32 were
on OR routes and 22 on TRs. A further breakout showed that of the 22 TR
NMACs, 10 occurred in the CONUS and 12 in USAFE. The exact  n umber of NMACs
which actually occurred on the low-leve l portion of OR routes could not be
ascertained from the data available. The NMACs are coded by flight activity
but up to three activity codes are assigned . For example , the overall mis-
sion may be an Olive- Branch route; however, ant NMAC may occur on takeoff ,
en route , or in landing . Of the 32 NMACs credited to OB routes, many ap-
parently occurred during phases other than the low-leve l portion of the
missions. An examination of the narrative descri i-tions of over 255 NMACs
revealed that only 11 could be confirmed as occurring during low—level
flight. An NMAC occurring on take-off or landing was completely unrelated
to whether the ultimate purpose of the mission was an IFR air refueling
mission or a VFR low-level 014 route. ARINC Research project personnel
reviewed the data and estimated that no more than 20 NMACs actually occurred
during the low-level portion of the OB route-s. These NMACs , coupled with
the 10 CONUS NMACs that occurred on other low-level routes , account for
less than 10 percent of th e- total N MACs experienced by the Air Force . Pro-
ject i-eersonnel do not wish to minimize the OB—TR midair collision potential ,
but , rathe r , to put i t  in proper perspective relative to the total Air Force
NMAC situation . The analysis shows that the OB—TR NMAC situation is cer—
tainly an important part of the overall threat , but it has received a
(; r e - - c t ’ - r  emphasis than i t  - l eoe -rves .  The v a l i d i t y  of this  s ta tement  w i l l
become evident in the following section , whi ch addresses NMACS by f l ight
a c t i v i t y ,  and in Chapter  Four , which  reports on discussions wi th  the
A i r c r a f t  Owners and P i lo ts  Assoc i a t i ons .
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3.3.5 NMACs by Flight Activity

The entire NMAC file was specially searched to determine what phase
of flight activity the n umber one aircraft was engaged in when the NMAC
occurred . Results are shown in Figure 3-2. As reported above , as many as
three separate f l i g h t  ac t iv i t ies  were assigned to some NMACs . For example ,
the aircraft might be on arrival (flight activity 1), in the traffic pattern
VFR (flight activity 2), and on final approach (flight activity 3); or , it
might be on departure (flight activity 1), on a published IFR standard
instrument departure (SID) (flight activity 2), and climbing (f l i ght
activity 3). These different reported activities required some subjective
analysis and categorization to enable us to arrive at the results depicted
in Figure 3-2. The significant point regarding the breakout in that figure
is the total n umber of NMACs that occurred during takeoff and departure
(70), and arrival and landing (170). This total (240) accounts for 63.8
percent of a l l  NMACs .

The relatively high percentage of NMACs occurring during these phases
of f l ight was not altogether unexpected. Other studies , as well as expe-
rienced pilots , had reported that the periods immediately after takeoff
and before landing are critical periods for NMAC occurrence . An article in
the September 1976 issue of Aerospace Safety, entitled “The Critical 11
Minutes~’ , addressed this  aspect of the NMA C t h r eat .  As described in the
article , during a 3-minute period after takeoff and an 8—minute period
before l a n d i n g ,  p i lots  are extremel y busy w i t h  checklis ts, radio calls ,
t ransponder  and radio  frequency changes , et c . , leaving little time for
watching for other aircraft . Table 3-6 compares the relationship between
NMACs occurring a f ter  t akeo f f  and be fore landing and the c r i t i ca l  11 min-
utes. The 8 minutes before landing make up 73 percent of the critical 11
minutes and 71 percent of the 240 NMACs , while the 3 minutes after takeoff
make up 27 percent of the c r i t i c a l 11 minu tes  and 29 percent of the 240
NMACs . As indicated in the referenced article , SAC has undertaken a study
to improve checklists and reduce the hazards that result from cockpit
d i s t r ac t ion .  A s im i l a r  e f f o r t  by the en t i r e  Ai r  Force would probably aid
in reducing the NMACs d u r i n g  these cri t ical phases of f l i g h t  activity.

3 .3 . f, NMACs~~ y Type of F l igh t  Plan  F i led

Figure 3-3 breaks out the 376 NMACs by type of f l i g h t  p lan f i l e d .
Information presented in the top h a l f  of the f i gu re  r e fe r s  to the  number
one air- :rL f t; the lower half of the f i gure  p e r t a i n s  to the second a i r c r a f t .
As shown , the n umber one a i r c r a f t  was on an IFR f l i g h t  plan in 286 cases.
Of thes - events , the n umber two aircraft was also IFR in 53 cases , VFR
in 83 , - in - i  had no f l i g h t  plan in 8. In 142 cases , the  type of f l i g h t  plan
was unknown . The m a j o r i t y  of the unknown f l i q h t  plans involved general
aviation aircraft. They represented cases in which an NMAC occurred but
the general aviation aircraft involved were not identified . It is safe to
assume that , in most cases , a f l i g h t  j lan had not been f i l ed , and , in some
cases, t h a t  tie aircraft was on a VFR fli ght pla n.
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Table 3-6 . COMPARISON OF CR ITICAL ELEVEN MINUTES AND NMACS
JANUARY 1975 - JUNE 1977

- Percentage Total - PercentagePe riod ‘ Periodof Tune NMACs of NMACs

Critical 11 100 240 Before landing , 100
Minutes after takeoff

8 Minutes 73 170 Before landing 71
Before Landing

3 Minutes 27 70 After takeoff 29
A f t e r  Takeoff

The Air Force flight plan policy is to make max imum use of IFR. VFR
is to be used only when the mission absolutel y requires it. There is little
doubt that the added control provided under IFR reduces the NMAC potential.
However , it is also obvious that even if 100 percent of Air Force flights
were IFR , a significant number of NMACs would still occur because the num-
ber two aircraft involved will not have filed a flight plan or will be VFR.
The Air Force crews who have filed an IFR fli ght plan may have a fa l se
sense of security in the belief that their IFR fli ght plan assures separa-
tion from other IFR traffic. Unfortunately, it does not assure separation
from unknown traffic on VFR or with no flight plan . Warnings to flight
crews about this danger must continue .

Attempts  to encourage general  av ia t ion  p i lo ts  to f i l e  f l i g h t  plans and
to use IFR procedures have not been very successful. There are many reasons
for t h i s  s i tuat ion . F i l i n g  a f l i g h t  plan subjects the pilot to some element
of control. When a general aviation pilot decides to go from point A to
point B, he usually wants to get there his own way at minimum cost , either
fly ing dire-ct without any dog-legs required by ATC, or by following a high-
way or railroad between the two points. While this is permitted by present
regulations , there is no doubt that such practices IIIorcac - e - the NMA - threat .
Pending additional FAA regulation , not likely at this time , the only alter-
native is for the Air Force and FAA ’s General Aviation District Offices
(GADO ) to con t inue  exchanging information on their operations and encouraging
the filing of flight plans and use of traffic advisories available to
general aviation .

3.3.7 NMA Cs~~~y Cause

The NMAC data available during the project had been coded according to
cause by the safety office responsible for the NMAC investigation . Several
factors  cont r ibuted  to some of the NMACs . Where t h i s  s i t u a t i o n  occurred ,
the project team cited the primary factor . Resultr; of the coding are shown
in Figure 3—4. As indicated in the figure , personnel e rrors or misunder-
standings accounted for approximately one -third of the NMACs. While the
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system ’ s failures caused the remaining two-thirds. Terminology used in the
breakout is the same as that employed by the AFISC. Environmental factors
accounted for most of the NMACs (205), including a large number with general
aviation . For example, an Air Force-general aviation NMA C that occurs on
a low-level  t r a i n i n g  route or where mi l i tary  and civil a i r f ie lds  are in
close p r o x i m i t y  is pr imar i ly  the result of the environment in which the
aircraft operate . In such a situation , as in all visual flight conditions ,
the principal tactic for preventing an NMAC must be to se e—and-avoid.

3.3.8 Miscellaneous Data on NMACs

Appendix A contains some additional breakouts of the NMAC data which
pertain to radar service , transponders, and factor first—sighted in the
NMAC . Although there are a large number of unknown or unreported incidents
con ta ined  in these  da ta ,  they may be of value for future analysis. The
intent in collecting the data was to determine relationships between
NMACs and the use of available transponders and radar services. The
matter has been thoroughly covered in several authoritative reports
(e.g., References 6 and 7), and there is genera l agreement that greater
transponder and r~tdar service usage would significantly reduce the midair
collision r-otential . This view is substantiated in Chapter Four .

3.3.9 NMAC Situation in US~FE -

As reported in Section 3.3.1 , the USAFE NMAC rate is so high in
relation to the rate- experience--i by the rest of the Air Force that special
consideration of the USAFE problem was in order. The USAFE NMA (; rate is
5.8 times as high as the rate in CONUS. Even when compared to all other
major fly ing commands , as opposed to just the CONUS , the USAFE C - a t e  IS
nore than 4.5 times hi gher (see Table 3—5). The USAFE midair collision
problem and NMACs we -r e there fore subjected to a separate analysis , t h e -
results of which are presented below .

3 . 3 . 9 . 1  tJSAFE NMJ\~~s by Phace of F l i g h t

Table 3—7 shows the- USAFE NMA ’~ by 1-ha t - of f I  i ~h t  - Ic -tivity and C- Me —

1-ares t h at  e x p e r t  d i ce with the t~ etal A i r Force eexper fence . A1t}~e-u qh t he-
USAFE had hi qhe -r NMAC rate , t h e -  eere -n tage c - f NMJe s for c I - t h  fl iqht phase
Wd S I ract  ically th e -

3. 3. - .2 U:~A F E N MAC s t ~y I~~ j e  of FI At Plan

Figure 3— 5 provides a bre ak cut c e f  the A1- !- NMACs by t~~~ -e - (‘1 1 i i  q i e t

j ian and -ilso compares the-  USAFE -x !-e’ ri eoc c 1 - - wc th that - - t thc- -t al Air 1-’ca ce
Ag ain , aS shown in C H -  sumlnar ’i ceml irison , the NMA (’ i a - f  c - c l e t  -e  t - - - - , t Oi  t he  tw
di f fr-rr-nt ty ~~e - - . of fi i - ; h t  i 1~ u i i  ire 1 }) p r d X i m a t U ’i /  Sam e ’ .
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Table 3-7. USAFE NMACS BY PHASE OF
FLIGHT
JANUARY 1975 - JUNE 1977

- N umberFlight Phase
of NMAC5

Arrival 37
En Route 16
Low Altitude Training Route 12
Departure 10
Tactical Range 7
Pat tern  1

Total 83

Comparison of Air Force with USAFE

Flight Phase USAFE AF Total

Departure 13% 
58% 19% 

64%
Arrival 45% 45%
En Route 42% 35%

3.3.9.3 USAFE NMACs by Cause

Table 3-8 breaks out the USAFE NMAC5 by cause and also compares the
cause rat e- in the USAFE with that in the entire Air Force. Although there
are no sigo- - ficant differences , the pilot error rate is somewhat lower in
the USAFE than in the total Air Force. This is not surprising, as the USAFE
[-ilots are more exi-e-rienced. The controller error percentage in Europe was
sl - o h t l y  h qher ;  t h a t  r a te , however , includes  incidents  involv ing  both USAF
and foreign or host country controllers.

Table 3-9 gives additional information regarding the locations where
pilot and controller errors occurred. As shown, only fou r of the controller
errors were by Air Force controlle rs , and only two of the pilot errors were
by Air Force- pilots .

3. 3.9.4 USAFE ~ MACs by Country

Table 3-10 shows the occurrence of USAFE NMACs by country and by year.
The relative ly low tota l  for the fi rst hal f of 1977 should not be interpreted
as a reduction over the totals of previous years. It is probable that some
NMACs that occurred in 1977 were still being investigated and were not
entered into the files in time to appear in this study . Wes t Ge rmany and
‘reat Britain , where the majority of the USPIFE bases are located and most
of Use- fl y ing 0- -st i r- - , account for most of the NMACs . Nothing in the data
explains the re1a t~ ve reverse in the rate of NMACs in West Germany and
Great F 3 r i t - I i n  te C we - e n 1975 and 1976.
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Table 3-8. COMPARISON OF USAFE AND TOTAL AIR FORCE
NMAC CAUSES : JANUARY 1976 - JUN E 1977

N umbe r of Percentage by CommandCause ___________ ___________

NMAC5 USAFE CONUS

Failure — See-and-Avoid 44 53 55

Controller Error 16 19 16

System Deficiency 11 13 11

Pi lo t  Error 6 7 14

Supervisory 3 4 2

Controller Misunderstanding 1 1 0

Avionics Def i c i ency  1 1 0

Unknown 1 1 1

Total 83 * *

*Due to rounding , to tals do not equal 100 percent.

Table 3-s i. CONTROLLER AND PILOT ERROR IN
USAFE NMACS : JANUARY 1975 -

JUNE 1977

- s t r o l l e r  P t  l o t

Number Number
- - l i t r e  - Req ion

- f Error , -f E r r o r s

4 USPcF

Gre et i t r l ta f n 3 U.S. Army 1

W e -  t Ge rmany 2 Foreign 3

Fra n - - c - 2

-i u n  2

U . S .  Arm y

: ; u - j - - i i  Arabi a 1

- 7 1 _ r i 1

I t  i l  l h  Total
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7 il,i - 3-10.  USAFE NMACS BY COUNTRY
JANUARY 1975 - JUNE 1977

Coun t ry 1975 1976 1977 through June Total

West Ge rmany 8 26 3 37

- ;r eat Britain 22 10 2 34

Spain 3 2 0 5

Turkey 1 1 0 2

France 0 1 0 1

Netherlands 1 0 0 1

Cypruc 0 1 0 1

Sa udi A r a b i a  0 1 0 1

Pakistan 0 1 0 1

Tot al 35 4 3 5 83

3.3.9.5 Factors Affecting the tJSAF Mi da i r  Collision Potential in
Eu rope

The m i d a i r  co l l i s ion problem facing the USPIF in Europe is much the
same as in the CONUS except that it is more i n t ense .  The m i d a i r  collision
and near midair col l i s ion  rates are approximately five times higher in
Europe than in the - ON I F - . These lut a , coupled with the widespread feeling
of those- ~;e-oje1e i n t e r v i e w e d  that the midair collision danger in Europe
is ‘~worse” than in the (°NTF- , resulted in a special analysis of the USAFE
S i t u a t i o n . Areas of concern are discussed below.

3. 3. ’ .S .l  A 1 i - - j i ~~ - De n s i tj

IJSAFE personnel stated that about 8 million flights of some kind
cc--sr in e ach year. All of them occur in airspace equivalent to the
airspace of the st it e - of (ire-qon . In this small space there is a mix of
c i v i l  a i r - - r a f t  f l i - 1h t ;, more - - gl ide r f l i gh t s  than occur anywhere -  else in the
won -I , ar d the conce~n txutc-d milit ary opera t ions of several NATO countries.
The ma ~cr air t re ff i c cont rol - l e r r t rs of th e- FRG handled over 900,000
cl ea rere ces in 1976, and h i ’;  f i g u r e  e l o e - s  not inclu-le military exercises and
f l igh ts of Army h i t  -o~-t - r s .  I n som l e li i son , Denver Center —— which covers
c much larqcr a rea , h c re - l l ed i t o c i t  350 , 000 clearances -iurinq the same period .
Midair rob ! ms . v - i  wh i t  t I c e - ~~ j i t -  t h same type s t - ;  f o u r  in t h e  CONU S ,
a r -  thu s aml it li e - c l I c -  e u : t of t h e -  air C r - ~~ f i c  ( l I f l u l t  i i i  EUrope .
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3.3. 1 .5.2 Low Level Train~~9 Routes

European 1 -w level training routes are a major concern to all users
0 ’ the ai rn i a -- - . In fact , an Allied Forces , Central Europe , (AFCENT ) Low
Fly ing Working Group has been formed to work out problems associated with
low level flying. Most of the group ’s discussions on midair coilisons
concentrated on low level-high speed fly inq . However , as was true of the:
- :nr-~’us -~u t I , t h e -  dat a on NMAC in Europe (12 of 83 NMA C on low altitude
traini n- : rout e: - ILA TR], or 14 percent) do not show 1-v leve l training routes
to be t he  maior problem. The AFCENT Low Fl~ ing Worki ig Gr o u p  members s tud ied
the  low leve l n i l ai r  collison problem by examining t~ce n umbe r of sortic:s
- c r - i  the F NtA d e t ~~ . The Group concluded that the  p r o b l e m  was not signifietrr .
N e v e r t ; , . less , personnel in USAFE a r e  s t i l l  working t - -  make low leve l flying
in Furor c- -stfer by attempting to establish specific r ou tes  and flow patterns .
However , since FFAF E f l ies onl y about 14 1 e n :c- nt to 17 C r c - c- n t  of the low
level flights , t h ese  efforts are u n l i k e l y  to have a s i g n i f i c a n t  r -ff ent on t i e

problem.

At present , the USAF is the only NATO Air Force respecting flow patterns
wh ile- fly n-~ low leve l routes in the Federal Republic of Germany during the
day . All air forces respect the flow patterns for nighttime low level
flying. Adding to the number of the low level flights in the FRG are
approximately 1,100 U.S. Army helicopters (soon to increase to 1 ,300) that
f l y about 150 ,000 hours y r  year. The helicopters average about Oret- hour
p c - n  miss ion , f l y  about 150,000 sorties per year , and report about  100 near
mi sses each year.

In Fran- - - , routes for low altitud e training flights must be specified
and arranged in advance with France by each nation. USAF E has 13 LATRs in
France . The LATR5 i n  Gr c c t t Britain a r e -  - centrol ied and well scheduled .
However , they are: not published and the ir locations are therefor e- usually
- r;k n- -wr. t - t he nera 1 aviation pi lot

3.3. 1.5. 3 Air Traffic Control l e n s

I n  1: - ;ic, n s with e i r s r ew s  about t I e  m i - l a i r  collision potent ia l  i n
‘h’ r r~~ 1cm oC coo r -i in itinq air traffic controller :; is usu a l lv
I - l  1 ru3- r core -r n .  T I -  ARINS Research pro j - - C - te- -i fl ’ ;, eX air i n at  i- ri

of ~~~ ca .- - ‘ - -  i n  EurcV- It - ! not sh(w a s i g n i  f i c a n tl y gr e a t e r number of e r r o r  c-i
by Fur- ‘-an n~ r e - l U -r u t h a n  b-1 A m e r i c a n  on es  ( - ; c O -  F a b l e  3 — H , l i  per- c r lf

vs l~ 1’ c r  c t ’ . Language: d i ff i- - ei1 t i c ~ ; may a- - e:c - ri t ui t e the - p r o b l e m  ci - - - n —
ro] i cr  ~ tet r - l i - - I t  ion in Eu n of ce . T f the NMA C data arc- correct , however

I un;qu~u ’ e- i~ C f e r c - r ; s  c - -  may be more - f a n  i n c o n v e n i e n c e  t h a n  1 problem. or;

t h e -  0c C ;  r C ar t el , USAFE ncr u r i m c e : l  have  a f f i r m e d  that C ry inq C - - p in  l O W S

-- eri C roller c r  nor it; extr e - r r n - l y  di C ficult in nations whe re national ;r i - It ’ and
r e - s t  iqe may be it  s tak e . In  some’ NATO nations , information about an

al lc- q e -i corit r e e l icr err re r is almost i mpossible to obtain. It may t e L  -

months C r ue- t an answer to an inquiry, and no assurance- exist- - that son-
tr-oll er er rors are ro~~e r1y inve- - ;tiqatc-d arid :;olut ions implemented.

38



In Germany, air traffic controller coordination was also i-lc ntified
as a major concern by USAF E pe rsonnel. The Temporary Reserved Airspace
(TRA ) in  w h i c h  the USAFE forces conduct  t h e i r  in tercept  t r a i n i n g  is not
large enough to complete in ; in t e r e u e ’~~t with fast moving — circraft. Many
interce pts must t h er e f o r e  cross nonreserved a i r space-  in to  another  TRA .
This movement re- l o i r e - s  coor -Ij n at ion  wi th  the German c i v i l  co n t r o l l e r
responsible for traffic on airways between the TRAs. Coordination is
complicated by division of responsibilities and sca rc i ty  of German c iv i l
controllers to handle the coordination of the large number of intercepts
needed to t r a i n  USAF aircrews and ground intercept controllers. The
problem is amplified by the USAF need to conduct about 3000 intercepts
per year to ke :ep  the aircrewr-; and controllers current.

3.3.9.5.4 Radars

Seve ral problems associated with European radars surfaced during
talks with USAFE personnel. No attempt will be made here to discuss the
technical  aspects of the problems and possible so lu t ions .  That should
be a MAPS follow-on effort. tJSAFE personnel did point out , however , that
the equipment in the FRG was not reliably displaying transponder and mode C
altitude readout information . The many ground-based radar systems (maybe
as many as 100, inc luding the Germa n low-level radars)  that are interroga-
t ing  transponders are sa tu ra t ing  them . Poor t r ack ing  and al t i tude informa-
t i on is the result. Difficulties with the data processing equipment
associated with the radars has complicated the problem.

Much of the RAF military terminal radar equipment used in Great
B r i t a i n  for  o f f - a i r w a y s  t r a f f i c  under RAF control  is old and has not been
modif ied  to make it compatible with modern aircraft performance .

3.3.9.5.5 Aircraft Conspicui~~~

The difficulty of seeing aircraft in flight in Europe represents a major
problem in attempting to reduce the potential for midair collisions there .
Fcmp let - radar coverage of all traffic , including low level flying, gliders ,
a r I hel; - - t -r u is rot cons id e  red possible. See—and—avoid tactics must
therefore- h e- an i n t e g ra l  p ar t  of midair collision prevention efforts. Both

; r c - ~i t  B r i t a i n  and Central Europe often have haze , overcasts , and other
w. - a t h c - r  E-roblems th a t limit visibility. The we :ather , together with high
- i e - n sj t - 1  t r a f f i c  ant i  the absence of airr;i c:ed restrictions below 10 ,000 feet ,
make a i r c r a f t  consp i c u i t y a ma jo r  concern .  As the USAF begins u s i n g  a i r —
ci eft with greater maneuverability, smokeless engines , arid less visible
p a i n t  schemes , th e -  problem will probably get worse. For these reasons ,
mos t a i r - -ra w members interviewed in USAFE thought strobe lights or some
other high irtt :nsity lights would be especially beneficial in Europe , wher
t he  w e - i t lie c is usually hazy. The MAPS should investiqate possible
c~;ohniqei .; for visual enhancement of aircraft in Europe .
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3.4 ANALYSIS OF ACTU AL MIDAIR COLLISION DATA

3.4.1 Introduction

The literature search discussed in Section 3.2.1 revealed that two
major reports had previously been published on actual midair collisions.
These reports ar - an FAA-sponsored study that analyzed all midair collisions
from 1964 to 1972 (References 7 and 8) and a study by the Directorate of
Aerospace Safety covering the period 1 January 1965 through 31 December
1975 (Reference 9). The AFISC also maintains an automated data file on
all aircraft accidents, including midair collisions. The automated data
file served as the primary source for the midair collision data discussed
i n  this re-port. Mo:;t of the tables and figures in this report were com-
pleted by hand from printouts , including narrative data , obtained from that
file.

Before th e- midair data are addressed , it is necessary to define some
of the terms used throughout this section of the report. The definitions
aie in agreement with Air T o r t - es terminology used in Reference 9. (The
latest version of AFR 127-4 , Reporting and Investigating USAF Mishaps ,
revised these definitions. Nevertheless , the earlier definitions are
used here f - e r  consistency with the periods and data being considered . The
revised definitions would have no affect on the categories of near or actual
midair collisions.)

Major accident - A mishap during which a fatality occurs or
during which an aircraft receives r;ubs tant ial  damage

Minor accident — A mishap during which an aircraft receives
minor damage

Incident — A mishap t h a t  does not qualify as an accident and
t h a t  involves damaqe to a USAF aircraft or that meet- ; other
c:rit e-ria spec ifit-d in AFR 127—4 , paragr~~-h 21

Flight - A ll operations between the beginning of the take-oft
roll and th e - end of the landing roll

Formation — F l i g h t  in which  crew membe r:; atte-m~ t to m a i n t a i n
or attain a fixed position relative to a leader with whom
they have visual contact

Associated flying — Flight involving two or more aircraft
operating in a lim it ’-el airspace ; each aircraft is aware of
the presence , but not necessarily the exact location , of
the other

Non c u - e e e - i at ed  collisions — Collision s that occur when t h e :

aircraft involved ar e- not aware of e ach -t t ;;e- r s I ne:sence
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3.4.2 Types of Midair Collisions

Table 3—11 gives the total number of Air Force midair collisions
that occurrc;d from January 1968 through June 1977 . As noted in the
table , 134 (44.5 penc e- nt) of these collisions occurred during air
refueling operations . Since the contact is intentional , the Air Force
normally does not  count these incidents as midair collisions. Practically
all of the air refueling collisions were relatively minor incidents during
which a : ; 1 i T i ; t  amount  of damage was done to the boom , receptacle , or probe .
Table 3-12 provides a breakout of the aircraft involved in the air rcfueling
midair collisions. As expected , 8-52 , KC—l 35 , and F—4 aircraft comprise
most of the total. The narrative descriptions of all the air refueling
accidents were reviewed to determine if any occurred as a result of inade-
quate aircraft li ghting during night iendezvous . None of the air refueling
accidents could be attributed to rendezvous difficulties. They all occurred
when the tanker and receiver were in close visual contact. (Note: The
November 1974 F-lll/civil aircraft midair collision that occurred during
air refueling rendezvous is included as a nonassociated MAC in this report.)

From January 1968 through June 1977 , only four aircraft were destroyed
by air refueling accidents. The aircraft include two F—lOSs that collided
in Southeast Asia during turbulence just prior to hook—up , an F—4 with a
student pilot who allowed his aircraft to collide with the aft tail section
of the tank -r , and an F—100F abandoned by its crew after the canopy was
broken by the refueling basket.

Formation flying accounted for 88 midair collisons , or almost 30 per-
S e n t  of the total. Figure 3-~ breaks out the formation midair collisions by
diff erent phases of flig ht. As expected , close formation accounted for the
I r U c i t e S e t- number , 31j , or ~4 percent of the total.

The- th ird Lai~~e . n category of midair collisions was composed of acci-
dents relate -h in some way to combat in Southeast Asia . This category, and
the two mentioned above , have no direct bearing on many aspects of the MAPS
Program . They all involve high risk military operations where aircraft are
intcntr ~incal1 y flown close to each other.

-rl~ - fourth la r-4 e-u t category of midair collisions was classified as
asset -rate- h -military. Accidents in this category number 18, or 6 percent
of t I ~~e t o t - e e l .  ctf these , 12 occurred during air combat maneuver training
arid 6 occurred durinq intercepts. Associated—military training particularly
concerns the Tactical Air Command (see Sect ion 3 . 3 . 3 ) .  The ins t rumenta t ion
and fire-sontro l systems in use require a considerable amount of heads—in-
the—cockpit tim e. This , coupled with the high closure rates , permits l i t t l e
time for -;e- .--and-avoid tactics. Although the associated-military category
accounts for  ei small percentage of the total midair collisions to date ,
that ia r cen ta q e e  could increase  s i g n i f i c a n t l y  unless t r a in ing , operationa l
procedures , and additiona l hardware keep pace with the increasing threat.
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Table 3-li. TOTAL MIDAIR COLLISIONS
______________________ 

JANUARY 1968 - JUNE 1977 
____________

Percentag’~Category Incidents Major/Minor Total of Total

Air Refueling 129 5 134 44.5
Formation 51 37 88 29.2
Associated-Military 2 16 18 6.0
Nonassociated—Military 1 10 11 3.7
Nonassociated—Civilian 7 6 13 4.3
Combat-Related 15 22 37 12 .3

Total 205 96 301 100

Table 3-12. AIR REFUELING MIDA IR COLLISIONS BY
AIRCRA?F TYPE (JANUARY 1968 - JUNE 1977)

Aircraft Type Incidents Major/Minor Total

A-7 6 0 6
A— 37 1 0 1
8—52 27 2 29
B-66 2 0 2
C—S 1 0 1
F— 4 29 1 30
F-84 1 0 1
F-lOO 6 1 7
F-10l 5 0 5
F—lOS 3 1 4
F-106 3 0 3
F — l l l  11 0 11
KC—97 2 0 2
KC— 135 30 0 30
8—53 2 0 2

Total 129 5 134

I I
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Figure 3-6. FORMATION MIDAIR COLLISIONS
JANUARY 1968 - JUNE 1977
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The remaining midair  collisions are all  in the nonassociated-civilian
category . Figure 3-7 provides a breakout of this category by flight
activity . Six collisions (25 percent) occurred during takeoff and depar-
ture , four (17 percent) during en route cruise , and 14 (58 percent) during
descent , approach , or landing . Figure 3-8 presents figures on the midair
coll isions that involved civil aviation.

[;4
~~~

I _ _  I 1 1 1
Takeoff Departure [ Cruise Descent Approach Landing

2 4 4 5 7 2

Figure 3-7. TOTAL NONASSOCIATED MIDAIR COLLISIONS BY FLIGHT ACTIVITY
(JANUARY 1968 THROUGH JUNE 1977)

13]

I I _ _  1 1 1
r akeoff f D e - p ~irtur e Cruise Descent Approach Landing

1 L ~ 3 2 3 1

Figure 3-8 . NONASSOCIATED MIDAIR COLLISIONS WITH CIVILIAN AIRCRAFT BY
FLIGHT ACTIVITY OF AF AIRCRAFT (JANUARY 1968 THROUGH JUNE 1977)

Table 3-13 presents the number of nonassociated midair collisions by
year per 100,000 fly ing hours. A separate rate is provided for military
and civilian fliqht ; . While the military rate has been zero the last three
f u l l  years , the civilian rate has been as high or higher during the last
three : years as in any of the other years shown .

3.5 COMPARISON OF ACTUAL AND NEAR MIDAIR COLLISIONS : NONAS SOCIATE D FLYING

As stated in Section 3.2.2 , the data files on NMACs and actual midair
collisions wer e-  riot s t ruc tured  to permi t  a d i rect  compar i son . However , by
manua l sor t ing , some comparisons could be made be tween the two . This

k
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Table  3 -13 .  NUMBER AND RATE (PER 100,000 FLYING HOURS) OF
NONASSOCIATED MIDAIR COLLISIONS -----_ _---~~

_
(a te- q or; L_--_ -- . —— 

Years 
h a l f

- ~~~~ l9691~~ 70 1971 1972 1973 1974 1975 1976 1977

Total numbe r wit h mi l i—
tary (nonassoc rete-cI ) 1 2 2 2 3 1 0 0 0 0

N umber p e r  l00 , ( i eh
f l y in T hours .013 .07 h030 .035 .056 .023 0 0 0 0

Total : ;:rnb -n w i t : .  c i vi l
avia tion (rei-na: socia t e-h )I 2 2 2 1 1 0 3 1 1 0

N umber per 100 , 000
fl y in i  hours L026J.027

_
.0 h)H 7

~~
.h I 9

~~~~
O .080 ~~ 3O ~~ 3~~~~~ O

sect ion w i l l  ~‘r e - s e - n t  the  r e s u l t s  of such comj -erison s . I t  uhemulo h-c r em e m-
bered t h a t  no NMACs w e - r e  r e - ~ -ert .ed  for  a i r  r e f u e l i n g , formation or associa t e- h
f l y ing . There . - f e r e - , the  NMAC5 a l l  involved  n o na s s o c ia te - d  f l y i n g ,  i n - I  it
shou ld  h- c - rii~-h a -:ize - i t h a t  - - - e m~ - e r i s o n s  in the r e m a i n - h e r of t hi s  se ct i o n  w i l l
lnkew n io - address nnr j :;soc ea te -h MJ\( :;.

3. ~~ . 1 Geo9raj~~ i ca l  Area

Tabl e ~— l4 r e ; e  nts a compari son ol th e- MACc arid NMACs by geograp hi c ul
area . As noted , a l t h o ugh  the  USAF E accoun ted f o r  2 3 . e p e n c e - n t of NMA C~~ , i f

accounte d f -- n only 8. ~ ~~
- n t  of the  i c -tu al nonassoc i a t e - -h MAC : . Howe ver ,

t h e - s e MAC : must be e - 4 u d t a : - h  to fl y ing  time i~~ ~~
- -
~~~~~ 

ia ’,’- - h in Fa b le- 3— 15. As
- hiow n t h e - r e - , one MA- os- - u i  r e - - h  in  the  ‘C )N t J l ~ each 2 , 3~~ t , Q3 5  f l - ,’ r o ’  hours
d u r in g  t h e  ;- e e - t five- ‘/e eirS , W h i l e - in t h e  U SAFE i t  was one c - i  455 , 0( 1) h o u r :
T h i s  r s ;u lt s  in t h e  USAFE rate:  he ing 5 . 2  t i m e - - ;  that of t h e -  c Cr ;LIS .  A l t h c u q h
t S e -  e t u a l  n umbe r of MACs is r e - l a t . r ve l y s m a l l  , i t  i s  s t  - i l - I c  I : i t  t s :

USAF E MA° r a t e -  h e r e .- i s  ap p r o x i mat - ] - ,- 5 . 2  t i m e - ;  t h a t  ot  N i l : ;  as show n in
Sect ion  3 . C I , t h e -  USAI-’E NMAC r i t e -  W a : ;  5 . 8  t i m e - -s t h i t  of ( ON U S .

Ta b]  ~e 3—14 . MACS ANN NMA - - - h Y  GF( )dRAI I ) I Al .  - I C  A

t
J N (

~~~
s
~
oc1at

~~
l
~~~~

Cs 1 NMACs
A r e a  ~ p1id~ yj96~__— Jun e 1977  J a n i i e i r v  1 375 — Ju~~ - 1 e -~ 7

Num ber P e r c ent  N ico le- n I - e r  L~ H
_ _ _  - -

~~~~~ 
-

I 21 87 . 5  257  7L~

USAFE 2 8.3 N3

i -reC AP 1 4 .2  11 - 
3.2 

- - - - -

~~~

-

~~~~~~~~~~~~~

--— — -— -p- -- 
~~~~~

- -

Total 24 1i3 ~
) . fl 151
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Table 3- 15 .  COMPARIe~ON OF CONU S AND USAFE
NONASSOCIATED MACS (1972- 1976)

Area Total MACs Flying Hours Flying Hours per MAC

CONU S 8 18,944,280 2,368,035

USAFE 2 910,119 455,060

3.5.2 Category of Number Two Aircraft

Table 3-l (- I~re-se-nts a comparison of the NMACs and nonassociated MACs
by th e- category of the n umber two aircraft. Approximately three—fourths
of th e NMACS involved civilian aircraft , while slightly over half of the

~-IACS during the ~e-riod fr -- rn 1968 to 1977 involved civilian aircraft.
Howe ve r , when o n l y  the last five years of MACs (Column 3) are compared
with the NMAC s , the  percent  c o - s  are app rox ima te ly the same . Table 3—16
t ; n  says , in effe:;t , t i et - luring this period , approximately three—fourths
of t h e -  NMACS report ed ~ r e  w i t h  c i v i l i a n  a i r c r a f t  and s l i gh t l y  over three—
fourth: of the- a ( t u l l  nonassociat .o - h  MACs were wi th  c iv i l i an  a i r c r a f t .

Ta 1.1 e - 3 — i e . . - - Mi le i~ I - -N c i -  CA’F]-~ ;- ~Y OF NUt~BER ~~O A IRCRAFTL NM]e- -
- ANI - MACS

TIMACs 1 MAC s MAC s
- January l e / 5  — January 1968 - January 1973 —

e e t e q O O /  June 1977 June 1977 June 1977

i e : r  L e f l t  Nn~~~e
rJ_

Percent Number Percent

M i l i t a r y  He 2 1 11 46 1 17

Civilian 283 75 13 54 5 83

tln kni wrc 7 2 0 0 0 0

Table 3-17 breaks out the civilian NMACs and nonassociat,ed MACs by
cat -gory of civilian aircraft. Again , as in the case above , the actual
MACs ~.ire- -escurr ing at approximately the same rate as the NMACs reported .
The one si q r i f o e t n t  difference is tha t  there  have not been any MACs with
air (:dr r lc - r ; in the CONUS. The one foreign air carrier MAC was in
:-;emitheast ASjei and was du e- in part to high density traffic at DaNang
Airport , Republic of Vietnam .
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Tabhe 3 1 7  COMPARISON OF CATEGORY OF CIVILIAN AVIATION
NMACS AND MACS

NMACs MAC s
January 1975 - January 1968 —

Category June 1977 June 1977

Number Percent Number Percent

Air Carrier CONUS 10 3.5 0 0.0

General Aviation CONUS 231 81.6 11 84.6

Air Carrier Foreign 12 4.2 1 7.7

General Aviation Foreign 30 10.7 1 7.7

Total 283 100.0 13 100.0

3.5.3 Commands

Table 3-18 compares the number and percent of NMACs and MACs by
Command. TAC and USAFE show the greatest percentage difference between
NMACs and MACs . In TAC the MAC rate is higher than the NMACs , and in
USAFE the reverse is true. Because of the discussion of low level and Olive
Branch flights in Sections 3.3.3 and 3.3.4, it should be noted at this
point that the one SAC midair collision did not occur on an Olive Branch
route. In fact, the only midair  coll ision on a low level route was one
of the two MACs in USAFE. Two of the TAC midair collisions occurred on
tactical missions , one during descent and the other during climbout , but
they were not on the low-level portions of the routes.

3.5.4 Cause

Table 3-19 compares the NMAC5 and MACs by primary cause. As previously
mentioned , there were several factors that contributed to many accidents .
Ire those cases we cited the one that was considered the primary factor.

~e-ctjon 3.3.2 .3 commented on the expectation that the number of NMAC5
actually occurring between two Air Force aircraft was probably greater
than that indicated in the NMAC data file. The higher percent of Air
Force pilot error in MACs in Table 3-19 tends to support this theory also.
For example , one of the nonassociated MACs involved two Air Force aircraft
which collided while making clearing turns. Had it been a NMAC instead of
a MAC , a report would probably not have been filed , but quite likely the
inci de nt would have be e-n discussed between the j-ilots on the ground . On
t h e  othe r hand , several of the MACs attributed to AF pilot errors in Table
3-19 we-re due to failure to see-and-avoid in situations where the environ-
ment could have been a significant factor . In all cases where pilots were
cit e - - h in a failure to t;een—and—avoid , it was attributed to the Air Force
pi lot although ti re - non-Air Force pilot was equally at fault.
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Table 3- 18 .  COMPARISON OF MACS AND NMACS BY
COMMAND

MACs NMACs
January 1968 — January 1975 -

Command June 1977 June 1977

N umber Percent N umber Percent

TAC 9 37.5 50 15.3

ATC 5 20.8  61 18.7

ANG 4 16. 7 25 7 .6

USAFE 2 8.3 83 25.4

MAC 2* 8.3 51 15.6

SAC 1 4 . 2  26 8.0

PACAF 1 4 . 2  11 3.4

AAC 0 0.0 7 2.1

AFR 0 0 .0  7 2 .1

ADC 0 0.0 6 1.8

Tota l 24 100.0 327 100.0

*One was actually AFSC at the time of the
accident.

Table 3-19. COMPAR ISON OF MACS AND NMACS BY CAUSE

MACs NMACs
January 1968 — January 1975 —

Cat -qory June 1977 June 1977

Number Percent Number Pe rcen t

System—Environment 9 37.5 65.1

Pilot—Air Force 7 29.2 10 2.7

Controller 6 25.0 62 16.5

Pilot—Non Air Force 2 8.3 44 11.7

Miscellaneous 0 0.0 15 4.0

Total 24 100.0 376 100.0
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As Table 3_li) shows , the System-Environment was cited most often for
both NMACs and MACs. In a 1975 accident , for example , a general aviation
a i r c r a f t  on a VFR local f l i g h t  col l ided w i t h  a m i l i t a r y  a i r c r a f t  w h i c h  was
on a ground controlled approach (GCA ) under radar control. Current system
procedures allow VFR uncontrolled aircraft to operate  in a re- as  of h i g h
density traffic and thus thic cause is considered the system-environment in
which the aircraft operate- .

3.5.5 Flight Activitl

Table 3-20 compares the MACs and NMACs by f l i gh t  activity . The most
significant difference be twee n them is the  la r c p . -r  p r o p o r t i o n  -~f N’-hA~ s which
occur en route. The majority of both NMACs and MACs occur in the vicin it - .’
of tire airports while t}~e aircraft -ire- eith e r on takeoff and departur e.- , or
descent , approach , and landing .

Table- 3-20. C -M iA H J (-IN OF MACS AND NMA I 13? FLIGHT
ACTIVITY

MACS NMA C :
January 19(c - J a n u a r y  1975 -

A c t i v i t y  June  1977 J u n e -  13 7 7

N umbe r lu - r u - n t  N u i i t - e  -r Percent

T a k e o f f — D e p a r t u r e -  1) 2 5 . 0  70 18.6

Arrival—Landing 1-1 58.3 170 4 5 . 2

En R o u t e -  4 1 ’ - . 7 ] C2 35.1

Unknown  (3 0. 0 -1 1.1

Tota l  24 100.0 376 100.0

T~ l i e -  3—21 p r o vid e s  a - - _ - t i n  - an  ison of ~rl t i  t uclec c r  NMACs ~r r -  MA C :, - The
e - X , i c t  alt ~tudes of some of t MA- : .  w e - r e -  u n k n o w n , as tsr examp le- , when the
c o l l is i o n  o c curr ed whil e - - Ic - s- - c - ridi n g fr - - r n  el known a l t i t u d e  or c l i m b in q  ~~
- e r assigned a l t i t u d e - , b u t  t i c -  a l t  i t  u - h e- - i t t h e -  i tlil - - r e t could r i o t  i c e -  j e r e - c i - e - l y
-le t.e- rrninie - d . le er t i ; s - ,t ’  c - v i O l - ; , b e e- - ;t e - ; t m a t  c - :  w e e  - u - -, e l  I - -  cat e °~~~~~~~ 

t~~
,

M N S  into th e - rather broad i l l  t~ i c h e -  r a c e - i c - - - t ; nwn j r  t h e  I i i  i c .  As c - x i - e e t  c - h
f r o m  t h e -  f l i gh t  act i v i t y  d c l  - i , and s h i e s :  i n  T a b l e  3—21 , I c - ma i - - n i t ’  ot
both  NMACs and MAC ; o c c u r re - - i  i t  x e l e i t  i v e - l y  l ow c u t  i t  u d e S .  I n  Table 3—2 1 ,
c -u m u l a t i v c -  p er e - - n i t e u 4 e - s  a re  shown t o  -rn 1-hasi ze hi lat i e-  : i - ~ r~ i - n  - d  N t - I A - S

and MACe ; tha t occur h e - l o w  10, 000 f e e - i  -
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I
L Table 3-21 . COMPARISON OF MACS AND NMAC S BY ALTITUDE

MACs NMACs
January 1968 - January 1975 -

A l t i t u d e  June 1977 Jun e 1977
(in f e e t )

Cumulative Cumulative
Number Number

Percent Percent

Be l ow 5 , 000 14 58. 3 240 68.4

5 , 000 — 10 ,000 5 7 9 . 2  66 8 7 . 2

10 , 000 - 25 ,000 5 100.0 29 95.4

Above 25 ,000 0 - 15 99.7

Not Reported 0 - 1 100.0

‘F - t ,d 24 100.0  351 100.0

3. S. c T ; ne  of Oc :c u r r e cc : e -

T i t l e -  3 2 2  i - r e u e - n t :  a -- om l ir i s o rl  of t ir e  MAC :; and CONUS NMACs by the
t i m e  of day of t h e - occurr ’-: ;--e . The majori t y occurred during daylight hours;
however ,  a - -~ n o t e -i in the  t i c  is- , t he  percen t  of MAY-; which  occurred at n i g h t
iS clr ate r san the per :e:nt of NMAC s be ing  re iK )r t ed  at n i g h t .  Care mus t  be
ex ( - r c i  :;ed in  u s i n g  th e : : ; ; ’  l e e c - ;  c i t  l i c e : ;  h e o a e c ;e  the  d a y/ n i g h t  r a tes  of f ly i n g

n the - USAF’ a r’ n - ,t f~~c -t ore-I in - - t h -  d a t a .  Thus t h e  small numbe r of n i g h t
NM/ H - . ,lre-~ M/; - - . mc,- k - c - in rc - : c e rt i - - r i  t o  I i ; - -  n umbe r of hours  f l o w n  at n i g h t .

: r j - : L ’  i— , . .  - ‘ - -M~ A l - t h i N  oh- - MACS AND CONIJS N~’A BY
(.1- ’ [JAY

MAC s NMACs
J a n uar y  111 13 - ~January 1975 —

T i m e -  of [Jay Ju i s-  1 7 7  J u n e  1977

N umber Percent  Number Percent

0 0.0 11 4.3

Day l i 79.2 224 87.2

t i c  ~l t  5 20.8  18 7 .0

Not R e p o r t e d  0 0.0 4 1.5

T ’tal 24 100.0 257 100.0
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I n add i t ion , it is qui te  l i ke ly  that there are more near  misses at ni ght
than are being reported —— i . e . ,  the a i r c r a f t  were in dangerous prox imi ty
but because of the reduced visibility neither aircraft crew was aware of
the danger.

Table 3—23 provides a further breakout of the above 24 nonassociated
MACs by whether the second aircraft was military or civilian and the time
of day it happened. The table shows the percentages to be almost the same .

Table  3-23. MACS BY TIME OF DAY AND CATEGORY OF
AIRCRAFT ENC OUNTERE D

Day N i g h t
Category  of

A i r c r a f t  Encountered
Number Percent  N umber Percent

C i v i l i a n  10 53 3 60

M i l i t a r y  9 47 2 40

T o t a l  19 100 5 100

3.5. 7 ~~~~~~~~ of F 1i~ j mt  P lan

T c . ~~ e ’ 3-24 compa res the NMACs and MACs i y  type of fli ght plan of the
number one (AF ) aircraft. It shows t ha t  h a l f  of t h e  MACs occurred while
t h e- A i r  Force a i r c r a f t  was u n d e r  a V I P  c l e a r , :, c , b - m t  only 22.6 ; ‘- r cc-n t of
the  NMA ( ;, w’-re re-~ orte:d w h i l e ’  the  A i r  Force a r ; - r a f t  was u n d e r  VFR.

Table  3 - 2 4 .  COMPARISON OF A I R  FORCE FLIGHT PLA N
AND MACS AND NMACS

MACs NMACS

- January 1968 — J a n u a r y  1975 —
A i r  ~- ir c c- 

June 1977 June  1q77
P1 iq t ;  t I ’l ani

Number I n t  Number Percent

IFR 9 37.5 21-3 3

VFR 2 -0 .0 85 22.6

Not Pe-~ --~ r te-<h 1 12.5 5 1.3
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Some Air Force flight plans involve both VFR arid IFR. For example ,
an aircraft may depart and proceed IFR to a tactical entry point where the
f l i g h t  is ti:e ri continued under VFR . During the VFR portion a low—level
route may be tiown , er t a c t i c a l  operations may be conducted wi th in  ~n P~i r
Force range . Fol lowing  completion of the VFR portion , the aircraft then
returns to a tactical exit point and returns to its recovery base under
IFR. Extensive coordination is required between the aircraft crew , the
Air Force- organization controlling the range , and the FAA center control-
ling the IFR route from the range to the recovery base. As indicated in
Section 3 .5 .3 , two of the TAC midair collisions were on such tactical
missions , one during descent  to the range , and the other during climbout
en route to the range .

Although riot shown in Table 3-24, in 8 of the 13 Air Force-civilian
MACs , both the Air Force and the civilian aircraft were flying VFR; in the
r e m a i n i ng  5 the Ai r  Force aircraft was flying IFR and the civilian VFR.
In no case- did Air Force- aircraft flying VFR collide with a civilian air-
craft which was fly ing IFR .

3.6 DATA SUMMARY

As l ndj c at .e: d in t he  previous - s-ct ions , there are many different aspects
to the overall mi da ir collision problem . Air refueling incidents account
for th e - ja r - ic - st num ber of midair collisions , but contact here is intentional
and the Air !~iurr- e- reasonably separates the se usuall y minor incidents from
nthe -i categories of midair collisions. Formation flyinq , and particularly
close formation , acc--unts for the next highest category of collisions.
This activit y, like air refueling , is recognized as a high risk operation .
Although air re-fueling and formation collisions are all AF-AF accide nts ,
t o g e t he r t h e , -,- icc -runt f o r  73.7 percent of all midair collisions involving
A i r  Forc e- a i r c r  a f t .  T h e - r e - f o r e , even t h o ugh  they  are- u s u a l l y  accepted as a
[irt . of hrqh risk operations , Phase II of th e -  MAPS Proqram should exp lore
the--;e: areas  ire  g r e - a t e - n  de p t h  t h m , i r m  t i m e -  f i ’ i ’ - — m e u n i t h  l’i i:;e I c - f l o e -  t [-erm i t t c - i .

For t h e  r e-m r m n i n q  mi - 1,1 1 r col i i  s i~ ac; , t h e  i r e  -v c .ous se ’s-t  iO fl compared
a c t u a l  coil  1 5 1 0 c m :  w i t h  NMAC S r e - i - o r f e - - i .  A l t h o ugh  t he re  i r e  some d i f f e re n c e - ; ,
many o f t he e : c i r c - um: t i T c ;  ‘-s r e l a t  m g  to NMJe - ; c n i , b  MACs ir e  s i m i l ar .  For
exampl e’- , - x c l u - ; i v e  of formation fl y ing and air-r e-fueling , the majority of
1 , - ti c t i c -  NMA(s and MA- - involve genera l avi a t i - c r i air - -ra ft , [-r- imarlly at
low altitud e-: , in the ’- vicini t y of airports , during dayli ght hours. The
Air Fore-c -  aircraft is usually under some sort ot air traffic control wh i l e-
ire r n i n m y  cases t i r e  genera l ,~vm , it i o n  a i r c r a f t  is u n c o n t r o l l e d .

No r m ; : , ’ - - i - i t  - ‘I m i d - i n n  c o l l is io n s be t w e e n  A i r  Force a i r c r a f t  occur
m u c h  m o r e ,  I r e - - p i e - c i t  ly  t : i i , i n  w i c u i d  be- i r i d i c e t - e I  by NMAC repo l t e ; .  Mos t of th e - rn
r jr r  mr when both ,circraft Ire :  ri o - i c r VFR clearances and like militar y—general
. i J i e l t ion incident- ; , t h e y c - i  - f - m n  a t  low e u l t i t u d e s  in the- vi c inity i - f airports.
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Except for one MAC with a foreign air carrier (DC-4) in Southeast
Asia , there have been no Air Force midair collisions with air carriers
during the period under study (January 1968 through June 1977). There
have , however , been 22 NMACs with air carriers . While the  system-environment
has been the primary cause of military-general aviation NMAC5 , controller
e rror is tO .- primary c-au ,-;e of NMACs with air carriers . The air carrier
NMAC ; - o t e r e t i a l  is considered extremely small when c o m p a r e d  to the military—
military or military-general aviation risks ; however , because of the poten-
tial number of fatalities and the number of NMACs that have occurred , the
air carrier threat riust constantly receive consideration .

Low level and Olive Branch (GB) route:-; accounted for a significant
number of NMACs , but only one MAC (in USAFE). Because of the ; ublic dis-
cussion between military and general aviation reqarding these routes , they
have probably received attention disproportionate to the total NMAC probl em.
However , operations on these routes are perceived as a significant threat
by both military and general aviation i-ilots.

C e - r I  t i n  commands and the USAFF . a rea  We: i r ’  shown to have a Nt-tA; ’ th reat
or MAC experience significantl y above the USIeF average. Oje’ration al and
environmental factors related to the individual commands were discussed in
Sections .3.3 and 3.5.3. The m ictical Air Com mand was cit e J as one com-
mand whic h; is expected to experience an increase in NMAC -mtc: :nti,il in
a s s o c i a t e d  f l y i n g  due:  to the  p r o j e c t ed  i nb r e d : ; ; -  i n  t i~e - - r m u m i o - r  of TAC
fighters and training sortie - ::;.

A b~ itance mus t  he ach ieved  Le:tween the  sy- , t e m  contro l ~-r o - :edu res n - - d e .’d
to m i ni m i z e  the m i d a i r  p o t e n t i a l  and th e -  ab i l i t y  of t h e  A i r  F o r - - c : to  U e ) T ; - m S  :t

it s - ; , i r i c - - i  world’ ide m i s s i o n  in arm e f f e c t ive m a n n e r .  A f t e r c o ns i ds - ;  ing i n
t b , - ne x t  h i ~ ter  some of t h e -  c i v i l i a n  aspects r e - - l , e t e - - i  to the m i - h a i r  c o lh—
sion problem , (‘ l - l J  nor F1 e ’ w i l l  a m i r e - - , - area-; w:,i~~~’ . ‘o s -  A i r  Fuic~- shi - i~ i- i
exp lore to minimize the mi d - ti r ~c - l i i : - ;ion threat p o r t 1 i ’~’ - - i  i e ~ r c ’ m n .
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CHAPTER F OUR

C I V I L I A N  VIEWS AND ACTIVITIES

T~ s i - m c I  i , r : , t  sure-d r of DoD f li ~~i ; t - ; occur in j o i n t  c i v i l  and m i l i t a ry
u 1 r - -~ i r t O e  e t r - - l  of tue Federal Aviation Administration . Any pro—
-iram c o r e c e - r r e s - c i  m.. i t b ,  the re v e r t  iofl of midair collisions involving military
aireraf’ mus’ t he r e - i c r ,  take in to account the views of the civilian aviation 

- ;;.ity -ccc l its p lans I c r  th e future . This chapter addresses the views
of b - -t b t h e -  FAA a r - h  l i e  ‘. u r m r , u - ; u- e r  organizations (e.g., the airlines,

c e :‘:ra l i -; i a t  i- sr i x c - c ~ m I m i t i e -  i r e - s e n t  system and possible improvements in
i t .  !- :n ; : , i - i : ,  i n  la - c -c l - -c  i t  m- ’m t ies that could affect the ~SAF in the
follc cw_ r ieh ci;,~ f t s c ’  t-tAi -3 c - c ~ir a m . Pro~~e :c ts  w i t h  negligible impact on
t : . . miui: c r y c  su sim ; to’ - u u ’ itc h terminal service (ATS) to provide auto—
m c :  c~i - t i c  t r - c f c  ic ,iciv iHo r ce -s -it g e n e r a l  a v i a t i o n  a i r p o r t s ,  are not discussed .

Time , ir, forTn,i t 1- - c I r e - - c - r e e  -i in this cheg - t c -r is developed from three
: - ur ces: the- ’- bon n vat ion :; 0 ’ ARINC H -:;earch personnel who have been in—
VOl v e : c I  in  v i i  m oo ’ t - f  t h e -  F leA ’ s re -i - a r  - it m -n Assurance Prog ram over
t I m e -  L - l : ; l  f i v e  ,- e - a r s ;  tI me- n mI - li shed r e - p o r t - ;  and public position papers of
t h e.: FAA and u:-~ - r  - -r jr,j;’ ct j - s  ; a~~d a :, e r  ies of liscussions with FAA , air-
l ine , - c r - I  ~e n c - c a l  avm - ct ion :;jokesmen . r t . m m n ; i n g  to the MAPS Program .

-Li CI’.’ I I I A N  ASSE :r t tLN T : ’ OF THE COLLISION PROBLE M

There :  is O r e .j r ,  l r ’,ou; ic ~r e u - m e - n t  in  tO- civi h arm aviation community that
tim ’ - risk of nmmd ,ii r collisions should be - mini mize - I . However , when the prob-
lem is discussed in relati on ; to ot h e r safety issues , it usually is not at
the- top ‘of the h ot. Possible reason:; for this include the fact that there
are Ve ry few m i d a b r  c o l l i s i o n s, t h e- view that a totally collision—free air-
space- is probably :- ,t possible- , arid the feeling that money might be better
s p e nt  on solving other safety problems . Nc- v -rt i;c - l ess , the nagg ing feeling
that a collision could occur remains. Collisions are usually very serious ,
If  nut fa tal , anu  i t  does not seem ri ght to ignore the problem . While
t h e s e -  V i e w : - ;  probably typif y those of most of the civilian aviation coin-
munity, t ime - p arti cu lar concerns of the FAA , t im e -  airlines , and general
aviation var ,’, co I are ‘l.- ;cribc-d in the following paragraphs.
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The FAA is responsible for the overall safety of flight and has devel-
oped an elaborate air traffic control system to reduce the risk of midair
collisions , even when one or both aircraft are not under ATC control.
Naturall y, the FAA examines all the statistics on midair collisions to
determin e the severity of the problem. Over the past 15 years (1960—1975)
almost half a billion aircraft hours have been flown , and the following
number of aircraft have- been involved in collisions (Reference 11)

Air carrier: 21 (18 collisions , 3 involving two air carriers)

General aviation : 890 (496 collisions , 4~ 4 involving two general
aviation aircraft)

Milit ary : 29 (not counting collisions involving two military
aircraft)

Altogether , 92;, fatalities resulted from these collisions. The annual rate
- f  collisions and fatalities has remained about the same in re-cent years
- 1 u s 1- i t e :  t i s -  increase  in the  use of the a i r : , I ice. llhile the statistics
irm -hi cate a low x m:;k s-f midair collisions , there exists the possibility that
tw ’ - ) umb c j e t . ,  could collide and in a single incident nearly double the
‘ c ,t a l  n umber of fatalities. The e c-t ore ,- , t i m e  FAA is committed to developing
an eve-n na fez syst c - r n  -

The i c r l c r e - s  an - I  their ~-~ l ’ts are naturall y very much concerned about
t i m ’ -  s a f c - t - ,’ of air carrie r a i r  ; - r a f t  . About  8 years ago the airline industry
‘ d c - n t  :m e : v c - r a l  million doll ars ;ce :rtee ’ting arm airborne collision avoidance
: eys tem , and -ic v - r a l  a i r l i n e - s  d e v e loped 1- lans  to equip  t he i r  a i r c r a f t  wi th
thi s systc-rr i i - c w e - v ’ r , the airlines recognize d that the protection they
would be laying woo 1 , 1  be: limited if only air carrier aircraft were to be
equipped and , I i  k m n i an FAA national standard for their system , they di~
n ’;t  imroceeci . Sukcu~~ucntl y, other collision avoidance system alternatives
5 r e  proposed or he vc -l o l ec- - I ( - c - c ’  Se- -tion 4.3). The airlines are now awaiting
the- out  . me - of t i m e - , ;-  i f  f o r t s .  The a i r l  i r e - s  e”tpparently feel that their
rim ary r c c t . - -:t ion is (and will continue to b’) provided by the ATC system .

It d~ c~ c (fdr that they ale willing to install any system eventually defined
is the mi t  tonal standard , backup collision avoidance: system .

The general a\’ieitl e ~ r e communi ty , w h i l e  concerned about m i d a i r  col l is ions,
does not , u } d ~c - a r  cager to spend a lot of money or sac r i f ice the  f r eedom of
flight in the interest of redo- ing the ni sk of collisions. This community
seems to feel t o ut ci r c e - of the most effe-ctive ways t o  i e.-’Iuce: the co l l i s ion
r i s k  is to emp h a s i z e-  t i m e -  n eed for c - v e ry  p j l i t  ari d copilot to practice “see-—
and-avoid” techniques. For t b- most 1-art , the general aviation community
does not want to be forced out of air olsu ce- in which it is presently allowed
through require-m e rits for :;} e cial e :clui pment or positive control of their
aircraft , or both. Furt .im xmorc , membe rs of this communit y f ee l  tha t any
technical or hardware solutions should ri o t re quire- ye ns- r ,-tl aviation aircraft
to c a r r - ~ any ne- v equipment (except possibly DABS transponders as an eventual
replacement for ATCP~BS transponde rs). The q e - nic ral aviation community does
want any hardwar e- solut ion to be available to g c - r i c - n ~ il  aviation (if an air-
c r a f t  owne r wA ds-:; t ’ c purchase the equi pment), and It would like the system
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to t minction within and outside of the coverage area of the ground system .
Regarding military operations , a general aviation spokesinan* expressed con-

‘ c m i  over low-level training/Olive Branch routes (although he admitted
that statist i-;s have shown little problem in this area) and over increased
n i i l i t a r ’ ,’ ~t- -tivity between 4,000 and 8,000 feet , levels heavily utilized by
~c -ri - x - i l  aviation .

It should be emphasizes-I that the above views represent th~ authors ’
I c r e t - l : t iOfl  of t i m e s  mo st  common mood and attitudes of the FAA , the airline
cosn,n~i ur 1 i t ’ c ,  and general aviation . Of course , these coirununities J”tve many
me-mls- rs and the possibility always exists of wide differences oi opinion .
Analysc .~ c t  t i c -  overall vl -w :; of the- different aviation communities shows
l i t t l’  ms e ni c - e - r n  l i r e c te d  ‘- q - e - c : i f i c a l l y ~ t m I l i t a ry  a v i a t i o n . Rather , m i l i t a r y
aviation is conside red Just one more partici pant in the National Airspace

~:‘0te’m~ Aviation Communiti e s outside the- military believe that solutions
that are applied to the airlines and to general aviation are also likely
to be ,i1-1- lied to ti-ce military .

4. -~ CURRENT FAA ACTIVITIEr ’

The FAA is e n d e a v o r i n g  to imj r ove.- present systems and procedures ,
dive l o j  T ie - s  AT( c c i  ab i l i t i e s  and jcroec -dur cs:; , be.-tter inform pilots of p0—
t c .- r i t i a l  c ol l i s i o n  e nv i r o n m e n ts , an d conduct  re :search and deve lopment to
f i r - :  the i-refe r red hardware- solutions . This section addresses the first
three az -as ( i . e . ,  those are .is in which changes could occur ove r the next
few y e - a r : ; )  w h i l e -  the following se- c -tion rev c— -ws th e - many technical investi-
q it i o c i s  t h a t  have - 1 ; ce - e . r  and a r e  be ing  pu r s u e d .

Improvements b~ave i ,c ’eci m :ni h e- to t i c  air traffic control system since
b e g i n n i n g  t - c  zn c r  c - u - - ;; i t s  &- f f i c i e n i c y  and enhancer  I t , ’; safety. Many of

tic ;’ collisions of earlie r years could undoubtedly have been avoided if
t c -  ha .’ ‘s ATC jcrocc’- b u r es ha I been in - c p ’  - r - i t  ion . The ATC system c’ent inues
to he-come ’ mor e ’ o f f ’  ctive as m o r e -  a m r c r a f t  a r e -  equipped wi th  t r ansponde r s
and ‘‘seced i ng ,i l t c r n c - t e - r ; ; .  Rece nt (late 1975) near midair collisions involv—
m g  c o m me r c i a l  a i r  c a r r i e r a i r c r a f t  have l i - - i  t i m e :  FAA to develop a con t ro l l e r
b a c ku p  s y s t e m  know n - I ; -  “ c o n f l i c t  alert ” . The conflict alert warns a con—
t r o h l e n  whe ,- n m e : v e - r  two ac rcr, u f I u i - i s - eli’ to t h e  ATC computer  to be on a course
ti __ It will violate -m irsp a ’.:” c:1 aratlon standards. To date , conflict alert
rw’nii t o r - , only c - c c  route- ,i i r:; I c ace above 12 ,500 feet. There are plans to develop
improved cc r m f l i c t  a l e r t  a l g o r i t h m s  fo r  use bc-low 12 ,500 feet and in airport
t cr nr c na l i r e C en fl iC t alert is h i rn i t e - ’I , h owever , in that it works only
when th e- p o sit  i- - r io c d  a l t  i n  ;rd c-s of both aircraft are known to the syste~n
and at least one aircraft c- ; in con tact with a controller.

The FAA is also co n si-I c -n ing procedural changes as a way of reducing
the nisk of mid air collisions. In i c e u rticular , the FAA is considering in-
creasing requir e-m c-r ;t s for transponders and altitude encoders. The imposi-
tiori of a- I-h itiona l requirements for transponders and encoding altimeters to

*cj ictor Kaynie’ of AOPA .
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permit  the ATC system to be t te r  see VFR aircraft and to automate further
the handling of all IFR aircraft is being s tudied . For example , the use
of transponders and encoding altimeters is being considered in additional
airspace [e.g., all Automated Radar Terminal Systems (ARTS) III locations ,
all Group III Ter m i n a l  Con trol Area:; (TCA) , all controlled air,sJ~ace-] and
for additiona l aircraft (e.g., through licensing requirements , for all
aircraft with 10 or more seats , or for a l l  aircraft exeel t perhaps gliders ,
experimentals , etc.). While this procedural change might hel p reduce the
risk of midair collisions , it does have cost impacts that could delay or
i revent i t s  e n a c t m e n t .

Finall y, there is one area of improvement that should be of p a r t i c u l a r
interest to the  m i l i t a r y . S tar t i n g  on or ,iiccs ’;t January 1 , 1978 , the  FAA is
p l ann ing  to pub l i sh  a e r o n a u t i c a l  c h a r t s  t10 t indicate military low Ic-v o l
training routes. It is hoped that ‘ i m s  w i l l  m ake- general aviation pilots
more aware of military operation :; and will encourage t ime- rn  to avoid those
ar ea s  whe ‘rm ope-ra t  ions  - i r e  - in -r o q r e - ; ; s  and I ;  be more a l e r t  when t r a v e r s i n g
them .

4 . 3  RESEARCH AND DEVELOPMENT EFFOP T :;

This section describes 1- i s t  and pre: - ; e - n t research and de .:ve:lopment
efforts , presents u:;er community vie ws on these efforts , and de scribes the
important technical issue-: ; rice-ding resolution .

4.3.1 Historical Backgroun d

The Federal Aviation Administration , in close cooperation with the
airline industry and r c g - r c s e : c t a t i v e s  of the  genera l  a v i a t i o n  c o m m u n i t y ,
has been involved in investigating and develop ing a separation a;;surance
sy:;tem that would meet the safety requirements necessary for an orderl y air
traffic control operation and would still ) ; -  e conomica l ly f e a s i b l e :  for  the
majority of airspace users.

Since : the early lY7Os several conceit :; have been f o r m u l a t e d  and
thoroughly evaluate d by the FAA arid other branches of the government.
Among the more promising were  the A i r b o r n e  C o l l i s i o n  Avoidance System
(ACAS); the Discrete Address Beacon System with Intermittent Positive
Control (DABS/IPC); and the Be icon Collision Avoidance System (BCAS); the
last  in b o t h  p a s s i v e -  and a c t i ve  modes. A d d i t i o n a l  systems that have been
proposed but have- not yet been evaluated are: the air-to-air mode of DABS ,
a rm - f a single—site BCAS. Some system:;, such i: ; t i m e -  p r o x i m ity  w a r n i n g
sy - t e - m ’ ; , hav e-  been proposed by m a n u f a c t u re r : ;  but , for  v a r i o u s  r ” ,m son s , have
not been subjected to detailed evaluation.

The system eventually recommerrdc-,l by the FAA as a national standard
for separation a:;sur cnce- should meet the requirements dictated by the user
communitic-: and th e - regulatory age n c i c - : . I d e a l ly ,  t h e -  sys tem should provide
t i m e l y  c u d 1  : ; i f e :  a v o i d c u n m c e ’  of midair collisions by the equi pped aircraft.
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p
I t  m u s t  he f r e e -  of false alarms resulting in unnecessary maneuvers , yet
lc rO Vi ;i& a i ’i lo t  w i t h  adequat.e- information to allow maneuvers that will not
- a:m :-;e- additional unsafe situations. It must be capable of proper operation
at i l l  a l t i t ud e - : ;  and geographical locations. Finall y, it must be economi—
:a l ly  ~ t t r a c t i V e ’  to both the h i g h — p e r f o r m a n c e  class of aircraft and to the

i c s_ p e  r t o r m a n c - c -  single e ’n lqc r ce’ aircraft . No single system now exists that
ere c ts a l l  of t : m , -  r o t e - - f requirements . The more promising conce~ -ts , their
o1-e ’rJ’ jc-cnal re i m i r e - m e n i t s  and i -resen t s t a tu s  in the cons ide ra t ion  for  a
r m , u r  standard , are discus:;ed below .

L3.l.l Airborne Collision Avoidance System

T)t: Airborne Collision Avoidance System (ACAS) concept was preposed
in  t h r e e v a r i a t r c r m s  by t h r e e m a n u f a c t u r e r s  ( H o n e y w e l l ,  McDonnell-Douglas,
u n - h  PCA) as an in i e - e - n i ; i e - n m t  :;yotem operating without  ATC i n t e r v e n t i o n  or
de1~e :icben m ’e - . A f t e r  an e x t e n s i v e  performance;  and cost e v a l u a t i o n  of each
of t~~~’ ii , t h e -  FAA h e - - - i d e d  to recommend the Honeywell  AVOIDS concc - 1 t as the

r e - f c : r re e i  airborne - (,A h . The- Honeywell AVOIDS ce-nec -i t is a s imp l e -  m n t e - r ’ r o g a t e —
r e  1 - r i f l e  -

,; -te - ;n using a clear frequency dedicated to ACAS opera t ion . U n—
f ( - :  t u s i t e  i -j , t h i s  ‘ O n - c ’ 1  t and the  o ther  two ACAS a l t e r n a t i v e s  -Ire: fully

- - fl e - r , e t  i ’ - e - sy- tc- m :; r ec 1 u i rin c i both participants in a potential midair col—
l c : ; i on  i o  b e - c - g u l  I e - ; 1  w i t h  A h a v m ( ’ r m i c s .  A l t h o u g h  t e c h n i c a l l y  sound , the
cc n m c c : ;  t ;  would re: s i r e -  e v er y  aircraft to be fitted with CAS avionics. Of

- - m m - c , t h i s  w’ -u l  I me u s  - i  long del a y  L fore f u l l  p ro tec ’ t i m n l  to each , ij r : r a f t
‘oulcb he i ‘mm - T~m e- FAA m s  t h e - n i - f o re  :; ;-ekinq an a l t e r n at  ive approach.

Ne - v c - r ” t;e -le :ss , prc toty c ’ b m c r c l w , i r e -  has bee -n m b u i l t  and tested , and the AVOIDS
i s  l v i i  I - i Ll e- :-; h c c e j l d  Co ngr e ss i o n ,u l  a c t ion  m a n d a t e  ACAS i n s t a l l a t i o n

c i  a l l  i i  r et - i f ’ .

-I . 3 . 1 . 2  i : , e r e - n  A - i f r e ,s ,  P c - i -  c s  S1steni w i t h  A u t o m a t i c  T r a f f i c
red  B e ’ s c c l n i t i o r m Serv icc

Ti m e- FAA m u ’  ‘ , ;- rm : , e’ r - c f  t i m e ’  c l c v e - l o i c i n e t i t  c _ f  the Discrete Address Beacon
;-ry :m c- rn  (I  01n:, ) i : :  1:. jr : r U Ve - - I surve 1 1 l a n -  - e ’ : ;y s tem i n t e n m h- d  to rep lace  the
1, r’ e - : ; e -  m ’ - c i T  ‘i i ,I t m ’  (,5 - r 1 t i ’ ’,l , e h - i r  Pc ee’ ’ n i  h y s t e m .  T h i s  system would  p r o v i d e
b c t h  the i n f o r m a t i o n  re q u i r e d  to ‘ I c - t e s t 1 - c - t e n t  ial midair conflicts and a
c h a t u  J z n m k  t o  i n f ’ - r m  t i m e -  t h m r c - e u t  - i c c - e l  air t u f t  of t i m e -  c : e ) r i f l i c t .  The DABS/ATARS

( f c - r r : : - - r  l y  T) 1 e 1 4 h / l I 5 ) c e - n m ’ - pt ‘ c : ’ - : ;  t i m ’ -  flAjtr : ,u r v e : i l l a n c e -  i n f o r m a t i o n  to m a i n —
t a m  a i r c r a f t  t r a ck s ,  i d e - r i t i t i e ~~; , u i - I u t  i t s - b e - s  and , with the aid of corn —

st e - r S ,  i t  - r m m i i ::; ~. ; m c -  a i  r c  c
~~ r i  i t -  pr i x  m rn it y s-u ricing information and col—

1L :; m ’ c r m uv o i d a n m c ,- - cc mrnands .  The con~- .-~ - n  inc - I - t o t ’ -/1 - h i - u n  iw ,ire r equ i red  to
m i re le:mecnt ~ hm e’ ’ ci m c , ’ : t i , e v e  1 , - e r e v aI~~~ t e e I  I i m r cci c jfi ce -nit rolled experiments.
A-i- h it I on m u I m e l  r clw, i ‘ e is f - c m g ma u iu l , u ’ - t , u r c - ’~I f o r  ii e l  iminar y system im~>1emen—
t i ’ i c c r e it  e l e ct  ‘ - - I  ‘ I e - n m : - ; c -  t r i f t  i c  e n v i r o n m e n t  loe ’~~t i o n - ; . Tire ’ system is
c:a~~a i l ’ -  o~ - or mt ’ li t f - r e -  h i ~~ t i o t m  u f  r inu y  - u i r c r u f t  c -quipped w i t h  e i t h e r  an
;,‘l ’~~1~}:S or  DABS t r u r : i o n i d e - r  i n - I  an encoding u t  zmete :r system.  However ,
the AUt’-nn , c t j C Traffic Advi sory iiuil Resolution Service (ATARS ) service can
be r ’  v i d e  -d - n i l  y t o  DAB S_ c- e lu  ip 1e~~d aircraf t Leossess ing the attendant ATARS
d i  m i - l a y s .
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The FAA intends the DABS/ATARS concept to be the separation assurance
system used where DABS ground sites and IPC computers are -  a v a i l a b l e .  The
DABS/ATARS concept , however , can nm ’- t open ate outside of DABS radar  coverage ,
limiting its operational capability to a portion of t i m e -  c o n t i n e n t a l  U n i t e d
States.

4 . 3 . 1 . 3  Beacon C o l l i s i o n  A v o i d a n c e  sy stem

The development of collision avoidance system:; has been hamjcered by
the ne ed for  new c - l i - ” t r o n i c s  fo r  a l l  p d lt i c ,m l ’ a r m t s  (cooperative sys t ,s i s ) .
The i cvestigation and dev e lopment of the  Be - u - -on C o l l i s i o n  Avoidance System
(BCAE ) has been p u r s u e d  to circumvent this problem by making us e-  of the
exis ’ inq signals-in—space transmitted by aircraft in response t o  ATCRBS
int rrogations. These signals , when properly -Ie-tected and dc-coded , can
provide , as a minimum , the relative range and altitude between aircraft.
Successive decoding of aircraft ATCRBS rep lier ; will provide the relative
closure rate- betwee-rm the two aircraft.

Two possible v e r s i o n s  of t h i s  concept hcive: been considered : an active
mode and a Jccu ssive mode . The active mode oh BCAS -lenerates ATCRBS inter-
rogations (i.e., ti me- same inte:rroqation:; as a ground radar) to elicit
t ransponder replies from all aircraft within list c ,-nm i n q range. Based on the
t ime of a r r i v a l  of a rep l y ,  t he :  r e : la t  ly e  r a n i q e -  of an i n t r u d e r  can be cal-
culated . The i- ad ~;ive mode , -is t i m e :  r ime’ imp l i e s , clues not require : on-board
interrogation . Rather , it li; tt’ns for both ground interrogations and the
ensuing aircra t replies. Through geometric calculations using the relative
t ime—of—arrival measurements , from two radar sites , the passive: BCAS can
evaluate- the range and bearing of aircraft within radio listening range .
Both BCAS concept;  r equ i r e  e x t e n s i v e  on—board  computer  systems to i d e n t i f y
and track every aircraft within range . The computer must be able to extract
the des i red  da ta f r o m  the c o n t i n u o u s  s t reams of norma l ATCRBS surveillance
in terrogations and re,-I lies. The passive sys tem , in addition , must perform
the rm e c’ :ssare geometric computations to obtdin the desired data .

imevelopment of tine BCAS ; ‘ c ’r o ’e : I t has bee-nm slowed by i n a b i l i t y  to detect
and tr ,i - ;k through t h e ’  c l u t t e r  of u n d e s i r a b le -  i n t e r r o g a t i on s and replies all
a i r c r a f t  w i t h i n  r a d i o  range of the? BCAL-equi~~c~ -e i I  a i r c r a f t .  T e - c h i n c i c a l  im-
provements such a:,  v a r i a b l e  power BCAS interrogations , receiver desensitiza—
t iou , a c t i ve  DABS interrogations , and a single-site jassive BCAS using
simp lifie -d geometric computations , ,u r e therefore bei ng evaluated to arrive
at a configuration tha t will L ee- p h y s i c a l ly ,  c-eonm om ice clly , and tec hnically
practical for pne- :;ent—day aircraft.

4.3.1.4 P ile t Warrcm~~~_Indicators

The FAA has considere d :;e:ve:ral ty~ ers of Pilot War n ing Indicators (PWI)
rcyst em t im _ ut would alert a pilot t c -  tin- p L c - s e - r i c e ’  of another  a i r c r a f t .  How-
ever , t i m e - s e -  s y ; ;t  c -In s f c c  r m e ’ t  t e l l  t h m c  - p i l e  -t  how t -- avoid that aircraft. The
idea b e h i n d  PW I is that the: p i lo t  would be- a le -rt e- - 1 , see t h e -  i n t r u d i n g  air-
c r a f t , and make tin- ne- cu :ssar-1- avoidance maneuvers. Pot h e lec t ron ic  ( e . g .
t r ansponder  l i s t c - n - i n )  a r m - I  o p ti c a l  ( e . g . ,  s t robe  d e t e - c l ion ) systems have
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been considered . The resul ts  show tha t  a PWI is apparently as costly or
more costly than some of the collision avoidance methods being investigated .
The FAA is therefore- not pursuing the development of a stand-alone PWI at
i c r  c-se n t .

4. 3. 2 Cur rent Pro9rams

The FAA hi , e-; idemntifie,-d the DABS/ATARS and BCAS programs for research
and de velopment. These programs are view~ d as complementary solutions to
separa tion  assuranc , -  since their operationa l limitations prevent introduc-
t ion  of only one- concei t to s a t i s f y  the demands of t i m e -  a v i a t i o n  populat ion
in the existing air :m icdce . DABS/ATARS is being proposed for use in te rminal
areas an - I  de nse t r a f f i c  environments where BCAS appears to f a i l  because of
excessive tracks and synchronous garble problems . DABS also provides the
necessary ATC con troller coordination and information mandatory for pro-
cedural maneuvers in term inal areas , which might be interpreted as collision
threats by CAS lag ic.

The DABS sche- - f ri l e , is best dc-fined now , calls for the airborne trans-
ponder contract t o  be awarded in mid CY 1979 with test articles to be de-
l i v e r -d in mid CY l iP ? ’ . Gr surm cl installation in the northeastern U . S .  is
: , c ’h e d u l e d  to l m c - c n i n  in  CY l~~79. The schedule -  has slipped in the past , bu t
this estimate is tim e b~-:;t a t  e r r -,, - nit

BCAS is 1 i c c r - ( , ’ , c , i  for c t  , i tj on i  in t i m e -  passive mode in areas not :,e-rved
by DABS/ATAR S bu t  w i t h i n  t h e -  l i n e -  of s igh t  of ground interrogators. The
passive mode of BCAS is e x p e c t e d  to benefit aviation safety by minimizing
t im ’- qe nme ’ration of additional fruit (undesire d incterrogatiorus and replies)
that could adversel y affect ~mr e se:nt ATCRBS surveillance operations. How-
ever , inc areas  not co V e ’r e :r ’I by ground ATCRBS (or DABS) interrogator-;, the
BCAS system will -mmm t - eni tically switch to the  ac t i v e  mode and genera te  the
nece:-sar y h i t  o r r c - - i a t  icecs for  range , range rate- , and altitude- dete’rminat ion .

‘F i e  FAA oft ic- c  of k c - : m e a r c h  and D e ’v e - lopme n t  ( SRDS )  is act ivel y P U i suing
t i m e ’  devel ; p r : e - r u t of c AP : cj rou n c l  s y s te m :; ,m n d  a v i o n i c s . Deployment of three
DABS sites f o r  a e t d j t j e - n a l  t e s t  and e v a l u a t i o n  in  a rea l  t r a f f i c  envi rorunent
is planne-h fe-c t h m c northeaste rn Unit ed State-:; . The FAA is concurrently
: m u l ; c e ; r t  inq  , e n u d  - ; j - - i r m s o r c n g  e f f c o  t r ;  by MITRE/METRE K ( a c t i v e  BCAS) and L i t c h f o r d
(passive BCAS ) t o -  deve lop and evaluate t h e  BCAS c o n c e i t .  F i g u r e ’  4-1 illus-
t r i t e - s  l i i ’ me- : e r e - c e - n t  schedule of R&D activities defined by the FAA in the
BCAS.

4.3.3 User Community Views

The FAA summarize d t h e  V i e w s  of various airline and general aviation
organization :; at an April 20, I’J77 , Beacon Collision Avoidance meeting .
A l l  or c~,i r i i z , i t  ions c - x p r e ’ s : ; in g  views on the DABS program were supportive.
Whi le  t h e -  a i r l i n e  community was also supportive of the ATARS coneept that
would b e - coupled to the DABS , the general aviation con’lnunity appeared to
favor a “wait-and—see ” attitude . All organizations were supportive of the
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BCAS e f f o r t s ;  howeve r , the airline community favored the active BCAS and
oicj-o;;ed a combined active—passive BCAS. For the most part , there was
Oi-i c( cslt io fl to the  ACAS and PWI concepts because of the requirements to
g u l l y e - c p i i~~ - i l l  a i rc r a f t  and the  p o t e n t i a l  for  p e r f o r m a n c e  l i m i t a t i o n s.

4.3.4 Tt-cdmn ic,cl h o n i s  iderat ions

W h i l e  the  above sect ions i m mive - described o v e - r , c l ]. research and develop—
m e - r ; t , e f fo r t : ; , there- arc .- s t i l l  a n umbe r of key technical issues that must be
r ec o c ln l z (  - d .  Thc- : ;e  i : ; s w -s  i n c i l i c l e -  bas ic  : ; - ~‘ : . t  c - r n  i c er fo rmance -  , t h r e :a t  d et e c-

tion , t i ; r e ’ at , r e s o l u t i o n , and cor; t - Some of ti n - more important technical
i s s u e S  a re  hic ;hlighte- i arid b r i e f ly  c l i scus :, e d t ; -  p r o v i d e  an i n s i gh t  i n t o  the

m a g n i t c P -  of t i e  de ,’ci : - ;i o n m  h r ; c c e - ’ ; s .  T h e -  c i n c l u d e-

Passive vs. a- - t  nve rpj dro eccim es t s c  BCAS

• ~;inqle—site vs.mu lttple— site interroqators in the passive BCAS

Thr eat boundarie s and alarm notes

• V e r t i c a l  vs . h o r i z o n t a l  r n a n l e ’ : i v e ’ r s

D i r e c t i o n a l  a n t e n n a  ;;ystems f o r  BCAS

ATAi-L C( rn~ lexities

Costs

4.3.4.1 P a s m ;i v e v :; . i - t l V e -  Approaches to BCAS

J~~o se ct - i on  le: s of i n t r u d e r  de tec t  ion fo rm the BCAS concept. They are :
the use- of active’ int e-rr ’mqec t ro r m:, by the threatened aircraft to solicit re—
pl ie : - ; f r om the i n c t r : m c k - r , wh ich  can be proces;med to dete:rmine range , range
r a t e  ( c l o s u r e -  r a t e )  , and alt itude; and t i m e ’  use- of passive techniques  to
listen to :xistincy si gnals in s}c c l5 e ’  and de t e r m i n e  a thre:at.

‘rhie: active syste m:-; p - n e - r i t e  a l e i r c j e  volume of fruit in ma m nt il ning
n e  l a tiv ,- m i t  ‘ cr -nation on a l l  a i rc r a f t  in s ig h t .  They do r a t  provi de- informa-
tion tc ATC c o n t r o l l e r : ,  of any inte nde d ,uvojdanice maneuver. They also
re ’q m mi re re-lit ~ve -l y :;ol iiisticat --b on—be -ar-i -U uce-ssing equipm en t to trick all
a; I; r a f t  of m t  n c - s t  e f f e :c t  i v e - ly .  However , tb me’ :;e :; ‘ ,‘ ; - t  e m: , are i n ; , ;  ‘ Icen d en t
of the- i-rimary ground—controll ed ATC system and t i me-n -t ore - m t  as a backup
to t i r e -  ground AT ’ system in t i m e ,  ev e - n t  of mecharnica l or human error . In
addition , t b ; ,- eiC thV t ’ sy’;t c-ms ir e ’  not limit ci by land—based interrogatur:~

u r m d  w i l i  p e r f o r m  t i m e -  t h r e a t  (IL-te-ct i on function over- oceans where no prima ry
ATC surv e ii l t n m c e  c-apab i lity exi - ;t s at i r - ; , c - n m t .

The h ; i : ~~;1s-e - systems i , n o v i d c -  ij e n e f i t s  difficult to obtain in t h e  active
mode- . T i m e -  two k e - y  examp l e - : ~ cure m u  - c m i  t ion about the- relative bearing of
an i n t r u de r u n - i  the a b : , e - n m c ’ -  of additional fruit ehe-nerat ion. All passive

b e -w e ’ v e - n , suf ferr I n scm q e - m q r a ~~c i m i c  lu~~’ut i c e n c  limitations requiring
visibility to one or m e - n c -  ground  i r i t e ?r r u q ~u t  en  S i  t i - S  to detect threats and
c-valuate : t h e - r n .  These- sys te m : w i l l  not provide separation assurance over
large b o e b i e : ;  of water or e ve r cert a in te rrestrial locations such as tu e
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Rock ie s  or Alaska . Both the passive systems require high c a i - a c i t y  logic
i~r~~ s :;sors and memory sys tems . F i n a l l y ,  the passive sys te m:; o l e - r a t e -  w i t h
equi pment used t o n  primary ATC separation and s u r v e i l l a n c e .  F a i l u r e  of
the  r a d a n  systems would leave aircraft with rio backup protection .

One i ’ e : ; : ; i b l e ’  s o l u t i o n  to t he  p e r f o r m a n c e  l i m i t a t i o n s  of bo th  the- a c t i v e
and 1 o : ; SI V C  BCAS is to u t i l i z e  a multimodal system that would be passive
where radar coverage exists and active elsewher e- . However , this m u l t i m o d a l
system would cost more than the active-onl y or passive-only portions.

4 . 3 . 4 . 2  Sin9le Sit e  vs. Multj 1 1e Si te  Int e rr og a t or s  in the  Passive
BCAS

A i c m s iv e  s yst e m  u n d e r  d e v e l o p m e n t  re ; - e - n t l y (L i t  i m f o r d  system ) requires
at least two g r c c u r ; d  i n ; t  e r  m o c i a t o r s  w i t h i n  l i n e  of si ght  to opera te  in t i e ;
eusSl V e: me-u’ - - Mor’e’o ;- r , t li e ’ i n t e r n  c c- i a t  c ; r  - must be in a favor3ble qcc)rnertr lcal

-on t i q u r at  inn b e - t o r e -  a m u :  U t e ’  be ,m r ing infc : nit ion can be computed . There
m i e  many fligh t h - a t  hs m t v a r i o u s  a l ’  itu~b e - ’ , w h er e  ar c a i r c r a f t  w e -u i  i be v i s i —

~~l e -  t c  on I’,- one inc n r -  ; e t o c r  or w o u l d  l ack  f a vo r a b l e  g e o met r i c a l  co v e -r a g e ,
c c  -s i t -i - ;  ht s - - stern to t a n  1 or r e v e rt  to th~ a- t i v e  mode.  An a l t e r n a t e
so l m t  m e n. m~~~ ris -ì s i n g l e: ’  •tnot ;r ;-t l r - t ’ - r r o g a t o r  has  b e e - n  i r e - F e - s r - m b  bu t  not y e t

ie ve lol e:d C r  t a - s t e l . ‘I i i :  sy t e r n  w- - u l - b  e’nnp lo- _ ’ more- comp l ’ - x  gx’ our’ -J radar
in c r n  - - ‘Sit ions ,in - i a Ii s t m n i c e - — r n e - , c ’ , c c r  i rig : c ~ - a P i  l i t - - ’  at each r ada r  s i te

t b m e -  avioni c r e q u i r e - r n - n ’s cou ld  be l e S S :;e:vere t h a n  in the
L ; t - t m t c - r  a : - ;  roach .

Bo’ t h e -  rn’;l : i— s i t ’  ( L i t - ~~~ f c n d )  a n n  t i ; s i ng i - ’ — : m i t e sy s t e  nn can provide
r e l a t i v e ’  r e a r i n g  i r ; f o r m a t m - - r m  on t h e  i n t r u d i ng  a i r - r a f t  . S’i : ; : ’e the  a d d i t i o n
of l e e r  i n  t n t  orma t i - n  - - t~~ n eat re  - l i  t~ ion and m a n e -u v e  -r command is viewed
by n i a n i y  c:  h i g h l y d c - - i n  ml ] c - , c o r ; t l r i u c : i - t  ~n V e - r t i  ; i t  ion of t h - - : ; e ’  t w c c  i - a s ’ ,i ve

s i s  P - i ng :i r - n - - b  - However , - b e  ‘ - loi n - c- n m t - mr c - v o l  u at  ion ot  ~ new
s e e r  c is t i m . - consorning . A I-  ision m~i ’,- ha~’e t c  ~ e -  i e ’ i n ’h~-d On W~ c e ’ to? e

- con t inue l e - ’ e - l o p m e - n m ’ o~ t i m e -  mul t : —: - lte syste m or t i m e ’  s n - ~ 1 e - — s i t e  s o n m c e : i - t

-I . 3. -; - 3 :,r - - c t bC c ’ ;nm n c r  in s a:  ci A l - i n nr Patp~

‘ I i , ’ n -- c ~~or m o r u - : e ’ r n s  in c ’ ,t j L h U ~~h 1 r , ’ i  ‘ i : n -  - , i r e c t i  u l e  t h e ’  amount  of
, u r l v - i n - e- w a r n i n g  i r o v i  b e - i  u n - h  he -iv oi -l ar , c ot - ;r n i e c e t s : , a n - ,- w i n n I i n ; q : ’ and
‘‘c,’nrn, ir m i s .  In A r e - c  of 1 ,w t r i f t  ic - h e - r e s i t - ’ , m ’ t l e  rc ’cb l e -r usuall y exists
in e- i t h i e r  of the- ,.- crc c - }1e,we e~’ , r  , in t l e ’  t e r m i n a l  e i e .;rOr ,rne n ,t , a i r c r a f t
i r e -  r o ut  i n - e l y  1 lown c lose-  c - i -  -- ta -n - A c c i ii  S i e  e l m  dVO I, io n ic - c- 1 ( c d ’1 ic t h a t
Irojects en; a i r c r u f t ’ s post ’ ion t ( * )  1 - u n  u s e - u  I C~ t - -~ m u b m t o -  t h e ’  r i d e ’  in a
t e r m i n a l  c - n y c  re - r i m e - n t we m l i  - -- n ist an ’ ly i - r e  elvrru g warn i ngs and - c l e c n ’ n r s .

Tic ’- or c ’r cna l ACA: t h r e  it logic c emfl ~ - m t t ~- t t n ;  t i m e  — t o—cl e 5 e . e t _ <ii j r :ach
e r ;  i n - i  the value tau wi; n e -

r u n t - n c -  be t we e n a i rcr ,u ft
I ;:; - - — ~~~-— — ~~~~ —- - —

closi ng r i t e
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and gave an al a r m  i t  tau was less than  25 seconds. The resulting 25-second
warning would give both aircraft sufficient time to maneuver. However ,
a i r c r a f t  t ha t  m i g h t  s a f e ly pass no closer than a mile or two of each other
coild e; -ne’rate warnings 1e~ce’ndinq upon the relative positions of the a i r —
cratt . These probl ems may ic e- solved by reducinq the warning time (with
its obv i ous dan-;e rs) or by i-rovidinq data on relative positions or maneuver
intentions (with c icossible i n c r e a s e -  in equi pment complexity). The final
resolution of threat boundari es and acceptable alarm rates is actively
being investigated.

4.3.4.4 Vertical vs. Horizontal Maneuvers

E : . c a ; c e ’  man e uv e rs have b c ’ e : r m  the sub j ec t  at  many e v a l u a t i o n s  and con-
ference-s. Proponents of vertica l maneuvers hiv e - shown and proved that
these ore- the most e f f i c  i e - n ; t  a c t i o n s  th a t  - - a rc  be t a k e n  by h i g h  rce’rform anice-
a i r c r a f t  at  c r u i s i n g  :cice :e d:,, e ven when h e a r i n g  i n f o r m a t i o n  is a v a i l a ble .
T her e ’ f - n r , t i m e ’  v er t ic al  r n a n c e u v e , r  l og i c  ( w h i P  is s i m i l a r  to the  logic
ieVelee i”e- b in s uH - - ’r t  of t h e -  airborne: CAS concept w i t h  the  as s i s t a n c e  and
c oncur rence of t b m e -  a i r l i r m e -  c o mm u n i ty  ari d a i r f r a m e manufacturers) is being
advo c a t e : c b  t c c T  h i g h  s i c -  ;i a r t o - r a f t .  However , some: obvious problems , such as
ce-v to l i m i t  an aircraft at  low altitudes when a collision t h r e at  exists ,
save’ be ,-e ’r c  r s c t , - d .  The cb - tec’.lopme:nt and i n t r o d u c t i o n  of concepts that provid e
b -a rir q i fl f - ;rrn , c tiofl h i : ;  i l l o we d  cons idera t i on  of horizont al escape maneuver- ’,;~
ti c - r izonm tal maneuvers e i ~ i c e r o r  to be s u i t a b l e -  fe - er l i ght  , c i  r c r a f t  w i t h  insuf -
f i c i e n t  ;ew . r f ;r verti -, ci ascent maneuvers; for all aircraft at low alti-
tude-:; where .i descent mi ght place an a i r c r a f t  in j eopardy ; and as a p i lot—
r e- fe- rr -cI -omi lement to v e r t i c a l  com mands , p r o v i d i n g  that ecp ~c r e ’ g :r i a t e :

i n f o r m a t i o n  is J n e - - ~~e rite- I to, the other aircr .cft involved in the threat.
Eva lua ’ tons I r e -  b e  - i r m s j  n e e n i d u c t  ed f e - c  i d e n t i f y the i re’ ferred avoidance mar 
v e - r  . Ern i has is c :; oni a i rcr c ft sq -abi lit c e:s and 1 c f  lot r e - a c -f  ions to s imulat t-d
situat io nm s . Howe:Ve -r , ico n / - , rm t - m l  maneuvers i r e -  much more d i f f i c u l t  to p lan

h , c , m  Ve : e c c c l  one’s. Whc - n ~ - tmor izontal maneuvers ore- conce r ned , i t  is  diffi—
c c i i i  t - n c -  c i t e -  S h e  t h e  r c - c -  h~ . c i r c r a f t  should  t u r n  1€ - f t  or r i ght  inc  a m o m n ; e - r
t: it w ill c -nm i m n e  : r - n e ; c l e - r n e - n t  - c r y  m a n e u v e r s .

4 .  3.4. 5 D i r e -  - t i - n , m I A i c e e - n , r m c  :;v :;ten:c, f - c m i~~A~

T h i  c - - I r s  ign c i t -id i m } - i e : - c e t m t ion of c jj n -ct : i - sa l antenna systems in con—
J c ; r c c  t ion with ie~ ‘A ~ - on i t -  t i ’ ’ . - Pm ‘A: c c v i  on i cs can r c - d u e - c the  number of umn eces—

- m ~c r ,  aircra ft nn c n m e ’ - m v e n -  through i mprove d -t c ’ f i n i t  ion 01 t h e  t h e e - i t  bound c r i e s .
1’b . - l i n e ’ c ’tr enu cc l u n i t  - - r i n u a  i_ s - I nc - cd t -u t tu c r i a l  n i t  ion the it c o u ld  p r o v i de  the

b e - a r  ing b i t - u  n e - c -  b e - - b  i r  he-i i s o nt a l  nr m ,mnme u v e -rc . i c e i c l i r n ;  avionics manuf~’ic—
tur ns h a v e ’  i-t (ihX)sed ,c r c t e n m n i , c  d e -t -~ m inis that would t n t  b m e - r  p m ey i e l e ’  hearing
i n m t  c - m i , c l ient ‘ c m  l i m i t  t i m e -  comr ’m m n h i n 1 c c ’ , i t  ion r ange  t o  incas et e- ;r e- ,iter i f l t t i e ’ s t
( e . g . ,  m i c e - i l _ l O O k  - i g r e u l S  S i r e - c l  t i c - cu t  -b ) .  A l t h o u g h  t e c h n i c a l ly  f c - ~~ : ; ib l e ,
any ant c - m i n i c e e n m f  r - i u r ’ ctj o n  - c t  b e t -  t b m , c r m  a c o n m v e - n t  l o n m e c i  omni—directiona l an t  e - m u n m e u
wo uld  r -: ;u i t  i t -  i n e - r e - i mc: d  cost mu



4 3.4.6 ATARS Comp lexities

sic . ’ of t i m e - sys tems ~-roposvd for national a c c e - h c t a n m ~:e- as a collision
avoidanc n - c - - mt m n - I a n  I i s  l i m e  H A t e :~ /A TA P~ concept .  This  concept has the a b i l i ty
to solve t tm e ~’ i c e  .iml ng, thr ea t boundaries , al i t - r n  rotc’s , and m , c n c - c i - ,- e - r ; roblems
by ~b i s cn  e t e l ’ 1 ¶ rack c n y c -ve ry a i r  cm c f t  in s r  -~ b t  arid m c c i i  n c :  advisorie s ( p W I )

e n d  coimnanui s (IPC ) t - -  n h r e - m t ’ m c d  air c-m a ft. This  :- y st e m  could provide  tbm € -
set or  ct  ion -i u r n  mncc - c~- I or al. 1 ove r l and  f l i gh t s  e f  d e -j c l o y e :d  in c s u f f i c i e n t

~uan tit-y . i -w e ver e t h e -  -;‘ e-int i t ’ ;  of c t r e c i ; m d :-ii t crs r e- -;u 1rc: - ,~ for total coverage
would a lso  1e-ac l  to o’’e r l o p j c i n c ; cc’! -rc e ;e- wi tb ,  ~b i  f i e r e : n L  ATARS c c r n } u t  - n
e ’v a lu a t a r m - n  tim e s - m r i e - t h r - - m t  and s e p a ri t  e l y  co n n m a n d i m q  escape- nra mm - O v e r  .-; . The
n i c e - c l  t r c o m m u n i c , m t l e c n m s  i ; - - t w c - e ,- n i  c c j m ; - u t e - t  s t o  cc c  ur ’ - U n a t e -  t b i t - : : ; -  m o r m r - c J ’.’ e - m  corn —
n i n e - i s  is c v ;  b - m t - T b m c ’  ATARS t i c r r ’ m t  d e t e c t i o n  and e e / , i l u a t i o m ;  log ic must  be
v c s a r c ;h i n a t e d  w i t h  b i t t in all other PeTI\RS com~-ut u-r s in a -;c i d  s t r e - -  or  - -  t o
;sl n x m i z : t i m e -  cl inger - - 1  c o n f li c t  ing i n for n n a t i e ,n  be ing t r a n o m i  t t e - - t  to  a r m
axrcra i t . The connm u r m i c a t  ions m i d  t i m e .: h i g h e r  c - c n c o c i t y  c o mp u t e - n  sy s t e - m : ~

r c - : ; e - m ; t  an  c b c l n t i o n a l  economic bur P-n w h i c h  mus t  he e v a l u a t ’ - - b  to d e t e r m i n e
if  the  cost is j u s t i f i e d , basec~i on t h e -  i-c-n e t its pr o v i d e- i .

4. L-;.7 Cost:,

I n ;  t b - ina l  a n a l y s i s , the econOmLc impact of  a m , ’ , n o ; - o : ; e - ;b  sy s t- -n
h e ’ c , om, ‘:  a hr iv a n- i force- . I f cost we m e  - riot a f , i - t c , r  , t ime i i ’s - c t  t c c h i n. iso 1
so l u t i o n  w -  - c i t - i  n ’ c’eb ab l - ,’ is-  a c o m b i n mat i o n  of o r  r c r a f t  $ y s t e - n - - ; t o i l  b t n

c l - t r i t e , m t .  maximum e :ft ’ i-siency m m  i n 7’ g iven c i c - O r n n . t t i ; l c  i c -  i t  .O f l .  t c - ’~’ e ve’r ,

- i i r c r cj f t ~ m o v e -  r e - i t h e  r tht- m m  ice n ;on t b m e  We-~i c 4 ;
e , cll c j~ ’,m s- ,_ ’ , - P’ S ’ ~ er rv i S e -  he’,S e

- - rm ti- j ’c r a tie ei . A i r c r a f t  - - w n - - r  s i r - - rs u - cll y fr n oru :rall y l i m i c , - - c
cccl .ivi’ - rm ,c s - i ’ - s i c - ; n i - - c b  t o  pr o v i d e  -c h i gh - t o n e r  c c ~ c c c ; ! i- I c m m -  in f li- -iht

sa f - t  ‘ ‘ . Tlce re , f oX - (- , tt;e : con e - c i t  - - bi:cce- rm and re e-orrmm e, - n - b , - d as ~e nc - c ’ ion il s t - c m . —

darul for se - l e m r e u t i c i n )  a s : . -u r a r i - - c ’  m;m, t  be L i c e -  r e - s u i t  c t  c ’org r c - m  ise t: , , ct i - c -  - t
m e - e - t .s t i m e I e,’ c 2 h r c i c ej i r e c i - a i r e n s - n t  ~ a r m - b  i s  t h e  most  os’ — e r  f t  iv e - co n mt ic;uration
c - f  a i r b c , r n m -  m m d  c ; r -  - c ; n m c b  e - c i u i i c m c . n t



CHAPTER FIVE

BASIC CONCEPTS AND USAF ACTIONS

5.1 INTRODUCTION

In the past, collision avoidance efforts have thrust in two principal
directions . First, the concept of see-and-avoid has been a mains tay  of
preventing midair collisions from early aviation days. Over the years
various schemes have been tried to enhance the ab i l i ty  of pilots to see, to
be seen , and to avoid each o ther .  Visual enhancement  methods , better
search methods , t r a f f i c  advisories, proximity warning indi cators, and even
airborne collision avoidance systems could all be thought of as extensions
of the see-and-avoid concept . The second concept used to prevent colli-
sions involves traffic separation techniques , and includes such practices
as scheduling, published standard routings, and radar control. The two
concepts have worked together f~-ir1y well in the past. The see—and-avoid
concept has b-ro\ ’i-~ ’i’d - ,umt i. nc-uS iry midair b mote--stion to those flights
without traffic separation (VFR or no flight plan) or where the traffic
separition concept has failed because of errors or mixing of uncontrolled
tr e-ffic. This cha~ tc- r will hiscuss basic concepts and actions the USAF
cculdb take to rcduce the threat of midair coUisions .

5.2 BASIC PROBLEM

Ne ither of these conceg ts by itself is capable of assuring collision
avoidance under tcre ’oent— doy traffic conditions in many art-as of operation.
The two concepts i rovide much mutual support , but increases in air traffic
and :;pu e elm ; have’ reduced the effectiveness of the two concepts.

One obvious sol d i t m cm l is to r i g i d l y  segregate  and control the IFR
traffic fr- mm m t b ; - VFR traffic. This is already being done in the positive
- - r en mt rol -‘ir e- ,c:; of the airspace. Extensions of t h i s  segrega t ion  are often
: ‘ c i i c ; a - :, t c s - b  a:; a means c f  reduccing midair collisions. Although f u r t h e r  seg-
r e --m u t i o n  would undoubtc-~1ly reduce midair pot - n t i d u l , there are problems
.i suciated wit b ; it. For inst u ne

United Stat - - citizens believe they have a basic right to
rise- t h e -  a i  r: i c a c e .’ arc] any rc-stricti on or i n f r i n g e m e n t  on
t t c .ut n i r j t et is bound t o  be vigorous ly resisted . Thus ,

65



although there will undoubtedly be f urther restrictions
on use of certain airspace, the free use of most of the
airspace will continue .

The U~AF mission requires it to use portions of the
airspace that probably will not be reserved or re-
stricted for sole USAF use.

Both VFR and 1FF. traffic must climb and descend through
all altitudes between the ground and their flight
altitudes , making completely effective altitude segre-
gation impossible.

For these reasons , it does not appear that further segregation of IFR and
VFR traffic , by either area or altitude separation , is a complete solution
to the midair collision problem. The best approach for the Air Force seems
to be to enhance the two basic concepts of see-and—avoid and separation
assurance . Ways to augment the two basic concepts have been and are being
tried . Some of these are:

See-and-avoid concept

Paint schemes
Floodlights
Rotating beacons
Strobe lamps
Proximity warning indicators
Airborne collision avoidance systems

Traffic segregation-flight plan—scheduling concept

Airways , Communications and Navigation tacilities , IFR plans
Smooth f low schedulinq
Radar contro l areas , vectoring
Standa rd  i n s t r u m e n t  depar tures  ( S I D )
Radar beacons -- a l t i t u d e  encoding
Automated air traffic control
DABS -- Automat ic Traffic Advisory and Resolution Service (ATARS )
Automatic conflict resolution
Military operating areas
R e s t r i c t e d  areas and ranges

The USAF problem of lowering midair collision pote ntial resolves it-
sr’lf into finding better ways to:

Im i -r ov e  t h e  ab i l i t y  of USAF p ilots to better see—and—avoid
and fo r  esther  p i l o t s  to  i c - - t t e r  see USAF a i r c ra f t

I m p r o v e -  t r a f f i c  sel c . m r , i t . r e n m  f r om a l l  o the r a i r  t r a f f ic ,
i n c l u d i n g  VER , I F R , or no— ~~l i g b i t  - j - l - c n m  t r a f f i c
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In examining ways the USAF can meet these needs, four areas stand
out as being prime targets on which the USAF should concentrate its
efforts. They are :

• Equipment

• Aircrew procedures

• System-control procedures

• Training

The fol lowing sections w i l l  expand on these four subjects by pro-
posing specific actions that the tJSAF could take to reduce midair collisioo
potential. Some actions in the procedures and training section could as
properly be categorized under other headings. Arbitrary judgments assigned
them to one of the faur  categories.

These actions are further developed in a separate report to the Air
Force , including specific task statements , statements of work , and schedules
for each action .

The actions proposed focus on the USAF midair problems identified in
Chapter Three and will complement the FAA actions discussed in Chapter
Four . Recognition of the USAF ’s need to conduct its training and develop its
t a c t i c s  in as near combat—like conditions as possible has been a consider-
ation tb1roughout this study and in developing recommendations. The USAF
midair collision problem , although an important and serious consideration
in USAF flight operations , must be viewed in its proper perspective in the
total USAF national defense role.

5.3 EQUIPMENT

Several potential equipment needs and developments were identified
during the course of this study . Each was examined for its potential to
meet USAF need . Those listed below seem to promise the most reduction
of USAF midair collision potential or improvement in USA? operations with-
out i n c r e a s i n g  midair csellision potential , or both.

5.3.1 tcion-C2~j~erative Collision Avoidance,~~y~stem (NCAS)

The Air Force ROC 17-71 identifies a continuing need for NCAS. Most
previous studies and discussions with know l edgeable people indicate that
the s t a t e  of the ar t  w i l l  not p e r m i t  de velopment of a NCAS at this time .
ROC 17—71 says that. a NUAS may not be technically feasible at this time
and states, “until such a system I NCAS ) is technically feasible , a coopera-
tive r;ystem is require d . . .“ Although the consensus is that an NCAS is
not feasible now , the USAF needs to in:;titute comprehensive basic research
into the possible- technolog ies that could lead to an NCAS. No evidence of
such an effort was found durircq this study.



5.3.2 Cooperative Collision Avoidance System (CAS)

Until such time as a NCAS is technically feasible and developed , the
USAF should consider using a CAS. As reported in Chapter Four, the FAA
is developing a ground-based Beacon Collision Avoidance System (BCAS) .
ROC 17-71 states that any military CAS must be compatible with the FAA
National Standard. Present FAA schedules project major activities in
evaluating the BCAS design and ongineering models , and in developing a
national standard in 1978 and 1979. The USAF should actively participate
in FAA efforts with appropriate policy, operational and engineering person-
nel to assure compatibility between USAF requirements and FAA developments.
Additionally , as the FAA design matures , the USAF should begin integration
and life—cycle-costing activities in order to be better able to evaluate
the BCAS for USAF aircraft.

5.3.3 Discrete Address Beacon System/Automatic Traffic Advisory
and Resolution Service (DABS/ATARS)

Coupled closely with the BCAS in the FAA Separation Assurance Program
is the DABS/ATARS . One of its purposes is to give coverage in high density
areas where BCAS may become saturated . Since the FAA is developing the
BCAS and DABS/ATARS as a complementary package , the USAF needs to monitor
DABS/ATARS avionics developments in much the same way as it must monitor
BCAS progress. Here again , major  FAA activities are scheduled in 1979
and 1980 in which the USAF should participate at the policy , operations ,
and engineering levels.

5.3.4 Air Training Command Collision Avoidance System (ATC CAS)

As discussed in Section 3.3.3 , the Air Training Command has used
controlled training flight procedures by which each aircraft is vectored
to a given airspace , monitored while there , and vectored back for landing .
These procedures have reduced the midair collision potential since each
flight is essentially under IFR control. However , it is estimated that
as much as 25 percent of the training time on each flight is devoted to
these control procedures. While this is valuable instrument training it
does detract from other types of training and the student ’s ability to
independently position himself in the airspace relative to another aircraft
or to the ground . As discussed previously , this lack of independent judg-
ment is a serious concern to ATC and operating commands.

The Army had a s i m i l a r  m i d a i r  collision- situation in its high density
helicopter training area and solved it by using an airborne CAS. If a low
cost, small CAS could be developed for the  ATC Military Operating Areas
( MOAs ) and ins ta l l ed  in new trainine aircraft , or even retrofitted into
T-37s and T—38s, if that should be cost-effective , better use could be made
of training time . At le - ,iot three- CASs t ha t  mi g h t  be cost-effective in the
ATC MOA s have been tested i n  o p e r a t i o n .  They and any other  CAS tha t  shows
promise should be examined f u r t h e r  f o r  JSAF application.
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5.3.5 Radars in Europe

USAFE has assigned a high priority to upgrading radars and associated
equipment to reduce midair collision potential in Europe. The recommended
action inc~ ud~~ improving mode—C altit-’-~~ r-~adouts to provide a1titee~L-c

information to controllers. This Phase I study did not allow enough time
to investigate those actions. The MAPS Program should evaluate any actions
planned to upgrade the radar and mode—C readout capabilities in Europe to
ensure that they will contribute to reducing the midair collision potential.

5.3.6 Visual Enhancement

There have been many attempts to increase the conspicuity of aircraft
over the years . These have included the use of paint schemes and lights.
Interviews and data and literature reviews conducted during this study
have indicated that paint only marginally increases aircraft conspicuity .
Furthermore , th e-  mission of the USAF opposes the use of conspicuous paint
schemes on most of its aircraft. Most commonly , the USAF uses paint schemes
to make aircraft less conspicuous.

High intensity lights , on the other hand , were considered by those
interviewed to significantly increase aircraft conspicuity on dull days
with a low brightness background and at night. Most aircrews thought high
intensity strobe lights should be put on USAF aircraft. Test data indicate ,
however , that strobe lights must be very bright to be effective under most
f l i gh t  condi t ions. There has been disagreement in the USAF over the use of
strobe lights during the past few years . Phase II of the MAPS Program should
attempt to resolve the  issue by providing the necessary information on which
to evaluate the use of lights to enhance conspicuity . The effectiveness of
various light intensities under different weather and background brightness
conditions to increase aircraft conspicuity and enhance aircrew detection
should be investigated . These investigations should build on previous
studies on what aircrew warning is needed to avoid midair collisions.
After requiie’me ;nts ~cre determined , the ability of existing developmental
light sources to meet those- requirements should be analyzed to determine
the fecisibilit ~c and effectiveness of using state-of-the-art lights to en-
hance Air Force aircraft conspicuity. If high intensity lights prove
practical arid effective in these initial studies , a program to put them
selectively into service should be- pursued .

5 . 3 . 7 Simulators

The use of flight simulators to reduce the potential of midair col-
lisions shows promise in two areas. First, simulators with visual displays
can he- u:;c -d to help train a ir c- re-w- in searching for and seeing other air-
craft. Secondly, simulators can be used in lieu of actually f lying training
missions that involve a high midair collision threat. The Air Force is
s -archi nm c .i for ways to increase the use of simulators and the MAPS Program
should examine their potent ial for reducing midair collisions. If initial
studi er ; prove promising, a program should be un dertaken to demonstrate
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their capabilities and effectiveness. That program should provide the
information necessary for deciding whether to develop visual simulator
displays for see-and-avoid training.

5.4 AIRCREW PROCEDURES

The duties of the aircrew affect their ability to avoid midair colli-
sions . The following subsections propose improvements to aircrew procedures
that could help prevent midair collisions. These proposals respond to
concern expressed by aircrews during interviews and revealed in literature
searches and were correlated with MAC and NMAC data where appropriate .
Section 5.6 will address the training aspects of improving aircrcw
techniques to reduce the potential for midair collisions.

5.4.1 Improve See-and-Avoid Capabilities

One of the problems mentioned most freguently in connection with
midair collisions is that of aircrew members having their heads in the
cockpit too much of the time. Since the primary method for avoiding
midair collisions involving a mixture of VFR and IFR flights is see-and-
avoid , a major concern of the MAPS Program should be to investigate ways
to improve the aircre-ws ’ capabilities to see and avoid other aircraft.
Anything that can be done to increase the time available to the aircrew
to scan for other aircraft is a positivu step in that direction.

5.4.1.1

Aircrews cite the large number of radio calls to command posts and to
Air Traffic Control required to clear on and off ranges as major contribu-
tors to keeping aircrew eyes in the cockpit instead of looking outside for
other aircraft . Since a large portion of NMACs occur during approaches and
departures , it becomes even more important to keep aircrew heads out of the
cockpit at these critical times. It is also importan t when clearing on and
off ranges. Discussions with the Navy disclosed similar conditions clearing
on and off es(-ean ranges. The MAPS Program should investigate the changes
in requirements and procedures that would reduce the need for aircrew
-attention to radio communications.

5.4.1.2 Use- Crew Member in Observer ’s Seat

Both MAC and SAC re-port making e xtensive u ;;e of a crew member in the
observer ’s seat (jump seat) t o  watch  for  o the r  a i r c r a f t  w h i l e  f l y i n g  below
10,000 feet . The- t~~~s follow—on efforts should include a task to define
ani further expand this procedure whe re pratica l . An extra pair of eyes
during critical low—level fly ing on training routes and near air fields
m c- ,’ be one of t h e -  most important  m e t  hoes of reducing MACs and NMACs ,
especially those with qeneral av i u t l e u n  a i r c r a f t .
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5.4.1.3 Use Heads-Up-Display (HUD)

Another approach that  g ives the crew more time to watch for other
a i r c r a f t  depends on the use of heads-up—displays  ( HtJD) to provide f l i g h t
information where the pilot can see it while he is also looking foi other
aircraft. HUD research has increased greatly in recent years and the MAPS
Program should investigate possible applications for the prevention of
midair collisions.

5.4.1.4 Consider Mandatory Use of VFR Traffic Advisories

The USAF encourages aircrews to request VFR traffic advisories. Making
this procedure mandatory would provide extended separation from VFR traffic
tha t  is “ seen ” by the  c o n t r o l l e r .  S ince  many of the MACs and NMACs are
between one aircraft flying VFR and the other flying IFR, mandatory use of
VFR traffic advisories by USA? aircrews , especially in climbs , descents ,
and around terminal areas on departures and approaches , should reduce their
exposure to unseen VFR traffic and thus reduce the potential of midair col-
lisions in high threat areas - Any investigation into requiring mandatory
use of VFR vectors must start with determining the effect of such use on
the USAF mission and the ability of FAA and Air Force controllers to provide
the  serv ice .

5.4.2 D~~t er m i n e  Impact of Changing Tactical Call Signs

The procedure  of f r e q uen t l y  changing tactical call signs may be
causing some problems in communications between aircrews and controllers .
Although no specific occasions of confusion or problems were reported ,
there was a general feeling among aircrews and controllers interviewei
that  f r equen t  c h a n g i n g  of t ac t ica l  call signs was causing communications
and recogni t ion  problems . In the past when the same cal l  signs were used
for considerable periods of t ime , air cr e - w were quick to listen for and
recognize t h e i r  f a m i l i a r  c a l l  s i gns . In a d d i t i on ,  the control lers  learned
to recognize  ce r t a in  c a l l  s i gns  and associate them wi th  home bases , partic-
ular instrument d e p a r t u r e s  and apj r e r  , and aircraft speeds and capabili-
ties . That familiarity r rokahly aided the exchange of information and
smoothed the flow of tra f fic. In view of these considerations , the effects
of short term v e r : u -  longer t er m  assignment ot call signs cn air traffic
flow ( a r c - i  t h u s m i d a i r  c ol i i s i o n  pot r u t  al) and mission accomplishment
should be reviewed .

5.4.3 Evalur-i t e Aircrew Work lo.~-l

There was a general fe-c ling among air - -rews interviewed that many
decisions affecting aircr e-w workload and reduced crew size were made
without fully considering what e f f e c t  tho- e- decisions would have on safety
in ger ue -ral , and midair collision p o t e n t ia l  i n  p a r t i c u l a r .  Ai rc rew work-
load requi rements should 1~ e -  reviewed in re lation to workload saturation
during critical phases of flight. This review should inc lude individual
crew membe r tasks , checklist completion and timing , and ability to devote
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time to watching for other aircraft. This same type of review needs to be
institutionalized within the USAF so that future decisions regarding air-
crew duties and size are given the same scrutiny before they are
implemented.

5.4.4 Increased Use of Airborne Radars for Midair Prevention

More of the USAF tactical aircraft such as the F-15 and F-l6 are
equipped with airborne radars. These radars can be important in reducing
the midair collision potential of the aircraft that have them. The merits
of using airborne radars to aid in preventing midair collisions should be
investigated. If their use in this way proves effective , techniques and
procedures for such use should be recommended.

5.5  SYSTEM CONTRO L P ROCEDURES

The Air Traffic Control (ATC) system , its controllers , and i ts pro--

cedures are also elements affecting the USAF midair collision problems .
The following subsections cl--scribe actions related to t he  ATC sys tem tha t
the USA? could take in the MAPS program to reduce midair collision poten-
tial. Some of the suggested actions can be started within the USAF , but
may later require coordination with and approval of the FAA.

5.5.1 Determine Best Low A lt i t u d et  for USAF to Fly

An i nves t iga t ion  should  be made i n to  the best low a l t i t u d e s  for  the
USAF to f l y  to reduce m i d a i r  coll ision po ten t ial  when miss ion  require-
ments  or a i r c r a f t  pe r fo rmance  requi re  low altitude flights. Segregated
bands of a l t i t u d e s  for  var ious  airspace users could be examined for high
th rea t  a reas .  For ins tance , in the Federa l Republic  of Germany lower
speed , low altitude civil traffic uses a band from 1500 feet to 5000 feet
MSL where high speed traffic will not operate except during climbs and
descents . De f a c to  a l t i t u d e  bands such as this could e xist already where
a i r  t r a f f i c  is segregated or less dense. The A i r  Force should i n v e s t i g a t e
the possible exis tence  of such bands where  i ts  a i r c r a ft  would be leSs
exposed to m i d a i r  coll isions. Resu l ts  of the  i n v e s t i g at i o n  could be used
w i t h i n  the  USA? to deve lop itt; own procedures or as a basis  for discussions
with FAA and other airspace users.

5.5.2 D e t e r mi n e -  Best Airspeeds for USAF Aircraft Below 10,000 Feel

The curre nt FAA restriction to f l y at airspeeds of 250K or under
when below 10,000 fee t should be e xamined with respect to current USAF
aircraft performance and mission requirements. Tra-le-offs between lower
-;j e-eds to aid in seeing and being se en versus aircraft maneuverability
should be e x a m i n e d .  Severa l o f f i c e r s  e xpre ssed doubt that  h igh  p e r f o r m a n c e
USAF aircraft are- maneuverable enough ~t 250K or below to avoid ano the r
aircraft afte r it had been seen. We could find no evidence that the USAF
had systematically examined the 250K restriction with respect to its
ef f e c t  i vene-s s  or cmp ic t on operat i ons .  P e c ;u lt s  of such an i n v e s t i g a t  ion
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would be used for developing internal  USA? procedures and , if applicable ,
as a basis for discussions with the FM on possible modifications to the
250K restrictions.

5.5.3 Investigate Trade-Offs Between Maximum Use of IFR Flight Plans
and Using See-and-Avoid Techniques on VFR Flight Plans

The USAF has made maximum use of IFR f l i g h t  plans and so has been
provided positive separation from other IFR traffic. There have been very
few MACs or NMACs between IFR t r a f f i c .  Al though using IFR f l i g h t  plans
obviously does not negate  the see-and—avoid concept, it possibly could lead
to: (1) incre ased aircrew workloads that reduce time to watch for other
traffic , and (2) false feeling of security for the crew , believing they are
separated from other traffic when in fact they are only separated from
other IFR traffic. Both of these situations could possibly increase the
potential for midair collisions with VFR traffic by decreasing the effec-
tiveness of the see-and-avoid concept. The USA? should examine the advan-
tages and disadvantages of the maximum use of IFR and see—and-avoid con-.
cepts to dete rmine the effect each may have on midair collision potential.
Trade-uffs b - t w e ; e n  the two concepts could be the basis for revising USA?
roce dures.

5.5.4 Reduce Instrument Approach Plate Complexity

I n i s t r u m e - r t approach plates have become increasingly cluttered during
ti . last few years . Information has been added to the point that air-
crews may have trc -ci le reading them in bad weather or at night . The
norma l trend is to 1-ut more and more information on charts over the years
as a result of accidents or incidents. Most of the information is good
to have , but there- comes a time when adding information becomes counter-
pr - iuc t i ve . A rcrc w in te rv iews  indicated t ha t  ins t rument  approach plates
may be nearing saturation.

The USAF shou l d  review the instrument approach plates with the objec-
tive of reclu- ing their complexity. Reduced complexity would reduce possible
iircr - : w confusion and require less time with aircr~-w heads in the cock-
pit. Both should help reduce midair collision potential.

5.5.5 Investigate the Use of Mandatory Avoidance Vectors Away from
Unknown_Traffic

Much of the VFR traffic and traffic without flight plans show up on
-: r n tro lle rs ’ radar scopes as unknown traffic; that is , flight path i~~~~C f l —

tions arid -eltitudes a re  not known. Advisories are usually given to the
u i r c r e w  r e q a r d i n g  t h i s  unknown traffic. Unless avoidance vectors are
specifically requeste d by the ~iircrew , however , the conttoller is not
required to issue them to provide separation from the unknown traffic.
This a[~1-lies c-y en  when the  aircraft is in Instrument Flight Conditions
and the air cr-w cannot see other traffic. In Great Britain it is mandatory
for col t roller - to provide eithe r positive lateral separation from unknown
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traffic without altitude information , or 5000—feet vertical separation
from unknown t~. Zic with mode-C readout information . The USA? should
investigate the tt~~~ chility of:

(1) Mandatory procedures for aircrews to request
positive separation from VFR or unknown traffic

(2) USA? controllers automatically providing separation
from VFR or unknown traffic

(3) FAA controllers providing USA? aircraft with separation
from VFR or unknown traffic

5.6 TRAINING

Two aspects of training relate to the risk of midair collisions .
First , training consumes a major portion of peacetime flying by the USAF,
and how that training is conducted greatly affects the potential for midair
collisions . Secondly , proper training techniques better train aircrews
how to avoid midair collisions . The following subsections suggest ways
that the USA? could improve both aspects of training to reduce the potential
for midair collision .

5.6.1 Develop Techniques and Methods to Better Teach See-and-Avoid

During interviews at various USAF commands , we- asked whether air-
crews were given specific training on how to reduce midair collision
potential. The answer generally was that collision prevention was covered
during flight safety meetings , but no specific instructional block or
grading checklist item was devoted to preventing midair collisions .
Although watching for other aircraft was sometimes covered during flight
checks , no specific emphasis or grading check was evident. In fact , i t  was
brought out that the emphasis on maximum IFR makes even the proficiency
flight check more of a ‘heads-in-the-cockpit ” instrument check than a
“heads-out VFR type check . I t  appeared tha t  emphasis on p reven t ir c j
midair collisions was subject to the individual instructor ’s in terest or
the local traffic situation and was not the re-suit of any specific efforts
to reduce- midair collision potential. In light of this , the USAF should
unde r t ake -  a program to improve and update ways to:

(1) Teach see-and-avoid techniques in pilot training

(2) Emphasize and train pilots in see-and—avoid techniques
on flight checks, especially on proficiency flight checks

( 3 )  Includ e see-and—avoi l concepts i c c  pe r iod ic  phys io log ica l
tri irc ing courses
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5.6.2 Teach Use of Outside Reference for Pitch, Bank, and Heading Control

The use of positive control and vectoring during pilot training and
of maximum IFR flight plans thereafter may have created a generation of
USA? pilot ; who rely wholly on their instruments for pitch, bank , and
heading control. Altitud e encoding transponders have probably increased
this reliance on instruments by increasing the pilot’s concentration on
altimeters and vertical speed indicators during IFR flights. All of this
further decreases the pilot ’s time and inclination to look out of the
cockpit for other traffic. The USA? should investigate ways to reverse
this trend by teaching and emphasizing methods to use outside references
such as the horizon and prominent land marks for pitch , bank , and head ing
control. Recommended techniques and methods could be taught in pilot
training , emphasized on flight checks, and stressed in operational squadrons .

5.6.3 Determine Imp~act of F-l5 and F-l6 Air—to-Air Roles on
Midair Collision Potential

As discussed in Section 3.3.3 , the deployment of the F-l5 and F-16
into the USA? inventory brings a significant increase in the number of
h i g h- m i d a i r -c o l l i s i o n  r i sk  a i r — t o — a i r  combat passes. Al though  ?-l5 and F—l6
air combat passes are different than the ground controlled intercepts
conducted by the Aerospace Defense Command in large numbers in the late
l950s and early 1960s, the may be lessons important to the prevention
of midair collisions to be iaarned from those early experiences.

Compounding the F-l5 and F-l6 problem is the Airborne Warning and
Control System (AWACS) operating scenario in which up to 150 interceptors
in a relatively small area may be controlled by the AWACS under comb at—
like conditions . This potential midair pr hlem was stressed by officers
interviewed at HQ TAC , the AFISC ,and Ilç USAF. It would be aj-propriate for
the M1-J-~ Program to investigate ways to preclude any increase in the mid-
air collision pote-ntial that might be induced by increased air—to—air com-
bat training in TAC .

5.6.4 Examine Ways to Reduce the Potential for Midair Collisions
on Low-Altitude Training and Olive Branch Routes

All commands expressed concern over the rr dair collision threat
associated with low-level training flights. It is on the low-leve l train-
ing flights and operations near terminals that the USAF aircraft come in
close proximity with their number one threat , the general aviation air-
craft with no flight plan or on a VFR flight. However , the data do not
indicate that the low-leve l training flights a r e -  an overwhelming mida i r
threat (see Section 3.3.4). This is probably due to t h e  actions already
taken by the USA? in educating its aircrews and general aviation pilots
about the collision threa t while on or  r c e -a r the low-level routes. Efforts
on the part of t h e  USA? to improve these actions could continue te  pay
dividends in lower-than-expected MAC -end NMAC ra t e - s  on the  low-level
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training routes. The USAF should examine ways to improve its low—level
t raining route safety record by under tak ing  the following actions :

(1) Conduct a comprehensive- examination into the needs
for and location of t l e. routes

(2) Review the procedures for selecting, coordinating ,
approving , and using the routes

(3) Examine ways t- i~}rove the publicity about the
routes

5.6.5 Review Formation and Air R e f u e l i ng  Requirements, Procedures,
and Techni ques

Almost three-fourths of all USA? MACs occurred during formation flying
or air refueling . Most aircrews and officials interviewed said that midair
collisions were an acceptable risk during formation flying and air refueling ,
and there was no way to prevent them anyway. It may be true that equipment
solutions to reducing the collision threat during formation flying and air
refueling do not seem feasible , but the rate of midair collisions is too
high during these type-s of flying for the USAF to accept without a compre-
hensive examination of requirements for formation takeoffs and landings
and the I r o ~~e - 1 e 1 r e ; and techniques used in formation fly i n ’ and air refueling .

The j - r - ~l l e - m  of not b e i ng  able to pr ope r ly  m a i n t a i n  a lookout for other
a i r c r a f t  w h i l e  ;s lose formation was o f t - s r i  s t ressed du r ing i n t e r v i e w s  w i t h
airc res-s. TJ~ i s  usi s c  spread formation as soon as practical after takeoff
to  ine r- ase- t h e  lookout f o r  o t h e r  a i r c r a f t .  This would  appear to be one
easy, posit rye a l - I  roach th e  USA? could t a k e -  t o  improve see-and—avoid
t e c h n iques.  The- USA? should  i n v e s t ig a te  ways to increase  the  use of
spread information and to emphasize watching outside the formation when
t e a c h i n g  :;pre ad- format  ion f l y i n g .

5.7 OTHER ACTIVITIES

There are- four - -I fort t h a t  do not fit into the above cat~ec~ - r ie - s
t h a t  t h e  USA? could u n d e r t a ke -  to r e - d o - - the midair collision potential.
They c - l a t e -  to  the exchange  of co i l  si  - i r e -  r e - I  i t e d  in f o r m a t i o n  betwee n u se r s
of t i~~- a i~~oj -ace , an i r i v e - t i g e t  c - - n  i n t o  I u t  u r e -  drui ic-  r e q u i r e m e n t s , and the
checks and f o l l o w — u p  ac t i o n s  r i e c e  s ca ry  to make t h e  MAPS Pr -gram e l  f e - -t  ive .

~ .7 . 1 Tnv ~• t ~i g a t  e - the Establishim e rit of .1  Joint Midair Work m i  Gro~~~

There  is a Joint Air Miss (in 1-sc rol- , ~ -~A e t  i r e - c a l l e d  Air Mi Se - S I

Working Gr— >up ~~~~~~~~~ - i t  m y i n  Eng land  arcel an Air Mn ~~c Evaluating Gre-c l - in t h
Federal P- pu b lic of ;e-rmany . T h e - h r  p r n r p e -  a -  is to I - c  inn - ; t o - ; e - t  e e l  the var i o n s ;

f l y i n g  l i t  r , t t  m i l i t  i c - 1’ and civil , to - l i s c u  s and examine- all che
factors j s0oc iF  - e S th  a i r  m i sse s .  T h e e  w e - r k i n g  ar -up in 1 - n e n l a n i d  is
‘hought to he- e - i i  ly  e f f e c t i v e -  e n  t a l l o w — u I -  l i t r e - n - . Its - - airman is
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an FAR group captain with a staff of about five . Although the FAA , through
the NASA Ames Research i~enter , has established an Aviation Safety Respond-
ing System (c~ee Section 2.3.5), there is no operating body specifically
w o r k i n g  on the NMAC problem . The USA? should take the lead under the MAPS
Program in examining the- benefits that could be gained by establishing a
Joint Midair Working Group modeled after the one in England.

5.7.2 Improve the Information Exchang~~ Between the USAF and the
General Aviation

One of the subjects mentioned most frequently during the interviews
was tha t  of educa t ing  the genera l av ia t ion  p i l o t s  about USAF u l e r a t  ion; ;
r o ;p e c i i  t h y  on lo w- l ov e - I  t r a i n i n g  routes and near USA? bases. The other
side of the i n f o r m a ti o n  exchange problem is that  of informing U~ AF a ir-
crews about civil air operations in areas where the USA? may fly. Ways
to enhance and broaden t h i s  two-way i n fo rma t ion  exchange should be developed
by the MAPS Pr ;uram .

5. 7.3 Drone Unique Require me-rets

The use of drones by t h e  USAF may create uni que problems for air
traffic control and midair collision prevention. To test and train effec-
tively wi th long-range drones, mor° airspace will be required than is
availalele in restricted areas over rangels. The drone cledrance require-
ments the USA? may have in the future and what  the FAA would require of
the  USA? in the way of procedures and equipmen t should he investigated
be fore allowing r i s e -  of more airspace for drones. Coupled wi th this is
the ew- r-p re-n -; e-ne t problem of losing c o n t r o l  of a drone in  res t r ic ted  ai r—
sf - a c e  and h a v i n g  it stray into unrestricted airspace . The USAF should
exami ne  both questions for ways to minimize the potential for midair
collisions.

5. 7.4  MAPS P
~~~~~~~~ IB~~

gr at ion

During this study, inve stigators found several actions that had

~1n eady l e e - n  started wh i ch  w- -old leave a positive effect on re ducing the
midair threat. home i f  the actions are still ongoing . These actions
ranged from recommendations of the General Officer Panel for Safety Matters
to in d i v i d u a l  command end bise programs to reduce the midair collision
p o t e n t i a l .  Ttees ; ; en a c t o o n e ; -  all contained j e e e - ; i t i v e -  elements that could be
e t f c ’ - t i w -  i f  giv e-ri the- p r o per  i n t e g r a t i o n, control , and follow—up . However ,

h - a  re t  ralized man ay e~rnent  ne cessary  to b r i n g  the  many facet;; of an e ffec-
tiv e- midair collision prevc- nt ion program to focus a l - f - c - i r s  to be missing.
The M i d- h  Program ne-ed- , to provide this missing control. To provide
effective integration and management , d - i y - t e e — - l i y  i n v ol - ’ - n e e - n c t  in t l i e  various
aspertn; of equ i pment d e v e l e e i m e - n t  , change-s in aircre w and t r a f f i c  c e - n e t  rol
1 1  oe- e-e l ure ; ; , u c i d t r a i n i n g  i n l n l r e e v e - m e - i l t  a re  n ec e - - ; t r y .  The MAPS Program
should e: ;tabl ishi a e f l t~~~ e 1  working office , staffed to provide the i n t e r-
f a c e - S  , i ne t - - j r  i t  ion, all e e~~ it i n  of re-so e rces , procurement sr i - i  - c - n  t , program

e - e act  rol , eval ej it ion, and follow— up i c - t  iaf lS n o - c - i c - - h .
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CHAPTER S I X

TON ; LUh IOIIS AND RECOMI~’ENDA TIQNS

(.1 CONCLUSIONS

Air Force aircraft were involved in 301 midair collisions during the
period January 19iF through June 1977 . In a d d i t i o n , du r ing  t h e  period
J a n ua ry  U175 t h r o u g h  June 1977 , A i r  Force a i r c r a f t  were involved in 376
near  mi da i r  c o l l i s i o n s .  On t h e  basis  of t h i s  experience and addi t ional
analysis contained in this report, it is concluded that the Air Force
does have a midair collision prevention problem .

6 . 1 .1  Near  and A c t u a l  Midair Collision Data

The nea r  m i d a i r  co l l i s ion  (NMAC ) d~ ta being generated b-i the Air
F or c e ’ s h i a z a r - P e ; c s  A i r  Traffic Reporting System are extremely valuable
in i d e n t i f y i r e ; the - h a r a ct e -r i s t i c s  of N MA C ; and in many areas t b - -  data
correlate- closel y s- nth the data r~i l a t e - - l  to ri t u a l  m i d a i r  c o l l i s i o n s .
The N M/e S and ~t/ec L i t r i  w o u l d  i ; -  e as i e r  to use and more meaningful corn—
p a r i s i o n s  could he nriil-- i f  t nt- two sc - c u r ate- files werr- restructured to

i nc lude  common dat a  e l e - n n e - r i t  - and retrievability codes.

~~~. 1.2 A i r  F o r c e — A i r  Fur - - hNASs < n i l  NA - ;c

A i r  Force a i r - : r a f t  ar  ex l - e - r i e ; r e c i n y  a h i g h e r numbe r - f  MA s wi t : - ;
o t h e r ‘-jr Force - u t  -~~~ if t t b ar . wo u l d  b e- e -xpe cted f r o m  the n umber of NMACs
bc~ i n eg re -p ort - -I . Ap~ r - x i m e t - l y  75 n t  of a l l  A i r  F ; e r c c - MACs are w i t h

- t s r A i r  Forc e  a lr c r s ’ T i - .  m a i n i t y  of these occur during relatively

~i r i s k  e, i r a t i - n ~ se e- h -  a -  - i  ir  i f u e l i .aq and for m a t  ion f l y i n g .  t-Jonares -—

~~i - c t e - d NA- l e t w e  c t  t w o  A i r  ot ~- c -  e r r - r a f t  h e r r i n g  t h e  period J a n u a r y  1968
n o  Ju n e -  l~~~7 o c c u r  n - I  i t  - e ; - ; - r - x r m a t e - l y  f t  ; imc- r a t e  an ; b e t w e e n  one A i r
F e ~ r - e- a c t  r e f t  and  -p t e e - r n  a ; j , t  1 - e n  a i r c r a f t  (see h~~e - t  con 3 . 5 . 2 ) .

C~ . 1.3 Air Force—Air Carrier SMA - and M/e

Wi th t h e -  ox - p t  l u r e  of one MN w i t  1 a foreign air carrier (DC—4) in
V i e ; t  Nam , the- A ir E-harce- did not e xperience any MACc wit I air carriers.
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However , during the period January 1975 through June 1977, the Air Force
experienced 22 NMACs with air carriers , 10 of which were in the United
States. Because of these NMACs and the potential fatalities that would
result from a MAC between an Air Force plane and a wide body jet air
carrier , it is concluded that the Air Force must consider this possibility
as a part of the MAPS Program Phase II.

6.1.4 Air Force-General Aviation NMACs and MACs

Almost 70 percent of the NMACs reported under the HATR Program involve
general aviation aircraft. During the period January 1968 through June
1Q77 general aviation aircraft were involved in 54 percent of the Air Force
nonassociated MACs; and during the more recent period January 1973 through
June 1q77 , 83 percent of all Air Force nonassociated MACs were with general
aviation aircraft. Based on the data from this more recent period , it is
concluded that with the exception of Air Force high risk operations such
as air refueling and formation flying, the Air Force ’s greatest midair
collision problem is with general aviation aircraft.

‘~.1.5 NMACs and MACs by Fli ght Activity and Altitude

Almost (4 ~erc nt of the NMACs and 83 percent of the nonassociated
MACs occurr. 1 during the takeoff—departure and arrival—landing phases of
fli ght. flu tf lc basis of flight activity and related data presented in
Chapt. r Thr’~~, it is concluded that the majority of both NMAC5 occur at
relitive ly low altitudes (below 5,000 feet), and in the vicinity (within
iO nautical miles) of airports.

‘ .1.6 NMA ’ . and MACs On Military Low-Level Training Routes and Olive
Bri;~~h Routes

Less than 10 percent of  the NMACs occurred on militar y 1rnw-level and
Oliv .~’ hran~ h routes. finly one MAC (in USAFE) of the 24 rionassociated MACs
occurr’ l or~ such rout ~;. This, coupled with the conclusion presented in

~e~ tion ~ .i .5 ib~~’.n , 1t~i P to the additional conclusion that whil.~ TR and
P rout~~; Ps~~rv~ attention in the MAPS Proqram , they have received

publicity and emphasis lisproportionate to the total Air Force midair
collision potential roblem .

6.1.7 NMACS and MACsj~~ Air Force Commands

Certain commands wer~ shown to have NMAC and MAC rates noticeably
abow the USAF average. This was particularly true for USAFE , which
demonstrated i NMAC rate 5.8 t imes more , and a MAC rate 5.2 times more
than the Air Force averaqe . Two other commands , TAC and ATC , were also
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shown to have rates higher than the Air Force average. It is therefore
concluded that these three commands deserve special attention during
Phase II of the MAPS program.

6.1.8 NMACs and MACs by Cause

Almost two-thirds of the NMACs and over one-third of the MACs
resulted from the system—environment in which the aircraft are operated.
Pending implementation of additional control procedures or collision
avoidance hardware , or both, see-and--avoid must continue to be the number
one midair collision avoidance technique.

6.1.9 Formation and Associated Air Force Flying

A large portion of the Air Force MACs occurred during formation or
associated flight. Most Air Force personnel contacted during this study
indicated : (1) the risk is acceptable, and (2) there is no way to prevent
these incidents anyway . However , because of the large number of MACs
involved in these ca tegor ies (20 percent formation, 45 percent air refueling
and 6 percent associated), some MAPS efforts should be directed toward find-
ing ways to reduce the midair collision potential in formation and associated
fly ing.

6.2 RECOMMENDATIONS

6.2.1 Overall Recommendation

Chapter Three of this report indicated that the Air Force does have
a midair collision prevention problem , and Chapter Five discussed con-
cepts that could reduce the Air Force ’s mida ir collision potential. It
is therefore recommended that Phase II of the MAPS Program be undertaken
and that these concepts be evaluated .

6.2.2 ~~~cific Recommendations for Phase II Activities

It is recommended that the actions listed below be undertaken during
Phase II of the MAPS Procjram .

Equ ipmen t

Institute comprehensive basic research into technologies that
could lead to an Air Force Non-Cooperative Collision Avoidance
System.
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• Actively monitor FAA development of a Cooperative Collision
Avoidance System and work to assure compatibility between FAA
developments and USAF requirements.

• Evaluate act ions planned to upgrade radars in Europe to ensure
that they will provide the added capability needed to assist
in reducing the midair collision potential.

• Determine the strobe light characteristics required to be effective
in reducing midair collision potential under daylight conditions.

• Examine the use of simulators and their potential for reducing
the midair collision problem.

• Investigate the unique requirements of drones relative to midair
collision potential.

Aircrew Procedures

• Complete a review of aircrew procedures and related in-flight
duties which contribute to “heads-in-cockpit.” Included in the
review should be checklists, radio transmissions and frequency
changes , and aircrew workload requirements.

Determine the feasibility of alternative procedures on the use
of mandatory traffic advisories and vectors.

• Determine the feasibility of changing the procedures for assigning
tactical call signs.

Determine the feasibility of increasing the use of airborne radars
to reduce midair collision potential.

System-Control Procedures

Determine the best altitudes for conducting low altitude flights.

• Determine the optimum airspeeds for USAF aircraft below 10,000
feet.

Investigate trade-of fs between maximizing IFR flight plans and
us ing “see-and—avoid” techniques on VFR flight plans.

• Reduce instrument approach plate complexity .
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Training

• Develop better techniques and methods to teach “see-and-avoid” .

• Refine and teach techniques for using outside references for
pi tch , bank , and heading control.

• Determine the effect of F-IS and F-l6 air-to-air training on the
risk of midair collision and develop an optimum training syllabus.

• Review actions already under way or planned relative to low-
altitude-Olive Branch routes and determine additional actions
necessary to reduce midair collision potential.

Review formation and air refueling requirements, procedures ,
and techniques , and recommend improvements needed to reduce
midair collision potential.

6.2.3 Other Recommendations

• Examine the operations and benefits of the Joint Air Miss Working
Group in England, and the Air Miss Evaluation Group in Germany,
and determine whether the establishment of a similar group in the
USA would be productive in reducing the midair collision potential.

• Review current programs and procedures for the exchange of
information between the rJSAF and the general aviation community,
and recommend ways to broaden and enhance this two-way informa-
tion exchange.

• Initiate a separate program management—integration task to ensure
that the above actions are coordinated and integrated into an
effective midair collision prevention program.
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APPENDIX A

MISCELLA NEOUS NMACS DATA

This appendix presents tables and figures that relate ~4ACs to varicus
factors. The information contained too many unknowns to permit its use in
this study, but it is included here with the expectation that it may be of
use in later studies with different objectives. The NMACs are related to
the various factors as follows:

• Table A-i -- transponder usage
• Table A-2 -- radar service
• Figure A—i -- radar stage available
• Figure A—2 — — factor first sighted
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Table A - i .  NEAR M I D A I R  COLLISIONS RY T~ ANSP0NDER USAGF

Numbe r ~ Ai r c r a f t
______ ____________ — _____________ Number 1

Number I
A i r cr j ft

AiIL ra ft On Unknown or
On Inoperative Off Totals

Mode C Not Reported

On Mode C 33 1 0 0 17 99 159

On 0 0 0 0 1 1

in~~~~rative 1 0 U 0 2 3

O’f  2 0 0 0 4 6

Unknown r 5 2 0 3 197 207
Not Reported

Number 2 41 12 0 20 303 376
Airc raf t Totals

Summary

Transponder
TransponderA i r  n a ~~t Off or

On Mode C/On
Inot er ati ye

Numi~ei 1 160 9

Number ~ 5 3  20

A - . ‘:t J~ MIDAI R (
~f l l l ISI f l~ S BY RADAR SERVICE

I J imI,’ , 2 A i r c r a f t
______ _________ Number 1

1 I f A n t raf t
A n  Unknown or

V n Morn It  ‘J~ t ~ • i  Totalssot Re~ or ted

V. t r 7 1’ ~ 1 . 1

3 15 12 54 117

6 33 39

Urn k n i ,w n 1 1 4 51 57
S t  )~

. ‘ r t . l

Number 2 14 51 107 204 376
A i r na f t  T o t a l s

Summary

Rada n RadarA i rc r a ft Used Nit  Uted

Numbe r 1 flH Ni

Numbe r 2 65 107
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