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PRE FACE

This bibliographic aid was prepared to assist those engaged in studies of
separation standards in air traffic control. Other subjects, such as analysis
of collision risk or of aircraft navigational accuracy (track—keeping), cost/
benef it trade—off s related to aircraft delays and diversions, or descrip tions
of aircraft navigational systems, are included to the extent with which they
bear upon separation standards.

Items are sequenced alphabetically by author. A minimum of cross—referencing
is admitted . As an example, the complexity of the Autonetics Report , “Concept
for a Satellite—Based Advanced Air Traffic Management System” (10 volumes,
February 1974) warrants a corporation listing in addition to individual
listing of selected volumes by author.

The style of listing is intended to encourage rapid scan and to facilitate
excerp ting by item (via duplicator machine and scissors, perhaps). The
author ’s name and initials are not transposed, inasmuch as we are concerned
for the reader, not for the file clerk. The bibliographic source data is
trimmed to a minimum . Sufficient source data is provided to enable either
subsequent look—up in a technical library or direct correspondence with the
indicated source.

The annotations are descriptive rather than evaluatory. No annotation may
occur where the title is sufficiently self—descriptive , or in numerous
instances in which time limitations precluded direct examination. Many
annotations are based on similar comments in prefatory material or in other
sources. No claim of creative originality is made. Technical evaluation is
minimal. Journalistic comment occurs where it may save the user some time .
To aid the user, some annotations expand the identification of author , provide
some background of document generation or application , or identify associated
(or closely parallel) documents. In sum, both usefulness and facility of
use were sought; consistency of librarianship was not an objective .



H. D. Abbott (RAE ) July 1965
SOME REMA RKS ON TUE DISTRIBUT ION OF AIRC RAFT TRACK-KEEPING ERRORS

Journal of the Ins t i tu t e  of Navigation ( U . K .) ,  London , England ;
Vol. 18, No. 3.

In the January 1965 Journal (Vol. 18, No. 1, “Is the Gaussian Dis t r ibut ion
Normal?”) , E. W. Anderson notes that the distr ibution of large navigational
errors is frequen tly non—gaussian. He raises the point whether this can be
accounted for by the generation of such errors in succession rather than
simultaneously. This note describes a digital simulation which represents
a flight over the North Atlantic that uses a simplified navigational procedure
having such a successive generation of error. The output from the simulation
consists of histograms of the track—keeping errors at various longitudinal
positions, which can be compared with those obtained from gaussian and
exponential distributions .

J. D. Ackerman April 1965
PROBLEMS INVOLVED IN DETERMINING NAVIGATION SYSTEM ACCURACY

International Air Transpor t Assoc iation, Mon treal , Canada; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA TECHNICAL CONFERENCE ,
(Miami), working paper WP—83.

Wing Commander Ackerman is associated with the U.K. Aeroplane and Armament
Experimental Establishment , Boscombe Down. The Experimental Establishment
also generated other working papers concerning navigation for IATA Sixteenth:
WP—7l (Polar Path Compass) by E. T. Wood , WP—73 (Automatic Dead Reckoning
with Loran—A and Doppler) by P. M. Hinchcliffe , and WP—79 (AN/AVN—l Astro
Navigational Set) by the Experimental Establishment.

A (;ARD CP—56 May 1969
MEASUREMENT OF AIRCREW PERF ORMANCE : THE FLIGHT DECK WORKLOAD AND ITS
RELATION TO PILOT PERFORMANCE

NATO Advisory Group for Aerospace Research and Development , Neulil y—
sur—Seine , France; AGARD Conference Proceedings No. 56.

AGARI) CF—lOS June 1972
AIR TRAFFIC CONTROL SYSTEMS

NATO Advisory Group for Aerospace Research and Development , Neuilly—
sur—Seine , France; Proceedings of the First AGARD Symposium on ATC
(Edinburgh).

An excellent update of information on specific projects. However, recogniz-
ing a need for “a general survey of modern concepts and techniques used in 
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app licable to the control of air t r a f f i c,” ACARD subsequently issued (Jul y 1975)
AGABDograph No. 209: A Survey of Modern Air Traffic Control (AGARD-AG—209 ,
Vols. I and II).

Papers related to a i rcraf t  separation or collision risk includ e the following :

Tyler , Stepner , Sorensen (SCI): “An ATC/ Surveillance Modeling Approach
for Spec if ying Lane Separation Standards;”

“Discussion on Session II: Area and Enroute Navigation ;”

J. L. Parsons (RCA): “SECANT——A Solution to the Problem of Mid—Air
Collisions;” and

V. D. Hopkin (RAF , Farnborough): “Human Factors Problems in Conflict
Detection and Resolution .”

AGARD CP—l46 April 1974
SIMULATION AND STUDY OF HIGH WORKLOAD OPERATIONS

NAT O Adv isory Group for Aerospace Research and Development , Neuilly—
stir—Seine , France; AGARD Conference Proceedings No. 146.

AGARD AG—209 Vols. I and II July 1975
A SURVEY OF MODERN AIR TRAFFIC CONTROL

NATO Advisory Group for Aerospace Research and Developmant , Neuilly—
sur—Seine , France; AGARDograph No. 209.

Technical papers are organized into five categories: (Volume I) General
Organization of ATC , Human Factors in ATC, Automation of Control Procedures;
(Volume II) Technical Aids to Air Traffic Control , Operational Air Tr aff ic
Control Systems. AGARD ’s Guidance and Control Panel published this selec tion
from 100 papers submitted for the first AGARD symposium on air traffic control
(June 1972 in Bdinburgh) in order to fill the need for a general survey of
modern concepts and techniques applicable to air traffic control. The pro-
ceedings of the symposium were previously published in AGARDograph CP—lO5.

AGARD CP—188 February 1976
PLAN S AND DEVELOPMENTS FOR AIR TRAFFIC SYSTEMS

NATO Adv isor y Group for Aerospace Research and Development , Neuilly—
sur—Seine , France ;  AGARD Conference Proceedings No. 188.

Papers presented at the 20th Symposium of the AGARD Guidance and Control
Panel , Cambridge , Mass . ,  May 20—23 , 1975 , of which the fo l lowing  may be
of some i n t e r e s t :
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Editors :  Dr. A. Benoit , EUROCONT ROL , Belgium , and David R. Israel , FAA .
K. Watling and R. C. Rawlings , U . K . :  Studies of Automatic Navigation Systems

to Improve Ut i l izat ion of Controlled Airspace;
V. W. At twooll :  The Optimization of T r a f f i c  Flow Around a Network;
Benoit , Storey , and Swierstra : The Introduction of Accura te  A i rc ra f t  Trajec-

tory Predictions in Air Traffic Control;
Ball , Lloyd, and Ord : Interactive Conflict Resolution in Air Traffic Control;
Perie , Horowitz , McFarland , Beusch, and Senne : Intermittant Positive Control;
Lj ubimko Milosevic : Integrated Navigation System Multifunction (in French

as Ar t i c le  18; in Eng l i s h  as Ar t i c le  19) ;
K. i. Brauser (M esse r schmi tt ) :  Measurements of the Control Capacity of ATC

Systems ; and
H. Gent (Royal Radar Est.): A Measuring Rod for ATC Systems — The Index of

Order l iness .

Air Canada Apri l  1965
CAUSES OF ERRORS IN TRACK MAINTENANCE

In te rna t iona l  Air  Transport Assoc iation , Montreal , Canada; in
AIRCRAF T NAVIGATION : Proceedings of the 16th IATA TECHNICAL CONFERENCE ,
(Miami) ,  working paper WP— 14 .

Air  T r a f f i c  Conference of America June 1, 1977
OFFICIAL AIRLINE GUIDE : NORTH ANERICAN EDITION

The Reuben H. Donnel ley Corpora t ion , Oak Brook , I l l inois  (pub l i she r s ) ;
published twice monthly.

This standard re fe rence  periodical  is devoted to l i s t ings  of a i r l ine  schedules
pa i red  by cities of a r r i v a l/ d e p a r tu r e , with suppor t ive  informat ion such as
ground t r a n s p o r t a t i o n , baggage allowances and r a tes ,  fares information , air
taxi , air cargo , mileages , routes , maps , and various types of codes used in
the business. Of in te res t  related to operat ional  a ir  t r a f f i c  system s tudies ,
the contents o f f e r  c l a r i f i ca t ion  and provide data inputs for  t r a f f i c  sample
generation.  The OAG Nor th  American Edition is published twice monthly; the
OAG Worldwide Edi t ion  is published monthly .

B. Alexander March 1970
AIRCRAFT DENSITY AND MIDAIR COLLISION

Institute of Electrical and Electronics Engineers , Inc., New York ,
New York; proceedings of IEEE, Vol. 58, No. 3, pages 377—381.

The frequency of near midair collisions under visual flight rules as a function
0! aircraft density is derived from a model which correlates closely with
recent experience. Examples are given which indicate the degree of air traffic
control needed for safe separation at various levels of aircraft density for
both unordered and ordered flight. It is argued that loose forms of ATC , such3



as intermittent positive control can be used safely to prevent collisions
while preserving most of the freedom of VFR flight at densities as high as
those predicted for peak hours in the Los Angeles Basin in 1955.

E. V. Anderson 1965
IS ThE GAUSSIAN DISTRIBUTION NORMAL ?

Journal of the In s t i t u t e  of Navigation ( U .K .) ,  London , England ;
Vol.  18, No. I .

The distribution of large navigational errors is frequently observed to be
non—gaussian in character . The author raises the point whether this can be
accounted for by the generation of such errors in succession rather than
simultaneously. The successive generation of navigation errors arises through
the error incurred on a particular leg being distributed about a mean which
is dependent on the error up to the end of the previous leg. He arrives at
the conclusions : (1) that the exponential distribution may app ly where errors
are generated successively ,  and (2) the exponential distribution appears to
apply more widely in navigation than does the gaussian except for small errors.
See also M. D. Abbott: Some Remarks on the Distribution of Track—Keeping
Errors.

E. W. Anderson Spring 1971
AIR NAVIGATION TECHNIQUES

NAVIGATION : Journal of the Institute of Navigation (U.S.),
Washing ton , D.C.; Vol. 18, No. 1.

Wing Commander Anderson (RAF) was associated with Smith ’s Industrhm , l td .,
when he was invited to contribute this article for the 25th an n i v e r . i r v  of
NAVIGATION . Non—technical journalistic review. Recap itulate~ very Lu let l~
the history of flight navigation from the introduction of radio te ltn i ques
to the introduction of satellites and use of the airborne computer. l~~tu his
on introduction of ION , RTCA , ICAN , PJCAO , ICAO , ARINC, VHF , VOR , OME , L ORAN ,
ADF , and many more. An aid to the uninitiated contractor or student res~ ir~T hL r.

E. W . Anderson and D. M. Ellis October 1971
ERROR DISTRIBUTIONS I.N NAV IGATION

Journal of Navigation (U.K.), London , England ; Vol . 24, No. 4.

Emphasis is placed on the distinction between distributions involving identical
items and those involving a number of items which , although nominally the sane ,
are in fact diverse. It is shown how the apparent variation of results that
arise in practice , may be unified into a simple inclusive pattern. It is
pointed out that the convex distribution (of which the Gaussian appears to
be a limiting example) arises when only one object Is involved or when a
number of objects are so similar that they may be regarded as manifestations
of the same object.
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Roy E. Anderson (General Electric Co.) January 1966
A CONCEPT FOR NAVIGATION AND COMMUNICATION USING SATELLITES

Journal of the Institute of Navigation (U.K.), London, England;
Vol. 19, No. 1.

R. C. Anderson and P. G. Reich October 1965
SEPARATION STANDARD S IN THE LONG-RANGE AIR TRAFFIC CONTROL REGION WITH
SPECIAL REFERENCE TO VERTICAL SEPARATION

IFALPA Symposium ; Royal Aircraft Establishment Technical Report
RAE R2]85060.

R. C. Anderson November 1965
RESULTS OF THE 1965 FLIGHT—DECK DATA COLLECTION ON HEIGHT—KEEPING OVER TIlE
NORTH ATLANTIC

Royal A i r c r a f t  Establ ishment , Farnborough , England ; RAE
Technical Report 65268.

R. C. Anderson December 1965
SURVEY OF THE ERRORS OF PRESSURE—MEASURING INSTRU~~NTS IN RELATION TO AIR
TRAFFIC SEPARATION STAN DARD S

Royal A i r c r a f t  Es t ab l i shmen t , Farnborough , England ; RAE
Technical  Repor t  65262.

R . C. Anderson and P.  C. R e i c h  May 1966
SPECIFYING THE CALIBRATION OF STATIC PRESSURE SYSTEMS FOR THE SAFE USE OF
1000—FOOT VERTICAL SEPARATION STANDARD IN NORTH ATLANTIC JEt  TRAFF IC

Royal A i r c r a f t  E s t a b l i s h m e n t , Farnborough , England ; RAE
Technical Report  66156.

Il. G. Anderson September 1966
A REVIEW OF THE EVIDENCE ON THE TRACK—KEEPING PERF ORMANCE OF JETS IN THE
NORTH ATLANTIC REGION IN THE PERIOD 1965—1966

Royal A i r c r a f t  Establ ishment , Farnborough , England ; RAE
T e c h n i ca l  Report  66295.

Results are given for four data collections in 1965/66 which give evidence on
t he  nav iga t ion  accuracy in the  N o r t h  A t l a n t i c  Region.  These are compared w i t h
ear l ie r  measurements and e x pla n a t i o n s  are o f f e r e d  for  some of the  d i sc repan—
cies between the data f r om the various sources.
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J. W . Andrews and C. Prado (Lincoln Laboratories) November 1972
THE INFLUENCE OF SURVEILLANCE SYSTEM PARAMETERS ON AUTOMATED CONFLICT
DETECTI ON AND RESOLUTION

Lincoln Laboratory, Lexington , Mass.; Technical Report No. FAA — RD—72—lOO .

AR CUN Corporation July 1961
AIR TRAFFIC CONTROL THEORY AND DESIGN

ARCON Corpora t ion , Lexington , Mass.; ARCON No. 1—61; prepared for
The Mitre Corporation under subcontract No. 49—FAA/BRD—157.

A major——and early——effort to design a collision—free , semi—automatic opera-
tional Air Traffic Control system. Describes and discusses basic approach ,
collision geometry , “control geometry ,” conflict detection , collision avoid-
ance , conformance checking , errors of navigation , tracking, and prediction;
and presents statistical models applicable to air traffic situations and
systems . Develops relationships between the system operating parameters and
the performance measures. Begins with a discussion otT simple mathematical
models of collision geometry , and presents in detail models of air traffic
statistics and system errors. Presents the design , the analysis , and the
optimization of a contro l system configuration which models a “SATJN ”type
control function .

ARCON Corporation March 1962
A DISCUSSI ON OF THE NORTH AT LANTIC AIR TRAFFIC SYSTEM

ARCON Corporation , Lexington , Mass.; Memorandum Report No. M—62—l .

ARCON Corporation December 1962
SYSTEM ANALYSIS OF THE NORTH ATLANTI C AIR TRAFFIC COMPLEX

ARCON Co r po ra t i o n , Lexi n g to n , Mass.; ARCON Technical Report No. R62—3
(December 1962); 283 pp., 62 illus., 7 tables; Contrac t FAA/BRD—334 .

A detailed analysis of the North Atlantic Air Traffic Control System , which
stresses the app lication and interpretation of mathematical models (Sections
1—IX). Describes present system (Section III). Discusses potential modifi-
cations in separation standards , navigation , control procedures , communica-
tions , aircraft , and weather forecasting. Develops the relationships
between separation standard s and other aspects of the Air Traffic System;
compares alternate system confi gu rations (Section V). Detailed mathematical
developments are given in several appendices : Statistical Model of Wind
Behavior , E f f e c t of Winds ofl Longitudinal Separation , Anal ysis of Fix
Errors , Lateral Track—Keep ing Errors , System Capacity, Analysis of Minimal
Time Path. Twenty—three-item bibliograp hy is 0! interest.6



ARCON Corporation September 1964
ANALYSIS OF ORGANIZED ROUTE SYSTEMS IN THE NORTH ATLANTIC

ARCON Corporat ion , Lexi n gton , Mass . ;  Final Report  to FAA/SRDS under
Contract  FA—WA —462 0.

The operational and economic consequences of adopting organized route pro-
cedures in the North Atlantic Air Traffic Control System are examined. A
technique for the formulation of traffic forecasts is presented , and their
significance to the system designer is discussed . Detailed mathematical
treatments and descriptions of digital computer simulations which were
applied in this effort are described in the appendices.

ARCON Corporation May 1968
STUDY OF FUTURE OCEANIC AVIATION SUPPORT SYSTEMS

ARCON Corporation , Wakefield , Mass.; Final Report to FAA , SRD S , under
Contrac t No. FA67WA—l680 (Project l97—622—02R).

F. J. Arnold (Australia) October 1974
A METHOD OF PLANNING PARALLEL AIR ROUTES IN A NON-RADAR ENVIRONMENT

ICAO Review of the General Concept of Separation Panel , Working Group
“C” ; Ninth Meeting, London , October 23—25 , 1974; working paper
R GCS P —C —WP /59 .

F. J. Arnold ( A u s t r a l i a )  October  1974
VARiATION FROM NOMINAL CRUISING LEVEL DUE TO FLIGHT TECHNICAL ERROR

ICAO Review of the General Concept of Separation Panel , Working Group
“C” ; Ninth Meeting, London , October 23—25 , 1974 ; working paper
R GCS P —C— WP/62 .

F. J. Arnold (Australia) October 1974
ALTIMETER RELIABILITY

ICAO Review of the General  Concept of Separat ion Panel , Working Group
“C”; Ninth Meeting, London , October 23—25 , 1974; working paper
RCCSP—C—WP/67.

ASTIA January 1962
AIR TRAFFIC CONTROL SYSTEMS (AN ASTIA REPORT BIBLIOGRAPHY)

Armed Services Techn i ca l  I n f o r m a t i o n  Agency ,  A r l i n g t o n , Va.
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ATA (Air Transport Association) March 1969
AIRBORNE COLLISION AVOIDANCE SYSTEM

Air Transport Association of America , Washingt :on , D . C . ;  ATA Air
Navigation and T r a f f i c  Control Division document , No. ANTC— ll 7 ,
Revision 8.

This document of the air l ine industry association provides the statement of
ATA policy and requirements , and a technical descr ipt ion of the CAS (Collision
tvoidance System) . In respect to each of these , the document comments on a ir
t r a f f i c  separat ion standards , al though not extensively .  Revision 7 (Aug. 1968)
was attached to AEEC Let ter  69—2—4 1 (Aug . 1969) . Subsequent revisions 9 and 10
appeared in July 1970 and Sept .  1971 , respectively .

ATA (Air Transport Associat ion)  June 13, 1969
AN AIRLINE VIEW OF “THE MEANING OF THE STATISTICAL APPROACH TO SAFETY ”

Air Transport Association of America , Washington , D . C . ;  by
Aeronautical  Radio I n c . ,  ARINC Autopilo t Newsle t te r , No.  107.

V.  W. Attwooll  (RAE) October 1964
THE OPTIMUM DESIGN OF A PARALLEL ROUTE STRUCTURE FOR AIR TRAFFIC FROM LONDON
TO NEW YORK FOR VARIOUS SEPARATION STANDARDS

Royal A i r c r a f t  Establ ishment , Farnboroug h , Eng land ; RAE
Technical  Report  64034 .

Defines a model of routes  which are para l le l  to the  min imu m —time  pa th  between
London and New York .  Describes a s imula t ion  made to assess the  t r a f f i c  distri-
bution and the cost—penalties for various separation standards and traffic
dens i t ies .  Treats  subsonic a i r c r a f t  and supersonic t r anspo r t s  separately ,
and discusses the probable d i f f e r e n c e s  between them .

See also V. W. A t twool l ’ s papers (under  t i t l e s  which d i f f e r  very s l ight ly) ,
published April  1965 as Working Paper WP—76 in proceedings of the IATA 16th
Technical Conference (Miami , Apri l  1965), and October 1965 in the Journal of
the Ins t i tu t e  of Navigat ion ( U . K . ) ,  Vol .  18 , No.  4 .

V.  W.  Attwooll  (RAE) Apri l  1965
OPTIMUM DESIGN OF PARALLEL ROUTE STRUCTURES FOR NORTH ATLANTIC .~‘IR TRAFFIC

In te rna t iona l  Air Transport Association , Montreal , Canada ; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA TECHNICAL
COWFERENCE , ( M i a m i ) ;  working paper W P—76.

Sets up a model of N o r t h  A t l a n t i c  a i rspace  in wh ich  the re  are sets of pa ths
at various he igh t s  fo r  a ir  rou tes , each path being para l le l  to the minimum—
time pa th  f rom London to New York . A i r c r a f t  e n t e r in g  the  system are a l loca ted

8
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to the “best available path” using as criter ia least cost or least fuel. A
computer simulation is then made to assess traffic distribution and the cost—
penalities in time , fuel , or operating costs. The assessment considers
several sets of separation standards and traffic densities. Part I deals
with subsonic t r a f f i c  and considers the impact of reductions in separation
standards on costs. Part II deals with supersonic traffic , considering sonic
boom and differences from subsonic traffic.

See also V. W. Attwooll’s papers (under titles which differ very slightly),
published in October 1964 as RAE Technical Report No. RAE—64 034 , and in
October 1965 , in Journal of the I n s t i t u t e  of Naviga t ion  ( U .K . ) ,  Vol . 18 ,
No. 4. During 1966 , V. W. Attwooll published several papers on parallel
route structures as well as several on costing aircraft route deviations
imposed by ATC .

V. W. Attwooll  (RAE ) October 1965
OPTIMUM DESIGN FOR PARALLEL ROUTE S IN THE NORT H ATLANTIC

Journal of the I n s t i t u t e  of Navigat ion ( U . K . ) ,  Lor4on , Eng land;
Vol. 18, No. 4 .

Routes  are cons t ruc ted  para l le l  to the  minimum—time pa th  f rom London to
New York.  A computer  s imu la t i on  is then made to assess cos t—pena l t i e s  in
t ime and fue l  imposed by a l l o c a t i o n  of i n i t i a t i n g  f l i g h t s  to the “best avail-
able pa th”  and by the a p p l i c a t i o n  of var ious  t r a f f i c  dens i t i e s .  Supersonic
and subsonic :iir t r a f f i c  are t r e a t e d  s e p a r a t e l y ,  and the probable d i f f e r e n c e s
are discussed .

See also V. W . A t t w o o l l ’ s papers (under  t i t l e s  which d i f f e r  very sligh t l y ) ,
publ ished October 1964 3” RAE Technical Report N o. RAE—64 034 , and in Apri l
1965 as Working Paper WP— 76 in Proceedings of the IATA 16th Technical
Conference  (Miami , Apr i l  1965) .

V. W . At twool l  ( RAE ) January 1966
COSTING AIR TRAFFIC CONTRO L DEVIATIONS

Journal of the I n s t i t u t e  of Navigation (U.K.), London , England ;
Vol. 19, No. 1.

Discusses methods of cost ing the e f f e c t s  of air traffic control deviations
imposed on aircraft flight operations and relates such costs to the size of
separat ion s tandards .  Discusses supersonic t ranspor t  operations as well as
subsonic transport. See also Attwool l’s RAE Technical Report (RAE TR66148)
of May 1966, under similar title.

9 



V. W . Attwooll  ( RAE ) February 1966
SOME COST ESTIMATES OF THE TRAFFIC SYSTEM FOR THE CONCORDE ON THE NORTH
ATLANT IC

Royal A i r c r a f t  Establishment , Farnborough , England ; RAE
Technical Memorandum TM—Math-70.

V. W . Attwooll  (RAE) Apr i l  1966
THE PARALLEL—ROUTE SYSTEM FOR NORTH ATLANTIC SUBSONIC JET TRAFFIC

Journal of the  I n s t i t u te  of Navigat ion  ( U . K . ) ,  London , Eng land ;
Vol. 19 , No. 2.

Includes relation of separat ion standards to opera t ing  costs .  See also his
paper for  Supersonic Jet T r a f f i c  in Journal  of the I n s t i t u t e  of Nav iga t ion
(U.K.), Vol. 19, No. 3, July 1966 , as well as earlier papers on optimum desi gn
of paral lel  route  s t r u c t u r e s  in RAE TR—64 034 (Oc tobe r  1964),  IATA 16th T e c h n i c a l
Conference (Apr i l  1965), and Journa l  of the  I n s t i t u t e  of Nav iga t i on  ( U . K . ) ,
Vol . 18, No.  4 (October  1975).

V. W. Attwooll  (RAE ) May 1966
METHODS OF COSTING DEVIATIONS FROM OPTIMUM CRUISE FLIGHT PATH-—WITH EXAMPLES
OF THE LONDON-NE W YORK ROUTES

Royal A i r c r a f t  Es t ab l i shmen t , Farnborough , Eng land;  RAE
Technical  Report  66148.

See also his a r t i c l e  under  s imi la r  t i t l e  in Journa l  of t he  I n s t i t u t e  of
N a v i g a t i o n  ( U . K . ) ,  London , Vol. 19 , No . 1, January  1966.

V. W. Attwooll  ( RAE ) Jul y 19b6
PARALLEL ROUTE SYSTEMS FOR SUPERSONIC TRAFFIC

Journal  of the I n s t i t u t e  of N a v i g a t i o n  ( U . K . ) ,  London , Eng land ;
Vol.  19 , No.  3.

This is the th i rd  a r t i c le  of a series of three desc r ib ing  the  methods developed
at the Royal A i r c r a f t  Establ ishment  f o r  cos t ing the e f fe c t  of a i r  t r a f f i c
cont ro l  devia t ions  in long range systems . The f i rs t  two discussed the genera l
p r inc ip les of costing and the i r  app l i ca t ion  to the  cu r r ent  and f u t u r e  systems
for  subsonic a i r c r a f t  over the Nor th  A t l a n t i c .  This paper considers systems
for  the SST .

V. W. At twool l  (RAE) February 1967
THE EFFECTS OF TRAILING VORTICES ON THE SAFE CAPACITY OF AIR ROUTES AND
AIRPORTS

Royal A i r c r a f t  Es t ab l i shmen t , Farnborough , England ; RAE
Techn ica l  Memorandum TM—Math — 670 2 .
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V. W. Attwooll  ( RAE ) July 1968
STUDIES OF THE DESIGN OF A TRANSATLANTIC ROUTE STRUCTURE FOR SUPERSONIC
TRANSPORTS

Royal A i r c r a f t  Establishment , Farnborough , England ; RAE
Technical Report 68183 .

Presents the results of fast—time simulation studies of possible systems for
Concorde and other  SST t r a f f ic  over the Nor th  A t l a n t i c . For a given layout
of the t rack system and level of t r a f f i c  f low , the s imulat ions give the
incidence of deviations and delays , from which is estimated the required
increase in fue l  reserv e and ex t ra  cost pena l t y .  Results  show the advantage
of a s ingle—layer  t rack  system wi th  a i r c r a ft  f ree  to cruise—climb , the large
e f f e c t  of possible  r e s t r i c t i o n s  to avoid sonic—bang over land , the e f f e c t  of
var ia t ions  in separation minima , and the advantage of an ATC system using
en t ry  delay on a t a c t i c a l  basis to f a c i l it a t e  maximum use of the best t racks
in the system.

V. W. At twool l  (RAE)  Summer 1968
SEPARATION CRITERIA FOR SUPERSONIC TRANSPORT S AND OTHER ASPECTS OF TRAFFIC
CONTRO L

NAVIGATION : Journal ‘ the Institute of Navigation (U.S.),
Washington , D.C.; Vol. 15, No. 2.

Discusses studies of the traffic system for the supersonic t r anspor t  at the
RAE , the design for the oceanic traffic system having regard to the perfor-
mance characteristics of the atmosphere at the heights to be flown and to
poss ib le  r e s t r i c t i o n  of s u p e r s o n i c  f l i g h t  overland . Cost e f f e c t i v e n e s s
studies give desirable values for oceanic separation minima .

V. W. Attwooll December 10, 1970
THE EQUATIONS OF AIR COLLI S ION

New Scie n t i st , Vol.  48.

Discussion of approaches to meet the air  t r a f f i c  control  requirements of the
f u t u r e , giving a t t e n t i o n  to an anal ysis  using collision risk equations. The
chances of coll ision between two a i r c r a f t  f l ying in a roughl y parallel
d i rec t ion , but deviating from their intended path because of various kinds
of error are investigated making use of equations which give the expected
number of collisions for  each mode of collision . The appl icat ion of this
analysis to the Nor th  A t l a n t i c  t r a f f i c  system and to Br i t ain ’s airspace is
discussed.  I t  is pointed out that  an air  t r a f f i c  system , in which all air-
c r a f t  follow the most d i rec t  course , is not feasible , at present , because of
the complexity of the work which the computer would have to per form.  The
meri ts  of an airborne collision avoidance system developed in the United
States  are c r i t i ca l ly examined .

11



-_- - ~~~~~~~~~~~~~~~~~~~~~~ —~~

V. W. Attwooll (RAE) April 1974
AIRCRAFT CHARACTERISTICS AND AIR TRAFFIC SYSTEMS

Journal of Naviga tion (U.K.), London, England; Vol. 27, No. 2; paper read
at the Ins t i tu te  of Navigation meeting , London , November 28 , 1973.

Discusses the impact of expected changes in aircraft design which will be
“tailored to optimize the t r a f f i c  system” rather  than for economically
eff ic ient  operation . See in particular , the treatment of “Vertical Crossover ”
for separation implications.

V. W. Attwooll (RAE) February 1976
THE OPTINISATION OF TRAFFIC FLOW AROUND A NETWO RK

NATO Advisory Group for  Aerospace Research and Development , Neuill y—sur—
Seine , France; Paper No. 15 in AGARD Conference Proceedings No. 188 ,
20th Symposium of the AGARD Guidance and Control Panel , Cambridge , Mass . ;
May 20—23, 1975.

Considers the use of flow control on routes subject to saturation . Using
examples of t r a f f i c  conditions at the England/France boundary , suggests the
use of “computer optimisation techniques as a means of assessing and planning
an optimum t r a f f i c  flow rate on a given route. ” From this basis , proceeds to
determination of optimum distribution of flow rates planned along various
routes of a network; hence the rescheduling desired at each of the “ t r a f f i c —
generating airports.” Methodology employs some basic equations. 5 pp.;
1 graphic.

Autone t ics  June 1972
FOURTH GENERATION AIR TRAFFIC CONTROL STUDY : SUMMARY (VOLUME 1)

Autonet ics  Avionics and Sensors Division , Nor th  American Rockwell
Corporation , Anaheim , CA 92803 . Final Technical Report  DOT—TSC—3 04— l .

Extends the work of the ATCAC (ATC Advisory Committee of DOT 1969) in defining
a Fourth Generation ATC System. Autonetics conducted a 10—month study in
three phases. In Phase I , goals and demands for  1975—1990 were evaluated ,
candidate systems were compared and discarded or combined. Two concepts
were chosen for  f u r t h e r  anal ysis.  In Phase II , performance measurements were
i d e n t i f i e d , and the two selected concepts were evaluated and compared against
the UG3rd ATC System. In Phase III, a hybrid of the best features of the
Phase II concepts was evaluated and compared against the Phase II concepts
and the UG3rd . Operational  phase—in cr i ter ia  and a t ransi t ion plan were
developed .

The repor t  is organized into  a summary volume and three volumes of appendixes.
Volume II , Appendix A: Demano , Requirements , Operational  Concep t Anal ysis ;
Volume III , Appendixes B, C, D: Candidate System Concepts, Implementation Plan ,
Cost Anal ysis;  Volume IV , Appendix E: Technology Per t inent  to the Four th
Genera t ion  ATC System.  See also Report  TSC—306— 1 , by Boeing Corp .
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As defined In the extensive “Glossary,” a control concept descr ibes how plan-
ning, navigation, and Intervention will be used to accomplish safe and eff icient
flight; must address various user classes , airspace elements , cross—track and
along—track flight dimensions..., and considers procedures which clearly define
legal responsibility for safety in flight. The essential ingredient of a
control concept may therefor  be considered to be separation standards. This
report is considered germane, although specific attention to collision risk
estimation is minimal .

Autonetics February 1974
CONCEPT FOR A SATELLITE—BASED ADVANCED AIR TRAFFIC MANAGEMENT SYSTEM:
VOLS. I—X

Rockwell International Corp . ,  Autonetics Division , Anaheim , California ;
Technical Report DOT—TSC—OST—73—29, for Transportat ion Systems Center ,
Cambridge , Mass.

Reports the results of studies directed toward def in i t ion  of “SAATMS—— a
Satellite—Based Advanced Air Traffic Management System.” Presented in ten
volumes , the titles herewith adequately indicate their separate contents.
Volume I summarizes stud y f indings  in tabular form wi th  a min imu m of prose
expansion. In Volume IX , Autonetics presents the models used to analyze
basic fea tures  and to represent the relationships between system output
measures and system inputs or variables of system structure and system state.
Volume IX includes some anal ysis of models related to a i r c r a f t  separation and
collision risk.  Volume X considers terminal spacing of 1.5 naut ica l  miles ,
and , in the enroute sector , blunders of less than 22 feet/sec2 using aircraft
separations of 5 , 7 , and 10 naut ica l  miles. Models of separation standards
are presented on page 10 f f .

H. T. Freedman , et a l .  DOT-TSC—OST—7 3—29 , I
VOLUME 1: SUMMARY

R. C. Loeliger , et al. DOT—TS C—OST—73—29 , II
VOLUME II: SYSTEM FUNCTIONAL DESCRIPTION AND SYSTEM SPECIFICATION

R. C. Loeliger , et al. DOT—TSC—OST—73—29 , III
VOLUME I I I :  SUBSYSTEM FUNCTIONAL DESCRIPTION

C. S. Hoffman , et al. DOT—TSC—OST—73—29 , IV
VOLUME IV: OPERATIONAL DESCRIPTION AND QUALITATIVE ASSESSMENT

J. C. Elsey,  et al .  DOT—TSC—OST—73—29 , V
VOLUME V: SYSTEM PERFORMANCE

H. T. Freedman , et al DOT—TSC—OST—73—29, VI
VOLUME VI: DEVELOPMENT AND TRANSITION PLANS

T. Felisky and H. T. Freedman DOT—TSC—OST—73—29 , VII
VOLUME VII: SYSTEM COST
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C. V. HamIlton, et al. DOT—TSC—OST—73—29 , VIII
VOLUME VIII: OPERATIONAL LOGIC FLOW DIAGRAMS

C. Chen, R. C. Loeliger , F. S. Nakamoto, et al. DOT—TSC—OST—73—29 , IX
VOLUME IX: SYSTEM AND SUBSYSTEM PERFORMANCE MODELS

J. B. King, C. I. Cheng, R. P. Utsumi DOT-TSC—OST-73—29 , XVOLUME X : SUBSYSTEM PERFORMANCE REQUIREMENTS
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A. E. Barnsby December 16, 1968
AIRSPACE MODEL DESCRIPTION

The MITRE Corporation , McLean, Virginia .

ERC Internal Note No. 68—AS—4 , under FAA—MITRE Contrac t NAS—12—2039, during
development of the FAA automated system concept then labelled “National Air-
space System (NAS).”

A. E. Barnsb y and J. A. Keenan March 21 , 1969
ANNOTATED BIBLIOGRAPHY OF DOCUMENTS RELATED TO TERMINAL AREA MODELING

The MITRE Corporation , McLean , Virginia ; MITRE Technical Report MTR 4070.

H. C. Baudry 1973
MODEL TO EVALUATE THE RISK OF COLLISION AND THE FREQUENCY OF INTERVENTION
IN A DUAL TRACK SYSTEM WITH SURVEILLANCE

ICAO Review of the General Concept of Separation Panel , Working
Group “C” ; working paper RGCS—C/WP—unnumbered .

H. C. Baudry 1973
LONGITUDINAL SEPARATION FOR SAME DIRECTION TRAFFIC ON SAME ROUTE

ICAO Review of the General Concept of Separation Panel, Working
Group “C”; working paper RGCS—C/WP—unnumbered .

H. C. Baudry October 1974
EXPERIMENTAL EVALUATION OF THE AUTOMATIC SURVEILLANCE OF LATERAL DEVIATION

ICAO Review of the General Concept of Separation Panel , Work ing
Group “C”; Ninth Meeting , London , October 23—25 , 1974; working
paper RGCS—C/WP—57 .

H. C. Baudry October 1974
CALCULATION OF THE SEPARATION BETWEEN PARALLEL AIRWAYS tINDER RADAR SURVEILLANCE

ICAO Review of the General Concept of Separation Panel , Working
Group “C”; working paper RGCS—C/WP—58.

Juan F. Bellantoni (N.Y. University) October 1971
THE CALCULATION OF AIRCRAFT COLLISION PROBABILITIES

Department of Transpor ta t ion , Transportat ion Systems Center ,
Cambrid ge , Mass . ;  Report No. DOT—TSC—FAA—7l—27.
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The basIc limitation on air traffic compresssion is the increased risk of
collision due to reduced separations. It is desirable to extend the method of
collision probability calculation (which has been limited to parallel ,
straight—line flight paths) to arbitrary flight paths and vehicle shapes.
The general formula is specialized to the cases of large relative velocity,
non—zero relative velocity, zero relative velocity, and spherical collision
surface. The formulas are applied to independent curved landing approaches
to parallel runways.

The formulas derived allow the calculation of collision probability between
two aircraft flying arbitrary curvi l inear  paths . The analyses resul t in a
general integral expression for the collision probability ; simpler integral
formulas are derived for the cases of a large relative velocity and a
spherical collision surface.

J. W. Bennett and H. Gent January 1975
THE APPLICATION OF AN INDEX OF ORDERLINESS TO A COLLISION AVOIDANCE SYSTEM

Royal Radar Establishment , RRE Memorandum 2913.

Defines “Index of Orderl iness” as a general purpose , quantitative measure of
ATC system performance ; attributes its adaptation to such use to A. C. Halverson
(FAA/NAFEC). Describes its application to a CAB (Collision Avoidance System)
simulation study, in which the Index was used to analyse the flow of traffic
down intersecting airlanes. Output consists of an Index of Orderliness
time—curve. Twelve pages, plus eight data plots.

See also H. Gent “A Measuring Rod for ATC Systems : The Index of Orderliness”
in AGARD Conference Proceedings , CP—188 (February 1976). Also see FAA
Technical Note (FAA/NAFEC , August 1971) “Index of Orderliness: Proposed
Measure of ATC System Performance.”

The overall aim is to demonstrate that an Index of Orderliness can be applied
to an ATC system and used to obtain meaningful results.

A. Benolt , J. Storey , and S. Swierska (EUROCONTROL) February 1976
THE INTRODUCTION OF ACCU RATE AIRCRAFT TRAJECTORY PREDICTIONS IN AIR TRAFFIC
CONTROL

NATO Advisory Group for Aerospace Research & Development , Neuilly—
sur—Seine , France; AGARD—CP—l88 (Plans and Developments for Air Traffic
Systems); paper presented at the 20th Symposium of the Guidance and
Control Panel of NATO/ACARD, held May 20—23, 1975, Cambridge , Mass.,
at the Transportation Systems Center.

Proposes a family of methods for predicting aircraft trajectory based on
l i m i t e d  h i s to ry  f rom radar observations . Describes the approach followed thus
far ; presents plans for future development. Describes the mathematical methods
and al gorithms , defines input data requirements. Summarizes results thus  f a r
obtained in trajectory prediction. 28 pp., 16 graphics; useful list of
references.
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D. I. Benton December 1961
SAFETY AND SEPARATION STANDARDS: SATiN DESiGN NOTE NO. 516

The MITRE Corporation . McLean , Virg ina; MITRE working paper W—4 5 76.

John F. Berglund (Texas Ins t ruments , Inc .)  December 1969
RADAR APPLICATIONS TO POST—L( *) ARC SURVEILLANCE MONITORING

Department of Transportat ion , Washington , D . C . ;  published as
Appendix E—3 of the “Report of the DOT ATC Advisory Committee ,”
Volume 2.

Packs into nine pages a thorough review of radar appl icat ions in the current
ATC system and briefly discusses the constraints. Comments briefly on aspects
of radar predicted or proposed for  the post—1980 period . St ra igh t forward ,
comprehensible , and informative.

H. C. Black 1971
OBJECTIVES AND STANDARD S FOR AIR SAFETY

AeronautIcal  Journal , Vol. 75 , p.551.

D. A. Blake March 1971
MATHEMATICAL MODEL FOR ESTIMATING COLLISION RISKS ASSOCIATED WITH PROCEDURAL
LONGITUDINAL SEPARATION STANDARD S

ICAO Review of the General Concept of Separation Panel , Work ing
Group “C”; working paper RCCS—C/WP—unnumbered .

0. A. Blake 1974
PROPOSALS FOR STUDY , DATA COLLECTION , AND METHODOLOGY DEVELOPMENT RELATED TO
THE DEFINED I N I T I A L  TASKS OF THE WORKING GROUP

ICAO Review of the General Concept of Separa tion Panel , Working
Group “C” ; work ing  paperR RSP—C / WP—lO .

Howard A. Blank and Per A. Kul i s tam June 1971
A SURVEILLANCE MODEL FOR AIR TRAFFIC CONTROL BASED ON DIFFUSION THEORY

I n s t i t u t e  of N a v i g a t i o n  ( U . S . ) ,  Washington , D . C . ;  in Proceedings
of the 17th ION Meeting.

This  report  by Computer Sciences Corporat ion (Fal ls  Church , Va . )  was presented
in Pasadena at the 17th Meeting of the ION. It advances a theory of the
stochastic motion of aircraft in a controlled environment , based on classical
diffusion processes.

17 
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The report develops the proposed surveillance model to the point where
validatIon w i t h  empirical data is indicated . To advance the model , the report
discusses onl y the lateral  motion of an a i r c r a f t  from the center l ine of the
NOZ to the ILB , and the corresponding in te rven t ion  s t a t i s t i c s  of the ATC system .
The authors comment on basic papers by P. G. Reich and on subsequent attempts
to model ou t l ie r s  of the d i s t r i b u t i o n  of lateral deviations f rom course and
to define the “ t a i l s” of the d i s t r i b u t i o n.

Terms are def ined which have been somewhat accepted into the technical  jargon
of ATC systems stud y:  NOZ (Norma l Operat ing Zone) , Il (Intervent ion Zone) ,  DZ
(Detection Zone), OLB (Outer Lane Boundary), ILB (Inner Lane Boundary), RMZ
(Recovery Maneuver Zone ) ,  and NTZ (No Transgression Zone) .

The report  is neat l y out l ined  in six pages of Abs t r ac t  and I n t r o d u c t i o n .

A. Blumstein July 1959
AIRCRAFT COLLISION PROBABILITIES ALONG A VERT ICAL LINE

Cornell Aeronautical Laboratory (C.A.L.).

BOAC October  1965
FACTORS AFFECTING NAVIGATION OF THE S .S .T .

Jou rnal  of the I n s t i t u t e  of Nav iga t ion  ( U . K . ) ,  London , Eng land ;
Volume 18 , No. 4.

B r i t i s h  Overseas A i r w a y s  C o r p o r a t i o n  in t h i s  paper comments  on the need
for precise navigation for supersonic transports , and points out the signifi-
cance of the vertical d imension in air traffic control separation and aircraft
operation . This paper was developed by the Operations , Engineering and Rescarch
Section of BOAC ; and i t  may be accepted as an a c c u r a t e , a l though  in fo rma l ,
cxpression of the viewpoints and opinions of the aircraft operator.

Boeing January 1964
STATE-OF—THE—ART SURVEY FOR MINIMUM APPROACH , LANDING , AND TAKE—OFF INTERVALS
AS DICTATED BY WAKE S, VORTICES , AND WEATHER PHENOMENA

The Boeing Company , Renton , Washington ; Technical Report No. FAA — RD—64—4 .

The general a rgument——which  concerns the in f luence  on a i r c r a f t  spacing in tervals
imposed by weather  or a i r c r a f t  wakes——rela tes  to subjec t  of i n t e r e s t .

Boeing May 1964
ANALYTICAL DETERMINATION OF THE VELOCITY FIELDS IN THE WAKES OF SPECIFIED
A IRCHAFT

The Boeing Company,  Renton , Washington;  Techn i ca l  Report  No. FAA — R D—64—55.
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The most recently Investigated risk In a i r c r a f t — t o — a i r c r a f t  relationships
Is that generated from aircraft wakes. This report describes the nature and
force of aircraft wakes and how these characteristics may be determined
analytIcally. Such information comprises part of the input for the determina-
tion of aircraft separation standards.

Aircra f t  separation standards have recently been revised to ref lec t  the con-
clusions from such studies. See also Aircraft Wake Vortices studies by
Leo Garodz, et al. (FAA—NAFEC) circa 1970 and later.

Boeing April 1972

STUDY AND CONCEPT FORMULATION OF A FOURTH GENERATION AIR TRAFFIC CONTROL
SYSTEM. VOLUME II: TECHNOLOGICAL ALTERNATIVES

The Boeing Company ,  Renton , Washington ; under contract for Department
of Transpor tation, Transportation Systems Center , Cambridge , Mass.;
Technical Report No. DOT—TSC—306—I.

In a 5—volume series, Boeing reports a study to aid selection of the most
promising candidate systems (and their subsystem components) for a “Fourth
Generation ATC System” (1995 and beyond).

The sequential topics discussed are data acquisition alternatives , ground—
based ranging ; satellite—borne systems; communications alternatives both
satellite—borne and ground—based ; the navigation environment , including low—
f requency hyperbolic ; track—keeping and navigational error; time—frequency
concepts and their potential applications and probable technology . Extensive
reference lists accompany each subsection of Volume II.

Volume I describes the recommended system , includ ing the R&D program , the
results of the system selection process, and study conclusions and
recommendations.

Volume lI——Technological Alternatives , details the description , performance ,
operational limItations , and requirements for each significant subsystem
technological alternative studied .

Volume Ill——Demand and Trade Studies presents the results of the demand
studies and the tradeoff analyses. The operation of each of the models is
described in the appendices.

Volume IV——System Selection contains the description of the evaluation and cost
models , imp lementation plans , phase II candidate systems , and the final system—
selection results. The cost data and evaluation programs are treated in the
appendices.

Volume V——Recommended Research and Development is comprised of R&D plans for
operational concept evaluation , ground guidance capacity analysis, and tech-
nological feasibility demonstration programs . Also included are sections on
the effect of using alternative technologies to implement various subsystems
and on the criteria to be used in developing a system implementation plan .
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Boeing Commercial Airplane Co. Jul y 1975
W. D. Smith , J. E. Veitengruber , W. K. Neuberger , A. C. Osgood , C. E. Comisky
INDEPENDENT ALTITUDE MONITORIN G ALERT METHODS AND MODES STUDY

Boeing Commercial Airplane Co., Seattle , Washington , Technical Report
No. FAA —RD—75—86 , Contract DOT/FA73WA—3233 , for FAA , SRDS , Washington ,
D.C.

In a study focussed on essentiality of pilot attention and comprehension of
independent altitude monitor (IAN) alert , defines alerting philosop hy of lAM ,
candidate concepts , and imp lementation schemes. Summarizes alert philosophies ,
and guidelines for developing and implementin g IAN alert.

Ronald B r a f t  (M ITRE ) Ju l y 1975
NAVIGATION PERFORMA NCE REQUIRE ME NTS FOR RED UCIN G ROUTE CENTERLINE SPAC IN G

NATO Advisory Group for Ae rospace Research & Development , Neuilly—sur—
Seine , France ; in AGARDograph No. 209: A Survey of Modern Air Traffic
Control , Vol . I.

Summarizes four major approaches to the problem of reducing route centerline
spacing and the results derived from each. The tour approaches are those of
Boeing, the RAE, Autonetics , and MITRE .

See also MITRE WP—10599, identical title as above , by I . Dellon (MITRE) on
5 June 1974; presumabl y the parent paper.

Nathaniel Braverman (FM) Fall 1971
AVIATION SYSTEM DESILN FOR SAFETY AND EFFICIENCY

NAVIGATION : Journal of  the Institute of N a v i g a t i o n  ( [ .5 . )
Wash ington , D.C.; Volume 18, No. 3 , Fal l  1971.

Presents definitions and basi c princ iples of design characteri stico such as
blunder rate , re liability, redundance , Kaiman filtering, independence , inte-
gration , f l e x i b i l i ty , and t i i l s ” of error distributions——all in aviation
system relationships. Th e author attempts to characterize the distribution
of the tails related to blunder rate. As an introduction to study of aircraft
separation Cr collision risk , this paper is recommended as good “armchair
reading .” Includes good basii graphics relevant to the subject and a tidy
list of suggested reading from basic literature of the 1960’s.

C. M . Britland (RAE) Octoher 1971
A PRELIMINARY ANAL YSIS  OF NAVIGAT IONAL I~E RF ORMANCE OBSERVED AT STRU MB LE
1969—70

Journal of Navigation (U.K.), London , England ; Volume 24, No. 4.
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Third of a series of three papers in this issue entitled “Air Traffic Control
Separation Standards and Navigation.” Comments on some of the features of a
prelIminary statistical analysis of the National ATC Services (U.K.) data on
track—keep ing, which was collected along Green Airway 1 near the Strumble VOR .
Discusses inappropriateness of the “normal” and suitability of the “exponential ”
characterizations of the data distribution and fit. Consistentl y relates the
mathematical material to “the real world” which it describes; i.e., airway
spacing , aircraft track—keeping, collision risk.

K. R. Britting, R. M. Hershkowitz , and D. Omathuna April 1971
THE IMPACT OF INERTIAL NAVI GATION ON AIR SAFETY

Proceedings of the National Air Meeting, Saddl e Brook , N .J., April 14—16 ,
pp. 23—46.

Includes discussion of mid—air collision risks and of error sources.

H. J. Bruns 1967
A MATHEMATICAL MODEL FOR TREATIN G AIRCRAFT SEPARATION PROBLEMS IN AIR TRAFFIC
SAFETY CONTROL

Techniche U n i v e r s i t a t , Berlin , I/tA A69—2 07l2 , docto ral d i s se r t a t ion  in
German.

The ICAO air traffic safety regulations for preventing mid—air aircraft colli-
sions are subjected to a mathematical analysis. Mathematical definitions and
interpretations of these regulations are given. Expressions are derived for
determining aircraft motions and collision danger. Collision avoidance actions
are discussed in a mathematical representation . Examples are given for the
practical application ~f the theoretical results.

H. Buhlmann 1970
MATHEMATICAL METHODS IN RISK THEORY

Publ ished by Springer—Verlag, Berlin.

Dorothy E. Bulford (FAA—NAFEC), Compiler August 1972
COLLISION AVOIDANCE : AN ANNOTATED BIBLIOGRAPHY , SEPT . 1968 — APRIL 1972

Federal Aviation Administration , National Aviation Facilities Experimental
Cen ter (NAFEC) , Atlantic City, N.J. Final Report No. F’A.A—NA—72—41.

R. Bulls November 1, 1974
EVOLUTION OF SYSTEMS OF CONTROL OF AIR TRAFFIC

EUROCONTROL , Brussels. In French.
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Discusses NAS (U .S .  National Airspace System) , ARTS ( U .S .  Advanced Radar
Terminal Service) Shanwick , beacon radar , ATC instal lat ions in the French ,
Dutch, and West German Systems. Reports an analysis of the reliability of
installations, and takes a look at the f u t u r e .

Th. J. Burgerhout February 2, 1965
NORTH ATLANTIC SEPARATION MINIMA

ICAO North Atlantic Area Systems Planning Group , working paper
NAT! SPG—WP/5l.

Th. J. Burgerhout October 1965
SOME NOTES ON THE COLLISION RATE OF AIRCRAVI CRUI SING NOMINALLY
AT ADJACENT FLIGHT TRACKS IN THE SAME VERTICAL PLAN E

National Aerospace Laboratory (Netherlands); Technical Report NLR—V—1940.

Th. J. Burgerhout 1966
COMMENTS ON THE RAE TECHNICAL REPORT NO. 66156

National Aerospace Laboratory (Netherlands) NLR Report V—1953.

The RAE report upon which Burgerhout comments is “Specif ying the Calibration
of Static Pressure Systems for the Safe Use of 1000—foot Vertical Separation
Standard in the Nor th  A t l a n t i c  Je t  T r a f f i c , ” by P. C. Reich and R. C. Anderson ,
RAE Technical Report No. 66156 (May 1966) .

J . T . Burgh ar t  A p r i l  1968
NAV iGATION ACCURACY AND ATC SEPARATI ON STANDARDS

The Boeing Commercial Airplane Company, Seattle , Washington ;
Boeing Repor t  D6— 23 0 73.

Presents  a method fo r  de termining  the re la t ionships  between nav ig a t i o n s y s t e m
accuracy, risk of collision , airplane traffic and required air traffic con-
trol separation standards. The model developed is exercised for a postulated
North Atlantic supersonic transport environment.
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CAA (UK) January 1973
EVALUATION OF INERT IAL NAVIGATION SYSTEMS - NORTH ATLANTIC REGION

Civil Aviation Author i ty ,  London , England ; Directorate of
Control (P 1a00), DCP Paper No. 65.

This report consists almost entirely of tabular and graphic analyses of
navigational accuracy and track—keeping capability on some 5260 transits by
aircraft of the North Atlantic region. The study eventuated from recommenda-
tions made at the NAT/V/RAN meeting of April 1970; data collect ion was
accomplished by the U.K. with IATA during (primaril y) April—July 1971 —

completed by January 1972.

Results include findings that radial error rates for eastbound flights
approximately double those of westbounds. The greatest difference between
eastbound and westbound flights exists in the longitude parameter. There is
a tendency for errors to be distributed about an axis aligned approximately
NE—SW ; being more pronounced for easterly flights.

Labeled DCP Paper No. 65 “Ref: CP/ 12/03 ”

John Canniff , Richard Gundersen , John Gakis (TSC) February 1975
POSITION MEASUREMENT STANDARD EVALUATION

Transportation Systems Center , Department of Transportation ,
Cambridge , Mass; Report No. DOT—TSC—FAA—75—17 (FAA— RD—75—26)
for FAA , SRDS.

To support narrower route widths by upgrading navigational aid (NAVAID)
components of the ATC system , accurate low—altitude flight—inspection data
was needed detailing tt.e performance of the VORTAC system, as well as
evaluatory determination of both the identity and quality of individual
components which comprise “the route—width error budget.” When FAA was unable
to supply accurate low—altitude flight—inspection data to RTCA Special Com-
mIttee 121 for evaluation of the VORTAC system , the inadequacies and/or lack
of the required empirical uata base (once again) became obvious . To evaluate
two specific navigation systems as one aspect in development of an accurate
positioning standard , TSC modified its STOLNAV Flight Test Equipment for this
evaluation of three DME receivers versus a lcw frequency Global Navigation
system versus the FAA HAIR (extended area instrumentation radat), a single—
target precision tracker with associated automated data acquisition and
developed software .

“Tr iple OME ” was found Lu he “an order of magnitude more accurate than the
Global system. ” Whereas GLOBAL system accuracy varied and exhibited large
random errors and quantum jumps , “Trip le DME” was (In respect to accuracy)
repeatable , smooth throughout , and insensitive to initial conditioa . While
the sample was small and the test methodology mechanically straightforward
and simple, the analysis and data reduction software and algorithm are
interesting in relation to similar studies.
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E. P. Carrigan (MITRE) Apr i l  1970
SYSTEM ERRORS RE LATED TO SEPARATION STANDARD S FOR NAS STAGE A , MODEL 1

The MITRE Corporation , McLean , Virginia , M1TRE Technical Report MTR-4417.

Joseph Cherno f (ITT Federal Laboratories) Summe r 1969
APP l I CATION OF SATELLITE NAV I GATION TECHNIQUES TO MARINE AND AIR
NAV IGAT ION

NAVIGATION : Journal of the Institute of Ndv i gat ion (U.S.),
Washington , D.C.; Volume 16 , No. 2.

L. S. Cicoinni January 1973
POS iTI ON DETERMINATION ACCU R J~UI FROM THE MICROWAVE LANDING SYSTEM

NASA , Ames Research Center , Moffat .~i e1d , California.

Computer Usage Co. 1975
SEPARATION CRITERIA AND :i’NFLICT PREDiCTiON

Computer Usage  C o . ,  New York ; unnumbered technical report prepared
for ATC Svs t  ems Brajie n , NAFEC .

Separation criteria for air tra t t i c  are oriented toward manual implementation.
It is necessary to ~‘~~‘mine the extent to which they could be included in t h e
automation program . This paper gathers the various criteri a to show their
app lication and to restate them in a torm t h a t  will m ake the ~iata processing
reqtmirements implied by them more important.

W. B. Cotton (1.F.A .1.1’ .A.) A ugust 1975
TI: E V IEW l k u ~’ 11tH COCKP I T

IE E E Spectrum , Vol. 12 , p p . 1 1 — 7 4 .

Ce tered on the ci  t m c t s  which the U p g r a d e d  Third Generati~ n Air Traffic Control
System (l~ ;3kD) would h :ve on current air—to—air separation standards , and on
navigation , surveil lanc e , and communications. A cr itic ol dis ssfon of the
LG3RI) shows tha t the system not onl y will do nelhinF to improve a ilot ’s
capability to p lan or exm t \mtt more  economical fligh t paths , but that it will
r d ~ thi pilot ‘s ihi I ity to dire ct those paths. Moreover, t i e  design of flow

contro l , met er ing and sp m ing, and ATC communications 1 y data link decreases
the pm Lo t ’ s aw a rtrmtss 2 the outside environment (weather phenomena , geograph-
ical position , near—term tutur e fli ght poth , and relationship to other aircraft
in th e I r e m )  . lii. mo st  s e r i o u s  crit icism ot t h e  UG3RD relates to the implied
p h i l oso p h y o t  co ntrol .nd l oem t ion ci r e s p o n s i b i l i t y .
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George Couluris, Rober t Horonjeff , Adib Kanafani November 1971
AN ANALYSIS OF ALTERNATIVE OCEA)~lC AIR TRAFFIC CONTROL SYSTEMS

Univetai ty cf California , Berkeley, Cal i fornia , Ins t i tu t e  of
Transportat ion and T r a f f i c  Engineering ; unnumbered technical r epor t .
See also Supp lement Report (also unnumbered) by same authors ,
February 1972.

Develops and demonstrates a method of determi~ ing commercial aircraft trip
costs in oceanic regions . Trip costs are defined as the sum of fuel , crew ,
and maintenance costs incurred in f ligh t , plus the additional cost of fuel ,
crew , and maintenance when the a i rc ra f t  is delayed due to congestior. of the
t r a f f i c  system. Total (system) costs are defined as t!-e :;um of the t r ip  costs ,
cost of implementation of an air traffic control system, cost of maintaining
the system, and cost of ins ta l i ing  the  airborne equipment.

The objective of the decision maker is postulated as the implementation of
the system most economical , yet capable of accommodating the forecasted
demand . By comparing total costs of each system for a range of demands,
alternative systems are evaluated .

DescrIptions are given of the current oceanic air traffic system and of future
air traffic systems , with a minimumi: of technical expansion . A perceptive
methodology for this project ’s analysis is explained , a’id then applied . A
readable and businesslike presentation . Reminds the system designer that
separation standards ultimately have impact on costs.

George Couluris , Robert Horonjeff , Adib Kanaf ani February 1972
SUPPLEMENT TO A REPORT ON AN ANALYSIS OF ALTERNATIVE OCEANIC
AIR TRAFF1C CONTROL SYSTEMS

University of California , Berkeley, California , Institute of
Transportation.

The related report , An Analysis of Alternative Oceanic Air Traffic Control
Systems (Couluris , Horonjeff , Kanafani), described an analysis of oceanic
air traffic control systems between the cotermlnous United States and Hawaii.
This supp lement describes ..iestbound air traffic activity on routes west and
south of Hawaii, and on routes between North America and Tokyo via Alaska.
The latter area is served by the North Pacific Region ; the former area is
served by the Central Pacific Region and South Pacific Region ; and the area
dealt with in the related main report is served by the East Pacific Region .

1. Craigie , et al. (TRW Systems Group) June 1969
NAVIGATION/TRAFFIC CONTROL SATELLITE MISSION STUDY: ~.OaS ., LI , I I I

TRW Systems Group , Redondo Beach , Califor. Ia; Technical Report No.
NASA—CR--86166 (TRW 09778-600.).
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An analysis performed for NASA—ERC (Electron ~cs ReseaLch Center) under
Con trac t NAS 12—595 , relating operational requirements in the North Atlantic
post—1975 system to proposed technology for satellite usage , aircraft position
determination , and coirmunications. In three volumes: Volume J - Summary
by J. H. Craigle , et a l . ;  Volume II — System Anal yses (includes the requi rements)
by Craigle , Dobieski , Raymond , Schultz , M.itchler , et a l . ;  Volume 111 — System
Concepts (describes the systems) by Cra igie , Capriei’lio , Renn , Drucker ,
P ierce , et al. The resultan t hypothesized system is discussed in detail.
Each volume lists rel.vant references.

Warren C. Crook and Richard L. Sulzer (FAA) February 1968
SIMULATION AND ANALYSIS OF OVER-OCEAN SEPARATION A~~URANCE PROCEDURE S AND
DISPLAYS

Federal Aviation Administration (FAA), National  Aviation F a c i l i t i e s
Experimental Center (NAFEC), At lan t i c  C i t y ,  New Jersey; Technica]
Report No. FA.A—RD—67—43.

Describes operational char:’cteristics of the North Atlantic air traffic
control sy~.tem and standard operating procedutes (SOP) for pilot use of air—
derived separation infotm’tion . Three types of air—derived separation systems
were developed and tested in flight simulators : air—to—air distance measuring
equipment (DME), airborne beacon range/altitude monitor , and airborne time—
frequency range/altitude moi..itor. Through a wide diversity of aircraft
intrusion situaticns , pilot preferences and the limitations of each system
display were determined .

A. F. Crossley January 1966
ON THE FREQUENCY DISTRIBUTION OF LARGE ERRORS

Journal of the Institute of Navigation (U.K.), London , England;
Vol .9, No. 1.

L. G. Culhane , B. M. Horowitz (MITRE ) October 1974
GROUND—BASED COLLISION AVOIDANCE SYSTEMS FOR AIR TRAFFIC

lrmstitute of Electrical and Clectronics Engineers , Inc., New York ,
New York; paper in (IEEE) EA3CON ‘74: the proceedings of the Electronics
and Aerospace Convention , Washington , D.C.

Describes an early investigation of Intermittant Positive Control (IPC) , using
data link and improved surveillance to prcvide an automated collision avoidance
capability. Also discusses conflict alert display for the pilot or control1cr
or both.
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J.  Currler , H. Everett , K. Wil l is  (LAMBDA) April 1969
COLLISION AVOIDANCE ALGORITHM FOR AN AUTOMATED AiR TRAFFIC CONTROL SYSTEM

LAMBDA Corporation , LAMBDA paper 33.

Discusses Intermit tant  Positive Control concept (IPC) . Describes an algorithm
that is capable of handling the detection of potential collisions and the
implementation of steps to avoid them , and yet can produce a computational
workl oad that even in a “worst case” is still within  the capacity of current
serial computers . The aigcrithm is designed to provide aircraft separation in
the mixed and uncontrolled airspace through the mechanism of Intermittent
Positive Control ( IPC) to a i r c r a f t .

Also see paper on IPC by Curr ier , et a l. ,  In ( IEEE) EASCON ‘69.

J . Currie:, U . Flanagan , K. Willis (LAMBDA) October 1969
MID—AIR COLLISION AND INTERMITTANT POSITIVE CONTROL

Ins t i tu te  of E .ec t r i ca l  and Electronics Engineers , Inc . ,  New York ,
New York;  paper by the LAMBDA Corporation in (IEEE) EASCON ‘69 : pro-.
ceedings of the Electronics and Aerospace Convention , Washington , D.C.
October 27 —29 , 1969 .

Discusses the concept of I n t e rm i t t an t  Posit ive Control ( IPC) . Applier a
mathemat ical  model to es t Imate  the f requency of air  t r a f fi c  control commands.
Describes a computer algorithm which can implement IPC in a terminal 1980-
1990 airspace enzironment .
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J. W. Danaher and P. W. Bradbury June 1962
A BIBLIOCPAPHY FOR TERMINAL AREA AIR TRAFFIC CONTROL SYSTEM DESIGN

Matrix Report No. 62—9—U; The MATRIX Cerporation , Philadelphia , Ponna.

F. Delion (MITRE) June 5, 1974
NAV 1GATIO.’~ PERFORMANCE REQUIREMENTS FOR REDUCING ROUTE CEN IERLINE SPACIN G

The MITRE Corporation , McLean , Virginia ; MITRE working paper
WP— 10599 , 46 pp.

Summarizes four agencies ’ approaches to the problem of reducing route center-
line ..pacing and compares the results derived from each. ~:he four subject
studies are by Boeing, the RAE (F.oyal Aircraft Establishment), Autonetics ,
and MI iRV

~‘n almost identica l annotat ion describes the paper by Ronald Braff of MiTRE ,
published July 1975 in AGARD AG—2 09 , Vol .  1, pp .  371—389.

See Ronald Braff (same title), July 1975.

R. C.  Dexter (Honeywell) 1974
AVOID—I COLLISION AVOIDANCE SYSTEM

Honeywell , Inc., St. louis Park , Minnesota for Naval Air Development
Center , Warminster , Pa.

Describes in detail the developmer .t and features of the AVOID—I Honeywell
collision avoidance system .

li. J. Dickie and J. El . Briggs 1968
CURRENT AIRBORN E COLLISION AVOIDANCE PROPOSALS AND ALTERNAT iVE METH ODS OF ATT. CR

British Air Line Pilots Association , l ondon , England ; in proceedings of
the SympoEium on Automation , SimulatIon , and Data Handling in Civil
Aviation (London 1968), pp. 68—80.

Several systems proposed in the United Kingdom are discussed for four types
ot airspace ; (I) the airways systea; (2) the. upper air; (3) the North Atlantic;
and (4) the remaining areas for routing air traffic . The aim is to provide
a control service capable  of m a i n t a i n in g  s a f e t y  w i t h o u t undu l y i n t e r f e r i n g
t~.th ~.raffic flow . Such a system must be completely cooperative between
aircraft , and capable of o p e r a t i n g  within the existing air traff ic control
network. The technical basis is identified as the Time/Frequency iiethod .
Since this techni que is only cipabie of measuring range and range rate , an
appro~’ch to insuring the proper altitude separation is also treated . Finally ,
additional comp l ications in the vicinity of the busiest tern.inals are mention~o ,
and it is concluded that reduction of the coliision danger In such areas
requires improvement in the overall airc raft/ground monitoring and control
sysCLm .
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E. J. Dickie 1971
AIR TRMFIC CONTROL AND NEEDS OF CUSTOMER

Journal of Navigation (U.K.), London, England; Vol. 24 , p. 371.

The main function of ATC is to provide a safety service. To m d  out when
traffic control is required , it is necessary firs t to decide when and where
the collision risk would be unaccep tably high without ATC intervention. When
mathematical criteria on collision risk are absent , the decision has to be
based very largely on operational j udgment and experience. In this paper ,
the autho r tries to look at ATC through the eyes of the user rathe r than the
provider.

F. H. Ditto 1969
PARTIAL DERIVATIVES USED IN TRAJECTORY ESTIMAT ION

Celestial Mechanics (magazine) , Vol. 1, pp. 130—140.

K. N. Dodd June 1961
AN INTRODUCTION TO AIR TRAFFIC CONTROL PROCEDURE AT PRESTWICK OCEANIC

Royal Aircraf t Establishment , Farnborough , England : RAE
Technical Note Math—73.

Vic tor S. Dolat , Joseph C. Koegler , Aian C. Nemeth (MIT) September 1972
DUAL LANE RUNWAY STUDY

Massachusetts Institute of Technology , Lincoln Labora to ry, Lexington,
Mass.; MIT technical report ATC—ll.

Discusses Issues involved In the design of dual lane runways, such as center-
line spacing , high speed exits , midpoin t crossing versus endpoin t crossing ,
threshold stagger , and departure/arrival runway preference . Presents a set
of preliminary criteria for dua l lane runway configurations.

DOT—ATCAC July 1969
OCEANIC AREA AIR TRAFFIC CONTROL SYSTEM S

Depar tment of Transpor tat ion, Washing ton , D.C.; Repor t to the
DOT Air Traffic Control Advisory Committee (ATCAC) by the Oceanic
Satellite Subcommittee .

DOT—ATCAC Decembe r 1969
REPORT OF THE DEPARTHENT OF TRANSPORTATION AIR TRAFFIC CONTROL ADVISORY
C(~ MITTEE, VOLUME I AND VOLUME II

29



Air Traffic Control Advisory Committee , Dept. of Transportat ion ,
Wash ington, D.C.

Occasionally referred to as “the Alexander Report ,” from Ben Alexander (General
Research Corporation), Chairman of the DOT ATC Advisory Committee. The
lO5—page Volume I presents Committee recommendations for an ATC system for
the 1980’s and beyond. The 483—page Volume II is comprised solely of nine
Append ices , comprised of technical papers selected from those submitted or
considered. Of these, most consider terminal area air traffic control. Of
interest for enroute separation are those in Appendices C and F, particularly
“Separation Hazard Criteria ,” by Holt and Marner (Collins Radio Co.).

DOT—ATCAC December 1969
RADAR APPLICATIONS TO POST—1 980 ATC SURVEILLANCE MONITORING

Department of Transpor ta t ion , Washington , D . C . ;  Appendix E—3 of
the “Report of the DOT ATC Advisory Committee : Volume 2.

Authored by John F. Berglund of Texas Instruments , Inc ., this paper was
one of the inputs for ATCAC consideration which was selected for publication
as an Appendix in Volume 2 of the Alexander Report . It packs into nine pages
a thorough review ot radar applications in the current ATC system and briefly
discusses the constraints. The paper also comments briefly on aspects of
radar which have been proposed or predicted for the post—1980 period. Straight-
fo rward , comprehensible , and informative .

April  1973
K. E. Duning, N. B. Ilemesath , C. W. Hickok , D. C. Lanuners , M. L. Goemaat
CURVED APPROACH PATH STUDY

Collins Radio Company , Cedar Rap ids , Iowa; FAA SRDS Repor t
No. FAA—RD—72—l43.

Discusses application of MLS (microwave landing system) in the terminal area.
While oriented to the terminal situation , this report should be of some interest
to all who deal with mathematical models of ATC situations and/or with conflict
path predic t ion  and cont ro l .

Chester E. Dunmire ( FAA ) 1969
MATH MODEL OF THE ATC SURVEILLANCE PROCESS

Federal Aviation Administration , Systems Research & Development
Service , Wash ington , D.C.; unpublished notes .
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Chester E. Dunmire (FAA) May 1970
ESTIMATED INSTANTANEOUS AIRBORNE TRAFFIC IN THE NORTH ATLANTIC

Department of Transportation , Federal Aviation Administration , Systems
Research & Development Service, Sys tems Analysis Division ,
Washington D.C., Technical Note (unnumbered) , Project l97-622—02R.

Develops estimates of instantaneous airborne air traffic count (IAC) in the
North At lantic for each year through 1979. Serves a need for traffic forecasts
essential for the sizing and system design of aeronautical satellites proposed
for oceanic air traffic control systems . A companion document to a paper which
estimates traffic in the Pacific.

Chester E. Dunmire (FAA) May 1970
ESTIMATED INSTANTANEOUS AIRBORNE TRAFFIC IN THE PACIFIC

Department of Transportation , Federal Aviation Administration , Systems
Research & Development Service , Systems Analysis Division ,
Washington D.C., Technical Note (unnumbered), Project l97—622—02R.

Develops estimates of instantaneous airborne air traffic count (IAC ) in the
Pacific for each year through 1979; briefly compares Pacific (PAC) versus
the North Atlantic (NAT). Serves a need for traffic forecasts essential for
the sizing and system design of aeronautical satellites porposed for oceanic
air traffic control systems . A companion document estimates traffic In the
North A t l a n t i c .

C. S. Du rs t  Ju ly  1957
THE PROBLEM OF AIRCRAFT SEPARATION OVER THE ATLANTI C

Journal  of the  I n s t i t u t e  of N a v i g a t i o n  ( U . K . ) ,  London , England;
Vol .  12 , No. 4 , pp. 2 5 4 — 2 6 3 .

C. S. Thirst November 1959
ABNORMAL ERRORS AND AIRCRAFT SEI’ARATION OVE R THE NORTH ATLANTIC

Journa l of the Institute of Navigation (U.K.), London , England ;
Vol 12 , No. 4.
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J. C. Elsey (Autonetics) February 19 7 4

CONCEPT FOR A SATELLITE—BASED ADVANCED AIR TRAFFIC MANAGEMENT SYSTEM,
VOLUME V: SYSTEM PERFORMANCE

Autonetics , Divis ion , North American Rockwell Corporation , Anaheim ,
California; Report No. DOT—TSC—OST—73 ~-29 , V.

See AUTONETICS.

Ralph L. Erwin, Jr (BoeIng) February 197 6
STRATEGIC CONTROL OF TERMINAL AIR TRAFFIC

NATO Advisory Group for Aerospace Research and Development , Neuilly—
sur—Selne, France ; 20th Symposium of the AGARD Guidance and Control
Panel, Cambridge , Mass., May 1975; ACARD—CP— 188.

Describes an advanced method of con t ro l l ing  a i r  t r a f f i c  in t e rmina l  areas of
high—density t r a f f i c.  App lies “4— D” ( f o u r — d i m e n s i o n a l )  navi gation and g.uidance
equipment , and 4—D t rack sys tem;  evaluates r e su l t s  pro and con.  Of value to
ATC system s tudent/anal y s t :  describes logic fo r  s equenc ing ; app lies a f a s t —
time simulation of strategic control (Los Angeles International Airport) ;
applies an algorithm, and finally evaluates it tor future modification.
References : DOT—TSC—OST—3, Vols. I, h A , 11W, III (August 1974); Strategic
Control Algorithm Development. NASA/Langley Research Center (Nov. 1974);
“Terminal—Confi gured Vehicle” Program .

H. Erzberger and H. C. Lee 1971
TERMINAL—AREA GUIDANCE ALGORITHM FOR AUTOMATED MR TRAFFIC CONTROL

National Aeronautics and Space Administration ; 1c~ hnica1 Note NASA
TN D—6773.
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FAA October 1961
NORTH ATLANTIC SURVEY FLIGHT DATA—JULY 14, 1961

Federal Aviation Administration , Washington, D.C.; Traffic Analysis
Branch, Working Pape r, October 1961.

FAA(SRDS) April 1964
OPERATION ACCORDION : NAVIGATIONAL ACCURACIES OF CIVIL JET TRAFFIC OVER THE
NORTH ATLANTIC FROM FEBRU ARY 1962 TO SEPTEMBER 1963

Federal Aviation Administration , Washington, D.C.; Research
and Development Service, Technical Report FAA— RD—64—52.

An early study of track—keeping, reported in two—volumes——OPERATION ACCORDION ,
VOLUME I, by T. Hirsh (FAA— RD—64 52,1), and OPERATION ACCORDION , VOLUME 11,
BY FAA , SRD S (FAA—RD— 52— , I I ) .

FAA/ICIA March 26, 1969
SIX TH AIR NAVIGATION CONFERENCE: DRAFT DOCUMENTATION FOR AGENDA ITEM 1.1

Federal Aviation Administration , Interagency Group on International
Aviation, Washing ton , D.C.; Paper No. IGLA 72/1.107.

Draft documentation for the Sixth ICAO Air Navigation Conference (Montreal,
April 9 — May 3, 1969), Agenda Item 1.1: Development of criteria for the
determination of lateral and longitudinal separation minima in relation to
capabilities of navigational and monitoring systems.

Furnishes documentation for use of the U.S. Delegation concerning (1) naviga-
tion system accuracy, (2) separation criteria , and (3) area navigation.

This selected—out material treats the development of criteria for the determi-
nation of lateral and longitudinal separation minima in relation to the
capabilities of navigational and monitoring systems.

Attachment (1) presents a very nice description of Background/Rationale as
of 1969 ; Attachment (1) is a paper for possible presentation by the Uni ted
States at the conference.

Appendix A discusses a VOR/EME area—navigation accuracy study.

FAA/IGIA March 1969
DRAFT U.S. POSITION ON ACENDA ITEMS 1 & 6: SEPARATION OF AIRCRAFT BY A—T
SERVICES AND APPLICATION OF SSR

Federal Aviation Administration , Interagency Group on International
Aviation, Washing ton, D.C.; Paper No. IGIA 72/1—100 (March 18, 1969) ,
126 page8.
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Provides the United States position for the ICAO Sixth Air Navigation Confer-
ence (Montreal: April 9 — May 3, 1969) for the agenda items (a) developmei:t
of criteria for the determination of lateral and longitudinal separation minima
in relation to the capabi l i t ies  of navigational  and moni tor ing  systems ; (b)
development of procedures to cover the use of Mach number techniques in the
app lication of long i tudinal  separat ion;  (c) b e t t e r  use of airspace , wi th
special attention to current studies of altimetry and vertical separation ;
and (d) the development of procedures for the separation of controlled VFR
f l ights .  Discusses appl ica t ion  of secondary survei l lance radar .

FAA/ IGIA Febr uary 1970
PROVISIONS RELEVANT TO SEPARATION : IRSM STUDY GROUP

Federal Aviation Administration , Interagency Group on International
Aviation , Washington , D.C.; Paper No. IGIA 83/9 (February 27 , 1970)
28 pages.

Working paper of the FAA/IGIA Study Group on the Interim Review of Separation
Minima (IRSM). Gives the provisions relevant to the three basic types of.
separation : longitudinal , lateral , and vertical.

FAA 1971
FAAR 7031.1 REDUCE SEPARATION STANDARDS IN OCEANIC AND SPARSELY POPULATED
AREAS

Federal Aviation Adm~. n istrat Ion ; FAA Register of Requirements ,
FAAR 7031.1 , July 26 , ~~~~ 5 pages.

Provides background on separation standards , performance criteria , alternatives ,
priority , and schedule per the Department of Transportation (DOT) National
Plan for Navigation. Lists 11 references on the subject of reduction of
separation standards in Oceanic and sparsel y populated areas.

FAA January 1972
CONCEPTS , DES I G N , AND I)ESCRIPTION FOR THE UPGRADED THIRD GENERATION AIR
TRAFFIC CONTRO L SYSTEM

Federal Aviation Administra tion; Washington , D.C.; Off ice of
Engineering Development; Report FAA—ED—Ol--l.

See I). R. Israel (FAA), October 1974, “An Overview of the tJG3rd ATC Sys t trn .”

FAA/Id A February 24 , 1972
SEVENTH AIR N A V U A 1  I !)~ C ()NFFRENCE: DRAFT U.s . POSITION



Federal Aviation Administration , lnteragency Group on Lnternati~onal
Aviation , Washington, D.C.; Paper No. IGIA 82/1.128.

D r a f t  positions of the United States fo r Agenda Items 1, 4, 7, at the meeting
held in Montreal , Apri l 5—29 , 1972. Item 1: Automated interchange of Air—
Ground data; item 4: SSR, Secondary Surveillance Radar; Item 7: . . .Systems
for Collision Avoidance. In addit ion , background on air—ground data link
(pp.1—5); background on SSR (pp. 1-3) ;  and background on GAS, PWI , Time!
frequency technique , etc. (pp. 1—7) .  See also FA~ /TGIA document ICTA 72/1.136:
Draft Information Papers for the Seventh Air Navigation Conterciic~~.

FAA/IGLA March 20, 1972
SEVENTH AIR NAVIGATION CONFERENCE : DRAFT INFORMATION PAPERS FOR AGENDA
ITEM 7

Federal Aviation Adminis t ra t ion , Interagency Group on In te rna t iona l
Aviation, Washington , D.C.; Paper No. IGIA 72/1.136.

This document includes three in format ion  papers , with cover mat te r :  (1) A
System for Separation and Control of Aircraft using Non—synchronous Techniques
(SECANT); (2) A System for Collision Avoidance using Avionic Observation of
Intruder Danger (AVOID); and (3) A System for Collisian Avoidance through
Ground—Based Air Traffic Conflict Prediction (mainly AVAS).

The acronym AVAS represents  Automat ic VFR Advisory Service (see FAA project
report by UNIVAC , Automat ic  VFR Adv isory Service at Knoxville Evaluation
Repo r t , Vol . I ) .

FAA July 1972
LATERAL SEPARATION STUDY RESULTS , VOLUME I

Federal Aviation Administration Report No. FAA—RD—72—58.l.

FAA /NAFEC: Dorothy Bulford Compiler August 1972
COLLISION AVOIDANCE : AN ANNOTATED BIBLIOGRAPHY

Federal Aviation Administration, National Aviation Facilities Experi-
mental Center, Atlantic City , New Jersey; Report No. FAA—NA—72—4l

FAA (SRDS) January 1973
ENGINEERING AND DEVELOPMENT PROGRAM PLAN : NAVIGATION

Federal Aviation Administration , Washington , D.C., Systems Research
and Development Service , Off ice of Engineering and Development;
FAA—ED—04—1 .
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FAA April  1974
ENGINEERING AND DEVELOPMENT PROGRAM PLAN : AERONAUTICAL SATELLITES (AEROSAT)

Federal Aviation Administration , Washington , D.C., Office of
Engineering and Development (OED), FAA Report FAA—ED—l7—2.

The o f f i c i a l  version of the FAA Program Plan for the development of an
Aeronautical Satellite to be introduced into the Nat ional  Airspace System;
The satellite is proposed to provide both aircraft position surveillance and
air/ground communications relay.

FAA (DOT) March 1975
THE NATIONAL AVIATION SYSTEM PLAN 1976—1985

Department of Transportation , Federal Aviation Administration ,
Washington, D.C.; Report No. 1000.27, Appendix 2.

A summary report of Long Range Goals , the FAA “Ten—Year Plan” 1976—1985,
including budgetary and resource considerations , and specific attention to
radar , auto ma t ion , comm unications , navaids , and system support  wi th  relation
of terminal areas , enroute areas, and total system.

FAA , (ATS) January 1, 1976
AIR TRAFFIC CONTROL: OPERATIONS MANUAL

Department of Transportation , Federal Aviation Administration ,
Air Traffic Services , Washington , D.C.; FAA Handbook 7110.65.

This handbook prescribes air traffic control procedures and phraseology for
use by “persons providing air traffic services.” Primarily directed at FAA
Air Tra f f ic  Service personnel at ATC Centers (En Route), Towers (Terminal Area)
and Flight Serv ice  Stations.

Jack B. Feir (R . Dixon Speas  Assoc i a t e s )  1974
EVALUATION OF ROUT I N ; AND SCHEDULIN G CON SIDERATION S FOR POSSIBLE FUTURE
COMMERC IAL HYPERSONI C TRAN SPORT AIRCRAFT

H. Dixon Speas Associates , Manhasset (Long Island), New York ; NASA
Contractor ’s Report Number NASA—CR—132632 for National Aeronautics
and Space Administration (Washington , D.C.).

Indirectly related to separation studies , this report discusses travel markets
and the ability of airlines to service them with efficient utilization and
product ivity. This report considers city pairs , sonic boom restriction ,
sonic boom constraints , airport curfews , potential daily utilization , and
aircr aft productivity.
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T. Felisky February 1974
CONCEPT FOR A SATELLITE—BANED ADVANCED AIR TRAFFIC MANAGEMENT SYSTEM,
VOLUME VII: SYSTEM COST

Autonetics Division, North American Rockwell Corporation, Anaheim,
California, DOT—TSC--OST—73—29 , VII; for Transportation Systems Center.

See AUTONETICS.

December 1963
Lyle D. Filkins , Joseph W. Li t t le , James O ’Day , and Robert E. Scott
STUDY AND ANALYSIS OF POSITION DATA ACQUISITION TECHNIQUES FOR OVER—OCEAN
AIR TRAFFIC CONTROL

University of Michigan , Ann Arbor , Michi gan ; Report No. FAA— RD—64—6.

Lyle D. Filkins and Joseph W. Little (Michigan) November 1964
STUDY OF AIRCRAFT SEPARATION CRITERIA

University of Michi gan , Ann Arbor , Michigan; FAA Report FAA—RD—64—113.

A stud y of (1) identification of the significant factors that influence enroute
sepa rat ion minima for aircraft in flight and (2) development of a mathematical
model that functionally relates these factors. Both radar and nonradar modes
of ATC are considered.

D. E. Findley June 1972
SATELLITE CONSIDERATIONS IN FUTURE AIR TRAFFIC CONTROL SYSTEMS

NATO—AGARD, Neuilly—sur—Seine , France.

Paper in AGARD—CPP—l05, Conference Proceedings No. 105 of the NATO Advisory
Group for Aeronautical Research and Development , June 1972 , pages (30—1)
through (30—9).

Capt. Alfred E. Fiore, USNR , and Dr. Paul Rosenberg Fall 1970
EARTH SATELLITE SYSTEMS FOR MARINE AND TRANSOCEANIC NAVIGATION AND TRAFFIC
CONTRO L

NAVIGATION: Journal of the Institute of Navigation (U.S.),
Washington , D.C. ;  Vol. 17 , No. 3.

An authoritative, argumentative description of the situation in anticipation
of explosive traffic growth. Somewhat of a sales pitch for satellites in the
system, but good, reading.

Paper presented at the Quadripartite Meeting of the European Navigation
Institutes , Rome, Italy, May 11—14, 1970.
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P. D. Flanagan and K. E. Willis March 1969
FREQUENCY OF AIRSPACE CONFLICTS iN TIL E MIXED TERMINAL ENVIRONMENT

LAMBDA Corporation , prepare d fo r  DOT ATC Advisory Committee under
Contract DOT—O5—A9—O32 . Also published December 1969 as Appendix C ,
DOT ATC Advisory Committee Report , Volume 2.

Describes a method for estimating the number of “close approaches ” of a i r c r a f t
in a dense terminal environment. The purpose of developing such estimates is
to determine the computational workload involved in implementing a system for
detecting potential airspace conflicts. The paper provides upper bounds for
two parameters important to automated air traffic control: (a) the expected
number of potential collision calculations to be performed per hour; and
(b) the expected number of course—change commands per hour to be sent to
the aircraft to avoid collisions. A model is developed to represent the
termina l area.

J. H. Flanders and P. A. Grundy November 1971
PW I SYSTEMS SURVEY : A BIBLIO GRAPHIC REVIEW OF PWI AND CAS DOCUMENTS

In te rmet r ics  Inc. , Cambr i dge , Mass, for DOT Transpor ta t ion  Systems
Center , Cambridge, Mass.

Review of 176 documents related to Proximity Warning Indicator (PWI) and
Collision Avoidance System (CAS).

L. J. Fogel June 1955
AN ANALYTICAL APPROAC H TOWARD AIR TRAFFIC CONTROL

IRE Transact ions on Aeronaut ica l  and Navi gational Elec t ronics ,
Vol. AWI —2 , No. 2.

H. T. Freeduan, eL al. February 1974
CONCEPT FOR A SATELLITE—BASED ADVANCED AIR TRAFFIC MANAGEMENT SYSTEM ,
VOLUME I: SUMMARY

Autonetics Division , Ro ckwell Internat ional  Corp . ,  Anaheim , Cal.;
Technical Report No. DOT—TSC—OST—73—29 , I, for DOT Transportation
Systems Center , Cambrid ge , ~ass.
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Edward L. Fritz (F.I.L.) June 1955
SOME REALISTIC MATHF~(ATICAL ASPECTS OF AIR TRAFFIC CONTROL

Franklin Institute Laboratories for Research and Development ,
Philadelphia, Pa.; Working Paper No. 7, Project 2384.

Technical Report for (U.S.) Civil Aeronautics Administration (later Federal
Aviation Administration) Technical Development Center, Indianapolis, Indiana.

Edward L. Fritz ((F.1.L.) December 1955
SETTING SEPARATION STANDARDS FOR ENROUTE AIRCRAFT

Franklin Institute, Philadelphia, Pa.; Working Paper No. 6, Projec t
A—l816—l.

Def ines the parameters needed for a logical approach to separation standards
for enroute air traffic control. Rules are given for setting tip realistic
separation limits. Rmies are given for setting up working separations based
on the accuracy of estimates , rather than minimum reported separations . A
funnel concept is developed of ever—decreasing separations as newer es timates
are made on a flight. It is shown that the accuracy of position reports is
far more important than their frequency.
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John E. Gaffney , Jr. (IBM , Federal Systems Division) Summer 1969
TIME—DIFFERENCE POSITION—DETERM iNATION SYSTEM FOR AEROSPACE AND TERRESTRIAL
APPLICAT IONS

NAVIGATION: Journal of the Institute of Navigation (U.S.),
Washington, D.C., Vol. 16, No. 2.

G.A. Gagne and R. H. Hershkowitz August 1972
OCEANIC SURVEILLANCE AND NAVIGATION ANALYSIS, FY—72

Transportation Systems Center , Department of Transportation ,
Cambr idge, Mass.; for FAA , SRD S, Washington, D.C.; DOT—TSC—FAA—72—26
(FAA—RD—72—142).

An informative report for studies of ATC separation or oceanic ATC. With focus
on oceanic ATC, discusses (a) lateral safety, (b) longitudinal and vertical
dimensions , (c) aided—inertial  navigation, as they are related to satellite
surveillance. Considers a methodology (developed by SCI) for relat ing collision
risk of the NAT track system to the general characteristics of the on—board
navigation system. Discusses the Reich Collision Risk Model and other models.

See also DOT—TSC—FAA—71—13 , by Hershkowitz , and FAA—RD—73—88 by SCI (Systems
Control, Inc., Palo Alto , California). Each was published under the same
title : Oceanic Surveillance and Navigation Analysis. Also see (DOT)—TSC—
FAA—72—26 (same title).

Leo J. Garodz (NAFEC) October 1975
FLIGHT TEST INVESTIGATION OF THE VORTEX WAKE CHARACTERISTICS BEHIND A
BOEING 727 DURING TWO—SEGMENT AND NORMAL ILS APPROACHES

National Aeronautics and Space Administration , Edwards Flight Research
Center, California ; prepared jointly with FAA—NAFEC (National Aviation
Facilities Experimental Center), Atlantic City, N.J.; NASA—TM—X—729O8 ,
FAA—NA—75— 15 1.

Fli ght tests to evaluate the wake vortex charac te r i s t ics  of the Boeing 727 .
See other wake vor tex  studies by Leo Garodz (NAFEC) in FAA—RD technical reports
in the 1970’s.

P. C. Gaudil lere  January 1958
VISUAL AND ELECTRONIC METHODS OF AVOIDING COLLISION

Journal of the Institute of Navigation (U.K.), London, England ;
Vol. 11, No. 1.
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General Precision Systems Ltd. April 1965
ATC SYSTEM CAPACITY AND NAVIGATIONAL REQUIREMENTS FOR THE NORTH ATLANTIC
AND CONTINENTAL TRANSITION AREAS

International Air Transport Association , Montreal , Canada; in AIRCRAFT
NAVIGATION: Procedings of the 16th IATA TECENICAL CONFERENCE (Miami,
April 1965); paper presented by General Prec ision Systems Limited, U.K.
Working paper WP—54. Also published Journal of ~he Institute of
Navigation (U.K .) ,  Vol. 18, No . 4, October 1965.

Examines navigational principles and operational objectives with consideration
of ATC system capacity , navigational acc uracy , and operational economy. Navi—
gation.al errors are discussed , and a minimum navigational performance speci-
fication is developed.

BFS (Germany)—SRG October 1972
COLLECTION OF DATA REGARDING ACCURACY OF ATC AND PILOT ESTIMATES FOR POSSIBLE
APPLICATION IN A LONGITUDINAL SEPARATION MODEL

ICAO, Review of General Concept of Separation Panel, Working
- Group “C”; Fourth Meeting, working paper RGCSP—C—unnumbered.

The air traffic control authority of the Federal Republic of Germany is the
Bundesanstalt fur Flug—Sieberun g (BFS).

Frank V. Giallanza, Charles P. Giallanza, and James C. Brown May 1973
PROGRESS REPORT VERIFICATION IN AN AUTOMATED OCEANIC AIR TRAFFIC CONTROL SYSTEM

Meta Systems, Inc., Santa Clara , California, Report FAA— RD—73~-7O.

An algorithm was developed to verify the contents of progress reports input
to an automated oceanic air traffic control system. Position related data
in the aircraft progress report was checked for consistency with the pilot’s
f iled flight plan.

See also (by the same authors): FAA—RD—73-~/1, Remote Entry of Progress Report;
FA .A—RD—73—72, Flight Plan Position Extrapolation; and FAA— RD—73—73, Potential
Conflict Prediction.

Frank V. Giallanza, Charles P. Giallanza, and James C. Brown May 1973
FLIGHT PLAN POSITION EXTRAPOLATION IN AN AUTOMATED OCEANIC AIR TRAFFIC CONTROL
SYSTEM

Meta Systems , Inc., Santa Clara, California, Final Report FAA— RD—73—72.
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Discusses the periodic updating of aircraft flight position based on stored
flightplan and current meteorological data. The method applies laws of
spherical geometry to great—circle course computation and extrapolation of
aircraft progress,

See also (by the same authors): FAA—RD—73—70, Progress Report Verification ,
FAA—RD—73—7l, Remote Entry of Progress Reports; and FAA—RD—73—73 , Potential
Conflict Prediction.

Frank V. Giallanza, Charles P. Giallanza , and James C. Brown May 1973
POTENTIAL CONFLICT PREDICTION AND ASSOCIATED FUNCTIONS FOR OCEANIC AIR TRAFFIC
CONTROL AUTOMATION

Meta Sys tems , Inc., Santa Clara , California, Final Report FAA—RD—73—73 .

Algorithms were developed to determine potential conflicts over an oceanic
airspace. Associated functions used by air traffic controllers to resolve
conflict situations are also described .

See also (by the same authors): FAA— RD—73—7O , Progress Report Verification ;
FAA—RD—73—71, Remote Entry of Progress Reports; and FAA—RD—73—73 , Flight
Plan Position Extrapolation.

Frank V. Giallanza , Charles P. Giallanza , and James C. Brown December 1973
REMOTE ENTRY OF PROGRESS REPORT S IN AN AUTOMATED OCEANIC AIR TRAFFIC CONTROL
SYSTEM

Meta Systems, Inc., Santa Clara , California , Report FAA—RD—73—7l.

Discusses requirements and procedures to input voice—derived progress reports
from aircraft (or other remote source) into an automated oceanic air traffL
control system. Describes in detail message formats and procedures to
communicate with Aeronautical Radio , Inc. (ARINC). Functional flowcharts
to illustrate the process supplement the description .

See also (by the same authors): FAA—RD—73—70 , Progress Report Verification ,
FAA—RD—73—72, Flight Plan Position Extrapolation; and FAA—RD—73—73, Potent ial
Confl ict  Prediction.

C. A. Gilbert May 1970
AN AIRBORNE COMPUTER SYSTEM FOR NAVIGATI ON AND TRAFFIC CONTROL

Paper presented to the International Federation of Air Traffic
Controllers Associat ions , 9th Annua l Conference , Montreal , Canada ,
11—14 May, 1970 , 17 p.

The capabi l i ty  which 3—D RNAV gives p i lo t s  in fol lowing precisely desired
f l ight paths in three dimensions , introduces new factors which may contribute
materially in helping to reduce mid—air collisions.
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F. N. D. Gilbert and P. L. Batrum 1970
A CONFLICT PREDICTION ALGORITHM FOR USE IN PROCEDURAL DOMESTIC AIRSPACE

International Federation of Air Traff ic  Controllers Associations,
Montreal , Canada ; proceedings of the 9th Annual Conference.

Judith F. Gils inn and Douglas R. Shier May 1976
MATH EMATICAL APPROACHES TO EVALUATING AIRCRAFF VERTICAL SEPARATION STANDARD S

National Bureau of Standards (U .S . ) , Washington , D.C. ,  Report No.
NBS1R 76—1067 for FAA , Office of Systems Engineering Management.
Published by FAA (OSEM) , Washington , D.C.,  as Report FAA— EM—76—12.

Anticipating the possibility of reducing the separation standard above f l ight
level 290 from at least 2000 feet (vertically) to a small vertical separation
minimum, this study was performed by the National Bureau of Standards ,
Operations Research Sec tion, Applied Mathematics Division, for the FAA Office
of Systems Engineering Management.

This report details many of the components of vertical position error and
classifies them into three major categories : static pressure system error,
altimeter instrument error , and pilot response error. Two models for use in
evaluating separation standards , the root sum of squares (RSS) approach , and
the Reich collision risk model, are described , together with their respective
advantages and disadvantages. A final section includes recommendations for
a carefully designed data collec tion eff ort, and discusses potentially
important considerations for such a des ign.

L. L. Goertzen October 1972
ALTITUDE—AIDED RADAR TRACKING

Pacific Missile Range, Point Mugu, California, Technical Repor t
No. PMR—TP—72— lO.

A. Golden February 1966
RADAR SEPARATION OF CLOSELY SPACED TARGETS

lEE Spectrum , Vol. 3, No. 2 .

Interesting treatment with numerous graphics. “The capability of
a hypothetical radar agains t attacks by closely spaced a i rc ra f t  may be examined
In geometric terms, and the results can be plot ted graphically. A pulse
Dopp ler type radar appears to be essential in this si tuation. SeparatLon is
still possible if sufficient Doppler resolution is available to permit the
measurement of the small changes in velocity that will be required for the
aircraft to maintain formation .” Discusses a fire—control weapons system
radar problem.
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A. 3. Colduan , 1~. A. Steel , and W. A. Horn Apr i l  1971
CONTINUED ANALYSIS OF A CAPACITY CONCEPT FOR RUNWAY AND FINAL-APPROACH PATH
AIRSPACE

Nat ional  Bureau of Standards , Washington , D . C . ,  Report  No. NB S—l0 589 ,
Contract DOT—FA69W1—l66, Ap ril 1971, 157 p.

In a previous stud y ,  a “Maxi mum Th roug h p u t  Ra te ” concept  f o r  th e  c a p a c i t y
of a runway and its associated final—approach path airspace was developed ,
represented  by a simple mathemat ical formula , and given illustrative app li—
c~1eion in the context  of a s t ream of IFR CTOL landings . In this sequel , the
cap ac i t y f o rmu la t io n is ge ne ra l i z ed to admit  sepa ra t io n m ini ma wh ic h are
dependent on aircraft type. Algebraic tests are developed to aid in indenti—
fying those situations in which in—air separation requirements are the dominant
limiters of capacity, and also the opposite extreme , in which long occupancy
of the runway by a r r i v i n g  p lanes is the c r i t i c a l  b o t t l e n e c k .  Simp l if i e d  up p e r
bounds on (numerical) capacity are derived . An analysis is made of the
capacity—increasing potential of certain types of deviation from first—come—
first—served acceptance of aircraft.

H. C. N. Goodhart July 1966
NORTH ATLANTIC SEPARATION : ASS ESSING THE REAL CO L L I S I ON RISK

Flight International , Vol. 90.

H. C. N. Goodhart Spring 1968
COLLISION RISK AND CONTR OLLED AIRSPACE

Journal of the Guild of ATC Officers (U.K.), Vol. 4, No. 5.

Air  co l l i s ion  is an inescapable risk fri flying; the question i~ simp ly what
safety level is acceptable and how shall the required level be achieved . This
paper reviews the concepts of collision risk , separation standards and con-
trolled airspace , and lists the possible measures to keep the risk to the
requi red  l eve l .

P. A. ( ,r a f t on  (Date  m i s s i n g )
ANALYSIS OF THE AVO IDAN CE OF COLLISION BETWEEN AIRCRAFT ON CURVILINEAR FLI GHT
TRAJECTOR iES

U.S. Naval Research Laboratory, Report 5344.
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Dunstan Graham , Warren F. Clement , and Lee Gregor Hof fman  June 1971
MANUAL CONTROL THEORY APPLIED TO AIR TRAFFIC CONTROLLER—PILOT COOPERATION

Seventh Annual NASA/University Conference on Manual Control ,
June 2—4, 1971; University of Southern Cal., Los Angeles.

Since a prototype problem is developed in detail , including appropriate
modelling, this ar t ic le  is recommended as o r i en ta t ion  reading (very s t ra i ght-
forward)  for those undertaking modelling in ATC system/separation studies.
Discusses system parameters/performance measures (for safe separation standards
on independent IFR runways); runway configurations, aircraft type categories
(CTOL , VTOL , RTOL, STOL); airborne equipment (flight director , automatic
coupled approach); gust/wind/wind shear environment ; data acquisition capa-
bilities (e.g. ASR); operational pattern (front course/back course , etc.);
blunder frequency; controller intervention rules , controller response , pilot
response; “possibly still other factors.” Cites ATCAC Report (1969): “Major
improvements in airport capacity must be achieved ,” embarks on thesis “aug-
mentation of runway capacity by .. .reduced separation standards will demand
the utmost performance of a truly—named man—machine system . . . .manual
control theory (can) c o n t r i b u t e  to the  de te rmina t ion  of safe separation
standards fo r  terminal  a i r  t r a f f i c  con t ro l ;  . . .performance of the system wi th
respect to separation standards is not criticall y sensitive to the performance
of the air  traffic controller and the pilot ; ,. ..a blunder  is a random pro-
cess In the sense that its occurrence is probabilistic; but for our purposes
(prototype problem) . . . it is a single de t e rmin i s t i c  f u n c t i o n  of t ime .”

William Gracey and JoArin Shipp April 1961
RAN DOM DEVIATIONS FROM CRUISE ALTITUDE OF A TURBOJET TRANSPORT AT ALTITUDES
BETWEEN TWENTY AND FORTY—ONE THOUSAND FEET

National  Aeronaut ics  and Space Ad m i n i s t r a t i o n  (NASA) , NASA Technical
N o t e  TND—820.

W i l l i a m  Gracey March 1963
ANALYSIS OF THE EFFECT OF ALTIMETER SYSTEM ACCURACY ON COLLISION PROBABI LITY

National Aeronautics and Space Administration (NASA), NASA Technical
Note TND—l627 .

V. P.  Gupta  (MITRE) March 1976
CAPAC ITY IMPACT OF REVISING AIRC RAFI’ CATEGORIES AND FINAL APPROACH SEPARATION
STANDARD S

The MITRE Corporat ion , M cLean V i r gi n i a ;  MITRE Technical Report MTR 7183,
for DOT FAA/OSEM under Contract DOT—FA7OWA—2448.
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Longitudinal separation standards recently revised to vary according to
aircraft weight classifications have been cooperatively adjusted from a
2—category United States system and a 4—category Canadian system to a common
(to United States and Canada) 3—catego ry system. In turn , this implies pos-
sible modification through international agreement. This paper compares the
capacity impact of various alternatives , and relates the discussion to aircraft
wake/vortex studies . The specific argument related to this program is
accompanied by capacity model and capacity analysis discussion of a more
general interest.
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R. E. Hagerott and W. J. Weiss (ATCAC) February 7, 1969
AIRCRAFT SEPARATION MiNIMA , STANDARDS, AND CRITERIA AND RELATED NATIONAL
AIRSPACE SYSTEM COMPONENT VARIABLES

Transportation Systems Center , Department of Transportation ,
Cambridge , Mass . ;  an unpubl i shed  working paper .

This working paper was prepared for the DOT ATC Advisory Committee by ATCAC
Group III , but it was not published per se in Volume II of the ATCAC Report
(1969).

A. L. Haines February 1973
REDUCTION OF PARALLEL RUNWAY REQUIREMENTS

The MITRE Corpora t ion , McLean , Vi rg in ia ;  MITRE Technical  Report
MTR—6282.

A. L. 1-lam es January  1975
REQUIREMENTS FOR 3500—FOOT SPACINGS FOR SIMULTANEOUS PARALLEL IFR APPROACHES

The MITRE Corporation , McLean Virginia ; MITRE Technical Report
MTR—6841.

A. L. Haines , B. M. Horowitz , and A. P. Smith May 1975
A GENERAL MODEL FOR SEPARATION STANDARD A S S E S S ME NT

The MITRE Corporation , McLean , Virg inia; MITRE Technical Report
t~!IR—69O9 for FAA OSEM under Contract DOT FA7OWA-2448.

MITRE has concluded (MTR—6767) that none of the methodologies for study of
oceanic separation standards in a system using satellites is entirely
satisfactory; and that a logical “General Model” is needed to “motivate and
e-~sist present oceanic needs.. . (and) be nearly always applicable to past and
f u t u r e  separation s t anda rd  assessment models. ” MTR—69O9 presents the basic
elements of a log ical s t r u c t u r e  of a General Model for  separa t ion  s tandard
assessment and i l l u s t r a t e s  how some existing models fit within its framework.
Includes discussion of the Reich North Atlantic Model , the Parallel Runways
Mode 1~ and recommended use of t h e  General  Model .

J. C. Hansen and D. J. Maxwell April 1971
ANALYTICA L MODEL FOR NAVIGATION AND AIR TRAFFIC CONTROL

Institute of Navi gation (U.S.), Washington , D.C.; Proceedings of the
National Air Meeting, Saddle Brook , N .J., Ap rIl 14—16 , 1971.
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Presents an analytical model intended for application in the design of an
ATC system for  the NAT region . The model is exercised to demonstrate the
effect of several parameters on lateral separation standards for parallel
flight lanes. The introduction of a satellite navigation system allows a
substantial reduction in lateral separation.

J. B. Heath (Board of Trade) January 1971
THE COSTS AND BENEFIT S OF AIR NAV IGATION AND CONTR OL SYSTEMS

Journal of Navigation (U.K.), London , England ; Vol. 24, N .  I.

R. M. Hershkowitz , D. O ’Mathuna , and K. R. Britting M a y 19 1
THE IMPACT OF INERTIAL NAV 1GAT I ON ON AIR SAFETY

Transportation Systems Center , Department of Transportat ion ,
Cambridge , Mass. ; Technical Report No. DOT—TSC—FAA—7 1—5; also in
NAVI GATION , Vol. 18, No. 3, Fall 1971 , pp. 298-307 , journal 01 thu
institute of Navigation (U.S.); also published by the Institute o~
Navigation (U.S.), April 1971 , in Proceedings of the Nation al Air
Meeting , Saddle Brook , N . J., Apr il 14— 16 , 1971 .

Includes discussion of error sources and mid—air collision risks . Anal v zus
the impact  of i n e r t i a l  navi ga t io n on a i r  s a f et y .

Ronald M . Hershkowitz ~1ay l 9 / l
COLLISI ON RI SK MODEL FOR THE NAT REGION

Transportation Systems Center , Department of Transportation ,
Cambrid ge , Mass.; Technical Report No. DOT—TSC—F ’AA—ll—6.

Reviews and summarizes the essential feature s ol t h e collision risk model used
to anal yze the etfects of separation standards on safely in the North Atlantic.
The deriva t ion of t h e model is t raced from i set of basic assumptions to
formulations of various philosophies and a brief set of conclusions and
recommendations for future work.

Ronald M. Hershkowitz June 1971
OCEANIC SURVEILLANCE AND NAV IGATI ON ANALYSIS

lrmsjst tation Systems Center , l)epartment of Transportation ,
Cambrid ge , Mass.; Final Report No. DOT—TSC— FAA—7l—l3

Three major efforts are ri -view ed and discussed : (1) a tutorial siimn’arv of the
NAT/SPG collision risk model ; (2) a stud y of the impact of inertial navigation
on air safety; and (3) an investigation of the model ing techni ques required
to assess the effect of ATC satellite surveillance On sep aratio n standards in
the North Atl an tic reg ion .
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See also Gagne and Hershkowitz , FAA — RD — 72 —l 42  (TSC — FAA—72—26) ,  pub l i shed
August 1972; Stepner , Heine, Sorensen , FAA—RD—73—88, publ ished 1973; and
TSC—FAA—72—26; all under similar titles.

R. M . Hershkowitz October 1971
AIR TRAFFIC CONTROL FOR THE NORTH ATLANTIC

Proceedings of the IEEE Fall Electronics Conference , Chicago , Illinois ,
October 18—20, 1971 , pp. 261—269 .

Summary of the essential features of a North Atlantic (NAT) traffic study
undertaken at the Transportation Systems Center. The emphasis is on summa-
rizing the important aspects of the collision risk model currently used to
assess safety standards. This model , derived by Reich and adopted and
extended by the North Atlanti c Systems Planning Group , relates accident levels
to aircraft and airspace parameters . Extensions of the original model are
b r i e f l y discussed , and p re l iminary  r e s u l t s  are presented . These extensions
seek to include the effects of inertial navigation and positive air traffic
control  on the rou t ing  s t r u c t u r e  in the NAT region .

Arthur Hilsenrod October 1964
[)EVIATIONS FROM STANDARD ALTITUDE SEPARATION DUE TO ATMOSPHERIC TEMPERATURE
VARIATIONS

Federal Aviation Administration Systems Research and Development
Service , NAFEC , Atlantic City, N.J.; memorandum report.

FAA memorandum reports are difficult to locate; suggest try NAFEC Library.

I’. M. Hinchcl ifft (U.K., Boscombe Down) April 1965
AN EXAMINAT IoN OF THE POTENTIAL ACCURACY OF A NAVIGATION TECHNIQUE FOR NORTH
ATLANTIC FLIGHTS BASED ON LORAN—A AND A DOPPLER/G.M. COMPASS AUTOMATIC DEAD—
U f - C K ~ )N 1N O SY STEM

I n t e r n a t i o n a l  A i r  T ranspor t  A s s o c iat i o n , Mont real , Canada ; in AIRCRAFT :
I 

~~ NAVIGATION : procedings  of the 16th IATA TECHNICAL CONFERENCE , ( M i a m i ) ;
working paper WP—73.

Confe rence  ob jec t ives  were to establish navigational principles , operational
objectives , and ai r line p r efe r ences , for long—range (and transition) systems .
Fli ght Lieutenant Hirichclitfe , of tI’e U.K. Aeroplane and Armament Experimental
E s t a b l i s h m e n t , Bosco nbe Down , examines techni q ues based on Loran—A and
aut- nu atic dead-reckoning.

Irving Hirsh , Ronald Braff , and 0. Marie DesRosier April 1964
OPERATION ACCORDI AN : FINAL REPORT , I

49

-



Federal Avia t ion  A d m i n i s t r a t i o n , Systems Research and Development
Serv ice , Technical  Repor t  FAA— R DX— 64—52 , I .

Irving Hirsh and Ronald Braff April 1964
OPERAT ION ACCORD IAN : F iNAL REPORT, 11

Federal Aviation Administration , Systems Research and Development Servi e ,
Technical Report FAA — RDX—64—52 ,II.

Repo r t s  on the  stud y of n a v i g a t i o n a l  ac curacie s of c iv i l  j e t  t r a f f i c  over  t he
Nor th  A t l a n t i c  dur ing  an 18—month period , 1962— 1963.

Wil l iam C. H o f f m a n  and J. Zvara (Aerospace Systems), June 1971
W . M. H ol l i s t e r  and K. R. B r i t t i n g  (MIT)
A HYBRII) NAVI(;ATI0N SIMULATION FOR NORTH ATLANTIC ROUTES

Institute of Navigation (U.S.), Washington , D.C. report of
29th Annual  Meeting of the ION, St. Louis , June 19—21 , 1973.

Reviews c u r r e n t  a i r  t r a f f i c  ope ra t ions  on L i ’  North Atlantic routes. Relz ti ’s
t he need fo r  improved n a v i g a t i o n a l  accu racy  to the need fo r  increased  capa~ -i t y  compa t ih l e  w i t h  adequate separation standards. Discusses hybrid navi gi—
t i o n , which  combines i n f o r m a t i o n  f rom two or more navigational sources. A
digital computer sin~ulation program “NAT N AV” (North Atlantic Navigation) was
developed to evaluate the performance of various hybrid navigation system
c o n f i gu ra t ions  app l i c a b l e  to the NAT reg ion . The covariance matrix error
anal ysis  met hod was used to s i m u l a t e  aided— inertial navigation system error
histories , using the opt [mum recursive Kalman filter to incorporate indepen-
den t  r s ’a sur e m e n t s  of p o s i t i o n  or velocit y . Some computer results are
pre sented .

Willia m C. llo f fnan , W. M. [b l u s ter , and R. W . Simpso n Apr i l  1972
FUNCT iONA l , ERROR ANALYSIS AND MODELIN G FOR ATC SYSTEM CDNCE1 ’T EVALUATIO )N

Ae rospace Systems , I n c . ,  B u r l i n g t o n , Mass . ;  f o r  DOT , Tr anspo r tation
Sys tems  Cen te r , Cambr idge , Mass.; Technical Report No. AS I—TR—72—9
(DoT—TSC—212—72—1)

Janua ry  1973
W I L  1 1am C. Hoffman , W a l t e r  M. h l o l l i s t e r , and Kenneth  R .  B r i t t i n g
NORILI ATLANTIC (NAT) AIDEL) INERTIAL NAVIGATION SYSTEM SIMULATION : VOLUME I ,
El NAI - TECHN I CAL REPORT

Aerospace Systems , Inc., Burlington , Mass., for DOT Transportation
Systems Center , Camb r idge , Mass.; Technical Report No. ASI—TR—73— l4 ,
(DOT— i 51—473— 73—I).
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First vo lume of a two—volume report. Reviews applications of hybrid
nav iga t i on  systems in air traffic operations over the North  A t l a n t i c  (NAT) .
Describes development of a di g ita l computer s imula t ion  program (NATNAV = North
AT l a n t i c  N A V i g a t i o n )  to eva lua t e  performance of p roposed navi gation systems .
Desc r ibes error  models developed fo r  a i d e d — i n e r t i a l  n a v i g a t i o n  systems w i t h
external measurements from Doppler radar , Omega , satellite—ranging, or air
d at a .  P resen t s  analysis techniques and mathematical models.

Inc ludes a lengthy and sturd y bibliograph y; q.v.

W i l l i a m  C. I l o i t m an  and K a t h r y n  C. Bowie Janua ry  1973
NORTH ATLANTIC (NAT) AIDED INERTIAL NAVIGATION SYSTEM SIMU LATION : VOLUME 11,
COMI’UTER PROGRAM NA TNAV USER ’ S MANUAL

Aerospace Systems , lnc . , Burlington , Mass., under Contract l~~T—TSC—473
for DOT Transportation Systems Center , Cambrid ge , Mass.; Technical
Report  No. AS1—TR—73—l4 (DOT—TSC—473—73—2).

Second volum e of a two—volume r e p o r t .  Volume  11 descr ibes  the di gital compu-
t e r simulation program NATNAV (North Atlantic Navigation) developed by ASI to
ana lyze  v a r i o u s  1 -iertial navigation systems using external measurements of posi-
t i o n  and/ o r  v e l o c i t y  f rom OMEGA , Ai r  Data , Dopp ler  Rada r , and/or  Satellite
Su r v e i l l a n c e  w i t h  t w o — s a t e l l i t e  rang ing.  A comple te  l i s t i n g  of NATNAV ( in
f oRTRAN IV) is included (Section XL ). Volume I contains a comp lete descri ption
of m athematic a l models and analysis techniques implemented in the N A 1N A V
simulat ion.

F J .  9.  HelL and R. N. \isierson March 1968
A N A L Y S I S  OF W A L I N I N G l IME S FOR COLLI SI ON AVO IDANCE SY STEMS

Institute of Electrical and Electronics Engineers , inc., New York ,
New Yo rk; IEEE Fransa ~ t ions on Aerospace and E l e c t r o n i c  Sys tems ,
V o l .  A t  S—~~, No .

J . - . 11, 1 t , L .  B e L d o n , and W .  J a m eso n (Col l ins )  Ju l y 1968
o M L ’ l T E R ,  191 SA l ION STUDY OF A I R — D E R I V E D  S E P A R A T I O N — A S S I T R A N O  ~ SYSTEMS IN

91 1:1 1 LI I -  AlUt RAI 1 h-NV I RONMENT

Collins R a d i o  Co .,  Ceda r Rap ids , Iowa; 186 pp;  technical report under
Cont r , i c t  \ -~~~~\ — -~ i)8 (l’roje~ t FAA—24 1—003—OlC) , fo r  FM , SRD S ,
~‘ i s i i i n g t o n , L).C.

I ic  tli r ut ’ s i b  ject areas treated are  haza rd  eva lua t ion  in m a n e u v e r i n g  env i ron—
e t s , .li r — t i— , i i r  o s c i l l a t o r  s y n ch r o n i z a t i o n , and m i n i m u m  sys tems f o r

i n u r a l  av i i t  i o n .  H a z ar d  e v a l u i t  ion is anal yzed in bo th  the h o r i z o n t a l
v e r t i c a l  d i m e n s i o n s .
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J .  M. Hoit and C . R. Marner  December 1968
SEPARATION HAZARD CRITERIA Mod i f i ed  May 1969

Coll ins Radio Company, Cedar Rapids, Iowa .

A general treatment of collision hazards useful in several a p p l i c a t i o n s .  As an
analysis tool , to permit the optimization of ATC systems with regard to colli-
sion sa f e t y , and to permit comparisons between different proposed systems . As
an aid to the r e v i e w  of separation standards when changes in procedures , types
ot  av a i l a b l e  da ta , or data a c c u r a c y  are p lanned .

Also published as Appendix C, Vol. 2, Report of DOT ATCAC , Department of
T r a n sp o r t a t i o n — — A T C  Advisory Committee . See also Holt and Nam er , “Separation
Theory in ATC System Design” (Collins, March 1970).

J.  M. Ho l t  and G.  R.  Marmer (Col l ins  Radio  Co . )  Novemb er 1969
COM PUTER/SIMU LATION STUDY OF A I R — D E R I V E D  SEPARATION—ASSURANCE SYSTEMS IN
MULTIPLE AIRCRAFT ENVIR ONMENT

Co l l ins  Rad io  Company,  Cedar  Rapids , Iowa ; Final Report FAA—RD—69—31 ,
f o r  FAA , SRD S , W a s h i n g t o n , D . C . ,  u nder  C o n t r a c t  FA— WA—4598.

Reexamines earlier concepts and conclusions (reported in th ree  i n t e r i m  r e p o r t s )
in the  l igh t of upcoming changes to ATC and the possibility of ground—based
collision a v o i d a n c e .

J. N. Hoit and 0 .  R. Nam er (Collins Rad io Co.) December 1969
SEPARATION HAZARI) CRITERIA

Coil ins Radio Company , C edar Rap ids , Iowa ; published as Appendix C ,
Vol. 2, Report of 501 ATCAC (Department of Transporta tion— —ATC Advisor y
C o m m i t t e e )

See also same r e f  & r t i l ce  pub l i s h e d  by Coil  ins  Rad io Company  in l)ecember 1968
and , as nx d i f i e d , in May 1969.

J. M. U n i t  and C . R.  Marne r (c o ll i ns  Radio Co. )  March 1970
SEPARATION flhl•~ORY IN AIR ‘IRAFFIC CONTROL SYSTEM DESL :N

Institute of E l e c t r i c a l  and E l e c t r o n i c s  E n g i n e e r , New York ,
New Y o r <  ; P r o  t e d  i tigs of t h e  I EEE , Vol  . 58 , No. 3.

A gene ra l  t r e a t m e n t  of c o l l i s i o n  haza rd  w h i c h  expresses  t h e  rel ationshi p
between s e p a r a t i o n  s t a n d a r d s , ve l o c i t y  and a c c e l e r a t i on , su r v e i l l a n c e  accu racy ,
com m u n i c a t i o n  d e l a y s , samp 1 [rig f r e q u e n c y ,  maneuver  sever  i t s , and t h i erv e n t  ion
f r e q u e n c y .  An examp l e  i s  g iven h a p i r a t  ion standard n hievabl i through t h e
150 o h  an upgraded beacon sv s i  em . The re L i t  Ions ~ I n d i t e d  pt ’rmi  t op t  i m i z a t  ion
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1 a i r  t r a t  t ic c o n t ro l  systems wit h regard to collision safety and will permit
compar i sons  be tween  d i t t e r e n t  proposed systems . They should assist  in r e v i e w i n g
se p a r a t i o n  s t andards  when  changes in p rocedures , t y p e s  of ava i l ab l e  da ta  or
data accuracy are p lanned . Fur ther , the  procedures  ou t l i ned  could , in hazard
evj iu a t i o n , aid  the air t r i h f i c  control process. See Holt and Marner (1968/
1969) “Separa tion (hazard Criteria. ’

J. M. Holt (McDonnell—Douglas) Spring 1974
SAFE SEPARAT ION IN CONT ROLL ED FL [GUT

NAV IG A T 1ON : J o u r n a l  ol the  I n s t i t u t e  of N a v i g a t i o n  ( U . S . ) ,
W a s h i n g t o n , D. C . ,  \ ‘o l .  ~~l • No . I .

.1. N. ([cit and R. H. (hamil ton (Mcl)onnell—Dou g las) Winter 1974—1975
S L E V E I I LAN CE VEL OCITY Ml-;ASVREMI:NTS Wt FU LEAST MAX IMUN ERROR

NAV [GA L lON : u r n i l  ci t h e  lust i tute of N a v i g a t i o n , ( C .  S . )

~~i s f i  i u g t  on , I) . C .  ; Vol . 21 , No . -~

To e n s u r e  sa t  et  v on parallel airpath s , t h e  survei ilarice separat ion assurance
tutic t ion used for a u t i nj i t  ed ai r I raf f ic cent rol is optimized by deriving the
b&st possibl e c o m p r o m i s e  be tween  n o i s e — i n d u c e d  and a c c e l e r a t i o n — i n d u c e d
, r r rs as i fun ct ion of measurement accuracy, acceleration magnitude , and
sampling frequenc y. It is found t h a t  an e r r o r  allowance of 30 knots would be
adequate with 97 .7  p e r  l i t  con f  i d en c e , provided that 58 position measurements ,
spaced at U .  1—second i n t e r v a l s , we re a v a i l ab l e .  Since very  f i ne measuremen t s
a r e  r e q u i r e d  t i  obtain small speed m e a s u r e m e n t  allowances , it i s not possib l e

F t o  a c h i e v e  sepirat ion standards through s u r v e i l l a n c e — m e a s u r e d  speed o n l y .

L ) r .  B a r r y  H . H o r o w i t z  (MITRE)  Sep tember  1975
TUE ALAS D E S I N S I T I Z A T I O N  PROB L EM ANT) A POSSIBLE APPROACH TO
DES I NS I L L  7 _ A L  I O N

The MITRE Corporation , M c l e a n , Virg inia; MITRE Technical Report
M T R — 7 0 2 1  f o r  DOT—FA A/OSEM

A L A S  is the  A i r b o r n e  Coil i sion Avoidance System concept (such as those under
development b y McL)oonell—Doug las , RCA, or Minneapolis—Honeywell). FAA is
oiisidering the use of ACAS to augment ATC sy s t ems  t h a t  “are aimed at prov id—

i i i y  separation assurance. ” Li mi t a t  ions ar e  imposed on ACAS pe r fo rmance b y the
need f o r c u r r e n t  p i l ot p r o c e d u r e s , ACAS , and the c u r r e n t  ATC sy s t e m  to c o e x i s t
in the same airspace. Compromises in the  c o l l i s i o n  p r o t e c t i o n  a f f o r d e d  by
AL AS t a k e  the form of desensitizat ion ol t h e  ACAS sy s t e m .  T h i s  paper  d e s c r i b e s
the  dese n s i t i z a t i o n  and d i s c u s s e s  the prob l eni .
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W. F. Horton , Jr. January 1975
CONFLICT PREDICTION THEORY FOR AUTOMATED IFR TRAFFIC CONTROL

The MITRE Corporation . McLean , Virginia ,; MITRE working paper
WP—10911.

J. S. Hunter , G. A. Hazelrigg Jr., and S. Claudet April 1974
AN ANNOTATED BIBLIOGRAPHY ON TARGET LEVEL OF SAFETY , COLLISION RISK , AND COST-
BENEFIT ANALYSIS RELEVAN T TO SEPARATION STANDARD S

Dept. of Civil and Geological Engineering, Princeton University,
Princeton , New Jersey .
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IATA October 1967
AIR TRAFFIC SURVEILLANCE THROUGH SATELLITES IN THE NAT OCEANIC AREA: A
COST/BENEF iT METHODOLOGY

NATO/ASTRA , Neuilly—sur—Seine , France; presented by the International
Air  Transport  Associat ion at the second meeting of the NATO panel on
Applicat ion of S a t e l l i t e  Techniques Related to Aeronaut ics  (as
working paper 13 , AST RA / l I).

1ATA January 1960
ALTIMETRY ANT) THE VERTICAL SEPARATION OF AIRCRAFT

International Air Transport Association , Montreal , Canada .

IATA Apri l 1965
AIRCRAFT NAV ICAT 1ON : THE SIXTEENTH IATA CONFERENCE

International Air Transport Association , Montreal Canada.

135 papers are summarized , in c ludi n g:
IATA l6 / WP —l6 :  Proposals  fo r  t h e  Mathemat ica l  Formulat ion  of Separat ion

Standards , R. N.  Lord , U . K . ,  College of Aeronaut ics ;
IATA l 6/ W P — 4 1:  A Preliminary Analysis of the North Atlantic Route Structure
and Navigation System Error , M. E. Schucart and J. B. Arnett (North American
Aviation , Inc.);

IATA 16/WP—54 : ATC Sys tem Capac i ty  and Nav iga t iona l  Requ i rements  fo r  the
North Atlantic and Continental Transition Areas , General Precision Systems
l i m i t e d ;

IATA 16/WP—78: The ATC Requi rement  f o r  Navigational Capability Over the North
Atlantic , U.K., National Air Traffic Control Services (Ministry of Aviation
U. K . ) ;

IATA 16/WP—87 : An ATC Survey of N o r t h  Atlantic Navigation Problems , U.K.
Ministry of Aviation .

Conference objectives were to establish navigational principles and operational
objectives in relation to the navigation of aircraft on long—dis tance  f l i gh t s
and the transition between long—range and short—range environments. In addi-
tion , an attempt was made to define the airlines preferences for navigation
sy s t e m s  and to col late  the  resul ts  of recen t wor ld—wide s tudies of navigat ion
sy s t e ms , especially those self—contained .

Navigation princip les , capabilities , problems and operational objectives were
considered , with special focus on high—density traffic environments , non-
critical environments , transition between long—range and short—range aids , and
between terminal and enroute areas .

Subsection V recaps studies of navigational error which were interpreted as
g a us s i a n  distributions versus those non—gaussian (possibly exponential , per
Reich).
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Papers authored by or sponsored by 1ATA included the Agenda (WP—l), Annotated
Agenda (WP—2), Extracts from Previous IATA and ICAO Reports Concerning Long
Distance Navigation (WP—3), and Navigational Ability and Requirements as
Determined by the ICAO Special NAT Meeting of March 1965 (WP—1l6) .

See also Journal of the Institute of Navigation , Vol. 18, No. 4 for a report
of the 16th IATA Technical Conference. Editorial recapitulation there in
of “Errors and Accuracy ” contributions at the Conference is particularl y ger-
mane to the subjects of interest in this bibliographical listing.

IBM—Canada , Ltd. 1971
GAATS : GANDER AUTOMATED AIR TRAFFIC SYSTEM (IBM)

ICAO 1974
~~THODOLOGY FOR THE DERIVATION OF SEPARATION MINIMA APPLIED TO THE SPACING
BETWEEN PARALLEL TRACKS IN ATS ROUTE STRUCTURES

International Civil Aviation Organization , Montreal , Canada;
Circular l20—AN/89.

This circular is published to facilitate research and development in the field
of aircraft separation. It also will assist in evaluating the work progress
thus far achieved by the RGCS Panel (Review of the General Concept of Separa-
tion Panel) in the derivation of separation minima for the spacing of parallel
tracks . The RGCS Panel itself stressed that its results were preliminary,
and has invited submission of material suitable for use in its work on
separation standards.

In six sections , this publication (1) reviews RGCSP Task 1 progress; (2) des-
cribes the model for assessing collision risk in parallel route structures;
(3) discusses collection and anal ysis of data on air navigational accuracy
(West European domestic airspace) ; (4) presents statistical analysis of main
data collection in 1972; (5) discusses estimation of ~~~ (probability of
verlap) ; (6) discusses the use of target level of safety in the assessment

ot separation values; (7) presents preliminary assessment of the safe
separation between the center lines of parallel routes (using model studies).
References listed are very precise and limited .

The Air Navigation Commission (ANC), at the Sixth Meeting of the ANC 75th
Session , February 1974 , recognized both this Circular and the invitation to
the States to consider RGCSP recommendations 1/1 and 1/2 (RGCSP Second Meet-
ing, Montreal , October 1973) in establishing parallel tracks in their
respective route structures.
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1CAO , NAT—SPG September 1969
REPLIES FROM THE NAT SYSTEMS PLANNING GROUP TO THE QUESTION S POSED BY THE
ASTRA PANEL

LATA/ASTRA : Panel on App l ica t ion  of Sa te l l i t e  Techniques Related to
Aeronautics; working paper ASTRA—WP/l2.

IEEE March 1970
PROCEEDINGS OF TIlE IEEE : VOLUME S~3, No . 3, AIR TRAFFIC CONTROL

Institute of Electrical and Electronics Engineers , New York ,
New York ;  special issue on Air  T r a f f i c  Cont ro l .

I n s t i t u t e  of Nav igation ( U . K . )  October  1965
THE SIXTEENTH LATA TECHNICAL CONFERENCE

Journal of the Institute of Naviga t ion (U.K.), London , England;
Vol. 18, No. 4;  f e a t u r e  repor t  a r t i c l e .

The ION editor itemizes the objectives of the IATA 16th Technical Conference
(April 22—30, 1965 at Miami) , as (1) the n a t u r e  and magnitude of current navi-
gation problems in high—density traffic , non—critical environments , and transi-
tion from long—range to short—range environments; (2) navigational princi ples
and objectives in high—density traffic , non—critical environments , and transi-
tion between enroute and terminal concepts; and (3) the capability of existing
and adv aced navigational aids including self—contained , long—range , short—
range -m d satellite systems . In a r e c a p i t u l a t i o n  of “Er ro r s  and Accuracy ”
contributions to the IATA Conference , the ION editor presents an excellent
description of the current leading positions on the subject.

Institute of Navigation (U.K.) 1971
THE JOURNAL OF THE INSTIT UTE OF NAVIGATION , VOLUIlE 24 , Nos. 1, 2, 3, and 4

The Institute of Navigation (U.K.), London , England .

J. D. H e a t h :  Costs and B e n e f i t s  of A i r  Nav iga t ion  and Control  Systems ;
1 . R. Swanson: Application of OMEGA to Aircraft Navigation and Traffic Control;
C .  T. A. May : A Method for Predicting the Number of Near Mid—Air Collisions

in a Defined Airspace;
J. V. Ingleshy : A Simple Logic of Radar Avoidance Action ;
l~. J. Dickie: Air Traffic Control and the Needs of the Customer;
W. I. Robinson : Area Navi gation;
W. 0. Broughton and J. W . Mclvor: Development in Airborne Navigation Systems ;

W. Anderson and D. M. E l l i s :  E r ro r  D i s t r i b u ti o n s  in N a v i g a t i o n ;
A . White (U.K.—National ATC Services): Air Traffic Control Separation Minima

and Nav iga t i ona l  C a p a b i l i t y :
P. E. LLoyd (RAE): Mathematical Studies in Separation Standards ;
C. M. B r i t l a n d  ( RAE):  A P r e l i m i n a r y  A n a l y s i s  of N a v i g a t i o n a l  Per formance

Observed it Strumble 1969—1970.
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The last three papers cited above are a series under the heading “ATC Separa-
t ion Standards and Navigation.”

No single other source is perhaps so productive of papers relevant to the
stud y and analysis of separation standard theory and development. Quarterl y
issues numbered 1, 2, 3 , and 4, dated January, April , July, and October ,
respectively, will be found bound together in the annual volume in many
technical libraries which are oriented to the subject fields. Not every
volume of the British Journal of Navigation (it bears the abbreviated title
since 1970) will include “Air Traffic System Separation Standards ” papers ,
Volume 24 selected here as typ ica l  is unusua l ly freigh ted .

See also “NAVIGATION : Journal  of the I n s t i t u t e  of Nav iga t ion  ( U . S . ) ”
Washington , D.C., a quarterl y.

I n t e r n a t i o n a l  I n f o r mat i o n  Inc . Apr i l  1967
PROJECT DIOSCURES : A SYSTEM OF CONTRO L AND AERIAL NAVIGATION FOR SATELLITES

National Aeronautics and Space Administration , Washington , D.C.;
NASA—TT—F—l0844, translation from French.

David R. Israel (FAA ) October 1974
AN OVERVIEW OF THE UP GRADED THIRD GENERATION AIR TRAFFIC CONTRO L SYSTEM

IEEE , Institute of E l e c t r i c a l  and Electronics Engineers , Inc.,
New York , N.Y.; paper published in EASCON ‘74: repor t of the
Electronics and Aerospace Systems Convention , Washington , D.C.,
Octobe r 7—~~, 1974.

The air traffic system planned by FAA for FAA use in the 1980 ’s and beyond is
a group of subsystems labelled the U pgraded Third Generation ATC Sy s t e m
(l G3rd , in FAA i n t e r n a l  d o c u m e n t a t i o n ) . I t s  nine  major  f e a t u r e s  are IPC
(Intermit tant Positive Control), DABS (Discrete—Address Beacon System) , RNAV
(Area Navigation concept), MLS (Microwave Landing System) , ASTC (Airport
Surface Traffic Control), WVAS (Wake Vortex Avoidance System), FSS (Flight
Service Station modernization/automation ), AEROSAT (Aeronautical Satellite
service possibly involving navigation , communication , control , and surveil—
lance), and I n c re a se d  Automation (enhanced ARTS—NAS) . An overview authored
by a leading management official in FAA System Engineering should be of
interest to those concerned with ATC separation standard studies.
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C. C. Jackson June 1966
THE SEPARATION OF AIR TRAFFIC OVER THE NORTH ATLANTIC

Flight International (magazine), Vol. 89, pp. 967—70.

Discusses separation of a i r c r a f t  in the North Atlantic system with particular
a t t en t ion  to the proposed reduction of para l le l—route  lane—width f rom
120 nautical miles to 90 nautical miles.

J. Jaffe, et al. (NASA) May 1966
FINAL REPORT OF THE AD HOC JOINT NAVIGATION SATELLITE COMMITTEE

Nat ional Aeronautics and Space Administration , NASA Headquarters ,
Washington , D.C.

L. L. Jenny and R. S. Ratner December 1975
MAN AS MANAGER OF AUTOMATED RESOURCES IN AN ADVANCED AIR TRAFFIC SYSTEM

Journal of Aircraft , Vol. 12, No. 12, Paper presented at AIAA
Conference on Life Sciences and Systems , Arlington , Texas ,
Nov. 6—8, 1974.

The DOT ATC Advisory Commi t t ee  (ATCAC) report  of 1969 pro jec ted  system demand
in 1995 to have doubled or trip led . The economic impact of this growth is
mani fes ted  in many ways ;  opera t ions  and maintenance costs are the major cost
element . These costs are primarily the salaries and benefits for controller ,
flight service , and maintenance personnel.

Automation alread y implemented will provide a system—wide basis for manpower
savings. Enhancement of automated subsystems already under investigation
includes PATWAS , TWE B , ATIS , DABS , INS , CAS , AATM, and numerous corollaries.

The “fourth generation ATC System , which is in only a conceptual stage” would
use automa t ion to achieve three major benefits: (1) enhanced flight safety ,
through more complete and accurate navigation and surveillance systems and
“ through  mach ine—di rec ted  separat ion assurance” ; (2) extensive app l ica t ion
of computers to promote efficient use of airspace and to expedite traffic
flow , via computerized techniques for flow control , terminal area meter-
ing and spacing, and close monitoring of flight plan conformance; and (3)
decreased dependence on manual  opera t ions , and the reby  a reduction in the
workforce , “and this is perhaps the dominant concern .”

The i n t e n t  of th i s  paper is to specu la te  about  the na tu re  of man ’s participa-
tion in a future ATC system where much of the routine operation has been
d e l e g a t e d  to machine resources , and in p a r t i c u l a r  to examine the implications
of automation fo r  man as opera to r  and manager of such a system. Authors
Jenny (The Planar Corp.) and Ratner (Stanford Research Institute) partici-
pated in the ATCAC report study, but herein depart on an original discussion
not summarizing ATCAC stud y results but speculating on developments they imply.
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While not addressing separation specifics such as mathematical models and
algorithms, relates considerations of separation (includ ing what machine
subsystems and operational techniques will apply) to system design and
management considerations.

Richard S. Jensen and Stanley N. Roscoe (Univ . of Illinois) June 1973
A FLIGHT EVALUATION OF PILOTAGE E RRO R IN ARE A NAVIGATION WITH VERTICAL
GUIDANCE

Institute of Navigation (U.S.), Washington , D.C.; Proceedings of the
29th Annual Meeting of the ION , St .  Louis , Missour i ;  June 1973.

The following document is closely related .

Richard S. Jensen and Stanley N. Roscoe (Univ . of Illinois) August 1974
FLIGHT TESTS OF PILOTAGE ERROR IN AREA NAV I GATION WITh VERTICAL GUIDANCE

University of Illinois , Champaign , Illinois; Technical Report
No. FAA — RD—74—148, under Contract DOT—FA71WA—2574 for FAA , SRDS .

Pi lo tage  e r r o r  was measured f rom f l i g h t s  on a t h r ee—dimens iona l  procedure using
“simplified ” area navigation. Variables included vertical disp lay type , pilot
experience , angle of climb or descent. Pilot performance measures were verti-
cal and horizontal steering, airspeed control , and procedural errors . Pilotage
error results were compared statisticall y with corresponding values from pre-
vious studies or previousl y assumed by FAA (AC 90—45) and RTCA (DO—l52).
Portions which discuss vertical and horizontal errors are related to our
interest in separation standards; the main focus of this stud y on human factors
relates rather to pilot /controller performance measurement programs currentl y
ongoing in FAA.

February 1962
A. B. Johnson , N .  A.  I louska , P .  J .  O ’Brien , L. N. Douglass , Jr , P. W . Bradbury,
and J. F. Horvath
EVAEI’AT [ON AND IJY~ A MlC SIMU LATION STUDY OF THE ROME , ITALY , TERI1INAL AREA

Federal Aviation Administration , National Aviation Facilitie s
E x p e r i m e n t a l  Cen te r , A t l a n t i c  C i t y ,  N e w  J e r s e y .

The FAA/ARDS/Evaluation Division conducted a d ynamic simulation stud y for the
Italian Air Force and Air Traffic Control Service concerning the Rome Terminal
A irports Complex. A pr t-dural solution was developed to segregation of civil
t r a f f i c  it  the ma jo r  i n t e r n a t i o n a l  a i r p o r t  f r o m  h i g h — s p e e d military fighter
traffic from an adjac ent airport sharing the same airspa c. T y p i f i e s  a
separation stud y by simulation modelling rather than by m a t h e m a t i c a l  m o d e l l i n g
or ana lys is.
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John R. Juroshek ( I n s t i t u t e  for  Telecommunication Sciences) February 1975
PROBABILISTIC INTERFEREN CE PREDICTION MODEL : COMPUTER PROGRAMS

Federal Aviation Administrat ion , Systems Research and Development
Service , Washington , D. C . ,  FAA—R D—7 5—33; by the I n s t i t u t e  of Tele-
communication Sciences (U .S .  Dept . of Commerce , Boulder , Co lorado)
under Contract  DO T—FA74 WA—I— 4 4 l.

Describes a statistical method for  predict ing in te r fe rence  between a i r  t r a f f i c
control  f requency ass ignments  in the VHF f r equency  band fo r aer ona u t i ca l mobi l e
use. Two computer programs are described for  comput ing p r o b a b i l i t y  of inter-
ference; one uses Monte Carlo methods , the other is deterministic .

Simon Justman (FAA) June 1961
SEPARATION CRITERIA AND DECISION PROCESSES

Federal Aviation Administration, Research Division , Nat ional Av iat ion
Facilities Experimental Center , Atlantic City, New Jersey.
Project Note No. 61—3 , “Enroute Aircraft Separation Criteria” project.
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S. L. Katten November 1968
AIR TRAFFIC CONTROL TRUTH AND CONSEQUENCES

The Rand Corporation , Santa Monica , California .

Discusses the system concept , historical background , the current air traffic
control system , air transportation system problems , and air traffic control
problems . Identifies some probable causes , some objectives to alleviate the
problems described , and also identifies alternative consequences.

Myron Kavton (TRW Systems Group) and Walter R. Fried (AUTONETICS) 1969
AVION iCS NAVIGATION SYSTEMS

John Wil e y & Sons , Inc., New York; hardbound .

A u n i f ied t r e a t m e n t  by 14 distinguished contributors of the principles and
practices of modern aircraft navi gation systems and the burgeoning technology ,
‘ avionics ’ . For the nav igation system engineer , whether user or designer;
also serves system analyst who writes mathematical models , as well as opera-
tions personnel  who encoun te r  new “black boxes” proliferating in aircraft
equipment systems . Discusses state—of—the—art , as well as fundamental prin-
ciples and basic functions of each system .

F. S. Keblawi and A. P. Smith Jul y 1974
AN ANNOIATUD BIBLIOGRAPHY OF LITERATURE RELATE!) TO OCEANIC ATC COLLISION
SAFETY AND COST/ 131INEII TS

The M ITRE Corporation , Mclean , V i rg in i a ;  MITRE T e c h n i c a l  R e p o r t
MTR—6720; for Feder al Aviation Administration .

A comprehensive listing of papers concerned with collision risk , safety
assurance , and cost/benefits ol oceanic A l L  r o u t e  ~,Lructure s and r e la t ed
topics. Many of the documents listed may be of interest to those stud ying
non—o canic routes , ATC procedures , or separation standards.

The contents are organized into two categories: (1) safety—related literature ,
and (2) literature on c st—p cnalty associated with separation standards , or
b o t h  subsonic  and s u p e r s o n i c  f l i g h t s .  C r o s s — i n d e x i n g  is app l ied to d o c u m e n t s
which suit both categories.

For safety—related literature , three categori es are identified : (a) those
based on “Probabilistic ” models , (b) those which are “Deterministic ,” and
(c) “Related” papers of other top ical scope .

While attention has been paid to inclusion of items selected from MTR—672O
in this listing , the user is advised to go d i r e c t l y to  M TR— 6 72 O to benef i t
from its “Introduction ” and perceptive “sorting ” on “}‘robabi l istic ” versus
“Determini :;t i c ’ l ines.

- 
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F . S. Keblaw , M. J. Spahn (MiTRE ) August  1976
IMPACT OF RADAR DATA PROCESSING ON CONTROLLER PRODUCTIVITY

The MITRE Corporation , McLean , Virginia; Technical Report
No. M76—55 .

Radar data processing by computer to translate and display aircraft position
information is a feature of the NAS enroute ATC system. The impact of the
radar data  processing feature on the productivity of enroute ATC controller
teams is evaluated  in this report  on the basis of da ta  co l lec ted  at Ai r  Route
T r a f f i c  Contro l Centers  at Los Angeles , India napo l is , and Miami . Five ways
of viewing the da ta  w i t h o u t  regard to the sample size or t h e  q u a l i t y  of the
measure were suggested by the FAA Air Ira ff ic Service. The authors present
t he resu l t  f i g u r e  fo r  each of these v iewpoin t s .  However , t he bu lk of t h i s
22—page summary report considers a sixth viewpoint which uses the peak air-
craft figure as the most reliable of the measures and applies certain
weighting factors to re flect the quality of the measure. Data is presented
in eight tabular or plotted summaries. Discu ssion is l imi t ed to 10 pa ges
of evaluatory or concluding comment.

A. R. K&rstein (Princeton University) April 1974
ANALYSIS OF THE REICH MODEL FOR AIR CRAFT COLLISION R iSK

Published by Princeton University, Princeton , N .J., prepared for the
FAA Systems Research and Development Service.

The R e i c h  model for aircraft collision risk is recast into a form which
c lea r ly  e x h i b i t s  i t s  c o n c e p t u a l  f r a m e w o r k .  Anal y t i c a l and numer ica l  sens i—
ti iit v analyses indicate the relative importance of the twelve independent
var iables  in the  col l i s ion r i sk  e q u a t i o n s .  Pt o p o s a l s  for imp lementation of
a risk analysis are made in l i g h t  of previous efforts , with emphasis on pro-
cedures for modeling the distribution of large track—keeping errors .

N. J. Kirkendall (MITRE) August 1975
REVIEW OF THE WOR K I N G PAPERS OF WORKING GR OUP “C” OF THE RGCSP ON
LATERA L SEPARATION STANDARDS IN EUROPEAN EN ROUTE AREAS

l h i  M I T R E  Corporation , Mc l ean , Virginia; MITRE Technical Report
N .  ~rrR—6882.

This report s um m ar i z e s  and discusses the work of Working Group “C” of the ICAO
panel b r  Review ot the General Concept of Separation (RGCSP). the primary
thrust of Working cronp “C” work has been the evaluation of lateral separation
s tan d a r d s  f o r  p a r a l l e l  r o u t e s  in en r o u t e  ir e a s  when radar is not used for
control purposes. This evaluation has been performed via a c o l l i s i o n — r i s k
ana l ysis wit h data collected in France , and with data concerning estimated
tr a ffic densities on the busy routes in Europe . The text addresses lateral
separation based on nav i gat iun alone without surveillance , and on navigation
with surveillance , and conunents on targ et levels of safety, the collision risk
model , and t h e background of tnt- RGCSP and its working groups.

63



N . J. Kirkendall (MITRE) April 1976
A REVIEW OF RGCSP WORK ON THE DETERMINATION OF LATERAL SEPARATION STANDARD S

The MITRE Corporation , McLean , Virginia; MITRE Report No. M76—8 .

The text and Appendix B of this paper respectivel y are two papers prepared
by the author for presentation to the Ninth Air Navigation Conference in
1976. The text addresses lateral separation between parallel routes , ta rget
levels of safety, the collision risk model , and data on lateral deviations
and lateral speeds. The Appendices A and B discuss the work program of the
ICAO RGCSP (Review of the General Concept of Separation Panel) and the
requirements for additional work by the RGCSP.

Stanley A. Klein Jul y 197 3
STUDY OF OCEAN IC AIRSPACE AND GROUND NETWORK CONF 1GU RA i IONS lN SATELLITE
SYSTEMS

Compute r Scien ces Co r po r a t i on , Fal ls  Church , Va.  , Final Report
FAA — R D — 7 3 — 5 9 .

J. F. Koetsch (NAFLC) A p r i l  1961
A liiR!F -HIMiN ~ IONAL MATHEMATICAL MODEL OF THE A I R  TRAFFIC CONTROL
SEPARATION PROBLEM

Federal Aviation Administration , Aviation Research and Development
Se r v i c e , NAF EC , A t l a n t i c  C i t y ,  New J e r s e y ;  p u b l i s h e d  by NAFEC in
Proceedings of t h e  First Annual International Aviation Researc h
and Development  Sy m p o s i u m .

J. F. Kolnick  and B. S. Bent l y Jul y 1963
RANDOM DEVIATI ONS FROM ST A B I L I Z E D  CRUI SE ALTITUDES OF COMMERCIAL l EAN S-
PORTS AT ALTITUDES UP TO 40 ,000 FEET WITH AUTOPILOT IN ALTITUDE HOLD

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n , Was h ingto n , D . C . ;
Technical M u t e  NA SA— V ND— t 950.

J. F. Kolnick and B. S. Bentley January 1966
REPORT ON THE VERTICAL SEPARATION STUDY , NORTH ATLANTIC REGION-JULY 15 to
SEPTEMBER 30 , 1963

Jo u r n a l  of the I n s t i t u t e  of N a v i g a t i o n  ( U . K . ) ,  London , England ;
Volume 19 , N .  1.

Also pub li i— he i earlier b y International Air Transport Association as IATA
Document  General  No. 195!.
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June 1974
Nestor B. Kowaisky , Richard I.. Masters , Richard B. Stone , Gary L. Babcock ,
and Eugene W. R yp ka
AN ANALYSIS OF PILOT—ERROR RELATED AIRCRAFT ACCIDENTS

National Aeronautics and Space Administration , Washington , D.C.;
by Lovelace Foundation , Alb uquerque , New Mexico , b r  NASA ,
con t r a c t  repor t  NASA—CR—2444.

App lies cluster analysis as a means of attacking an otherwise unmanageable
large set of data in matrix form . Uses a m u t t  i — d i s c  i p l m a r y  approac h to
reclaim hidden human error information not shown in statistical studies from
pilo t—error related accident investi gation records. Among the “new analytic
tec hni ques ... appl ied , ” th ree t echn iques  of anal y s i s  we re ( 1) c r i t ic a l  e lement
analysis , (2) cluster anal ysis , and (3) pattern recognition .
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Lear—S icgler Corp . lone 196 6
OMEGA , A WORLIC4 IDE RAD I O NAV 1 GAT IJN SYSTEM

L e a r — S i e g le r C o r p o r a t i o n , G r and R ap ids , M i c h igan ; in com p a n y  de sc r i o t i v e
literatur e , Lear—Sieg ler document number GR— 66—1l76.

Je rome L e d er er  and P.  Rosenberg  F e b r u a r y  1967
PROCEEDINGS OF TilE ION NAT I ON A!.  AIR MEET INC UN COLL1S I UN AVOIDANCE

Institute ol N ov  i gation (U.S.) , Washington , D.C.

Home r Q. Lee , Frank Newman , and Gordon  H.  Ha r d y Augus t  1975
4i AREA N AV l ;A l ION SYST E M D E S C R I P T I O N  AND FLIGHT TEST RESULTS

N i t  ionai Ar ronaut ic s and S p a c e  Adm m i s t  r a t  ion , Ames Research Center
M o t  I e t t  F i e l d , L i i  i f o r n ia ;  F e c h n i c a l  N o t e  N o .  N A S A —  LND— 787~i

A -+1) a rea n a v ig i t  ion s y s t e m  was designed to g u i d e  a i r c r a f t  a long a prespt -c i t ied
I i c i i i  p t  h ( r e f e r e n c e  p a t h )  s u c h  that t h e  aircraft would arrive at th. a p p r o a c h

c i t e  i t  i t i m e  spec i t  ied b y the  AlL on t  roller.

Dcsc r fIres how a system des i gnc d f o r  a u t o m a t e d  g u i d a n c e  in four diniens ions t o
terminal approach by STOI. ~S h o r t  l ike—Ut t or L a n d i n g )  a i r c r a f t  was t e s t e d  at
Ames Research Cente r  in manual mode us ing a CV—34 0 CTOL (Convair  340
Conven t  i n i l  Take—Off or Landing) a i r c r a f t .  Of  i n t e r e st  is the  Execut iv e
Algorithm .

V. S. ltshc hie nko 1966
A LC U R I  FiP-I I Z A T I U N  OF iw-; PROCESSES OF CONTROL OF A IR TRAFFI C

Nit ional A e r n i r t  i c s  and Space A dm in ist rot ion , Washington , D.C.;
NANA T echnica I Note NASA— IN6b— 2453 1

Simon F. List er and C o r d o n  R a H i e c k  (Arthur 0. Litt It , Inc.) Mc 1971
AN APPROACH TO l i f t  E S T A B L I C I L I E N T  OF PRACTICAL A l R TRAFFIC (diM I R U T  SAFE TY GOAl S

A rth u r I). Little , l ir e., Cambrid ge , Mass.; for FAA Sy s t e m s  R e t  a r r  h
and Devc 1 u I c I I t ’ i i t  So r v i c e -  , W ish i n;ton , D . C .  ; R e p o r t  No . F A A — R D — 7  1—36.

E x a m i ne s  t h~ imp r v e n t - n t  in o v e r — a l l  a i r t r an sp o r t a t  ion  sa t  i - t v  w ir  i r h  co i l  ld he
ach ieved  by r edr i c  iirg i i  I - u n  i t  ~-s o I i c e  i d e - r i  t wit i ch a re  in any w i ~- re I a t  e-d to
a i r  t r o t  t i c  control. iiii- method c o m b i n e s  t h e  i n c i d e n t - o f  f a t a l  ii rcraft
ace id n t  s w i t h  an c - s t  i m a t e  of t l ie o v e r — i l l  r i s k  in  v a r i o u s  t vp t - s  o f  t r u m an
-I c t iv i  ty  . U I t  l i - i t  i - i  ‘.‘ the  t r - c h n  i que  l e a d s  to  i d e n t  i i  i i  a t  ion 0! a o t t  o
rrtu t iilly c ’r n g o t  i b i r -  r i s k  goa ls  b r  each 0! lb r i s k  gr o u p s .  This  n i & - a s i i r e

I t s  manage r  i i i  ana i t  i c d e v e l o p men t  o b 511( 11 cone 1 us j o l t s  is r~- dri t ions In
r i  ~ (ot s p i e l !  led r i r n - t e r )  ‘‘on l y i t  tour er - s of r i s k  tor i l l y  ou t s i d e  of a i r
t r a i t  i c - ‘ i t t  r o t  Ire subs t a n t  j a i l  y r educed  
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This repor t  shows how rat ional , quan t i t a t ive  goals fo r  the r isk associated
with air traffic control can be produced by combining accident—incidence rate
and cause data  w i t h  an estimate of overall risk in various types of human
activity.

Arthur D. Little , Inc. October 1970
A STUDY OF AIR TRAFFIC CONTROL SYSTEM CAPACITY

Arthur D. L i t t l e , I n c . ,  Cambr idge , M a s s . ;  fo r  the  Federal  A v i a t i o n
Administration under Contract FA7OWA—2l4l.

Joseph W. Little (University of Michigan) April 1965
AIRCRAFT SEPARATION C R I T E R I A  FOR THE SST

Journal of the Institute of Navigation (U.K.), London , Eng land;
Volume 18, No. 2; also published in AIRCRAFT NAVIGATION : THE 16th
IATA TECHNICAL CONFERENCE (Montreal , April 1965) by the International
Air Transport Association (Montreal).

Discusses nonradar separation criteria app licable to the supersonic transport .
Analyze-s equations which show the factors that influence separation . Makes
suggest ions fo r  a supersonic a i r  t r a f f i c  cont ro l  system for  the North Atlantic.
It is shown tha t the longitudinal separation in time , but not the lateral
sepi ration , may be substantiall y less than for subsonic jet aircraft.

0. F. Lloyd (RAE) May 1967
(d’iN sI(;HTING REPORTS INDICATE COLLISION RISK OVER THE NORTH ATLANTIC?

Royal Aircraft Establishment , Farnborough . England ;
RAE l ec h n ical Repor t  67122 .

U .  E. L loy d (RAE)  O c t o b e r  1971
MA THEMATICAL STUDIES ON SEPARATION STANDARD S

Journal of N a v i g a t i o n  ( U . K . ) ,  London , Eng land ; Vol .  24 ,
M o .  4 , p p .  456—458.

Second of a ser ies  of t h r e e  papers  in this issue entitled “A ir Traffic Control
Separation Standards and Navigation. ” Describes briefl y the mathematical theory
ot collision risk for parallel tracks . Part of a programmed work of the
Mathematics Department at RAE concerned with methods of estimating the colli—
st u n  r i sk  p r o c e d u r a l  sys t ems .  Tables the  1967 ca lcu la ted  resul ts  of r equi red
centre—line spacing between air routes. Relates navigation standards to
separation standards by way of their effect on collision risk.
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D. E. Lloyd (RAE) September 1972
THE SPECIFICATION OF NAVIGATIONAL CAPABILITY IN RELATION TO NORTH ATLANTIC
SEPARATION STANDARD S

Royal Aircraft Establishment , l’arnborough , England ; RAE Technical
Report 72175; Depar tmenta l  Refe rence , Math 207.

Investigates the relationship between the required lateral separation standard
and the spec i f i c a t i on  of n a v i g i t i o n a l capability . Accuracy and reliability
requirements  for  navigat ional  equipment  are  der ived;  co l l i s ion  r isks  are  com-
pared for two possible types of SST track structure . Subsonic and supersonic
aircraft are considered .

D. E. Lloyd (RAE) October 1972
STUDIES OF SYSTEM TRACK—KEEI’ING ACCURACY AND SPACING OF TWIN—TRACK AIRWAY S

International Air Transport Association , ‘lontreal , Canada; paper
presented at the 19th IATA TECh NICAL CONFERENCE (~ iblin
Oct . 23—28, 1972) , Working Pape r WP—45.

Safe separation between opposite—direction twin—track airways is considered ,
using simple models of two possible types of traffic control system . This
preliminary analysis suggests that , when a reasonably precise navigational
system becomes available , radar surveillance of opposing traffic streams may
not lead to a worthwhile reduction in the track separation needed for an
acceptable level of safety . It may be preferable to use the radar in an
“offline ” role , to record large deviations from nomina l track for later
investigation. The data and methodology of a more adequa t e  anal ysis  are
di scussed .

D.  E .  Lloyd and P . P.  Sco t t  (RAE ) June  1973
AItJ’LTCAT IUN OF MONTE CARLO METHODS TO ESTIMATION OF COLLISION RISKS ASSOCIATED
W ITII ATC SEPARATI ON S T A N D A R D S

Royal A i r c r a f t  Es t ab l i shmen t , Farnboroug l i , E n g l a n d ;  RAE
Technical Report 73104 .

R.  C. Loel iger F e b r u a r y  1974
CONCEPT FOR A SATELLITE —BASED ADVANCED A I R  TRAFFIC SANAG ILMENT SYSTE M , VOL. II :
SYSTF2I F U N C T I O N A l  D E S C R I P T I O N  ANT) SYSTi-~1 S P E C I F I C A T I O N

AJJTON ETI CS , N o r t h  Am e r i can  Rockwell C o r p o r a t i o n , Anaheim , C a l i f o r n i a ;
for Department of Transportation Systems Center Cambridge , M i s s . ;
Technical  Repor t  No. DOT—T S C—7 3 — 2 9 , I I

See sam e t i t l e  “au t hor ed by ” AI TONET ICS .

68



R. N .  Lord and D. A. Saunders December 1964
A MATHEMATICAL DERIVATION OF AIR TRAFFIC CONTROL SEPARATION STANDARDS

College of Aeronautics , Cranf ie ld , Eng land ; Report
E&C No. 5, 33 pages.

Presents a mathematical derivation of lateral and longitudinal separation
standards in Air T r a f f i c  Control .

R. N. Lord (U.K.; College of Aeronautics , Cranf ield) April 1965
PROPOSAL S FOR THE MATH EMATICA L FORMULATION OF SEPARATION STANDARD S

International Air Transport Association , Montreal , Canada; in
AIRCRAFt NAVIGAT ION: Proceedings of the 16th TECHNICAL CONFERENCE
(Miami, Apr il 22—30 , 1965) Working Paper WP— 16; also published
(modified title) in Journal of the Institute of Navigation (U.K.),
Volume 18, No. 4.

ATC is considered a feedback system dependent on intermittant positional
information being supplied to the ground facility for control  services. Con-
siders the mathematical model of the enroute phase of a long flight over
unpopulated (sea) areas , after outlining the basis for developing ATC cr iteria ,
and consider ing basic errors in navigation.

Gives a ma thema t i ca l  f o r m u l a t i o n  of lateral and longitudinal separation
standards for subsonic and supersoni c aircraft operation.

R. N. Lord (U.K.; College of Aeronautics , Cranfield) April 1965
THE MA TH EMATICAL FORMULATION OF SEPARATION STANDARDS

Journal of the Institute of Navigation (U.K.) London , England;
Volume 18, N o . 4 . ,  also published by the International Air Transport
Association, Montreal , in AIRCRAFT NAVIGATION: THE 16th IATA
TECHNICAL CONFERENCE (Miami , Apr il 1965).

A mathematical approach to Air Traffic Control separation criteria indicates
that a more economic use could be made of the available airspace. Reduction
of longitud inal separation would be possible with more frequent reporting of
aircraft position . As aircraft speeds increase in the future , more attention
will be required to speed control and heading accuracy .
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R. N.  Lord ( U . K . ;  College of Aeronautics , Cranfield) April 1966
SEPARATION STANDARDS AND AIRCRAFT WANDER

Journal of the Institute of Navigation ( U . K . ) ,  London , England;
Vol. 19 , No. 2, pp. 198—208.

Statistically combines the basic parameters leading to aircraft navigational
error , and uses them to estimate the uncorrected track deviation (wander) to be
expected . Presents graph ically the variation of size of the ATC block of
protective airspace. Demonstrates the effect of improved control of the
along—track and across—track wander. Thus establishes that , in future , more
attention must be directed to improvement of heading accuracy and speed control.
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Robert E. Machol (Northwestern Univ.)  Revised Jul y 1974
NAVIGATION STANDARDS OVER THE NORTH ATLANTIC (see also April 1974)

Paper presented at the Joint Meeting of the I n s t i t u t e  of Management
Sciences wi th  the Operations Research Society of America , Boston , M a s s . ,
April 22 , 1974.

Discusses the 1964 controversy between operating pilots of the airlines and
the proposal by the U.S. FAA (through ICAO) to reduce lateral separation
between tracks (routes)  in the North Atlantic from 120 mini to 90 nmi. Des-
cribes the problem , the controversy , the model , the data collection and
reduction , the solution , and the implementation.

The fluid narrative style of this state—of—the—art authority makes this
excellent basic reading ; it can easily be read , rather than studied .

Appeared under t i t l e  as above in INTERFACES (February 1975) as “the prize
winning award paper .” Also published by the Institute of Management Sciences
in MANAGEMENT SCIENCE , Vol. 21, No . 10, June 1975 under the title “An Aircraft
Collision Model.”

Robe rt  E. Machol ( N o r t h w e s t e r n  U n i v e r s i t y )  ~1une 1975
AN AIRCRAFt COLLISION MODEL

Management Scienc e , V o l .  21 , No. 10, pages 1089—1101; Paper presented
I t  the  Joi n t Mee t i n g of the  Ope ra t ions  Resea rch Soc ie ty  of America
(ORSA) and the I n s t i t u t e  of Management  Sciences ( INS) Boston ,
April 22 , 1974 . under the title Navigation Standards Over the
North Atlantic . (and so indexed in this listing).

In the  1960’ s a con t roversy  arose regarding the s a f e t y  of navigat ion s tandards
of jet aircraft over the North Atlantic Ocean, which led to a confrontation
between airline owners and pilots. A systems analysis led to a redesigned
and improved system which resolved the  con t roversy  by g iv ing  each side a t
least as much as i t  o r i g i n a l ly requested , in terms of m i n i m i z i n g  cost on the
one hand and maximizing safety on the other. This paper describes the problem ,
the controversy, the model , the data collection and reduction , the solution ,
and the  i m p l e m e n t a t i o n s .  5 r e f e r e n c e s .

B e r t r a n d  M anu a l i  A p r i l  1969
THE DIOSCURES PROJECT

.Journa l  of the I n s t i t u t e  of N a v i g a t i o n  ( U . K . ) ,  London , England ;
V o l .  22 , pp.  172—18 3 , A p r i l  1969; a l so  p u b l i s h e d  in L ’Aeronaut ique  et
I ’ Astranaut ique , No. 22 , p p .  13—19 , 1970 ; European Navigation Ins~t itutes ,
Qu a d r i p a r t i t e  Meet ing , Rome , I t a l y ,  May 11— 14 , 1970; Ingegneria
January 1972; and ITU Telecommunication Journa l , Vol .  36 , pp. 79— 87 ,
February 1969.
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Description and discussion of the French Dioscures Project designed to ensure
air (and ship) t r a f f i c  safe ty  over the At lan t ic  and Pacific oceans with the
aid of a network of geostationary satellites.

See also “Dioscures” i t ems  by Vi l l iers , deBarbeyrac , and Baudry .

Bertrand Manuali (National Center of Space Studies , France) July 1971
PERSPECTIVES OF USE AND DEVELOPMENT OF SATELLITES FOR AVIATION AND THE
MERCHANT MARINE

In NAVIGATION (per iod ica l ),  Paris , France , Volume 19 , pp. 299— 3 15.
In French.

Assesses the portion of total needs of civil aviation and the merchant marine
for communication and position location which could effectively be met by a
satellite system. Defines the essential characteristics of such a satellite
system . In addition , discusses antennae and communication channel require-
ments. Discusses the proposed three—satellite system for the Atlantic—Pacific.
Speculates on the economic and technical  po ten t i a l i t i e s  of a f i r s t  satel l i te
generat ion.

B. L. Marks  (RAE) February 1963
AIR TRAFFI C CONTROL SEPARATION STANDARD S AND COLLISION RISK

Royal A i r c r a f t  Es t ab l i shmen t , Farnborough , Eng land ; RAE Technical
Note  Math 91 , 93 pages.

The cons idera t ion  of s a f e t y  in an air  t r a f f i c  con t ro l  system is divided in to
two parts. The first part is concerned with the over—all amount of proximity
between pairs  o a i r c r a f t  which is p lanned or inherent  in the  system.  It
is shown how t i-is  nay be anal yzed and displayed b y using mathema t ical models ,
by s imula t io i on a d ig i t a l  computer , and by p rocessing r e t r o s p e c t i v e — f l i g h t
data.

The second part is concerned with the risk of collision produced by proximity.
This is a problem of g a t h e r i n g  knowledge about  very large errors  in fol lowing
a flight plan . A stud y is made of the amount of data that would be required
to give w o r t h w h i l e  numer ica l  e s t ima te s .  Techniques are demonstrated fo r  the
calculation of collision probabilities from such data.

Dr. Gene R. Marner (Collins Radio) Winter 1970—71
CONCEPTUAL QUESTIONS IN AIR TRAFFIC CONTROL DESIGN

Journal of the I n s t i t u t e  of Navigat ion  ( U . S . ) ,  Washington , D . C . ;  in
AIRCRAFT NAV IGATION : Vol. 17 , No. 4, also published by Institute of
Navigation in Proceedings of the National Air Meeting on Air Traffic
Control in the  1970’ s , S t .  Louis , M o . ,  Apr i l  14—16 , 1970 , pp. 11—18.
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Dr. Marner analyzes ATC system s a f e t y ,  capacity and delay in this “very general ,
almost philosphical discussion .” Considers terminal opera t ions , runway capac-
ity ,  and a i rc ra f t  spacing .

Recommended for at tent ion because of its subject ma t t e r , i ts  au thor , and i t s
e f f i c i e n t  list of readings .

C. T. A. May April 1971
A METhOD FOR PRFDI CTING THE NUMBER OF NEAR MID—AIR COLLISIONS IN A DEFINE D
AIRSPACE

Journal of Navigat ion ( U . K ) ,  London , Eng land ; Vol.  24 , No . 2 ,
pp.  2 0 4 f f .

The development of routing and control procedures should take into account the
degree of risk associated with any particular route structure . In the case of
near mid—air collisions (NNAC ’~~) or collisions , quantitative prediction of the
risk involved is d i f f i c u lt .  In t h i s  I aPt r , a s i m p l e  t heore ti ca l method for
pred ic t ing  the number of NMA C ’s f o r  a p a r t i c u l a r  ro titt structure is given.
Such a method has been used f o r  d e t e r m in i n g  the  amount  of con t ro l  required
for a particular off—airways a rea  and t o  help determine the optimum control
procedures for  t ha t  area .

J .  S. May August 1966
AN ANALYSIS OF THE. NORTH ATLANTIC PRIN CIPAL AREA SEPARATION STANDARD S AND
COMMUNICATIONS PROBLEMS FOR THE TIME PERIOD FROM THE I’RESENT TO 1980

Federal Aviation Administration working paper for Project 221—l60—OIC

J . A. Maynard Winte r  1971—1972
AIRCRAFT COLLISION PREVENTION IN HIGHLY DENSE ENVIRONMENTS

NAVIGATION: ~Iourna 1 of the Institute of Navigation (U.S.),
Washington , D.C. ; Vol . 18, No . 4 , pp. 409—416.

Reviews s t a t i s t i c s  tha t  describe the problem of the increasing probability
~ midair collisions in the present aviation environment. Discusses efforts
directed at a solution of this problem . Presents an example of a solution
r e a c he d  in the case of a special situation. Suggests a plan for the
development of a total solution.

K e i t h  D. McDonald Win te r  1973—1974
A SURVEY OF SATELLITE—BASED SYSTEMS FOR NAVIGATION , POSITION SURVEILLANCE ,
TRAFFIC CONTROL , AND COLLISION AVOIDANCE

NAVIGATION : Journal of the  I n s t i t u t e  of Naviga t ion  ( U . S . ) ,
Washington , D . C . ;  Vol .  20 No. 4 .
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K e i t h  D. McDonald (FAA) Ju ly  1975
THE SATELLITE AS AN AID TO AIR TRAFFIC CONTROL

Radio Techn ica l  Commission fo r  Aeronau t ics , Special Commi t t ee  62;
technical document number RTCA—DO—63 (May 3, 1975);  also publ ished
in AG ARDOgI iph Ai —2O9—V ol . II ( Ju l y 1975) by NATO/Advisory Group

or Aerosp r~~e R e s e ar c h  and Development , N e u i l ly — s u r — S e i n e , France.

A reevaluatie of VOR Airway La te ra l  Separa t ion  Cr i t e r i a ; also a reevalua t ion
~~t enroute asc ending , descending , and passing procedures . The Appendixes
contain the r esults 01 t I  i~~ht  and l aborato ry  t e s t s  and s t a t i s t i c a l  analyses
01 the b e ar i o~ e r ro r s  ot  \‘OR f a c i l i t i e s  and of a i rborne VOR receivers .

A. W. Merz July 1975
APPLICATION OE DIFFERI:N1 IAL GAM E THEORY TO ROLE—DETERM INATION IN AERIAL
COMBAT

Aerophysics  Research C o r p . ,  Bellevue , Washington , f o r  Nat ional
Aeronaut ics  and Space Admin i s t r a t i on ;  con t r ac t  repor t  No.
N AS A —CR— 1377 13.

Discusses  the development  of c r i t e r i a  which s p e c i f y  the  ro les  of pursuer and
evader as functions of the relative geome try and of the important parameters
ot  the problem . A r educed—orde r  model of the  relative motion is derived and
discussed . In this model , the two aircraft move in t h e  same p lane at  u ne qua l
but c o n s t a n t  speed s , and wi th  d i f f e r e n t  maximum turn rates . The equat ions
of r e l a t i v e  motion are of t h i rd  order , the dependen t  var iables  being the
r e l a t i ve  range , bearing , and heading of the two aircraft. Termination of
the  pu r su i t—evas ion  game is de f ined  by e i the r  the  heading—limited or the range—
limited end condition . These are Ceometric conditions for which the evading
iircraft is in f r o n t  of the o t h e r , w i t h  the r e l a t i v e  heading  and re la t ive
range s a t i s f ying c e r t a i n  i n e q u a l i t i e s .  Ret rograde  so lu t ions  to the equat ions
of r e l a t i ve  motion were used wi th  the der ived  opt imal  te rminal  maneuvers  to
tind where an assumed set of end conditions could have begun .

George E. Meyer (Air Force Weapons Lab.) March 1975
THE APPLICATION OF PROBABILITY CALCULATIONS FOR BIRD—AIRCRAFT STRIKE ANALYSES
AND PREDICTIONS IISI NC RADAR

A ir Force Weapons Lab., Kirtland AFB , New Mexico ; technica l
report No. AF WL —TR—74 --14 5 .

A t h e o ret i c a l  development  fo r  the  calculation of binomial probability
distribution functions for assessing the risk of bird hazards to aircraft by
means of r ada r .  A set of a i r space  cells is  d ef i n e d  b y beam geometry and
pulse width and a given a i r c r a f t  f l i g h t  pa th , each w i t h  a de t e rmined  number
of b i r d s .  Each d i s t r i b u t i o n  f u n c t i o n  can be s tudied to d e t e r m i n e  the  maximum
risk and the corresponding number of birds Involved . The cumulative probabil-
ity of bird strikes over an entire route can be determined by calculating the
union of discrete cell probability sets.
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D. J .  Kohr January 1973
AIRCR AFT TRANSITION ALGORITHM FOR CONFLICT PREDICTION: WITH SPECIFIC
REFERENCE TO THE NORTH ATLANTIC AIR TRAFFIC CONTROL SYSTEM

Univers i ty  of Toronto (Canada) , Ins t i tu te  f o r  Aerospace Studies
(UTIAS) ,  Technical Note UTIAS TN—1 83.

To fulfill the specific needs of the Gander (Newfound land) automated air
t r a f f i c  cont ro l  system , a s imulat ion a lgor i thm was designed to search out ,
detec t , and resolve conf l i c t  s i tua t ions  dur ing  enroute  a i r c r a f t  t r ans i t ion ing ;
and ATC conflict—prediction simulation models were developed for digital ,
tast—time simulations.

The results either are applicable to (possibly any) “strategically controlled
environment ” of multiple aircraft airspace , or are directly illuminating in
the development of such systems . The s imulat ion model  includes r o u t e  s t r u c t u r e ,
flight trajectory construction , meteorological data , and a conflict resolution
opt io n.

R. R. Monk and M . May February 1965
PI FFERENCES IN T RANSATLANTIC FLIGHT TI~1ES TAKEN BY PAIRS OF CIVIL JET AIRCRAF T
ON I’ROX IMAT E PATHS

A . O . R . B . ,  Ope r a t i ons  Research  Note  No . 189 , February 1965.

A l ton B. Moody (FAA) April 1965
THE ROLE OF SATELLITES I N AIR NAVIGATION

In t e r r r i t i o n a l Air  Transpor t  Associa t ion , Montreal , Canada;  in AIRCRAFT
NAvI (; 1vr I~~N: Proceedings of the 16th IATA TECHNICAL CONFERENCE , (Mi a m i ) ;
Working Paper WP—91.

Discusses the po ten t i a l  value  of a conun on satellite system . The navigational
value of satellites would seem to be greatest in connec t ion  w i t h  ground sta-
t i o ns , and as a communica t ions  l ink  allowing more e f f e c t i v e  and perhaps
s imp ler , a i rborne  e q u i p m e n t , a more complete  world  coverage and an emergency
warn ing  system .

Capt. Altom B. Moody ( i S N R )  Sp r i n g  1969
THE NATI ONAL PLAN FOR NAVIGAT ION

NAV IGATION : Journal of the Institute of Navigation (U.S.),
Washing ton , D . C . ;  V o l .  16 , No 1.
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R. E. Moir and H. D. Most 1969
A SUMMARY OF THE COMPUTER SIZING PORTION OF THE GROUND—BASED COLLISION
AVOIDANCE FUNCTION FOR THE 1980—1990 AIR TRAFFIC CONTROL SYSTEM

ARIES Corporat ion , Contrac t  DA H OO4 — 69—C —00 25.

J .  S. Morrel 1956
FU NDAMENTAL PHYSICS OF THE AIRCRAF T COLLISION PROBLEM

Bendix Aviation Corp., Tech. Memo. 465—1016—39.

W . W . Moss (Pan American World Airways) May 1969
THE APPLICATION OF SELF—CONTAINED NAVIGATION SYSTEMS IN WORLDWIDE LONG
RANGE NAVIGATION

Canadian Aeronautics and Space Institute , Ottawa ; Canadian Aerospace
and Space Journa l , Ontario , Canada , Vol. 15.

Paper presented on Nov . 26, 1968 at the In te rna t iona l  Aerospace Exposi t ion
held in Montreal. Includes recapitulation of navigational milestones ,
1962—1968 ; esp . FAA/Litton/PanAin , Boeing—AC Electronics—PanArn .

The summarized thes is  of t h i s  a r t i c le  is t h a t  a i r  t r a f f i c  c o n t r o l  separa t ion
standards “could be safely reduced to 90 nmi for Doppler/computer equipped
aircraft , and to ~5 mini for inertial equipped aircraft ” based on comparison
of the i r  respect ive  nav iga t iona l  accu rac i e s  demons t r a t ed  in the  N o r t h  A t l a n t i c .
I n t r o d u c t i o n  of B747 equipped w i t h  Carousel  IV i n e r t i a l  system “appears to be
a b r e a k t h r o u g h  for  a transition to reduced t r a n s i t i o n  standards.”

76

_
~~~~~~~~~~~~~



A . S. L. Nagy March 1968
OPERATIONAL ANALYSIS OF TIME-FREQUENCY COLLISION AVOIDANCE SYSTEMS

Boeing Co. ,  Boeing Document No . D6— 19535

B. W. Oakley October 1964
CONFLICT DETECTION AND RESOLpTION IN AIR TRAFFIC CONTROL

Journal of the Institute of Navigation (U.K.) London , England;
Vol. 17 , No. 4 .

Amadeo R. Odoni (MIT) December 1969
AN ANALYTICAL INVESTIGATION OF AIR TRAFFIC IN THE VICINITY OF TERMINAL AREAS

Massachusetts Institute of Technology , Cambridge, Mass.; MIT Operations
Research Center Technical Report No . 46.

Ainadeo R. Odomi (MIT) May 1971
MODELLING FOR AIR TRAFFIC CONTROL SYSTEMS (BIBLIOG RAPHY)

Massachusetts Institute of Technology , Cambridge, Mass.; MIT
(Flight Technical Lab.) paper for presentation at the Operations
Research Society of America Conference , Dallas , Texas ; MIT
FTL Technical Memo No. 7 1—4 .

Our preference above other bibliographies of the subject which we have thus
f a r  encountered . Lis ts  149 t i t les  in alphabetical  sequence by author , plus
23 pages of percept ive  comment.  Categorizes a l l  items by letter codes
(G , R ,T , E ,S ,C , or 0) meaning models of ground traffic , of runway/final approach
traffic , of t e rmina l  area t r a f f i c , of enroute traffic , safety—related models ,
cost—oriented models , and other models .
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T. B.  Parker November 1958
THE EFFECT OF BLUNDERS ON COLLISION RISK CALCULATIONS

Journal of the Institute of Navigation (U.K.), London , Engl and :
Vol. 11, No. 4 .

T. B. Parker November 1959
THE CHANCES OF OBTAINING LARGE ERRORS

Journal of the Institute of Navigation (U.K.), London , England;
Vol. 12, No. 4.

B. A. M Piggot t  February 1965
A NON—LINEAR MAXIMIZATION PROBLEM ARISING IN THE STUDY OF AIRCRAFT COLLISION
RISKS

Royal Aircraft Establishment , Farnborough , England ;
RAE Technical Report 65044

B. A. ‘1. P iggot t  August  1967
ATMOSI ’HERIC TURB ULENCE AND AIRCRAFT HEIGHT—KEEPING ACCURACY

Royal Aircraft Establishment , Farnborough , England ;
RAE Technical Report 67195

~1 iio r W. L. Polhemu s , USAF (Retired) January 1965
N A V I C A F I O N  SYSTEM REQUIREMENT S FOR SUPERSONIC TRANS PORT

Journal  of the  I n s t i t u t e  of Navigat ion ( U . K . ) ,  London , England ;
Vol. 18, No. 1.

A. Pool and Th.  .~~~. Burgerhout (NLR—Netherlands) May 1964
A FEW NOTES o~: THE DETERM iNATION OF ACCEPTABLE VALUES FOR THE VERTICAL
SEPARATION BETWEEN CRUISING LEVELS OF COMMERCIA L AIRCRAF T

Nationa l Lucht—En Ruimtevaartlaboratorium , Amsterdam , Netherlands;
NLR (Netherlands) Report V—l92O.

A. Pool and Tb . J. Burgerhou t  (N L R — N e t h e r l a n d s )  September 1964
VERTICAL SEPARATION OF C I V I l  AIRCRAF T DURING CRUISING

Nat~ nat Lucht—En Ruimtevaartlaboratorium , Amsterdam , Netherlands;
NLR ( N e t h e r l a n d s )  Report  V—l93 0 .
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A. Pool and J . L. Simons August 1973
RESULTS OF CALCULATIONS FOR MONITORING THE SAFETY OF THE LATERAL SEPARATION
IN THE NORTH ATLANTIC MAIN AREA FOR THE PERIOD 1973—1977

Nationa l Lucht— En Ruimtevaart labor a torj um , Amsterdam , Nether lands;
NLR (Nether lands)  Technical Report TR—73O57 — U .

PRE November 1963
HEIGHT KEEPING IN LOW—LEVEL CROSS—CHANNE L AIRCRAF T AND ITS INFLUENCE ON
PROBABILITY OF COLLISION

Memorandum No. 2007.
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G. Raisbeck , B. 0. Koopman , S. F. Lister , and A. S. Kapadia October 1970
A STUDY OF AIR TRAFFIC CONTROL SYSTEM CAPACITY

Ar thur  0. L i t t l e , I n c . ,  Cambrid ge , M a s s . ;  Report  No.  FAA—RD— 70—7O .

Describes the functions of the present ATC system , wi th minimum detailing of
equipment or methods which implement the functions . Several approaches to
the quantitative use of measures of safety as system variables have been
formulated . The mathematical theory of time—dependent queues is found to be
applicable to ATC system—capacity problems . Part of the report discusses
aircraft—to—aircraf t separation .

Gordon Raisbeck October 1971
PROBLEM S IN THE ESTABLISHMENT OF PRACTICA L SAF E TY GOALS IN TRANSPORTATION

Arthur 0. Little , Inc., Cambridge Mass.; JCSS Conference on
Earthotiake Risk.

Gordon Raisbeck November 1971
FACTORS II~IFLUENCING CAPACITY AND EFFICIENCY IN AIR TRAFFIC CONTROL

Arthur D. Little , Inc., Cambrid ge , Mass.; Report No . FAA—RD--71—1O7 ,
under  C o n t r a c t  No.  FA7OWA—2l4 l , for Federal Aviation Administration
Systems Research and Development Service.

Pa r t of this report discusses factors related to mid—air collisions .

J .  L.  Ramsey Win te r  1973— 1974
EFFECTIVENESS LIMITATIONS OF MID—AIR COLLISION AVOIDANCE STRATEGIES

NAVIGATION : Journa l  of Nav iga t ion  ( U . S . ) ,  Wash in gto n , D . C . ;
Volume 20 , No. 4.

S. R o t c l i f f e  Oc tober 1963
AIRBORN E COLLISI ON DEVICES COMPATIBLE WITH ATC

Institute of Electri ca l and Electronics Engineers , Inc., New Y o r k ,
New York; l E i ~E Symposium on Electronics R&D f o r  Civi l Avia t ion , London.

S. Ratc liffe 1 967
AIRCRAFT SEQUENCING , PARALLEL LANDINGS AND THE TMA ROUT E STRUCTURE

Na t ional Aeronau t i c s  and Space A d m i n i s t r a t i o n , W a s h i n g t o n , D . C . ;
NASA No. A 6 8 - 2 4 6 4 2 .
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Paper presented at the IATA Technic al Conference , Lucerne , in 1967 , and
probabl y also available in a publicat ion of the international Air Transport
Association.

S. Ratcliffe (Royal Radar Establishment) October 1971
THE POTENTIAL OF EXISTING AVIONICS TECHNOLOGY

Jour nal of Navigat ion ( U . K . ) ,  London , Eng land ;
Volume 24, No. 4 , pp.  469— 483

Shows those areas in which improved avionics in the relatively near future
could contribute to overcoming the limitations described by Reich and Dickie.
Direct and efficient in an understandable presentation of the potentials of
av ionics toward the problem areas of track—keeping, spacing and separation ,
and collision risk. Very briefly considers the role of ATC , which the author
cites from the source (ATA) as supplemented by avionics developments , not
supplanted thereby. Cites 21 references worthy of attention .

R. S. Ratner July 1970
A METHODOLOGY FOR EVALUATING THE CAPACITY OF AIR TRAFFiC CONTROL SYSTEMS

Stanford Research Institute Project 8181 , First Year—End
Report , Volumes I and II.

RCA December 1967
PHASE—DIFFERENCE NAVIGATION SATELLITE STEI )Y

Radio C o r p o r a t i o n  of A m e r i c a , Moo res town , N .J . ,  f o r  N a t i o n a l
A e r o n a u t t o s  and Space Administration, Washington , D.C.; NASA
Contractor ’s Report No. NASA—CR—86 028.

RCA December 1968
NAVI GATI ON/TRAFFIC CONTR OL SATELLITE MIS SION STUDY

Radio Corporation of America , Moorestown , N.J., for National
Aeronautics and Space Administration , Washington , D.C.; NASA
Contractor ’s Report No. NASA—CR—86l62 .

R. U. Reck (MITRE) December 1972
A NORTH ATLANTIC A I R TRAFFIC  ANAL YSIS PROGRAM

Prepared by the MITRE Corporation , Bedford , Mass , for Electronic
Systems Division , Air Forc e Systems Command , USAF , Hanscom Field ,
Bedford , Mass.; MITRE Technical Report MTR—2389 , and also ESD—TR—328.
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Describes a computer program to anal yze air t r a f f i c  in the North Atlantic
ocean area . Three program options allow the user to obtain a bird ’s—eye view
of the zone traffic at a specified instant of t ime , determine the flights
which pass through a specified geographic box , and determine the time order and
l a t i t u d e  o f f l igh t s c r oss ing  a specified long itude. Typical results showing
the ins tan taneous  airborne count , amount of t r a f f i c  passing through a geo-
gr aphic zone and number of flights per hour versus time are given for two days
in 1972. Data was extracted from OAG (Official Airline Guide).

P. G. Reich (RAE) March 1961
PRELIMINARY STUDIES FOR MODELS OF FUTURE NORTH ATLANTIC AIR TRAFFIC CONTROL
SYSTEMS

Royal A i r c r a f t  Es tab l i shment , Farnborough , Eng land ; RAE Technical
Note , Math  77; also publ ished in Proceed ings of First Annual Inter-
national Aviation Research and Development Symposium , Federal
Aviation Agency.

A n expanded t i t l e  is also listed ; P r e l i m i na r y  S tud i e s  fo r  Models  of F u t u r e
North A t l a n t i c  Air Traffic Control Systems wit h Particular Reference to
Supersonic  F l i g h t .

Two extreme f o rm s of air traffic control are discussed. An a t te m p t  is made
to characterize future supersonic traffic flow on North Atlantic r o ut e s .
Separation standards which are a p p r o p r i a t e  to f i x e d — t r a c k  systems are d e r i v e d .
Some simp le models are discussed with reference to safety and economic factors.

P.  C . Reich ( RAE ) March  1963
AN EXERCISE iN COSTING THE EFFECT OF AIR TRAFFIC CONTROL RESTRICTIONS ON
NORT h ATLANTIC TRAFFI C

Royal  Aircraft Establishment , Farnborough , England ; RAE Technical
Note , Math 90.

The costs bo r ne b y a i r l i n e  ope ra to r s  as a resul t of restrictions by Oceanic
Traffic Control are estimated for the North Atlantic for 1961 , 1964 , and 1967.
The 1964 and 1967 estimates are based upon fixed—track systems adjusted to
the daily wind forecast. The analytical techniques used necessarily aim at
an averaGe interpr etation of a wide variety of factors. As they may be
controversial , they are described in detail. High , low , and intermediate
estimates are presented to indicate the variability o~ this sort of exercise.
Some methods for desi gning a route structure for least overall cost are
d e s c r i b e d .
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P. C. Reich and R. Towns April 1963
AN ANALYSIS OF JET TRAFFIC CROSSING iRE NORTH ATLANTIC ON THE 7th and 8th
OF SEPTEMBER , 1962.

Royal Aircraft Establishment , Farnborough , England; RAE
Technical Note , M a t h  97.

P. C. Reich November 1964
A THEORY OF SAFE SEPARATION STANDARDS FOR AIR TRAFFIC CONTROL

Roya l A i r c r a f t E s t a b l i s hm ent , Fa r nbo r oug h , England ; RAE Technical
Report 64041 , Departmen ta l  Refe rence :  Math  124; also publ i shed
separately as NASA N65—20667 (November 1964) by National Aeronautics
and Space Administration (NASA , U.S.).

Expressions for collision risk are given in terms of elementary probabilities
and of f r e q u e n c i e s  with which aircraft pass each other in the three dimensions
of space. Techniques ire proposed for setting confidence limits to estimates
of the probabilities , including those that depend  on the  occu r rence  of large ,
r r c , flying errors , so that similar confidence may be placed in e s t i m a t e s  of
co l l i s ion  r isk .  The large e r ro r s  are r ep re sen ted  by t h r e e  a l t e r n a t i v e  mathe-
m a t i c a l  de sc r ip t ions , so t hat  the d e c i s i o n — m a k e r , when cons ide r ing  proposals
for separation standards , c a n  compare the e l f e c t  of a l t e r n a t i v e  key assumptions
on the  e s t i m a t e d  r i s k  of c o l l i s i o n .

P. C. Reich November 1964
AN ANAl YSIS  OF PLANNED A IRCRAFT PR OX I M I T Y  AND ITS RELAT ION TO COLLISION RISK ,
WITH SPECIAL R F : ! l : R l ~N c j :  TO ‘FHE NORTH ATLANTIC REGION , 1965—1971

R ov~~l A i r c r a f t  E s t a b l i s h m e n t , F ar n b o r o u g h , Eng land ; RAE Technical
Repor t  64042; 2nd of 3 in numerical sequence.

Expressions are derived for the number of c o l l i s i o n s  to be expec ted  w i t h i n  a
traffic area in a per iod  of t i m e .  These are given in term s of the frequency
oi large flying errors and the total time during which aircraft fly nominall y
at or near a s t a t u t o ry  minimum of separa t ion  f r o m  each other (called “proximity ”).
llie or etic al t echn i ques are deve lope d to s tud y the v a r i a t i o n  of p r o x i m i t y ,  and
hence of collision risk , with increases in the general level of traffic and
w it h  changes in the diurnal traffic pattern. Results of the theory are com-
pared with observations of proximities in the North Atlantic region in the
y c t r ~ 1965—71 , based on traffic forecasts for this period .

P. C. Reich November 1964
SEPARAT ION STANDARD S IN THE NORTH ATLANTIC RE GION , 1965—1971 , IN THE
L I CUT OF RECENT MEASUREMENTS OF F1~Y I N G  ERRORS

Royal A l re raft lsta bl ishment , F ar nh o r ou g h , Eng l and ; RAE T e c h n i c a l
Report 64043, Ma t h  126 .
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in t e r p r e t a t i o n s  are proposed f o r  the sets of measurements which have been made
of track—keeping and he igh t—keeping  er rors .  From these measurements , e s t i m a t e s
are made ot the e lementary  p r o b a b i l i t i e s  and f r e q u e n c i e s  which make up the
expression for collision risk derived in earlier papers of this series.
Assessments are then  made of t he  levels  of s a f e t y  imp l ied in va r ious la te r a l
and vertical separation standards , which mig ht be considered for the North
Atlantic region , for the forecast traffic in the period 1965—1971. There is
also a brief discussion of longitudinal separation , for which there is not
yet sufficient data to allow useful estimates of collision risk.

P. G. R e i c h  (RAE) A p r i l  1965
THE RAE STUDIES OF SEPARATION STANDARD S AND COLLISION RISK: PART I , A THEORY
OF SAFE SEPARATION STANDARD S FOR AIR TRAFFIC CONTROL : PART IV , THE EXTENT OF
FLIGHT TRIALS NEEDED TO EVALUATE A NAVIGATION SYSTEM FOR C I V T L  AIR TRANSPORT

I n t e r n a t i o n a l A i r  T ranspor t  A s s o c i a t i o n , Montreal , Canada; in AIRCRAFT
NAVIGAT ION: P r o c e e d i n g s  of the 16th IATA TECHNICAL CONFERENCE , (Miami),
wo r k i n g  p a p e r s .

P re sen t s  a theo ry  b r  relating air traffic control separation standards to
collision risk. The theory (Part I) considers errors in aircraft track—
keepi :ig, and the influence of traffic density and route configuration. Pre-
sents  for the consideration of respons ib le  a u t h o r i t y ” .‘-~ame alternat ive key
assumpt ions .  A p p l i c a t i o n  of t h e  t heo ry  to the specification of navigation
systems and their testing is discussed in Part lv.

See also Treweek , Reich , and Attwoo ll , “The Anal ytical Approach to Safety
and Economic l~~ct ors. * . .

‘ A p r i l  l9b 5 .

P. C. Reich and R. Anderson (RAE) November 1965
SEPARAT iON STANDARDS IN THE LONG—RANGE AIR TRAFFIC GONTROL REGION — WiTH
SPE C IAL REFERENCE TO VERTICAL SEPARATION

Royal Aircr aft Establishment , Farnborough , Engl and ; Report RAE
Tec h n i c a l  Repor t  RAE — T M— Math— 68 ;  20 pages.

Discusses requirements for estimating sab e separation standards , and for
spe ci f~’ing the quality of navigation needed b r  g i v e n  s t a n d a r d s to be s a f e .
The rare , large , fl ying errors Ire c r u c i a l  to s a f e  s e p a r a t i o n  and t h e i r
in c i d e n c e  cannot he deduced by t h e o r y .  The rep ort t h e r e f o r e  s t r e s s e s  the
impo r ta nce of ge t t i n g  d a t a  in ope ra t iona l  c o n d i t i o n s  and i t  emp h a s i z es t h e
part which iii r c rews can play in collect i ng  o bs e r v a t i o n s .  ( ; i v~~11 a reasonably
la rge samp le  01 t rue  o p e ra t i o n a l  d a t a  (such as can he h t a in e d  w i t h  mode ra t e
ci t o r t  and c o o p e r a t i o n ) ,  t h e  s e l e c t i o n  of safe s e p a ro  ion standards is a task
in wh ich operational judgment must he combined  w i t h  m a t h em a t i c a l  a n a ly s i s .
S t a n d a r d s  must  he put  on a sound s t a t i s t i c a l  b a s i s , as w e l l  as being o p e r a —
t i on a l l y and e c o n o m i c a l l y  sat  I s f ae  t o r y .
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January, April ,
P. C. Reich and July 1966
A N A L Y S I S  OF LONG—RAN GE AIR TRAFFIC SYSTEMS

Journa l  of the I n s t i t u t e  of N a v i g a t i o n  ( U . K . ) ,  London , Eng land;
Vol .  19 , Nos. 1, 2 , and 3.

A four—part series of papers which describes the work of t h e  Royal A i r c r a f t
E s t a bl i s hm en t on var ious aspec ts  of air collision risk and traffic control;
p a r t s  1, 2 , and 3 are b y P. C . Reich , Pa r t  4 is by V.  W. A t tw o o l l .  Al l  f o u r
parts relate to the size of separation standards.

in “ Separat ion S tandards , Par t  1,” P. C. Reich outlines the approach taken by
the  RAE to the problems of e s t imat ing  coll ision r i sk  and of specif ying the
nav igat ional  per fo rmance  necessary to make separa t ion s t andards  s a f e .  In
“Separation Standards , Part 2,” he discusses some of the theoretical techniques
developed at the RAE . In “Separation Standards , Part 3,” he gives some examples
of appl ying the techniques to lateral and vertical separation standards.

in “Costing Air tra ffic Contro l Deviations , Part 4,” V. W. Attwooli discusses
how air traffic contro l deviations relate to the size of separation standards ,
and he describes methods of costing the effects of air traffic deviations.

Reich ’s “Separation Standards , Parts 1 and 2” were also published by the
U . S .  Na t iona l  Aeronautics and Space Administration (Washington , D.C.) as
technical documents NASA No. A66—2043l and NASA No. A66—29623, respoctivel y.

P. G. Reich (RAE) April 1966
AN ALY SL~ OF LONG-RANGE AIR TRAFFIC SYSTEMS: SEPARATION STANDARDS, II

Journal of the Institute of Navigation (U.K.), London , Eng land ;
Volume 19, No. 2.

in the first 0art ot this se r i e s  of papers , the approach of the Royal Aircraft
lSt ihliShmen t to the problems of estimatii~~ collision risk , and of specif ying
t h e  q u a l i t y  of nav iga t io n needed to make s e p a r a t i o n  s t a n d a r d s  safe was outlined.
A list was given of seven “requirements ” for relating separation standards to
collision risk. In this paper , some of the theoretical techni ques developed
i t  RAE to sat isf y f i v e  of these r equ i r emen t s  are discussed . Three Appendixes ,
not publ ished in the Journal but available , deal with the frequency of l o s i ng
o & p l r a t i O n  in one d imens ion , t h e  c o m p u t a t i o n  of P ’s f r om t h e assumed t a i l
shapes , and the treatment of relative errors.

P. C . Reich and R .  G. Anderson  (RAE) May 1966
SPECIFY I NG THE CALIBR ATION OF STAT IC PRESSURE SYSTEMS FOR THE SAFE U.~E OF
1000 FT. VERTICAL SEPARATION STAN DARD IN NORTH ATLANTIC JET TRAFFIC

Royal Aircraft Establishment , Farnborough , England ;
RAE Technical Report 66156.
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R. C. Reich Ju ly  1966
ANALYSIS OF LONG—RANGE AIR TRAFFiC SYSTEMS : SEPARATION STANDARDS, PART 3

Journal of the ln~ titute of Naviga t ion (U.K.) London , England:
Vol. 19, No. 3.

Of a four—part series of papers in the Journal entitled “Anal ysis of Long—
Range Air Traffic Systems ,” P. C. Reich wrote three on “Separation Standards ”
(Parts 1, 2, and 3) and V . W. Attwoo ll wrote the fourth on “Costing Air
I r a t f i c  C o n t r o l  D e v i a t i o n s . ”

In this , Part 3, P. G. Reich g ive s som e exam p les of applying techniques devel-
oped at the Royal Aircraft Establishment (Farnboroug h) to satisf y five of
seven requirements for relating separation standards to collision risk. The
techn iques themselves si re discussed in Part 2, and the approach of the RAE
to estimating collision risk and of specif ying the nav iga t iona l  p e r f o r m a n c e
required to make separation standards safe was outlined in Part 1.

P . i ~. R e i c h  Sp r i n g  1968
RAE STUDIES OF SEPARATION STANDARDS

The Journal of the Guild of Air Traffic Control Officers (U.K.);

~o1 ‘+ , No . 5.

[he Reich papers  p rev ious ly  pub l i shed  in the Journa l  of the I n s t i t u t e  of
Na v i g a t i o n  ( U . K . )  have alread y described the princi ples and techni ques
de veloped  at or used by the Royal Aircraft Establishment in the RAE approach
to estimating collision risk and determining navigational performance require-
ments r e q u i r e d  to make separation standards safe. Observations of fl ying
er rors  are emphasized t h r o u g h o u t  the  RAE studies .

Ihe main purpose of tbils paper is to g ive some examples of the  a p p l i c at i o n  of
RAE t echn i q u es to standards o f lateral separation and vertical separation .
The examples draw on results of the studies of jet traffic in the North
Atlantic region , but the methods are shown to be app l i c a b l e  to o the r  a reas .

P.O . Reich (Ministry of Defense) Jul y 1971
INFLUENCE OF LAND AND AIRSPACE DEMANDS ON CONTR OL TECHNIQUES IN CURRENT USE

Journal of Navi gation (U.K.), London , England; Vol. 24, No. 3.

J. J. Renes (NLR) October 11 , 1974
PRELIMINARY REMARKS ON THE RESULTS OF THE STATISTICAL AN ALYSIS OF THE
EUROCONTROL MAIN SSR DATA COLLECTION OF 1972

Netherlands N i t  ional  Aerosp ace Laboratory (NLR), NLR Memo WM/VV/74—Oll;
published as Working l’ ip c r  56 of W o r k i n g  (; roup “C” of the  ICAO Review
of the General O n c pt of Separation Panel by the International Civil
Av i a t i o n  Or g a n i z . i t  ion ( I CAO /R GCSP—CWP— 56 ) .
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ais  paper may or may not be identical with another listing (date and
publishing source missing) by J .  J .  Renes of the NLR: “ First  Resul t s  of
Collision Risk Calculations Using Data of About 4,000 Fl ights Processed by
CIT. ”

Resalab , Inc . July 1972
LATERAL SEPARATION : VOL. I , STUDY RESULT S

Resalab , Incorporated , I)allas , Texas; Final Report No. FAA—RD—72—58 , I.

In Volume I, a method is provided for determining minimum lateral spacings
between runways and measuring the relative safety for a given runway .

The two—volum e study is one of the most livel y of the air traffic system
separation studies performed in the current decade. The report arrives at its
determinations of lateral spac ing between runways and develops the essential
equations by use of techniques which can be analogously t ranslated from
terminal area application to enroute system application by the researcher
probing the literature.

Resalab , incorporated Jul y 1972
LATERAL SEPARAT I ON:  VOl UME II , STUDY APPROACH

Resalab , Inco r po r ated , Da l las , t exas ;  f o r  FAA SRDS , Washington D.C.;
FAA —RD—72—58 , II.

In t h i s  volume , Volume two of the report, data essential to the determination
o h  minimum l a t e r a l  spacings  between runways are p resen ted , inc lud ing  probabi l—
it ~ of collision data , “norma l operating zone” data , and blunder recovery data.
Inc ludes development of techni ques used to generate this data. Probabilit y
density functions for error of location of airfraft operating IFR , the  Fokker—
P l a n c k  equat ion , and a pa r amet r ic v a r i a t ion on t h e  pertinent system parameters
were used respectivel y to generate probability of collision data , the lateral
error probability density functions , and blunder recovery data.

The report arrives at determinations of lateral spacing between runways and
develops the essential equations by use of techniques which can he analogously
t r an s l a t e d  f r o m  t e r m i n a l  area a p p l i c a t i o n  to en rou te  sys tem a p p l i c a t i o n .

Louis W. Roberts , (DOT) TSC October 1972
FUTURE TRENDS I N  A l i~ TRAFFIC CONTROL TECI~J0LOGY

I n t e r n a t i o n a l  A i r  T ranspor t  Assoc ia t ion , M o n t r e a l , Ca n ada ;

Working paper p r es e n t e d  ~t IATA 19th Technical Conference , Dub l in , Ireland ,
October  23—28 , 1972 , by Lou i s  W. R o b e r t s , T r a n s p o r t a t i o n  S y s t e m s  Cen te r
(DOT—TSC), Cambrid ge , Mass.; IATA Conference l9/WP—l8.
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Assesses re levant  technologies  and possible future trends which would have
pote n t i a l  fo r  a p p l i c a t i o n  to advanced a i r  t r a f f i c  m~inagemen t systems (AA TMS).

R. T. Robinson J a n u a r y  196 5
ASSESSMENT OF CHANCES iN COLLISION RISK OF NORTH ATLANTIC A I R  IRAFF I C FROM
CHANGES IN THE REPORTED SI GHT iNG RATE

Royal A i r c r a f t  E s t a b l i s h m e n t , Fa rnborough , Eng la nd;  RAE Tec hn ica l
Report 65002.

W. P.  Robi n son (B OAC) J u l y 197 1
AR EA NAVIGATION

Journal  of N a v i g a t i o n  ( U . K . ) ,  London , E n g l a n d ;  Vol. 24 , No. 3.

In this paper , W. P. Robinson of the British Overseas Airw ays Co r po r a t i o n ,
London Airport , discusses the expected benefits to the pr oeli t ATC system
to be de r ived  by use of a rea  n a v i g a t i o n ,  lie c i t e s  as typical benefits of
area navigation , bypass tracks , multitracks b r  s e g r e g a t i o n  of air traffic
by speed or fli ght confi guration , multitracks for omni dire~ tional traffic
i low , imp roved a l i gnment  o f r ou te s  r e s u l t i n g  in cost h enc h it , enhancement
01 h o l d i n g  pat  t e r n  siz ing and s i t i n g ,  enhancement of STOL and  he l  i c op t e r
ope rat  iona l p r o c e d u r e s .

E. Roessger and G. Raenike  (Technical Universit y of Berlin) A pril 1965
THE CALCUlAt ION OF Nl NJ N! M-TDff~ TRACKS BY I)IGJTAL COI~D~UT ER

International Air Transport Association , Montreal , Canada; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA tECHNICAL
CONi - 1- R [-NLV (M i a m i )  A pril 22—30 , 1965.

M i n i m u m — t i m e  t r a c k s  f o r  c i v i l  a i r c r a f t  ir e  u sua l l y  c o n s t r u c t e d  by grap h i c a l
m e t h o d s .  To improve  on the  l i m i t e d  a c c u r a c y  and s lowness  of gr aph i ca l met h ods ,
the authors suggest that a method depe n di n g on In analogy with Huvgems ’ laws
of refraction can be adapted to a di gital computer. With a relative ly small
c o m p u t e r , the calculation of the track from London to New York can he comple ed
i n 90 seconds .

F . Roessger and C. Raenike (Tech. Univ. of Berlin) April 19b5
A DEV ICE FOR DEMONSTRATIN G FLI GHT LEVELS , ALT l~t E l l R  READIN G S , l’R A N S I l I O N
ALTITUDE , ElCUIRA

I nt e r n a t i o n a l Air T r a n s p o r t  Assoc ia t ion , Mont r ea l , Canad a ; in
AIRCRAFT NAV I GA T I ON :  Pro~ eedings of the 16th 1ATA TECHNiCAL
CONFERENCE , (Miami); w -rk ing paper U[’-19 .
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This paper may or may not be identical with another listing (date and
pub l ishing sour ce missin g) by J .  J .  Renes of the N LR: “First Results of
Collision Risk Calculations Using Data of About 4,000 Flights Processed by
CIT. ”

Resalab , Inc . July 1972
LATERAL SEPARATION : VoL. 1, STUDY RE SULTS

Resalab , Incorporated , l)allas , I’ cxas; Final Report No. FAA— RD—72—58 , I.

In Volume I, a method is provided for determin ing minimu m lateral spacings
between runways and measuring the relative safety for a given runway .

The two—volume study is one of the most lively of the air traffic system
sepa r a t i o n  studies performed in the current decade. The report arrives at its
determinatior s of lateral spacing between runways and develops the essential
equations by use of techniques which can be analogously translated from
termi aal area app lication to enroute system application by the researcher
probing the literature.

Resalab , Incorporated July 1972
LATERA L SEPARATI ON : VOLUME II , STUDY APPROACH

Resalab , Incorporated , Dallas , Texas ; for FAA SRDS, Washington D.C .;
FAA — RD—7 2—SB , II.

In this volume , Volume two of the report , data essential to the determination
of min imum lateral spacings between runways are presented , including probabil-
ity of collision data , “normal operating zone” data , and blunder recovery data.
Includes development of techni ques used to generate this data. Probability
density functions for error of location of airc raft operating IFR , the Fokker—
PI inck equation , and a parametric variation on the pertinent system parameters
were used respectivel y to g~ nerate probability of collision data , the lateral
error probability density functions , and blunder recovery data.

The report arrives at determinations of lateral spacing between runways and
develops the essential equations by use of techn iques which can be analogously
translated from terminal area application to enroute system application .

Louis W .  Roberts , (DOT) TSC October 1972
FUTURE TRENDS I N AIR TRAFFIC CONTROL TECHN OLOGY

International Air ‘l ransport Association , Montreal , Canada;

Working paper presented at IATA 19th lichnical Conference , Dublin , Ireland ,
October 23—28 , 1972 , by Louis W. Roberts , Transportation Systems Center
(DOT—TSC), Cambridge , Mass.; IATA Conference 19/WP—18.
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The or iginal  t i t l e  of the IATA 16th Technical Conference working paper was
longer: “Model and Slide Rule to Demonstrate the Relative Vertical Position
of the Flight Levels, the QNH Altitudes , the QFE Heights , the Transition
Altitude , the Transition Level , and the Transition Layer.” The “Q Signals”
decoded in ICAO Doc. 8400/3:QNH—Altimeter subscale setting to obtain eleva-
tion when on the ground ; QFE — Atmospheric pressure at aerodrome elevation
(or at the runway threshold).

This paper describes a device , which may take the form of a slide rule or
a pictorial presentation , that demonstrates the algebraic sum of the factors
involved in the relation between “flight level ,” QNH altitude , QFE height ,
transition altitude , transition level , and transition layer . It may serve to
facilitate vertical control on entering the terminal area.

The relationship of the “ambiguities” in vertical position reporting to
separation and safety are found in the FAA statement in Airman ’s lnformation
Manual ,”.. .a high percentage of near mid—air collisions occur below 8000 f eet
AGL and within approximatel y 30 miles of an a i r p o r t  w i t h  a con t ro l  tower.”

The authors are associated with the Institute for Air Navigation and Air
Transportation , Technical University of Berlin.

E. Roessger and G. Raenike (Tech. Univ. of Berlin) April 1965
A SIMPLE QFE ANI) QNH i N D I C A T O R  AND A SLIDE R IfLE FOR THE DETER M INATION OF THE
QNB FR OM THE QFE

International Air Transport Association , Montreal , Canada; in
AIRCRAFT N A V i G A T I O N : Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WI’-22.

The authors are associated with the Institute for Air Nav igation and Air
l ransportation , Technical University of Berlin . In Working Paper 20 of IATA
Conference 16 , they d e s c r i b e  i n s t r u m e n t s  which  show the  al gebra ic sum of the
quantities QFE (atmospheric pressure at aerodrome elevation) , ~NH (altimeter
subscale setting to obtain elevation when on the ground), and the altitude of
the airport. The authors postulate that these instruments may facilitate
v~ rtical control on entering terminal areas.

Obviousl y the procedural mathematics put forth in the several papers by
Roessger and Raenike are directed primarily to the interests of the opera-
tional fligh t crew. However , they comprise categories of observations which
may become input data for separation stud y analyses. It is suggested that
some it tention to these efficient reports may reward the researcher with
awIreness of real—world” considerations.
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Russel Rollin , Hodge Doss, Elmer Smith , and Randall Clime April 1964
(Univ. of Mich.)
INVl:Si IGATION OF PRECISION POSITION DETERMINATION BY DISTANCE—MEASURING
TECHNIQ UES

University of Michigan , Ann Arbor , Michigan; under Contract
DA—36—039—SC—7880l for Dept. of the Army .

Project MICHIGAN (a long—range program for advancing Army ’s combat—surveillance
and target—acquisition capabilities) focusses on MTI radar , imaging radar ,
rad io  locat ion , and in f ra red  and other special investigations. Discusses such
techniques as HIRAN , LORAN , SHORAN , the geodimeter , and the teliurometer.

Stanley N. Roscoe and E. F. Kraus Fall 1973
(Univ. of Ill, and McDonnell—Douglas)
PILOTA GE ERROR AND RESIDUAL ATTENTION: THE EVALUATION OF A PERF O RMANCE CONTRO L
SY STEM IN AIRBORN E AREA NAV IGATION

Journa l  of the  I n s t i t u t e  of Navigation (U.S.) Washington , D.C.;
NAVIGATION : Vol 20, No. 3. Paper presented at the International
Na v i gation Congress , Hanover , Germany , October 4, 1973 , h~
Dr. C. 0. Hopkins of the University of Illinois , on behalf of the
authors.

As recap itulated in introductory paragrap hs , pilotage error is an essential
component of nav igational course de v i a t i o n , or “ f l i g h t  t e c h n i ca l  e r ro r . ” The
l a t t e r , in turn , is one of the critical considerations in specif ying defined
airwa y widths. At that ultimate point in a rationale , airspace regulation is
the issue. This paper discusses “error budget ” and the contri huLion made to
it by pilot ige error. See slso similar material in ‘ Assessment of Pilotage
E r r o r . . ” by Roscoe , published in Human Factors , 16 , 3, June 1974 (Johns
Hop kins  U n i v e r s i t y  E r ~- s o ) .

Stanley N. Roscoe (Univ. of Ill.) June 1974
ASSI:SSMI-:NT OF PILOTAGE ERROR IN AIRBORNE AREA NAVIGATION PROCEDURES

Johns Hopkins Univer sity Press, Baltimore , Mary land ; in Human Factors:
Journal of the Human Factors Society, Vol 16 , No. 3, pp. 223—228.

The publication of Advisory Circular AC—9O—4S , titled , “Approva l of Area
Navigation Systems for Use in the U.S. National Airspace System ,” (FAA 1969)
“ imp l e m e n t e d an emp iricall y quantitative basis for d e t e r m i n i n g  a i rways  route
w i d t h s  in t h i s  c o u n t r y . ” Thus the FAA “legally attached economic premiums and
penalties to human performance , as well as equipment performance , in man—
mac h ine system design .” Flight experimentation and simulation are both
required to establish the accuracy of use and t reedom from blunders associated
with systems i nvolving disp lay ; and controls. This paper describes an auto—
ma ti e ;ilI y adaptive side task which provides a saturating leve l of p iIo ~
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workload and allows the statistically reliable measurement of a pilot ’s
residual attention in a sensitive and orderly manner. This is proposed as
a common metric for area navigation system assessment.

Closely related to paper in NAVIGATION—Fall 1973, by Roscoe and Kraus of the
University of Illinois, “Pilotage Error and Residual Attention” (q.v.).

R. Rose and F. Dee (RAE) 1963
AIRCRAFT VORTEX WAKES AND THEIR EFFECTS ON AIRCRAFT

Royal Aircraf t  Establishment , Farnborough , England;
RAE Technical Note Aero 2934 .

D. A. Rossman and R. J .  1(irchoff (Date missing)
GROUND—BASED COLLISION AVOIDANCE FUNCTION FOR THE 1980 AIR TRAFFIC CONTROL
SYSTEM

IBM Corporation, Gaithersburg, Maryland.

RICA May 3, 1955
REEVALUATION OF VOR—AIRWAY LATERAL SEPARATION CRITERIA

Radio Technical Commission for Aeronautics , Washington , D.C.;
Special Committee 62 paper SC—62/86—55 DO—63, 98 pages.

RTCA November 1968
ALTIMETRY

Radio Technical Commission for Aeronatuics , Washington, D.C.;
RTCA Paper 215—58/0088.

R. A. Rucker (MITRE) September 1975
AVIATION COLLISION RISK IN U.S. VS. AIRWAY LATERAL SEPARATION STANDARDS-—
A HISTORICAL PERSPECTIVE

The MITRE Corporation , McLean , Virginia ; MITRE Technical Report
MRT—7 030.

Promotes the thesis that there is “virtually no evidence to suggest” that the
present United States lateral separation standard for airways has been a con-
tributing factor in any collision involving at least one IFR aircraft. This
paper was provided at the ICAO RGCSP 3rd Meeting (Montreal, August—September
1975) as “U.S. Background Information Paper No. 4.”
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R. A. Rucker (MITRE) November 1975
AUTOMATED IFR TRAFFIC CONTROL: PROJECT OVERVIEW & OBJECTIVES

The MITRE Corporation, McLean, Virginia; MITRE Technical
Report lffR—7073 for DOT—FAA/OSEM. Also published as
FAA—EM—75—lO .

Summary remarks on increased automation in future ATC are very worthwhile.
Self—described as a digital computer simulation of automated control of IFR
air traffic through an enroute arrival sector. Discusses current plans for
improvement of that  model wi th  app lications touching on data link, conflict
prediction and resolution, controller productivity, and the Upgraded 3rd
Generation ATC system (UG3rd) .

Real—world events expedited implementation of separation procedures based on
the marriage of Digital Processed Radar and Conflict Prediction.

James F. Rudolph (FAA , Flight Standards Service) 1973
AIRCRAFT WAKE TURBULANCE

Fligh t Safety Foundation , Inc., Arlington, Virginia; in “Economics
of Air Safety and Long—Range Safety Research and Development ,”
Proceedings of the Twenty—Sixth Annual International Air Safety
Seminar, Lisbon , Por tugal , November 4—7 , 1973.

Discussion of an FAA R&D program aimed at coping with current wake vortices
problems which are significant in large transport aircraft. The program is
planned to increase aircraft safety in terms of vortex hazard and allow a
large increase in airport capacities by reducing the takeoff and landing
spacing . The major points of the program include aircraft design modifications
for wake vortex elimination , vortex dissipation methods , and automatic wake
vortex avoidance systems.



R. H. Sawyer, M. D. McLaughlin, and N. S. Silsby July 1968
SIMULATION STUDIES OF THE SUPERSONIC TRANSPORT IN THE PRESENT-DAY AIR
TRAFFIC CONTROL SYSTEM

National Aeronautics and Space Administration, Washington , D.C .;
NASA Technical Note D—4638.

M. E. Schucart and J. B. Arnett (North American Aviation , Inc.)  April 1965
A PRELIMINARY ANALYSIS OF THE NORTH ATLANTIC ROUTE STRUCTURE AND NAVIGATIONAL
SYSTEM ERROR

International Air Transport Association, Montreal, Canada; in
AIRCRAFT NAVIGATION: PKOCHBilIN~8 OF THB 16th IATA TECHN ICAL CONFERENCE ,
(Miami) working paper WP—4l, possibly published in J.I.N., 1965 or later.

Because cruise—climb operations for the SST are desirable from an economic
point of view, a single layer flight structure should be maintained . This
will be made easier by more accurate navigation systems to reduce the lateral
separation of air—lanes. Position errors within the lane also add to opera-
tional costs, since more fuel must be used, or carried, to correct them.

L. Schuchman (MITRE) October 1975
AN ACTIVE BEACON-BASED COLLISION AVOIDANCE SYSTEM CONCEPT (BCAS)

The MITRE Corporation , McLean , Virginia; MITRE Technical Report
MTR—7036, for DOT—FAA/OSEM. Also published as FAA—EM—75—7.

Describes the concept of an active Beacon Collision Avoidance System (BCAS) .
Defines the system design which enables BCAS to minimize the critical problem
of garble, and the design constraints of this air—to—air collision avoidance
system. Presents results of dynamic simulation studies of air traffic system
models based on Los Angeles Basin and the Washington National Airport .

This paper deals only with an all—active BCAS concept. In contrast , for
example, there is a BCAS wiich has a passive mode which is being developed
by Mr. George Litchford . In the Litchford system, the equipment user listens
to ATCRES ground interrogators  and airborne replies to determine the range ,
a l t i tude, and bearing of target a i r c r a f t .

The report does comment superf ic ia l ly  concerning the impact of this ATCRBS/
CAS concept on the air traffic control radar beacon system in controlled
and uncontrolled airspace , and on its complementary interface with the
DABS/IPC environment , in the opinions of its author.
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G. A. Scott (FAA) April 1975
NEW HORIZONS IN AIR TRAFFIC CONTROL

American Ins t i tu te  of Aeronautics and Astronautics, Digi tal Avionics
System Conference , Boston , Mass.;  paper 75—569 , 7 p.

According to the FAA ’s air tr a f f ic forecasts, aviation in the United States
will continue to grow into the indefinite future. To meet the demands of
this continuing growth, the existing air traffic control (ATC) system must be
improved. The goals of the future upgraded ATC system are to maintain or
improve safety, constrain or reduce costs, and increase and improve performance .
These goals will be met in part by the following new ATC features: Airport
Surface Traffic System (ASTC), Discrete Address Beacon System (DABS), Air
Traffic Control Automation , Intermittent Positive Control (IPC) , Area Naviga-
tion (RSAV) , Microwave Landing System (MLS) , and Wake Vortex Avoidance System
(WVAS) .

P. P. Scott April 1968
STUDIES OF TRAFFIC PACKING FOR ESTIMATING MID-AIR COLLISION RISKS OVER THE
NORTH ATLANTIC

Royal Aircraft Establishment , Farnborough , England ; RAE Technical
Report 68097.

Describes studies of traffic patterns for the North Atlantic , and relation-
ships between daily operations counts , route utilization and traffic density,
adjacent traffic occupy ing nearby routes or flight levels , and other measures
of “close—packing.” From traff ic forecasts, estimates are then made of route
occupancies during the period 1969—1974. These estimates are presented in the
form of distributed variables which can be fed into a Monte Carlo process for
solving collision—risk equations. The Monte Carlo process has been selected
by international agreement.

P. p. Scott February 1974
A SIMULATION MODEL OF AIR TRAFFIC ALLOCATION TO THE NORTH ATLANTIC TRACK
SYSTEM

Royal Aircraf t Establishment , Farnborough , England ; RAE Technical
Repor t 73180, Departmental Reference: Math 217.

A stud y aimed at forecasting the density which will affect the risk of mid-
air collision , and which , ther efore , will influence the sizes of separations
between flight paths .
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Robert E. Scott (University of Michigan) August 1969
STUDY AND EVALUATION OF THE OMEGA NAVIGATION SYSTEM FOR TRANSOCEANIC
NAVIGATION BY CIVIL AIRCRAFT

Federal Aviation Administration, Washington , D.C . ;  Technical Report
No. FAA—RD—69—39.

S. M. Serebreny April 1965
THE INTERRELATION OF CRUISE FUEL CONSUMPTION , TEMPERATURE, AND TRACK
SELECTION IN SUPERSONIC TRANSPORT OPERATIONS

Journal of the Ins t i tu t e  of Navigation ( U .K . ) ,  London , England ;
Vol . 18, No. 2.

Mr. Serebreny is associated with the Aerophysics Laboratory of Menlo Park,
California.

R. R. Shaw (IATA) April 1966
TEXT ON REMARKS BY TUE TECHNICAL DIRECTOR DESIGNATE, INTERNATIONAL AIR
TRANSPORT ASSOCIATION , TO FAA

Federal Aviat ion Administration, Washington, D.C.; U.S. Government
Printing Office , Washington, D.C.

Public Hearing on Lateral Separation over North Atlantic , Washington, D.C.

David J. Sheftel (FAA) April 1965
SUMMARY OF PROJECT ACCORDION DATA

International Air Transport Association , Montreal , Canada; AIRCRAFT
NAVIGATION : Proceedings of the 16th IATA TECHNICAL CONFERENCE,
(Miami) working paper WP—103.

Summarizes and discusses the data collected during “Project Accord ion” in
1962 and 1963. “Operation Accord ion” proposed to measure the operational
accuracy of doppler and other navigational systems in civil air transport
over the North Atlantic . The measurement of accuracy was made by comparison
of the subject data with aircraft positions reported by ground—based radar.

D. .1. Sheftel and S. Hirshon (FAA) April 1965
FLIGHT EVALUATION OF INERTIAL NAVIGATION AND GUIDANCE FOR CIVIL AIR TRANSPORT

International Air Transport Association , Montreal , Canada; in AIRCRAFT
NAV IGATION: Proceedings of the 16th IATA TECHNICAL CONFERENCE,
working paper WP-104.
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W. Siddiquee (Stanford) Winter 1973—1974
AIR ROUTE CAPACITY MODELS

Journal of the Institute of Navigation (U.S.), Washington , D.C.;
NAVIGATION : Vol. 20, No. 4.

Dr. Waheed Siddiquee of Stanford Research Institute , Menlo Park, California,
submitted this paper for publication , December 1, 1972, one year before its
publication in this issue of NAVIGATION . Three simp le air rou te capac ity models
are developed . These models were derived by Stanford Research Institute after
in—depth study of air route capacity. They are intended as preliminary design
aids for planners and designers of air route networks . And they were thus
applied in the Stanford effort reported by R. S. Ratner , et al., in “The Air
Traffic Controllers ’ Contribution to ATC System Capacity ” (vol s. I and Ii),
published by Stanford Research Institute.

Co h n  G. Simpson (FAA) November 1973
RECENT DEVELOPMENT IN AIRCRAFT SAFETY , AIR TRAFFIC CONTROL , AND NAVIGATION

Flight Safety Foundation , Inc., Arl ington , Virginia ; in “Economics
of Air Safety and Long—Range Safety Research and Development ,”
proceedings of the 26th International Air Safety Seminar , Lisbon ,
Por tugal , November 4—7, 1973.

Reviews recent developments in airc raft safety and air traffic control from
the work of FAA Engineering and Development. In a program for upgrading the
U.S. air traffic control and navigation system to serve requirements fore-
casted for the next thirty years , the important elements are a di scrcte
address beacon system , a collision avoidance system , and a proximity warning
indicator. The report also discusses airworthiness , crashworthiness , and
development of the KLS (microwave landing system).

William E. Simpson , OSEM/DOT October 1972
FUTURE SYSTEM CONCEPTS FOR AIR  TRAFFIC MANAGEMENT

International Air Transport Association , Montreal , Canada; presented
at the 19th IATA TECHNICAL CONFERENCE (Dublin , Ireland); work ing
paper WP— 17.

Discusses briefly the impact ol predicted demands in the 1995 period , and
describes two alternative system mechanization concepts.

Lakshman 1’. Sinha October 1973
BOUNDS ON ATTAINABLE ACCURACIES IN TRACKING AIRCRA rI’ WITH TELE?€TERED TURN
INFOR MATION

The MITRE Corporation , McLean , Virginia ; MITRE Tcchnical Report
MTR—4465 (Series 5).
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Lakshman P. Sinha (MITRE) August 1974
STEADY STATE BIAS CHARACTERISTICS OF ALPHA—BETA TRACKERS

The MITRE Corporation , McLean , Virginia; MITRE Technical Report
MIR—WP—7 7ll (Series 13); working paper (MITRE) reference
number TOS 122—47.

Discusses steady state bias characteristics of (a—b) alpha—beta trackers.
Necessary mathematical expressions for bias in position, speed and heading
are derived ; computational results are presented as a function of angular
heading change in one scan for various combinations of the position and
velocity estima ting coefficients, alpha and beta, respec tively. Also includes
analysis of bias in position and heading when prediction is made for an extended
period of time.

Dr. Lakshman P. Sinha (MITRE) Apr il 1975
ANALYSIS OF NAS-ARTS REGISTRATION AND ADAPTATION ERRORS

The MITRE Corporation , Atlantic City, N.J.; MITRE Technical Report
MTR—4 251

Deals with the estimation of errors in the adapted coordinates of ARTS in the
en route program . Also presents a simple, and computationally efficient
technique of registering ARTS sensor under certain assumptions. Appendixes
describe mathematical formulation of the estimation problem in detailed
logical processes expressed algebraically, and also describe the estimation
program itself (FORTRAN) together with extensive flow charts.

A. P. Smith (MITRE) February 1975
AN ASSESSMENT OF SEPARATION STANDARDS METHODOLOGIES APPLICABLE TO FUTURE
OCEANIC ATC SYSTEM S

The MITRE Corporat ion , McLean , Virg inia ; MITRE Technical Report
MTR— 6767.

Seeks to identify par ameters , concepts , and considerations affecting devel-
opment of an adequate methodology to evaluate separation standards for an
anticipated oceanic ATC system served by AEROSAT. Also seeks to evaluate the
standpoint of their adequacies and deficiencies in terms of evaluating
candidate oceanic ATC systems. An orderly recapitulation of past work and
review of present program status.
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Arthur P. Smith III (MITRE) January 1976
PARAMETRIC ANALYSIS OF ROUTE SPACINGS IN AN INDEPENDENT SURVEILLANCE—BASED
OCEANIC ATC SYSTEM

The MITRE Corporation, McLean, Virginia ; MITRE Technical Report
MTR—71l6, for FAA—OSEM .

Presents a parametric study of the oceanic lateral (route) separation which
would be acceptable between aircraft flying at the same altitude and in the
same direction under independent satellite surveillance. Investigates the
system performance necessary to resolve aircraft blunders.

“Independent surveillance uses the range of the aircraft from each of two
satellites whose positions are known, and the aircraft ’s reported altitude.
Dependent surveillance uses the position , altitude , and time which are
determined aboard the aircraf t and relayed to the ground via one of the
satellites,” (Smith, MITRE 6767).

J. A. Sorensen , A. W. Merz , T. B. Ch ine , J. S. Karmarker , December 1973
W. Heine, and M. D. Ciletti (Sd )
HORIZONTAL COLLISION AVOIDANCE SYSTEMS STUDY

Systems Control , Inc., Palo Alto , California; Technical Report
FAA—RD—73—203 for FAA SRDS, Washington , D.C.; also issued as
DOT—TSC—73—36 , by the Department of Transportation ,
Transportat ion Systems Center , Cambridge , Mass.

An analytical stud y of the merits and mechanization requirements of horizontal—
collision avoidance systems (CAS). The maneuvers (both horizontal and
horizontal/vertical) are found which prov ide minimum off—track deviation
and acceptable turn rates , together with adequate miss—distance with minimum
initial range. An algorithm is developed for computing appropriate collision—
avoidance maneuvers. System measurement statistics are computed , such as
false alarm rates, missed alarm rates , near—miss probability , and collision
rate. Extensive bibliography .

J. A. Sorensen , A. W. Merz , T. B. Ch ine , and J. S. Karmarker August 1974
AIRCRAFT GUIDANCE FOR AU TOMATIC COLLISION AVOIDANCE

Transportation Systems Center , U.S. Department of Transportation ,
Cambridge , Mass.; Contrac t No. TSC—535, paper presented at the
Sixth Symposium on Automatic Control in Space (IFAC, Inter-
national Federation of Automatic Control), August 1974 at Tsakhkadzor ,
Armenian SSR.

Discusses the development of guidance system requirements for automatic
prevention of aircraft collisions. The guidance commands can be computed
as part of the air traffic control function , or by means of an independent
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airborne collision avoidance system. The general problem is divided into
three parts: determination of the nmst effective maneuvers, development of
computer algorithms to estimate threats and generate evasive maneuvers
accordingly, and determine the effects of dynamic errors and measurement
errors on system performance.

H. R. Spahr and H. A. Sumlin September 1975
INTERACTIVE COMPUTER GRAPHICS APPLIED TO THE THEORETICAL AIRCRAFT/STORE
SEPARATION PROBLEM

Computers and Graphics , Vol . 1.

Paper presented by Sandia Laboratories (Albuquerque) at Conference on Computer
Graphics, Bould er, Colorado, July 1974, sponsored by University of Colorado.
Research supported by ARC (Atomic Energy Commission).

A computer program was developed which computes the theoretical trajectory
of a store in the complex flow field after release from an aircraft flying at
subsonic speeds. Construction of the source and sink models, which are part
of the computer input, presented a problem . An interactive graphics computer
program (“SOURCE”) is used to prepare source and sink theoretical aerodynamic
models for the aircraft fuselage, nacelles, fuel tanks, and store bodies.
Use of this interactive graphics computer program reduces the calendar time
required to develop the source and sink model from about two weeks to one hour .
This economy is of interest when the store shape is frequently being changed
in a development program.

R. Dixon Speas Associates October 1972
AIR TRAFFIC DEMAND DISTRIBUTION MODELS FOR EVALUATION OF FUTURE AIR TRAFFIC
CONTROL CONCEPTS

International Air Transport Association , Montreal, Canada; paper
presented at 19th IATA TECHNICAL CONFERENCE (Dublin , Ireland),
by R. Dixon Speas Associates, Manhasset (Long Island), New York;
working paper WP—l9.

Discusses the design of an ATC demand distribution model and its use for
ATC system evaluation .

L. Stachtchenko July 1965
AN INVESTIGATION OF AIRCRAFT COLLISION RISKS OVER THE NORTH ATLANTIC

Journal of the Canadian Operational Research Society, Vol. 3.

The aircraft collision risk over the North Atlantic is investigated by
measuring navigation errors via radar. The error distribution was found to
be non—Gaussian.
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H. Staras and R. W. Klopfenstein 1960
A STATISTICAL ANALYSIS OF CROSS—TRACK ERRORS IN NAVIGATION SYSTEMS UTILIZING
INTERMITTENT FIXES

IRE Transaction on Aeronautical and Navigational Electronics, Vol. ANE—7,
No. 1; Institute of Radio Engineers. The IRE was subsequently reorganized
as Institute of Electrical and Electronics Engineers (IEEE), New York,
New York.

Stuart H. Starr and Dr. Barry Horowitz (MITRE) Winter 1970—71
APPLICATION OF OPTIMAL CONTROL THEORY TO SATELLITE—BASED OCEANIC AIR TRAFFIC
CONTROL

NAVIGATION : Journal of the Institute of Navigation (U.S.),
Washington , D.C.; Volume 17,. No . 4, pages 337—348.

Describes the application of stochastic optimal control theory to the design
and analysis of a satellite—based ATC system for the North Atlantic. The
simulated environment includes errors arising from navigation , wind , and
surveillance. The control algorithm includes a Kalman filter in tandem with
an optimal regulator , with adjustable update and command rates , and command
thresholds. The analytical tool that is developed herein , can h e used as
a basis for deriving the expected separation standards to be used with a
future satellite—based system . In addition , it can be used to determine the
impact of design trade—offs on system performance.

H. A. Steinberg July 1969
A SAFETY MODEL FOR EVALUATING RISK INVOLVED IN AIRPORT LANDING OPERATIONS

Mathematical Applications Group , Inc., Document MR—6901, Report of
U.S. Department of Transportation Air Traffic Control Advisory
Committee , Vol. 2, Append ix B—2 , December 1969.

Gives a general description of a safety model for aircraft landing on a
single or close parallel runways. Calculations are performed which compare
risk to runway separation of parallel runways with and without longitudinal
control.

H. A. Steinberg March 1970
COLLISION AND MISSED APPROACH RISKS IN HIGH-CAPACITY AIRPORT OPERATIONS

Institute of Electrical and Electronics Engineers , Incorporated ,
New York , New York; Proceedings of the IEEE, Vol. 58, No. 3, p. 314.

A study is made to develop a risk model for airport landing operations . Par-
ticular emphasis is placed on simultaneous use of closely spaced parallel run-
ways and on reduction of longitudinal separation on final approach. Based
upon certain simplif ying assump tions , the missed approach and collision rates

100



are evaluated . For the parameters considered it is found that a safe separa-
tion distance for parallel runways is approximately 2500 ft. Further , an
acceptable missed approach rate can be maintained if the average spacing at
the runway threshold is 62 seconds without speed adjustments on final
approach; with some speed adjustments , 55 seconds is suf f i c ient , assuming a
runway occupancy time of 40 s”con4s.

E. Stepner and J. S. Tyler, Jr. (SCI) August 1971
THE COMPUTATION OF POSITION ERRORS FOR AIR TRAFFIC CONTROL SURVEILLANCE MODELS

Systems Control , Inc., Palo Alto , California; AIAA Paper No. 71—927;
AIAA Guidance , Control , and Flight Mechanics Conference (Hempstead ,
N.Y., Hofstra University), August 16—18 , 1971. American Institute
of Astronautics and Aeronautics , Philadelphia, Pa. (Editorial
Offices , New York , N.Y.).

Considers the development of a mathematical model for specifying parameters
of a surveillance system in accordance with accepted standards of collision
risks. A key parameter for specifying collision risk is the probability of
overlap. This study relates probability of overlap to the surveillance
system parameters by modelling the time—dependent behavior of an aircraft
under the influence of a surveillance system. Appendix A treats “Assumptions
and Development of Reich Model.”

D. E. Stepner , W. Heine , and J. A. Sorensen (Sd ) February 1973
OCEANIC AIR TRAFFIC CONTROL SURVEILLANCE SYSTEMS STUDY

Systems Control , Inc., Palo Alto , California; FAA—RD—73—8 for Federal
Aviation Administration .

A general approach for modeling the interaction of the major elements of the
Oceanic ATC system , which are the ATC procedures and the airborne navigation
system . It is shown that the lateral separation standard can be reduced from
120 nautical miles to 45 nautical miles, and the longitudinal standard from
15 minutes to 10 minutes , provided all aircraft are equipped with INS (Inertial
Navigation System). Further , the lateral separation can be further reduced
to 30 nautical miles if an independent surveillance system is included .
Extensive trade—off studies are made to determine the most sensitive
parameters of the Oceanic ATC system .

D. E. Stepner September 1973

~ )DELLING OF AIRCRAFT POSITION ERRORS WITH INDEPENDENT SURVEILLANCE

AIAA Journal , Vol. ii , No. 9; American Institute of Aeronautics and
Astronautics , Philadel phia, Pa.;
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In oeder to reduce present air traffic separation standards , a means must be
established of quantitatively measuring the safety level of a particular
route structure. The distribution of aircraft position errors about their
intended tracks is the most important factor in determining route safety.
This paper , presented at the AIAA Eleventh Aerospace Sciences Meeting ,
Washington , D.C., January 10—12 , 1973 , offers a modelling techniqi:e which can
compute the probability density function of position errors as the aircraft
proceeds along the route. The technique takes into account not only the
time dependence , but also all the factors influencing the aircraft ’s position
errors , such as surveillance fix rate , and air traffic control procedures.

B. Stockwell February 1970
THE SPOT lI~ SYSTEM

British Interplanetary Society Journal , Vol. 23, pp. 105—124.

Describes ATC needs for oceanic routes; demonstrates requirements for accurate
position determination and improved air—ground communications; examines
various techniques for position determination , and selects for implementation
a ranging concept. The latter employs two satellites to provide two measure-
ments of aircraft range which are used with the known altitude of the aircraft
to determine precise position of the aircraft. Describes the total system and
details of the functions of air traffic control , data transfer , and voice
transfer. Also describes the various spacecraft supporting subsystems .

F. S. Stringer (RAE) April 1965
RESEARCH AND DEVELOPMENT RELATED TO NAV IGATION ON LONG—DISTANCE ROUTES

International ~
\
~ r Transport Association , Montreal , Canada; in

AIRCRAFT NAVIGATION: Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami).

As presented to the Miami conference , the title was longer. The shorter title
suggests that it was later published in Journal of the Institute of Navigation
(U.K.). The paper establishes a familiar departure point , that a reduction in
separation standards demanded by expected increasing traffic density will
require more stringent navigational performance. Navigational sub—systems
are then reviewed , both external—reference and self—contained . It is concluded
that the future airborne navigation system must include both , and combine them
by means of a digital computer. Communications requirements are also discussed .

J. T. Stultz (Sikorsky) February 1969
A NEW CONCEPT FOR AIRCRAF T SEPARATION STANDARD S

American I n s t i t u t e  of A e r o n a u t i c s  and A s t r o n a u t i c s , P h i l a d e l p h i a , P a . ;
paper numbered A1AA 69— 211 , presented  at th~ AIAA / AH S VTOL Research ,
Design , and Ope r a t i o n s  M e e t i n g ,  Georgia I n s t i t u t e  of Technology ,
At l an ta , Georgia ( j o i n t  mee t ing  w i t h  Am er ic an  H e l i c o p t e r  S o c i e ty ) .
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Describes some results of an Instrument Operations Stud y conducted by Sikorsky
Aircraft (Stratford , Conn.) to consider high density air traffic operations ,
with special interest in enhancing VTOL or joint CTOL/VTOL terminal area
movement. Determined that holding of air traffic is a control device which
must be abandoned , the author proposes use of an ATC computer and state—of—
the—ar t electronics technology to “modernize” reduced separation standards,
and “continuous monitoring” of aircraft progress within reduced tolerances
of track—keeping.

J T. Stultz and R. W. Dorozentski October 1969
V/STOL CONSIDERATIONS IN AIR TRAFFIC CONTROL

American Institute of Aeronautics and Astronautics , Ph iladelph ia , Pa.;
paper numbered AIM 69—1055, presented at the AIM Anual Meeting,
ANaheim , Cal i forn ia .

Discussion of V/STOL air t r a f f i c  control and equipment considerations,
with indication of a system to f ul f i l l  the needs as demand increases. In
lieu of the distance separation technique which has been used to date, it
is recommended that a t ime—veloci ty separation system be employed. Such
a system can provide an e f f i c i e n t  operat ion by using direct  rout ing , positive
control at all times , and automation in control at a high rat.~ of systemu t i l i za t ion .

Systems Research , Inc . 1973
ECONOMIC PENALTY TO NORTH ATLANTIC AIRLINE OPERATORS DUE TO ADHERENCE TO
PRESENT—DAY SEPARATION STANDARD S

L 

J. S. Szymkowicz (FAA) February 1967
ALT IMETRY

The I n s t i t u t e  of Navigat ion ( U . S . ) ,  Washi ngton , D.C.; Proceedings of
the ION National  Air Meeting on Collision Avoidance , Dayton , Ohio ,
paper presented by the Federal Aviat ion Adminis t ra t ion .  Possibly
also published by FM in 1968.
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Warren Tay lor May 1959
A METHOD FOR ESTABLISHING SUITABLE VERTICAL SEPARATION BETWEEN AIRCRAFT
FLYING ON THE AIRWAYS

Paper presented at the 15th National Meeting of the Operations
Research Society of America.

Produced in 1959 and apparently unpublished (available as 12 pages of multi—
printed typescript), Lt. Commander Warren Taylor (USN, Operat ions Analysis
Directorate) was assigned to the Atlantic City experimental center (NAFEC)
when this paper was presented at the 15th Nat ional  Meeting of the Opera t ions
Research Society of America. It was possibly published in the appropriate
“Proceedings .” App lies the overlap of the tai ls  of two d is t r ibut ions  to
collision risk in the ver t ica l  dimension.

Warren Tay lor Apr i l  1960
A PROBABILITY MODEL OF THE AIRCRAFT SEPARATION PROBLEM

FAA Bureau of Research and Development , A t l an t i c  C i t y ,  New Jersey
( la ter  NAFEC) .

The paper presents a mathematical model of the relationship between aircraft
separa t ion and f l i g h t  v a r i a b i l i t y  for  a i r c r a f t  on airway routes  in terms of
collision p robab i l i t y .  The development y ields a closed form of t h i s  relat ion-
ship which shows the effects of the three space dimensions and time itself
on this problem . A discussion of the assumptions and approximations of the
formulation are set forth in an append ix to the paper. A second appendix
offers a manner for determining a point of diminishing return which provides
a low collision hazard and at the same time trades off a small amount of
separation to be provided for the aircraft.

See also “Author ’s Explanatory Comments on ‘A Probability Model of the A ircraf t
Separation Problem ” (Apr il 1960), published by FAA , Research Division ,
Atlantic City, N.J. (NAFEC).

Warren Taylor Apr il 1960
AUTH OR ’s EXP LANATORY COMMENTS ON “A PROBABILITY MODEL OF THE AIRCRAFT
SEPARATION PROBLEM”

Federal Aviation Administration (FAA ) Research Division ,
Atlantic City, New Jersey (later NAFEC).

See also the reference paper , “A Probability Model of the Aircraft Separation
Problem ” (April 1960), FAA , Bur eau of Resear ch and Developmen t , Atlantic City,

~.J. (NAFEC).
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Warren Taylor, F. K. Yos t, and P. S. Ball, Jr. May 1960
MINIMUM SEPARATION OF DUAL PARALLEL RUNWAYS

Federal Aviation Administration ( FAA) Research Division,
Atlantic City, New Jersey (later NAFEC).

Or “Theoretical Minimum Separation of Parallel Runways .”

F. W. Thesen March 1971
THE SEPARATION DILEMMA——ICAO EFFORTS TO OVERCOME IT

ICAO Bulletin , Vol. 26 , No. 3.

An ICAO Panel , Review of the General Concept of Separation (RGCS) , was formed
in 1970 and held its first meeting in January 1971. The Panel will explore
the possibi l i ty  of developing an advanced theory of separation of a i r c r a f t ,
lead ing to a scientific method for establishing all forms of separation and
methods for their application and , in so doing , will not close its eyes to
possible future separation techniques not requiring the application of
specific separation minima .

T. G. Thorne (RRE) and J. D. Ackerman (AAEE) Apri l  1965
THE ERRORS OF AN AIRBORNE DOPPLER NAVIGATION SYSTEM

International Air Transport Association , Mon treal , Canada; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA TECHNICAL
CONFERENCE , (Miami); working paper WP—8l.

Presented by T. C. Thorne of the Royal Radar Establishment , and Wing Commander
J. D. Ackerman , of the (U.K.) Aeroplane and Armament Experimental Establish-
ment , Boscombe Down.

R. Towns September 1964
AN ANALYSIS OF NON—JET TRAFFIC CROSSING THE NORTH ATLANTIC ON 7th AND 8th
SEPTEMBER 1962.

Royal Aircraft Establishment , Farnsborough, England ;
RAE Technical Report 64002.

K. H. Treweek, P. G. Reich , and V. W. Attwooll (RAE) April 1965
THE ANALYTICAL APPROACH ‘10 SAFETY AND ECONOMIC FACTORS WHICH DETERMINE
NAVIGATIONAL REQUIREMENTS IN A LONG-RANGE TRAFFIC AREA

International Air Transport Association , Montreal , Canada; in
AiRCRAFT NAVIGATION: Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP—77.
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The cost of investment in navigational facilities is compared with the
penalties imposed by traffic control to minimize collision risks. Conditions
over the North Atlantic in the near future are taken as an example. The
danger of assuming a gaussian distributicn for the infrequent large errors in
navigation (when defining separation standards) is emphasized .

This paper is an addendum to the Reich paper “The RAE Stud ies of Separation
Stand ards and Collision Risk” (IATA 16, Apr il 1965). Paragraph and figure
numbers run serially from the main paper , which also contains the list of
references.

K. H. Treweek (RAE) July 1965
AN APPROACH TO THE PROBLEM OF ESTIMATING SAFE SEPARATION STANDARDS FOR AIR
TRAFFIC

Journal of the Institute of Navigation (U.K.) London, England ;
Vol. 18, No. 3.

Restrictions imposed by air traffic control become more significant to opera-
ting economy as air traffic increases. The immediate cure is to reduce sepa-
ration standards. However, this cannot be done safely without understanding
the factors and principles which underlie collision risk. This paper deals
with the problem of determining safe separation standards with the aid of
statistical inference from a sample of observed flying errors.

TRW Systems Group June 1969
NAVIGATION/TRA 1

~FIC CONTROL SATELLITE MISSION STUDY: VOLS. I, II , I I I

TRW Systems Group , Redondo Beach , Cal if o r n ia , for National
Aeronautics and Space Administration , Electronics Research
Center (NASA—ERC), as NASA Contractor ’s Report (NASA—CR—86166).

An analysis performed for NASA—ERC relating operational requirements in the
North Atlantic post—1975 system to proposed technology for satellite usage,
aircraft position determination , and communications . In three volumes:
Volume I: Summary, by J. H. Craigie , et al.; Volume II: System Analyses
(includes the requirements ), by Craigie , Dobieski , Raymond , Schul tz , et al.;
and Volume I I I :  System Concepts , by Cra ig ie , Capriog lio , Renn , Drucker ,
Pierce , et al.

The resultant hypothesized system is discussed in detail. Each volume
includes a list of relevant references.
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TSC (DOT Transportation Systems Center) January 1975
ADVANCED AIR TRAFFIC MANAGEMENT SYSTEM STUDY: EXECUTIVE SUMMARY

Transportation Systems Center , Department of Transportation ,
Cambridge , Mass.; Technical Report DOT—TSC —O ST—75—l .

Discusses Air T ra f f i c  Control , Surveillance, Automation , Satellites, Upgraded
3rd Generation ATC System. See also “Technical Summary ” (March 1975), and
“Overview” (June 1975) .

J. S. Tyler , D. E. Stepner , and J. A. Sorensen (Sd ) June 1972
AN AIR TRAFFIC CONTROL/SURVEILLANCE MODELLING APPROACH FOR SPECIFYING LANE
SEPARATION STANDARD S

Systems Control, Inc., Palo Alto, California; Report No. DOT—TSC—260—2
for Transportation Systems Center, Cambridge, Mass. Also published by
NATO Advisory Group for Aeronautical Research and Development
(Neuilly—sur—Seine, France), in AGARD—CP—l05 (June 1972).

Considers relating lane separations to separation (collision risk) for various
navigation systems, surveillance systems, and ATC procedures. Describes a
model which has two significant extensions to the “well—known Reich model...
for specifying North Atlantic route separations.” The time—varying nature of
aircraft position errors is modelled , and the capability of including an inde-
pendent surveillance system is modelled . Presents numerical results to show
the impact of INS (Inertial Navigation System) and satellite surveillance to
reductions of lateral separations of North Atlantic routes to 45 nautical
miles (supported by INS only), or to a possible “less than 30 nautical mile
lateral separation” with support of INS together with independent satellite
surveillance . Use of this modelling technique to determine sensitivity of
system parameters is illustrated . See also Technical Report FAA—RD—73—8 ,
“Oceanic ATC Surveillance Systems Study.” by Systems Control, Inc., (Stepner ,
et al.), February 1973, for related work by (effectively) the same team.

J. S. Tyler, Jr., D. M. Brandewie, W. Heine, and R. Adams Summer 1975
AREA NAVIGATION SYSTEMS: PRESENT PERFORMANCE AND FUTURE REQUIREMENTS

NAVIGATION: Journal of the Institute of Navigation (U.S.),
Washington, D.C.; Volume 22, No. 2.

Paper presented at the 30th Annual Meeting of the Institute of Navigation,
San Diego , California, June 27, 1974. Describes preliminary results of an
effort to provide subst intiating data for the recommendations of the FAA!
Industry Task Force on RNAV (Area Navigation). Tyler and Heine are with
Systems Control, Inc. (Palo Alto , California), Brandewie is with FAA
(Washington, D.C.), and Adams i& with Champlain Technology, Inc. Despite
the promising t i t le, this report has l i t t l e  relevemcy to separation
standards studies.
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U.K. Guild of Air Pilots and Air Navigators April  1965
BASIC REQUIREMENTS OF THE NAVIGATION SYSTEM

International Air Transport Assoc iation , Montreal , Canada ; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP—lol.

U .K .  National Air Traffic Control Services April 1965
STAFF TARGET FOR IMPROVED NAVIGATIONAL ABILITY

International Air Transport Association , Mon treal , Canada; in
AIRCRAFT NAVIGATION: Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP— 74.

The longer expression of the title is “Staff Target for Improved Navigational
Abili ty on the North A t l a n t i c  Routes——with  Worldwide Development Potential .”
That indicates fairly well the nature and scope of the text .

The U.K. Nat ional ATC Services also submitted working papers to IATA Sixteenth
including hP— 78 , “The ATC Requirement for  Navigat ional  Capabi l i ty  Over the
North Atlantic;” WP—84, “The Requirement for Standardized Navigation Techniques ;”
WP—87 , “An ATC Survey of Nor th  At lant ic  Navigation Problems ;” and WP—l02,
“The DECTRA System as a Long—Distance Navigation Aid for  the North  A t l a n t i c . ”

In these papers, separation standard theory or development is not treated
in depth, cost penalty from ATC restriction is considered br iefly, and the
burden of textual content concerns navigational equipment (airborne and
aground) and procedures from the viewpoint of the controller (more) as well
as the pilot (less) . Stress is placed on the importance of navigational
deviation or conformance to safety.

U.K. National Air Traffic Control Services April 1965
THE ATC REQUIREMENT FOR NAVIGATIONAL CAPABILITY OVER THE NORTH ATLANTIC

International Air Transport Association , Montreal , Canada; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP—78 .

The operators and the ATC a u t h o r i t y  must determine the mutual ly  acceptable
balance between the cost of diversions from the  most economical t r ack—pro f i l e
and the provision of more expensive equipment . As t r a f f i c  tends to concentra te
on specif ic  f l i g h t  paths , accomodation to acceptance of random—track becomes
unworkable. The dilemm a of navigat ional  c a p a b i l it y  requirements  Is avoided ;
the ATC requirement for navigat ional  capab i l i ty  over the Nor th  At l an t i c  is
developed on the basis of the assumption that organized track systems (not
receptive to random f l i g h t  paths)  wil l  prevai l .

The U . K .  Nat ional  Air  T r a f f i c  Control  Services also submitted the following
other working papers to IATA Sixteenth: WP—74, “Staff Target for Improved
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Navigational Ability. . . ;“ WP—84, “The Requirement for Standardized Navigation
Techniques;” WP—87, “An ATC Survey of North Atlantic Navigation Problems;” and
WP—l02, “The DECTRA System. . .“
U.K. National Air Traffic Control Services April 1965
ThE REQUIREMENT FOR STANDARDIZED NAVIGATION TECHNIQUES

International Air Transport Association, Montreal, Canada; in
AIRCRAFT NAVIGATION: Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP—84.

It is suggested that navigation equipment and techniques might be such as to
provide a certain agreed—on capability, albeit recognizing that it would be
impracticable to require the use of identical equipment in aircraft on North
Atlantic routes. Some reduction in separation standards should become pos-
sible were the outlined procedures to be put to maximum use. A larger reduc-
tion in separation standards would require systems capable of very accurate
fixing of aircraft position.

The U.K. National ATC Services also submitted to IATA Sixteenth the following
other working papers: WP—74,, “Staff Target for Improved Navigational Ability;”
WP—78, “The ATC Requirement for Navigational Capability Over the North Atlan-
tic;” WP—87, “An ATC Survey of North Atlantic Navigation Problems;” and WP—102,
“The DECTRA System as a Long—Distance Navigation Aid .”

U.K. National Air Traffic Control Services April 1965
AN ATC SURVEY OF NORTH ATLANTIC NAVIGATION PROBLEMS

International Air Transport Association , Montreal, Canada; in
AIRCRAFT NAVIGATION : Proceedings of the 16th LATA TECHNICAL
CONFERENCE (Miami); working paper WP—87 .

The acceptable collision risk for the North Atlantic is assessed , in the light
of the method (developed in the U.K.) for determining collision risk imp licit
in horizontal and vertical separation standards. An accident rate of one in
ten million is adopted . It is concluded that no immediate change in separa-
tion standards can safely be made, but that the standard of navigational
performance should be improved to allow a 90 nautical mile standard of lateral
separation between parallel routes. Reduction of the vertical separation
standard (presently 2000 feet) to a 1000—foot to 15000—foot vertical separation
standard may become acceptable with the provision of sufficient additional
data to establish its safeness. Modification of longitudinal separation
standards would require .f ur ther stud y.

This paper also considers causes of air traffic congestion over the North
Atlantic , adequacy of navigational aids to meet present and future demands
for accuracy, and increased system acceptance capacity which would result from
modifications in separation standards. Appendixes deal with est~ mation of
collision risks in relation to separation standards.

109



Also published (possibly modified) in Journal of the Institute (U.K.),
Volume 18, Number 4, October 1965; and in NAVIGATION , Vol. 10, No. 4,
August 1965.

Other working papers submitted to IATA Sixteenth by U.K. National Air Traffic
Control Services include WP—74, “Staff Target for Improved Navigational
Ability on the North Atlantic Routes;” WP—78 , “The ATC Req uirement for
Navigational Capability Over the North A tlantic; ” WP—84, “The Requirement for
Standard ized Nav iga tion Techn iques;” and WP—l02 , “The DECTRA System as a
Long—Distance Navigation Aid .”

U.K. National Air Traffic Control Services April 1965
ThE DECTRA SYSTEM AS A LONG DISTANCE NAVIGATION AID FOR THE NORTH ATLANTIC

International Air Transport Association , Montreal , Canada ; in
AIRCRAFT NAVIGATION: Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP—l02.

The U.K. National ATC Services also presented the following working papers
at IATA Sixteenth: WP—74, “Staff Target for Improved Navigational Ability on
the North Atlantic Routes —— With Worldwide Development Potential ;” WP—78,
“The ATC Requirement for Navigational Capability Over the North Atlantic;”
WF—84, “The Requirement for Standardized Navigation Techniques;” and WP—87,
“An ATC Survey of North Atlantic Navigation Problems .”

United Air Lines April 1965
AN ASSESSMENT OF NAVIGATIONAL PRINCIPLES AND OPERATIONAL OBJECTIVES

International Air Transport Association , Montreal , Canada; in
AIRCRAFT NAVIGATION : Proceedings of the 16th IATA TECHNICAL
CONFERENCE (Miami); working paper WP—9O.

The viewpoints of one of the prime operators in the Central East Pacific
oceanic air traffic control area on topics indicated in the title should be
of interest. UAL flights between California and Hawaii carry a full—time
nav iga tor and follow f l igh t plans which are computer generated and based on
operational and meteorological considerations. The absence of Loran coverage
in mid—ocean makes celestial fixes necessary . It is considered that a pilot—
operated navigation system would probably be based on an inertial reference
rather than a magnetic one. This paper discusses the facilities and disp lays
that would be required .

U.S. Congress August 1971
AIRCRAFT COLLISION AVOIDANCE SYSTEMS

Hearing transcript of the Committee on Government Operations,
Ninety—second Congress, First Session , GPO.
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J.  Villiers 1968
ATC OVER ThE NORTH ATLANTIC IN RELATION TO NAViGATIONAL ACCURACY AND
TELECOMMUNICATIONS CAPABILITY

NAVIGATION: Journal of the Institute of Navigation (U.S.),
Washington, D.C.; Vol. 15, No. 4. Am extract also appeared in ASTRA—1,
working paper No. 8.

J .  Vil l iers and J .  deBarbeyrac October 1968
AIR TRAFFIC CONTRO L PROCEDURES IN A PARALLEL TRACK SYSTEM

Journal of the I n s t i t u t e  of Nav igation (U.K.), London , England ;
Vol. 21, No. 4.

Discusses applicat ion of a momitor ing system using satel l i tes, control of
lateral separation , the relationship of navigational accuracy to the problems,
control  of longitud inal separat ion with and without monitoring, and the nature
of air t r a f f i c  control  in te rven t ion, and its frequency and effects. It is
concluded that a mathematical  model could be used to establish the relation-
ship between aircraft navigational performance (and its monitoring system)
and ATC performance (and ATC separation standards). Also considers reduction
in separation standards possible with a satellite monitoring system , and
reduc tion in voice communication for ATC.

J. Villiers, J. deBarbeyrac , and H. G. Baudry July 1969
PROJECT “DIOSCURES:” LATERAL SEPARATIONS FOR AIRCRA FT EQUIPPED WITH INERTIAL
NAVIGATION SYSTEMS

C.N.E.S. and S.G.A.C., Paris, France.

Project Dioscures was obviously an effort of some weight in the international
investigation of the use of satellites in future air traffic control systems.
During our bibl iographical search, it occurred as published in French or in
English in either December 1968, July 1969, or Summer 1969. The subtitle
appeared as above, or as “Satellite Systems of Telecommunications , Air Traffic
Control , and Navigation.”

The magazine “ICARE” issue of Summer 1969 includes (in French), a paper entitled
“Future Means of Navigation by Stationary Satellites , and the Dioscures Project”
(author missing). This version considers the problems arising f r o m an increase
in the number of aircraft simultaneously in flight over the North Atlantic.
The most probable procedural response in air traffic control is a reduction
in separation standards. Use of geostationary satellites will make possible
more accurate fixing of aircraft position. Both the pilot and the controller
will act to reduce navigational deviation; and reduced spearation will become
acceptable. The use of two satellites for aircraft position fixing, as in
Dioscures, appreciably limits the area of uncertainty in aircraft position data
input to air traffic control . Villiers and deBarbeyrac also authored “Air
Traff ic Control Procedures in a Parallel Track Sys tem ,” publ ished October 1968
in the Journal of the Institute of Navigation (U.K.), Volume 21 , No. 4.
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T. A. Waldeck and R. B. McMurdo October 1967
A SYSTEM SAFETY MATHEMAT ICAL MODEL FOR COMMERCIAL JET AIRPLANES

AIM Paper No. 67—910; American Institute of Aeronautics and
Astronautics , Philadelphia, Pa.

R. H. Waidman October 1969
COMMERCIAL NAVIGATION SYSTEMS FOR LONG—RANGE SUBSONIC TRANSPORTS IN THE
19 70’s

Journal of the Institute of Navigation (U.K.), London , England ;
Volume 22, No. 4.

K. Watling and R. C. Rawlings (RAE/Bedford—UK) February 1976
STUDIES OF AUTOMATIC NAVIGATION SYSTEMS TO IMPROVE UTILIZATION OF CONTROLLED
AIRSPACE

NATO Advisory Group for Aerospace Research and Development ,
Neuilly—sur—Seine , France; AGARD document number AGARD—CP—l88,
Conference Proceedings of the 20th Symposium of the AGARD Guidance
and Control Panel , Cambr idge, Mass., May 20—23 , 1975.

Looking toward future progress in navigation , separation , and operational
planning,  i d e n t i f i e s  prac t ica l  problems , including workload of pi lot  or
controller. Suggests evolutionary development of the ATC system during the
20—year “per iod of transition to the future system .” Describes possible
objectives of the R&D programme leading to that “future system.”

Calculates relationships between separation standards and lateral performance
(of aircraft track—keeping) . Presents a typical breakdown of relative errors
from guidance , flight control , and environment. Five pages; ten graphics.

Germane to “separation studies”——although its title would suggest not.

A. White (National Air Traffic Control Services — U.K.) October 1971
AIR TRAFFIC CONTROL SEPARATION MINIMA AND NAVIGATIONAL CAPABILITY

Journal of the Institute of Navigation (U.K.), London , England ;
Vol. 24, No. 4, pp. 443—456.

First of a series of three articles in this issue entitiled “Air Traff ic
Control Separation standards and Navigation .” Straightforward and business-
like discussion ci safe separation standards (and not spacing criteria),
wh ich generally reviews the work of the NAT/SPG and the RGCS Panel of ICAO.
Treats in sequence main components of the task, navigation errors, ATC inter—
vention capabi’1i ty, and airspace requ irements for error correction on airways.
Includes several worthwhile graphics and tables (no bibliography).

112



Herbert Winter (Bell Aerospace Co.) Winter 1971—1972
OPTIMAL AND SUBOPTIMAL METHODS OF SATELLITE SURVEILLANCE FOR TRAFFIC CONTROL
OF TRANSOCEANIC FLIGHTS

NAVIGATION: Journal of the Institute of Navigation (U.S.),
Washington, D.C.; Vol. 18, No. 4.

Ian G. Wolf April 1971
BEACON RADAR SEPARATION MINIMA FOR JACKSONVILLE ARTC UTILIZING DIGITIZED RADAR

Federal Aviation Administration, Air Traffic Service, AAT—330 ,
Enroute Procedures Branch , 800 Independence Avenue, Washington , D.C.

Unpublished s taff  study. At the time of its issuance, separation standards
specific for digitized radar use had not been published . Currently , the
proper reference for such is the Air Traffic Control procedural manual
Handbook 7110.65 “Air Traffic Control” and related radar procedure manual
materials. However the Wolf document is worthy of consideration by system
design specialists who may be confronted with the same challenge ; i.e., to
implement publishable procedures for an ATC separation standard , given
(specified condit ions) . . .

W. Wolff March 1969
AN ANALYTICAL APPROACH TO A SEPARATION HAZARD PREDICTION AND RESOLUTION
PtJDEL

Communications and Systems, Inc.

113


