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EXPLANATORY NOTE

(Note: This note does not form part of the Summary of the Second Meeting
of the NAT Systems Planning Group. It is added for the convenience
of States and Organizations only to recall the events leading to
the Second Meeting of the Group.)

To The Special NAT Meeting 1965 recommended that for turbo-jet aircraft
operating in the FIR's Gander, Lisboa Oceanic, New York Oceanic, Reykjavik,
Shanwick and Sondrestrom (south of 70°N), the minimum lateral separation
should be reduced from 120 to 90 NM., This recommendation was subsequently
approved by the Council of ICAO and became applicable on 13 January 1966,
NOTAMs announcing the introduction of this new separation standard were pub-
lished by the provider States concerned in due time.

2, This separation standard had already been a subject of contention by
Organizations representing some of the air-crew members and, following its
introduction, a number of pilots refused to accept this separation minimum
from the ACC's concerned. Since this resulted in a considerable complication
of the task of the Oceanic ACC's, the provider States concerned, on 10 June
1966, decided to suspend temporarily the application of 90 NM lateral
separation in their FIR's, with the explicit understanding that this in no
way reflected on the feasibility of the separation minimum in question.
Again NOTAMs to this effect were published by the States concerned. (State
letter T 13/8.1 N = 1277 of 25 July 1966 from the Paris Office, addressed to
all NAT States, refers).

3o Following discussions in the USA between the FAA and the Organizations
representing the members of the air-crews concerned, it was believed advis=-
able that a new survey of navigation accuracy in the NAT Region be made in
order to determine whether a reduction in lateral separation was justified
in those parts of the NAT Region where this had been recommended. A pre=
paratory meeting between Canada, the UK and the USA on this subject was
held in July 1966, at which it was agreed that the NAT Systems Planning
Group, together with representatives of other States concerned and from

the International Organizations concerned, should hold a meeting in order
to develop an agreed method of ecollection of data on navigation accuracy
over the North Atlantic and obtain agreement on the treatment of these data
so that it could eventually serve as the basis for the determination of
acceptable lateral separation standards. (The ICAO State letter quoted
under paragraph 2 above refers.)

b, In this context, it is recalled that the NAT Systems Planning Group
was formed in accordance with Recommendation 4/1 of the Special NAT Meeting,
1965, and that this recommendation also specified its terms of reference
an gorking modus. (See ICAO Document 8499, SP/NAT (1965), pages 4=1 to
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AGENDA
% . .
Ttem 1 ¢ Election of Chairman.,
x
Item 2 ¢ Approval of the agendas
Item 3 ¢ Delincation of the area to be considered for data collectionr
purposes.
Ttem 4 ¢ Method to be adopted in assessing a safe separation'standard.
a) The description of risk
b) The acceptable level of risk
¢) The calculation of estimates of risk
d) Means of expressing the quality of navigation required
to ncet a stated level of safetys
Tten 5 ¢ Interim measures to improve navigational performances
Item 6 ¢ Pfogramme of data collection and analysis
a) Sources of data
b) Measuring techniques and sample sizes
¢) Organisation of the data collection and the collation,
reduction and analysis of data
d) Presentation of the results of the data analysis.,
x Ttem 7 ¢ Review of subjects for future NAT/SPG consideratione.
* Item 8 ¢ Future conduct of NAT/SPG businesss

Note ¢ TItems marked with an asterisk were considered by members of
the Group onlye




1. INTRODUCTION

161 The Second Meeting of the North Atlantic Systems Planning
Group was held in the European Office of ICAO in Paris from 21 November to
5 December 1966, On 21 November and on 2 and 5 December the Group met in’
closed session to discuss Agenda Items 1, 2, 7 and 8, while the remainder
of the meeting was held with all participants present in order to discuss
Agenda Items 3, 4, 5 and 6.

1.2 Mr. G.E. Enright, the member designated by Ireland, was
unanimously elected chairman of the meeting. In the course of the work, the
Group established two sub-committees to deal with Item 4 and Items 5 and 6
respectively, Mr., J. Villiers from France was elected chairman of the sub-
committee dealing with Agenda Item 4 while Mr. E.B. Powell from Canada was
elected chairman of the sub-committee dealing with Agenda Items 5 and 6.

13 Mr. P.G. Berger and Mr. A. Azzaoui, both from the Buropean
Office of ICAO, served as secretaries of the meeting.
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3 Switary of Accnde Iten 3 : Delincation of the Arca to be
Considercd for Drtn Collcction Purposes

341 The reduced lateral separation of 90 N.M had originally been
intendecd to be anplicd only in o sclcected port of the NAT Regione

It was ngreed that the area wherein the data collection should be nade
be delined so thot it enbr-ced the najor trnffic flows across the
North Atlantic and is sufficiently ropresent: tive of the varying novi-
gotional and other conditions encovntercd in North Atlontic operations
to allow, with a sotisfactory degrec of confidence, the cpplicrtion of
results obtnrined to all of the FIR's whercin roduced lateral separ:ation
was to be apnlied.

362 It was thercefore ngreed thoat the area to be considered for data
collection ,urposcs should be cefined by the following boundaries

i) in the North by latitude 70°N;

ii) in the South by the pgrecnt circle between Nantucket
and Maceiray

iii) in the East by the Greenwich neridian between 70°N and
01°N ~nd then clong the castern beundery of the NAT
Oceonic FIR's to Mndeiray

iv) dn the est by the western linit of the KAT Oceanic FIR's
between 70°N and its intorsection with the great circle
between Nantucket and lindeira.

This was c¢ nsidered sntisfoctory, having regard to the fact that
95% of all traffic ilying between Burope and the North Amcrican continent
operates in the arca tetween 44°N and 63°N,

3.3 FIR.Bgdg Occonic wrs specifically cxeluded: from the data collec-
tion ~rea becruse it was not believed thrt dota obtained fron the

very lindted ainount of trnffic operating in this FIR could contribute
significantly to the reviews, It was noted that this area is without air
traffic control,

3ok As to the vertical extcnt of the arca, after o bricef discussion
it was a reed thet the dota collection should be nade with respect
to turbo-jet aircrsft operating up to z2nd including Flight Level 420 .







Summary on Agenda Item 4 : The Method to be Adopted
in Assessing a Safe Separation Standard

A, DESCRIPTION OF RISK

b1 Before considering the various subdivisions of this agenda item,

the Group exchanged general views on how separation standards are

assessed. It was agreed that the results of mathematical/statistical
studies should be stated in such a way as to ensure that they will not

be understood to apply in areas other than the area under consideration
within the NAT Region because, for example, the combination of traffic
density and navigational environment in this Region is unique, There

was a desire to express such results in terms other than collision risk.

It was the general view that mathematical/statistical results should be
expressed in terms of a range instead of a single figure, This approach
seemed necessary in view of the number and nature of the assumptions
involved in the process. It was believed that the States and International
Organizations of the North Atlantic Region may wish to analyse the data ‘
gathered during the survey in the way or ways they consider most valid;

and that some will wish in the meantime to continue working on refine-
ments in the application of mathematical/statistical techniques in this
matter,

L,2 Discussion indicated that a quantitative expression of risk was
useful only to those who fully understand the many assumptions and com-
plexities that go into its determination, Its use should therefore be
limited to those directly involved with, or fully briefed on the
mathematical/statistical process. The terms used in the expression
should involve as little subjective influence as possible, and should
clearly apply exclusively to the part of the North Atlantic oceanic
area under consideration.

.3 Accordingly the Group reached the following concliusions :

1) risk is usefully expressed quantitatively only for purposes
of mathematical/statistical analysis, for this purpose the
most appropriate unit of expression is the number of fatal
jet aircraft accidents per 10 million aircraft flying hours
en-route in the parts of the NAT oceanic area under cone-
sideration, rather than numbers of flights or long periods
of time; :

2) in présenting the results in a form for general use, the
level of risk should be expressed as being based on an
improvement of a previous safety record, :




B, THE ACCEPT.BLE LEVEL OF RISK

L.,b  The Group considered it essential to eim at setting.a "target

level" of safety from collision for the purpose of mathematical/statistical
assessnment of future separation standards over the Noxrth Atlantic. ‘ '
Attention was directed to choosing a target level applicable to the

next 5 years of operation in this Region, It was understood that

choosing such a target was not equivalent to deliberately building a
 fixed risk into the system, because in practice the target is being set

on a conservative basis and in terms of o range of improvement over the
safety level which has applied previously. Proposals were made that

this "target level' of safety should be compared not only with those
rates of risks recorded by the air transport industry but also other
means of transport and/or other human activities (such as population
mortality rates in industriulised countries, occupational risks, etc.)

and the results of a study by the United Kingdom was offered for con=
sideration, The Group, although considering it desirable that such an
approach be pursued, felt it, however, beyond its present responsibilities
and agreed that the '"target level" of sufety should be related, os a

point of departure, to the rate of fatal accidents recorded in the recent past
by the civil air transport industry. ’

4,5 Moreover, as the concern of the Group was with the operation of
jet aircraft over the NAT Region, it agreed to take into consideration
. the rate of fatal accidents reccrded by civil jet aircraft only. In:
this respect the Group had before it different views regarding those
accidents to be taken into account ¢

1)  the overall number of jet aircraft accidentsj

2) jet aircraft accidents during the en-route phase of
flight only, collision on North itlantic routes being
treated as one uf the en-route risks,

kThe Group ﬁecided to take intce considerntion the overall rate of fatal
accidents recorded by civil jet aircraft, and that a fraction of this rate
was due to collision. Exa=ples of other major classes of hazard in any
phase of the flight were :

loss of performance ‘

failure of flight control systenm

loss of control (e.p. due to jet upscts)

structurnl failure

fire and explosion

loss of inforiation (e.g., inétrqmeht failure),

4.6 The Group believed thnt Systems planning should aim ot improving,
by a chosen factor, the s..fety level recorded in the past., Ixtensive

discussion took pluce on this safety improvement factor an@ it appeared
that ony figure weould be Qiffiicult to justify unleus cost/benefit '
ratio analysis w:s n.de; such o study, which weuld involvg St§tos' pollgy
regarding safety, h.as beon deened by the Group not to be fersible at this
time. The Group could therefore only “jree that the inprovement foctor
in safety which could be uimed at woull ronge betucen & oaad 3, ?.e., the
safety in circraft oper tion weuld Loprove by osouc 100 to %0050 in the

next 5 years, Vicus wero expressed th b gencral i rovencnts of this




magnitude were unlikely whilst others, although agreeing that this could
be so for most major classes of hazard, believed that reduction in cole
lision risk could be mnre easily achieved, '

b7 At this stage the Group felt that any apportioning of the risks due
to one of these causes could only be an arbitrary one but thought it
necessary in order to arrive at an acceptable assumption of the level of
the risk due to collision. This was therefore assumed as being the 1/10
of the overall risk, '

4,8 = The collision risk was suggested as being made up of

1) the sum of the risks inherent in the three separatilon
standards (vertical, lateral and longitudinal);

ii) the risks which might arise in emergency situations
when an aircraft has to divert from 1ts planned path
without awaiting a clearancej; and

1i1) any risks that may be attributed to the "air traffic
control loop', '

4,9 The Group agreed that item ii) may be assumed "to be negligible,

As regards item iii) it was clear that this risk nust be understood as
deriving from any error occuring in the ATC loop (for instance an error

or malfunction that results from garbled communications, misunderstanding
of control instructions, errors in issuing .TC clearance),

It was agreed that the collision risk must be the sum of the two
risks i) and iii); both can be computed separately and no a priori
relationship between them cculd be established. The computation of the
risk due to the ATC loop is cunsidered in para 4,19 below, For the present
purpose however, the Gronp decided to ignore the risk represented by this
item recognizing that it was not zero but that it was probably not large
and did nct accept a proposal that =s nmuch as half of the collision risk
should be attributed to it. '

4,10 Any sharing of the total collision risk between the three separation
standards appeared arbitrary to the Group. The Group nevertheless
retained an equal sharing of the total risk between the thrée standards as
a starting point for developing a target level of safety for lateral
separation, it being reccognized that cost/benefit studies or some

computed ratios might indicate some other division,

4,11 Factual evidence of the number of accidents which had occurred in
the civil jet transports in recent years was exdmined and it was decided
to take the period, January 1959 through 28 September 1966, During this
~period 34* such accidents in opproxinctely 15k million flying hours were
recorded, piving a rate of jet circraft fatal accidents of 22 per

10 million aircraft flying hours.

¥ This figure is to he further checked siunce cvidence forwvarded by the

United States member of the Group indicoted that it wdight be
underestinnted,




k.12 Finally, the Group concluded that §

1) the overall target level of safety from collision over
the North Atlantic would be to keep the fatal accident
rate in the range from 1.1 to 044 per 10 million air-
craft flying hours or lower;

2) the target level of safety for the lateral NAT
separation standard should be to keep the fatal accident
rate in the range from 0.366 to 0,146 per 10 million
aircraft flying hours or lower,

4.13 The Group agreed to consider a collision between jet aircraft over
the North Atlantic as equivalent to two fatal accidents; whilst recognizing
that a metallic contact involving two aircraft will not always result

in two fatal accidents, it considered, however, this assumption as a
conservative approximation of catering for collision risks, with the
understanding that States should investigute the factor to be used on

a factual basis,

C. THE CALCULATION OF ESTIM.TES OF RISK

h.14 The risk associated with separation standards

by 4l .1 It was agreed that the discussion on the method of calcula-
ting risk could be divided into two subjects :

- a mathematical model developed a number of years agos

-~ the application of statistical data to this mathematical
model, in order to find quantitative values for the
risk.

hotb.2 The mathematical model developed by the U.K. was accepted by
the Group as the basis for the calculations, It is described in
Appendiges A and B.. It was, however, pointed out thot some of the
assumptions used in setting up the model must be verified. In parti-
cular, the assumption that the lateral closing speed between two air-
craft § and their laterzl distance y are statistically independent.,
This is discussed in parae 4.15.7. Some simplifications made for the
convenience of the model will have ninor effects on the final result.
Should appropriate experimental measurements become available, the
validity of these simplifications could if necessary be reconfirmed,

L,14 .3 When applying statistical methods to determine the values

of the parameters in the equations of the mathematical model, there is
some difficulty in finding exact figures which would be valid for the
period when reduced separation standards would become applicable. This
is mainly due to three causes :

1) the number of statistical data on some of the parameters
available now or in the near future may not be entirely
sufficient;

2) some of the data are not fully representative of the
situation at the moment ot which they were measured;

%) future changes in the traffic density, the types of
aircraft, the navigation equipment, the flight-deck
procedures, ATC systems, etc., may cause some para-
meters to vary somewhat in the future,




b s

boak, b The Group examined the effects of this non-representative
sampling on the estimated risk of collision and felt it desirable to

" investigate the correlation between the results obtained during the
present survey and the true characteristics of traffic, with regard to
any of the above-mentionecd paramcters.

L,1k.5 It was also agreed that account should be taken of any
foreseeable improvements in flight level kceping accuracy in the near
future, as these would tend to increase the collision risk due to failure
of lateral separation. In this conncction, it was observed that the
rectangular array of flight paths (i.e. that in which aircraft in
odjacent tracks are flying at the same flight levels) is not naecessarily
the best way of reducing collision risks. If composite separations were
applied so that the flight levels assigned for adjacent tracks were
staggered, the risk would be appreciably lower for the same traffic
density. The applicability of such a procedure should be seriously
studied.

L.,15 Determination and processing of estimates for random variables

L,15.1 A The uncertainty in the parameters can be expressed by
accepting the possibility that they may lie in a range of values (grey
area) around the value calculated from the statistical data. It was
agreed that the bounds of these 'grcy areas' should be based on judgment
if sufficient data were not available and should be decided by the Group.
In the mathematical expressions of the model this can be expressed by
"replacing each parameter which is not exactly known by a random

variable w. One of the parameters is expresscd by using more than one
random variable. Thc equation to be used is given in Appendix C.

4.15,.2 Random variables were introduced for the following effects:
w (tail area) : tail area
" w (tail shape) : tail shape
w (o) :  visual collision avoidance
W éﬁy(samel7 ¢ same direction lateral proximity
w ( QYY) : %ggg&ﬁg%&y@%lgggﬁ%Fg speed for pairs of same-
w (NAx) . effective collision length
W éﬁz(ol7 : frequency with which vertical separation

shrinks to less than aircraft thickness for
pairs nominnlly at the same flight level

w (¥) :  1laternl closing spced of 2 pair of aircraft
which hnas lost lateral scparation

=

/Ty(opp)7 ¢ opposite direcction laternl proximity.
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4,15.3 =~ A caloulation of the collislon risk by the method indicated
above will produce therefore a '‘grey area and the Group had to agree
which value from this '"grey area will have to be used in deciding
whether a certain 'separation standard is safe or not. Discussion showed
that if for all random variables the most '"optimistic' value were chosen
(i.e. the value which would lead to the lowest value of the risk), the
value calculated for the risk would be unsafe to be used. On the other
hand, using all ‘'cautious" values of these variables, a much too high
value of the risk would be obtained because of the improbability that
all adverse assumptions should apply at the same time. Methods for.
calculating intermediete values were proposed and a Digital Simulation
method based on a well-known statistical process called the "Monte Carlo"
was accepted (this is referred to hereafter as the DS method).

#.15,4 In order to apply the DS method, it is essential to represent
the various random variables by a probability distribution function. For
some of these parameters this probability function is known a priori.

An example of such a function is w (tail area) which is derived from a
binominal distribution (as approximated by the Poisson distribution and
described in Appendix A). For a number of other parameters, such as

w (AV ), w Zﬁﬁ(ol7 and w (§), enough data will be available to establish
the distribufion function. On the other hand, the limits of the dis-
tribution of some of the random variables w (tail shape), w (&),

W ny(oppl7 are only specified by their assumed bounds. It is very probable
that the real distributions will have a peak near the centre of the
distribution. It was decided by the Group that for these distributions
the cautious assumption that there will be an equal probability for each
value between the bounds will be used. Only for w (tail shape) a

Bpecial procedure was accepted whilch will be described in para 4.15.5
below. Tor the determination of w (/\x) n special procedure is described
in para. 4.15.13.2 below.

The Group discussed the values and ''grey areas't of each of
the parameters referred to above separately.

4,15.5 The probability of “lateral overlap’ kK.u (tail area) w(tail shape)

4.15.5.1 The probability By(std), that the lateral overlap (i.e.

wing overlap) occurs with a pair of aircraft flying nominally on adjacent
flight tracks, will be determined from the data on across=track errors

of single aircraft observed during the forthcoming data collection
exercise. Thé distribution of the lateral distance between pairs of
aircraft can be studied by 2 different ways:

1) by convoluting with itself an inferred distribution of
" across-track errors of individual aircraft
2) by inferring o distribubtion of separsltion errors from
direct observations of the lateral scparations of
proxinate pairs of aircraft.
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4.15.5.2 The first method has the advantage that it supplies in
practice much more information for a given size of sample. - If a
correlation exists between the across-track errors, this should be
determined from the data. In that case the distribution obtained by
the 'convolution' process might give the more cautious estimates of
risk. Methods for determining P, (std) for both cases are discussed
in Appendix B, ¥

k,15.5.3 .The uncertainty which exists on this parameter stems from
two sources: : )

1) the number of observations in the tail is relatively small
and other samples of similar size might have produced a
different number of observations in that area. The une
certainty about this tail area is expressed by the random
variable w (tail area). The method for calculating this
parameter is discussed in para. 4.15.5.4 below.

2) It could be more difficult with this relatively small sample
to assess the tail shape and assumptions must be used for
this shape. This is expressed by the random variable
w (tail shape). The method by which this will be done ie
discussed in para. 4.15.5.5 below.

4.15.5.4 w (tail area) - The proportion of across- track errors exceeding
the semi-standard

The Mecting nagreed that equation (9) of Appendix B can be
regarded as the cumulative distribution function (c.d.f.) of the tail
area. For a given total sample of across-track errors, the number
exceeding the semi-standard uniquely specifies the notional c.d.f. of
tail area. This is a case which does not czll for judgment to be
exercised in representing the distribution of a w (....).

4,15,5.5 w (tail shape)

4,15.5.5.1 In the process of assessing a separation standard, it is

to be expected that the number of available observations of across-track
errors in the tails (i.e. in excess of the semi-standard) will be
insufficient to determine precisely the shape of the error distribution
tails,

Observations taken in the post suggest that the frequency
curve of the across-track errors observed in the proposed data collection
is likely to lie bectwecn the curves corrcsponding to the "level tails'
and''exponential tails’ models dcscribed in Appendix B. These models
lead to estimates of Iy(stgd which_gre roughly in the ratio of 10:1 for
tail areas in the range 10 to 10 7., The Group agreed that if the
observed datn were clenrly shown to li¢ closer to the "exponential
rather than the “level' shape, n reasonable cnutious DS method treatment
for w Z§§(5t97 would be to replicate the guantity

w'1f33 (sta) 7 = kow (tail arez), w (tail shape)

CEPR.

in which w (tail shope) is uniformly distributed betucen the limits set by
the ‘level’ and ‘cxponentinl models .nd k is = scaling fuctor.




‘ 4315 5 5 2 After sufficient d t (<] (o] e. one o t;

1) The area of the tail is so small, regardlesé of its shape,
that the separation standard under consideration can be

judged “safe's The next step will then be to analyse a
smaller separation standard. ’

2) The data falling outside the half-separation point are
so complete that an accurate judgment on shape will be

possible and no assumed wide ronge for w (tall shape) will
be necessary.

%) The intermediate case where the data are not sufficient for

a precise determination of risk without assumption on shape,
and where precise determination of shape is also not possibles
The basic proccdure here will then be to use a flat dis=-
tribution between flat' and: 'exponential' shape assumptionss

b,15.5.5.3 If this case should occur, it has been suggested that more

precise information uay possibly be obtainable by the Ifollowing
gdditional test:

Define a general p.d.f. such as:

p (y, ;3 ) = (1 ~f3 ) ¢ flat +f3 < exponential

where is a weighting parameter ranging between zero and one. For each
of a set of values F}i within this range, a standard :ﬁa (Chi-Square)

hypothesis test can be applied to the extremal data for p(y, ﬁﬂi), and

by inversion of the usual process, the confidence level C. for which
transition between "yes' and ''mno' occurs may be determineé. Then a graph

of Ci (;3 i) may possibly show a strong maximum somewhere within the (0,41)

range. I1f this should occur, then a more accurate p.d.f. for w (tail shape)
might be constructed. The figures 3, L, 6, 7 in RAE TR 60295 seen to indicate
that the true shape may depart slightly from exponential, so this xXe
study may therefore be appropriate, since the upper bound (flat) is that
specific flat shape after maximization of the risk, and hence may indeed
be too pessimistic for sufficiently high accuracy in this case.

4,15.6 The longitudinal closing specds v (OV) and 2 V - The dis-
tribution function of the relative Tongitudinal spced between aircraft
flying in the same direction will be determined from the data collection
exercise. It was remarked that it will be necessary to check these data
with regard to a possible correlntion with the longitudinal distance.
between two aircraft. It was decided that for the longitudinal 01051Qg
speed 2 V of aircraft flying in opposite dircctions n single figure will
be used: . 960 kt.

L,15,7 The 1nteral closing speed W (ﬁl - The valuc of this paraometer

is to bz determined From the dntn collected by the ship-borne radar measure=
ments in the forthcoming doln collection excreise. It wis suggested that
there are reasons to supponc Elink some correlation may exist between the
lateral speed and the wcross-traclk duviations of the nircraflt ?nd the

Group decided that the datna should be tortud with rcgard Fo this correla-
tion. From the rcsults of this test it will bo possible to extrapolate

to the probabilily dictripution of the closing spced when the lateral
distance between two circrnft hns become 2€ro.




4,15.8 w(@{ - Visual collision avoidance parameter - It was
suggested that this parameter. should toke into account those occasions
where one of the pilots in two aircraft on a collision course will-
sight the other aircraft and toke evasive cction., 4 factor of 1.0 would
mean that evasive action will not be successful; a factor of zero meaning
that in every cuase collision will be avoided by evasive action,
Discussion revealed-different opinions-of the problem. However, the
Group agreed that a factor of 1.0 should be used in the calculotion of
the risk estimute, it being understood that, as & result of this assump-
tion, the risk so evalucted should be described as "the blind #1ving
collision risk'" and thereby wrobably overestimnte the collision ik
rate,

L1509 w (Ty some) and w (Ty opp) - Proximity values.,

4.,15.9.1 There is « nced to sample certain characteristics of
controlled tr.ffic flows which reflect the extent to which each of the
three dimensions of space is to be used in separating aircraft, within
the period to be considered., These characteristics, which are termed
"proximities' .rc described in Lppendices VA" and "B", They are scmpled
from observations of zetual traffic pntterns together with forecasts

of future. traffic, Jor suame-dircection traffic,. the proximities are
likely to incrcase sciewhat more slowly than the square of the tetal
amount of truffic bocause there is a tendency for LTC to increase the
avoilable number of flipht-paths as traffic increases. Day-to-day
verictlions in sampled traffic patterns (ten 24=hour periods have
recently been anulyscl by the United Kingdom) sceu to lead to only small
‘differcnces in- the dailyamount cof same~dircction proximity, provided
allowance is made for theamount of troaffic in the respective sample,

and it appears thuat predictions cun be 1nade almost ac reliable as the
forecasts of future troffic flow rutes, If the Litter are correct to
within © 20%, then it scens likely that the spread in forecast same-
direction prouximitics. can be kept within Loy,

L,15.9.2 Forecasting opposite-direction proximity is more difficult
0 reasons rere 17 considerible sampling variatio L.e.

for two recasons. Th 1 ble sampling variation (i.e. one

24-hour peric.d way give .o very different proxinity to angther) due to

weather pattcrns, Moreover, therc is conciderable ditficulty in fore-
casting the cmount of the apuinst-the-tide traffic which determines the
opposite~direction proxiwmity ¢ for exoumple, -there is considerable
uncertainty in predicting the upward trend of westbound night freighting.
Thus, upper and lower extremes of the forecast future opposite~direction
proximity may be in a ratio as large as 10:1, However, it is tc be
expected that 1t lenst 0C% of the total collision risk in the period to
be considered will be associated with the same-direction proximities,

4nd so the uncertainties in forec sting opposite-direction proximity

ire not so important .5 they scer ot first sight.
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4.15.9.3 If, as may be expected, there is only a limited number of

- samples of actual proximity (e.g., of the order of 10 periods of 2k
hours), then it would seem reasonable to toke a rectangular distribution
between the extremes of forecast proximities inferred by extrapolating
to future traffic intensities, Of course, it is to be understood that
~same~- and opposite-direction proximities would be treated separately

in this respect, ’

L,15.10 The probability of "vertical overlap' - Pz(o). The quantity

P (o) represents the probability that a pair of aircraft assigned to
the same flight level are separated in the vertical dimension by less
than an aircraft's thickness. There is considerable evidence from which
to estimate P_(o0) in current operations. It seems unlikely that P_(o)
will change sﬁbstantially in the period considered; which is roughly
equivalent to saying that the standard deviation of the height separa-
tion between two aircraft is unlikely to change substantially. The
meeting agreed that the most reliable data from which to estimate
Pz(o) is that given in TIATA Doc Gen 1951, based on observations taken
ifi 196%. It is shown in R.A.E, Technical Report N° 64043 that this
leads to the estimate : PZ(O) = 1/k,

415,11 w L_Nz(o)_7 - Distribution of the frequency of vertical

overlap, The distribution of w L_NZ(O)~7, that is of the frequency with
which vertical separation of a pair“of nircraft assigned to the same
flight level shrinks to less than ~ircraft thickness might be bosed on
data already available. Traces of the flight profiles of NAT jets in
level flight have been obtained using o missile-tracking radar at R.4.E.,
Aberporth to monitor 2 section of U.K. Airway G.1., These confirm the
presence of oscillations of the order of 1 minute period, as expected
from calculations of the "stick-fixed" phugoid frequency, and show
amplitudes ranging from 10 to 100 feet, If it is nassumed that the
oscillationa of close neighbours :re independent, then pairing the

traces gives o means of sampling the frequency. It ocppears likely that
N (o) is located in the range 20 to 60 per hour and, since this term
mikes only a small contribution to the total risk, it may well be con-
sidered that the available data nre sufficient. The Group noted that
observations during a period of o few minutes on approximately 20 flights
will give a sufficiently accurate representation of the distribution

of w /N (0)_/.
L,15,12 V Sy - The along-track criterion of proximity. The Meeting

(9

agreed that this quantity does not affect the final result in the com-
putation of collision risk, Its value is chosen so as to facilitate the
data collection needed to sample the proximities T (same) and T_(opp).
Since the T's are simply proportional to Sx’ it is obvious that"”the terms
T (same)/S;,and T (opp)/sX in the risk equation Jequation (1) of
Appéndix C_7 are independent of 8. It follows from the form of this
risk eguation that the computed risk nust 2lso be independent of Sxe

(cf, also Section 4 of Appendix B),




be156% The c¢ffective collision size and shape of an aircraft

It wus pointed sut th .t with respect to these parnmeters, there are two
problens :

A . . . A . . .
1) the dipensions oi the collision shape to be uscd if
only ot llic collisions are to be considercd;

2) a2 possible extension of this collision shape to
allow for the vertices shed by =~n aireraft, should
it be found thilt these present o fatal danger to a
following wdrer-iLt,

b.,15.1%.1 Dinensions of the sloab, In previous calculntions with
the mathematicrl model tho ~ircr-(t h-.s been represented by «

rectangular slnb with dinensions kx = 150 ft., Ay = 150 ft, ond .,

)sz = 4o ft, It was pointed out that the length, spon and thickness
under cruising conditions of some of the stretched versions of current
aircraft now in operantion will slipghtly cxceel these valucs. On the
other hand, it was mentioned that bec use an aircraft dees not com-
pletely fill its rectangulur slab in about Loy, of the cases when these
slabs intersect eacli other, no metallic collision occurs, It was:
decided that in future calculations the collision shape for metallie
collisions will be rectangular with the dinensions :

Ax = 150 feet )y = 150 feet and Az = L0 feet,

4,15.1%2.2 Influence 0. vortices on the dimencions of the slaob -

Determination of w(A\x)., Conflicting in?orgwtion WS brought.to the
Group on the subject, On one loind it wes 1nd1c:?cd tht unpublls%gd
theoretical cnlculitions sugpested that the vortices shed by trmnopo?t
aircraft might be strong cnough to Jecoj rdiz§ the snfety ¢f another jet
transport penetrating them, In o orticular, 1L the coures of those
vortices circuwiferentinl velocitics of 75 to 200 feet/secgnd can occu; “
at large distinces belhiind the ~ircraft indlucing rust l?udlnb Anq rolling
monents to the follouing iversft which wigat lend to fatal acc;dentsa
such effccts could incre.ce the occilent rut? due to stru?tural .
failure by soie 8 times nore thon accidents due to motallic collision
and the ccident rote due to f-t .1 loss of control by as much‘as 100
times, cven nfter +1lowing for the fret th.t only one of =2 p?lr of .
aircraft ic At howrd, It s orepnoed that, m}though the tACer“O‘
vortices wn walch these colecul tions ~re brsed 15 very unc$?§"1g‘wn%
nany of the dyn wilc problews 3¢ j@ycrfcgtly ugdorstooq, tJlb‘UfiCC
should be scrivusly considered 1n sny ealeulation of risk,
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4.,15,13.2.2 On the other hand, information based on both theoretical
evidence and on practical experience seemed to indicate that no fatal
accidents were likely to occur due to vortices. Theoretical calcula-
tions based on data contained in FAA Reports N° RD-64-4 (January 1964)
and RD-64-55 (May 1964) prepared by Boeing Co. indicate that for the
Boeing 707-320 cruising at a Mach number of 0.85 at flight level 350,
the maximum core velocity would be 57 ft/sec at the point of vortex
roll-up about 750 feet behind the aircraft (the core radius being some
11 feet). This would cause incremental load factors on aireraft
between + 1.5 g and - 0.5 g, which are well within the jet transport
aircraft design limits. Rolling velocities of the order of 20 degrees
per second could be induced whilst Boeing 707-320 has a lateral roll-
control capability of 30 d°/sec. This appeared to be well within the
roll control performance of the aircraft. In addition to this informa-
tion which is dependent in part on theory and in part on experiment,

it was conveyed verbally to the Group that refuelling operations and
formation flying did not record any accidents which could be attributed
to vortices.

4, 15.13%3,2.3 The Group noted that the latter information on vortices

are based to some degree on theoretical computations and concluded that
these computations cannot be accepted as final evidence. As regards

the information based on experiences with refuelling and formation
flying, it was questioned whether the manoeuvres are not executed in

such a way as to minimize or even preclude any entrance into the vortices
of the leading aircraft. The Group therefore concluded that there seemed
to be evidence that the risk due to vortices was less than suggested in
para. 4.15.13%.2.1 but that there was as yet insufficient evidence
available that it could be completely neglected and that States should-
be requested to provide for additional evidence on vortices to be
gathered and disseminated to all concerned as soon as possible.

4L.15,13,2.4 As mentioned in Appendix C there is no need to radically
change the form of the collision risk equations in order to make them
compatible with any change in effective collision size of an aircraft
due to vortices. To a first approximation they may be rewritten as

though each aircraft were a rectangular slab Jﬂgx,}bﬁ,kz, That is,
only the longitudinal dimension need be changed. The length, j\vxg
must of course be adjusted to allow for the special shape of vor-

tices and for the fact that only one of a pair of aircraft is at hazard
during a vortex penetration.

.16 Presentation of the results of the DS method (computed risk rates)

bo16,1 The Group agreed that the collision risk estimates for the
lateral separation under consideration resulting from the DS process
should be presented in the following manner:
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L.16.1.1 The computer will explicitly evaluate the risk formula
for a large number n of trials. For cach trial, generation of
independent random numbers in the (0,1) intcrval will pick values

of each input parametcr, consistent with the given probability-
density function (p.d.f.) for each parameter. The n numbers, each
corresponding to a calculation of the risk rate R can then be used
to define a cumulative probability distribution and a p.d.f. for the
R variable. The finnal result is then the precise presentation of
these distribution curves, which range from O to the highest value
computed in the n trials. The p.d.f. curve, which will have a sharp
peak (mode) at a '"central' or '"most probable'" value of R can then be
calibrated for variocus values of its arca, e.g. values of area

0.80, 0.90,¢600eey 0.99. The values of R = RBO' Rgo,..e..., R99

correspond to the one-sided confidence levels of 80%, 90%, eecceces, 99%
respectively.

k.16.1.2 These "confidence levels'" for the actual collision risk
are somewhat diffcrent from cnfidence levels usually used by statis-
ticians. Since the choice of the input distribution of paras. 4e1565.1
through 4.15.13 plus oth:r cautious approximations have all been chosen
with the intention to over-cstinate the risk as given by the output
p.d.f., these confide¢nce levels are conserviative cstimates of the true
confidence levels.

b.16.1.3 For any value of R which will be chosen, the associated
‘Poisson density distribution defining the random occurrence of
collisions is thereby known and can be used to cnlculate directly

the actual probability that there will be zero collisions in the

next five years. A tabulation of such collision-frue probabilities
can then be presented as part of the finul results. Such numerical
results are meaningful and uscful without the necessity of separately
defining and nccepting any target levcl of safety.

L,16.1.4 The shape of the p.d.f. for R and the values of each
confidence level for R are clearly dependent upon the pe.d.f.'s

. known or assumed for cach input paramcter, although th. final effect
of each upon the output is less than it would be if no DS

procedure were uscd., Nevertheless, it is desirable as a supplement
to the precentation of the output risk R as described, -to show how
sensitive the calculatcd confidence levels are to variations in the
ped.f.'s and the assigned limits. There does not seem to be any
difficulty in developing techniques for this purposec.
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k.17 Required number of independent observations

b ,17.1 The target level of safety to be associated with each of
the three separation standards as has been discussed by the Group ;is
likely to lie in the range 0.14 to 0.36 aircraft accidents per 10 '
million flying hours. As a guide to forecasting the required quantity
of data on across-track errors, it seems useful to take the hypothesis
that the risk is estimated as follows :

1) Using the equations and nunerical values given in
Appendix "A" to find the range.of P_ (90 NM) which

is consistent with the target range. (This would
imply the assumption that there is "blind flying"

" and thot only nccidents due to ietallic collisione
are to be taken into account.)

2) To find how mcny independent observations are
needed to confirm, to a 972% level of confidence,
that Py (901M) is as small as o given target

level, assuning ¢
a) a "level-tails'" distribution;

b) independence of across-track errors of proximate
aircraft; and, of course

¢) that the quality of navigation is indeed such
~s to rmcke the actual value of Py (90 NM)

acceptably small.

b,17.2 From the theory given in ,ppendix "B" the requirenent is
then to show, to n 97%% confidence level, that the proportion of across=
track errors exceeding 45 NM is consistent with the target level of
safety. For the lower end of the target range, the requirement is to

: =7
show that this propurtion is less thaon 10 ); for the upper end the core
responding figure is L x 1Om4, Very roughly, these proportions can be
demonstrated to 97%% confidence using, respectively, 3 600 and 9 000
independent observations. ‘

Lo17.3 There ~re probably two Hpessinistic! tendencies in the
estimation of the required number of observations, viz. the "blind
flying" and "level tails' assunptions. llureover, exploiting the
"tendency to centrality" is likely to lerd to reduced estimntes of risk.
Tt may also emerge from & Gata cullection that correlations in the

" aeross-trock errors of proxin.te cdrerft nre such os to make the above
estimations somewhat pessindistic, On the other hand, to the extent that wing=-tip
vorticesnﬂayjpossiﬂy’beproved to hove n svbstoatinl effect, these esti-
mations are "optimistic™. On bul nce, and be ring in mind thnt observa-
tions may be costly, it would seem adequate te ndrn for 5000 independent
observations,
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D. MEANS O BXPRESSING THE QUALITY OF NAVIGATION REQUIRED TO MEET A

TARGET LLVEL OF SAFETY

4,18 When considering this subject, the Group noted that the

United Kingdom has used as a simple criterion a proportion of flight
time spent with an error in excess of half the standard separation
but considered it premature at this stage of the surveys to make any
decision regarding the quality of navigation required to meet the
proposed target level of safety.

E. COMPUTATION OF TH: RISK DUE TO THE "ATC LOOP'" ERRORS

4,19 As already referred to in paragraph 4.9 above, it did not
appear acceptable to the Group to attribute as much as half of the
collision risk to the "ATC loop' errors but considered it desirable that
estimate of the risk attributed to these errors should be computed.

A method for such computation is given hereunder

"Let X, be the number of ATC loop errors per year which result in
an aircraft having the same nominal track and flight-level as
aircraft going in the same direction, but no planned longitudinal
separation from them.

Let X_. be the corresponding number for the opposite direction
case.

Let P, and P2 be the average proportions of the total oceanic
flight time “(approx. 3 1/4 hours) for which the same- and opposite-
direction types of system error are allowed to persist.

The equations and numerical values in Appendix A give the order
of magpitude of the blind-flying risk due to metallic collisions

as 107 (P1 X, + P, XZ) fatal aircraft accidents per year, assuming

"plind flying'" (i.e. no successful visual collision avoidance) and
that wing-tip vortices have no influence on the effective collision
length of en aircraft.

Assuming that there are roughly 60,000 jet flights per year over
My 7the North Atlantic, the above risk is equivalent to 0.05

o (P, X, + P, X,) fatal airoraft accidents per 10 million aircraft

o 2 2
’ hours.

The target level for the total allowable risk due to collision lies
in the range 0.4 to 1.7 fatal aircraft accidents per 10 million
aircraft hours. :

If it is assumed that
a) the standard deviations of écross—track errors and height=-

keeping errors will not decrease substantially in the
period considered; and,

b) the correlations of these errors will not increase sub-
stantially during this period;

then one has to be satisfied that (P1 X + P, XZ) is of the order
of 1 per year or lower in order to neglect the risk due to the
ATC loop errors." '
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ESTIMATED RISK ASSOCTIATED WITH SEPARATTION STANDARDS
- BASTC PRTNCIPLES

1 THE APPROACH TO ESTIMATING COLLISION RISK

The process of estimation is to piece together the transient risks to
individual aircraft so as to give the expected number of collisions arising firom all
traffic during the period considered. In practice, this will slmost always be &
fractional number very much less than unity, For illustration, one can simplify by
supposing all eircraft to be flying on parallel flight-pathsg both same-direction
and opposite-direction traffic will be considered. From this, the general extension
to a multi-directional traffic area should become evident (although its exposition
would be rather tedious),

(a) "Represonting the plenned exposure to risk

Air traffic control separation standards denoted by Sx(std), Sy(std) end
Sz(std) Tor, respectively, the along-track, across-track and vertical direcﬁi@ns are
shown by tho inner box of Fig. I. The intended position of an aircraft, as
determined by the accepted flight plan, is shown at A, The controller's task is %o
ensure that the intended position B of any other aireraft is never inside the imnew
box, A significant collision risk will arise only when B is intended to be on one’
of the faces of the inncr box, or just outside it, because the risgk can be expected
to £all off very rapidly with distance outside this box, Fig, I shows an enveloping
shape, ths ‘proximity shell®, outside which the collision risk between aiveraft A
and B can be assumed to be negligible, and within which en aireraft, B, is said %o
be in proximity with A and the pair are exposed to the risk of collision. The
problen is to estimate the total collision risk, for all pairs of aircraft which
becons 'proximate®, in this sense, in the traffic region over a given period of time,
One muast therefore take account of the expected number of times each aircraft flying
in the region during this period has another aireraft in its proximity shell, TFor:
reasons to be discussed shortly, one must also take account of the expected length
of timo this other aircraft will remain in the shell, and the path it describes
through the shell.

(b) Ropresontinzg the collision procens

Bocause of the errors in keeping to speed, track and height (which are
here teormed "flying errors") the true positions, shown at A® ernd B' in Fig., 2, differ
from the intended ones, The collision risk for the pair of aircraft is the chanc@
that the vector (A'B*) shrints sufficiently for the aireraft to touch, This chance
depends, of course, both on the intended shraration (AB) (i.e. the location of B
within the proximity =holl) ord on the flyin errorg, For a peried of time during .
which the expected number of collicions is gmall, this (fractional) nurber is itself
a convanient and very close approximation to tae chance of collision, Thus, assuning
a safe traffic systenm, it is convenient to refer to an expeccted number of collisions
as the rigk, So far, the word ‘'risk' has boen used rather loosely. In what follows
ths tora o mk will be uzcd for the expected nurber of collisions over a
sp@cifzcl i Yor erample, one may tall of the collision risl: for the
duration of flight by a pamr of eircroft which becors proxirate at coms sbege, or
for all alrwra?t flying in a traffic fugxen during a poried of coverel yeara, The
term collision rate will donote tho eipooted nurber of eollicions per unit time
between a peir of eireraft at sows given (end possibly tronsient) imbended
separation (AD).
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In general, the intended seperation (AB) variss as the flight progresses; and,
in the plenned passage of B pust A, B may describe & trajectory which takes it
into the proximity shell of A, If the two sireraft are travelling in the same
direction at about the same speed, the variation is slow, and B may remain in the
proximity shell for several hours. For an opposite-direction pair, on the other
band, B may pass through the shell so quickly that the flying errors remain
sensibly constant during the peried of exposure wrisk; in this cage, the exposure
to risk could be treated as a discrete event, viz the *passing® of the two airoraft,
The exposure for the same-direction pair camnot be trsated as a discrete event in
this way, The only general approach to collision risk in a traffic region is to
treat the shrinkege of (AB) as a time-dependent process, Accordingly, the
collision risk for the flight of a proximste pair of aireraft is to be computed
by taking elements of time small enough for the inbended separation, (AB), to
rexain sensibly constant, then sunming the expected numbsrs of eollisions
occurring in each such element of tims,

To estimate the collision risl, i,8, the expected number of times, in a givem
Bime inberval, the actual separation (A'B?) shrinks to collision size, (A'B')
must be congidersd as & time=-varying quantity, In addition to our knowledge of
(4B) it is necessary to know two properties of the flying errors:

(1) the probability distributions of the error magnitudes
(i) the probability distributions of the rates of change of these magnitudes.

The need to consider both propertiss can be seen in the example of two
aircraft on nominally parallel paths flying at the same intended speed in the
same direction, In this case varistion of (A'B') is due solely to the flying
BYTOTS,

(expected frequency with which (A'B) shrinks to collision size)
= (proportion of time during which (A*B?) is less than collision size)
f(ave@ag@ duration of the intervals during which (A'B*) is less
than collisgion size).  weesescssssses (L)

On the right-hand side of equation (I) the first term mesy be inferred from
proparty %i}g the second term has to be inferred from property (11).

To put it in familier terma, one mneeds to consider the wavelengths, as well as
the amplitudes, with which aircraft oscillste sbout their intended positions,

laving shown that a genersl approach must vepresent the time-dependent be-
haviour of (A@BQ}, it is simplest to think in termz of components of motion
(assumed %o be independed of one enother) slong cartesian coordinntes, x, y and
%, corresponding to the slong-track, across~track and vertical dimensions.
Taking the motion of one sircraft relstive to the other, the collision process
mey be looked on as a particle borbsrding a sleb., Tn Hig. 3, A and B again show
the intended positions, end the change in separation which is dus to the combined
flying errors of the two aiveraft is chown by (BB),
given a notionally rectonguler eollision g po, With A ., A
regpectively, the length, spen and thickness, The collisic
the expected number of timos the perticle, shown at B,
the sides, the ends, © . :
contributions that the tc¢
given here take the motall
length, However, if ba o :
quantified thsy can be taken inte ac (Ses Appendix C,)

aud ) vopresenting,
rote is given by

s the sleb through
& 1z these three
exanples
eollision
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The following quantities may be defined:

Ny iq\the expected frequency with which the along-track separation shrinks to 1@3@1

Ny and N, are similarly defined for, respectively, the across-track and vertiecsl
directions.

Py is the probebility that the along-track separation is less than w9 be®e the
proportion of time the aireraft spend in this condition, *

P, and P, are similarly defined for, respectively, the across-track and vertical
directions, :

Suffix (A B ) denotes values which the above quantities teke throughout periods
when the planned separation may be tsken as sensibly constent at the vector (AB),

The frequency with which the particle B" enters the slab through either end
is given by the probability that its y and 2z coordinates lie within the dimengions
P\y: N g oFf the end faces, multiplied by the frequency with which its x co-

ordinate becomes less than hx’ For the constent intended separation (AB), this
may be written o

( prypz ) (AB)

Similarly the frequency of entering through the top or bottom is given by
(szxpy )(AB)

and through either side by

(NszPx)(AB)
Thus the collision rate for the intended separation (AB) may be written
NP P + (NPP + (NPP
( Xy z)(AB) ( Z Xy)(AB) ( Yy 2 x)(AB) tecoceccecoe (2)
Using equation (I) one may deduce an equivalent expression for the collision
rate :
1 1
PPP '
(xy Z)(AB) -.+-+'1 606000000000 (3)
where ,

tyx is the average of the time intervals during which along-track separations
are less than Axe : : ‘

Sy and t, ave similarly defined for the across-track and vertical directions,

One can now see clearly what is implied in treating the intended "passing’
of two aireraft as a discrete event, instead of integrating the collision rate
with respect to time as their flights progress, i.e. as A and B change, Take, for
example, a pair of aircraft intended to pess once only in opposite directions on
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parellel tracks. Becasuge the scross-track and vertical veloclity components
(due solely to the flying errors) ere small compared with the relative slong-track
component, %, and t, are much larger then t,; alsc, Fy and P, remain constant,

becauvse the flight-paths are psrallel, The collislon rate for the pair (at an
intended separation (AB)) is therefore, from equations (2) end (3), epproximately

(Nx?ypk)(AB)
the second and third terms of equation (2) being megligible. The collision risk
during the "passing' is obtained by summing this quantity over the flight path of
eitber airoralft, or in practice, over that part of the path of one aircraft which
lies within the proximity shell of the other, That is over all values of (AB)
within the shell, This gives

E:(NXP Pz)(AB)
all(ABX
or, becauge gg and P are constant ’

Pypz (v x) (AB)
»11 (AB)

whiech, becauge there 1s one passing, becomes simply

PP

N
Thus the wisk of cellision per flight, when the flight plans are such thst only a
higb~gpeed pass ig involved, is determined solely by the y and #z error probebility
distributions, 0o the other hand, {or slow passings, such as are implied in same-
dirvectiion traffic on ailrways, relative velocities are comparsble in the three diree-
tiona, and therefore all three terms in equstion (2) are importent, The cellision
risk then dependa upon the prebsbility distributions of the rates of change of the
errvera, which influence the N's, as well as on the prebability distributions of the
ervoy magnitudes which determine the P's,

(@) Treatnent of the {lying errers

By their natfure, separstion standerds are slways assccisted with
extremely swall collision risks, It is to be expected thst sny procedursl
standanrd (8, ssy) will be of such a size thst very few of the flying errors, in
the dimensions eonsidered, will excesd #8, Collisicn csm cccur only when at least
ore airoraft in s pair mskes sn erroy grester than 45 sud it is the lsrge rare
ervers (rather than those of moderste sisze which form the bulk of observetions)
that meinly determine the risk of ecllision. Thus the key to msking vsefdl estimates

B4R
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of the safely of sepsvration standsris liss im the trestpernt given to the 'tails of
probebility distribulions, These "tsils® sre illusirsted in Pig, &, where the
intenied paths of the siversft have been set one sepsrstion standsrd S spsrts the

A
axis can be tsken to vepresent sny one of the ccordinstes x, y sud 2z, Both the
size and the shape of the "tsils'® are important in risk estimstion.

New, in practice, the shspe of the 'tails® is ususlly uncertsin, becsuse its
determination would require move dsta than it is fessible to collect, Such data es
have been collected show decisively that the populsr sssumption that Tlying errors
obey the geussian distribution lew gives s lew count of the number of errors in the




‘tails’, and leads to dangerous underestimste (Ref. 17) of risk, Indeed no
simple theoretical distribution adequately describes all the observed deta, and
- there seems little prospect of developing one which could be safely used to
decide separation standards from a small sample of datay for example, from &
sample which is no larger than is needed to estimate standard deviation ‘
precisely, Accordingly, it is necessary to seek estimating methods which allew
a set of upper "confidence levels" of risk to be inferred from the observed
data, which make particular use of the observations of large errors, and which
avoid, as far as possible, arbitrary assumptions on the detailed shape of the
tails. .

- The reliability of such estimates, and indeed of estimates produced by
eny other means, depends on the quantity of flying error data used., This must
thercfore be one of the quantities taken into account when giving estimates in
the form of ‘confidence levels®,

Two further factors complicate the treatment of £lying errors. As has been
seen, the knowledge of rates of change of these errors is important to collision
risk estimation, The N's of equation (2) depend on probebility distributions of
both the megnitude of the error and of its rate of change. One has therefore to
investigate the tendency for large errors and large rates of change to occur
together before estimating the N's, There may also be a tendency for a pair of
proximate aircraft to moke the same error at the same time. Discussion of these
factors is given in Appendix B

(@) Prozimities

The tims for which a pair of proximete aireraft is exposed at a
given intended separation is tormed a PROXIMITY, The expected nurber of
collisions between the pair during the period for which this separation is
intended to persist is, of course, simply the product: collision rate x
proximity. The detelled notion of proximities is not altogether easy to grasp,
and the noths which follow are intended to fix idease

It is not sufficient to measure simply the total time for which each aire
creft flies with sems other aireraft in its proximity shell (Fig, I), gince
each sort of intended separation (for example, same direction aiveraft assigned
to adjacent tracks at the seme flight=-level) has a characteristic collision
rate. In other words, the P's and N's of equation (2) vary according to the
path teken by B within the shell, The time spent by B within the shell rust be
specificd as a particular sort of proximity, For traffic on parallel tracks,
for exarple on airways and sometimes on North Atlantic routes, this is & straight-
forward procesa, since there are only a few possible sorts,

To study the safety of proposed separation standards in a given traffic region,
the aggregate of each sort of proximity, for all flights, is estimated for the
period considercd, which may be several years, Thus it is neceasary to take account
of forecast traffic intensities, route configurations, and the A,T.C. procedures
which will determine the apportioning of proximities between the three separation
dimensions, The total risk is estimated by summing ever the range of all sorts of
proximity terms of the formi(proximity of a given sort occurring during the periocd
considered) x (collision rate attributable to this sort of proximity),

2 PASTC REOUTREMENTS TITN DSTIMATING GOTLISION RTSK

It is extremely easy to overlock ess
safety of ceperation standards, or the ne
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ou which to judge these issues. Although the principles set out below appear very
slmple, they een all too easily become submerged in arguments of safe separation
enalysis, and so elude ‘theoretical® and 'practical® people alike, Unless these
principles are followed, much effort may be spent in collecting data and forming
arguments which are not relevant to collision risk; dindeed, such arguments might
convince an suthority that a standard is safer than it actusily is, It is essential
to recognise the considerable limitations inherent in calculating collision wisk,
and the need for sdministrative authorities to be able to exercise their own judgments
of the validity of risk estimates. Below, seven requirements are suggested which
any estimates of collision risk must satisfy before it can be used as a basis for
deciding on a safe separation standard, These place on the estimator the onus of
showing the sensitivity of his results to any eriticsl assumptions, and to the
guantity and quality of the data he has used,

(1) A1 possible directions from which one aireraft can come into collision
with another should be accounted for,

This is the requirement discussed in section 1 (b)

The process of formulating the collision risk from all directions, which in
practice leads to expressing the effects of flying errors in each of the three
dimensions of space, has the added advantage of showing clearly the separate
contributions of esch to the total risk. One can ses immediately, for example,
the effect of inereased precision of tracle-keeping on the safety afforded by
vertical separation for aircraft asaigned to the same track, Again, one can
readily compare the extent to which the rates of change of the three component
flying ervors (es distinet from their magnitudes ) contribute to the total risk.

(i1) Vihers, because of a shortage of data or otherwise, the value of a
paremoter cannot be known ewactly, it should be given a "safe representation in
bhe risk equation,

(131) TP an arbitrary assumption is made about %he probability distribubtion
of the flying errors there should be strong reasons for believing it to erw (if
enything) on the safe side and the sensitivity of the estimates to changes in
the agsumption should be indicated,

As pointed out, estimates of risk are highly sensitive to assumpbions on the
form of the tails or error distributions, Perhaps the most obvious pitfell is to
assume that the proportion of the large, rare errors can be found from the standard
deviation (i.e. r.m.s, values) of a small gample; for example by assuming a
gaussian (normel) error distribution,

{iv) The method of estimating should take acoount of the exbent to which each
of the three dimensions of space is used in separating aircraft,

Asg discuzsed in section 1{&}$ due allowsnce should be made for the ‘nroximities?
(1.0, exposures to risk) which are determined by the prevailing traeffic intensities,
route configuration and A,T.C, procedures in the traffic region, end over the
period of time, to be considered,
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(v) When estimates of risk depend on limited samples of data, account should
be talken of the uncertainty due to sampling fluctustions,

The significance of this requirement is largely due to the fact that the
incidence of the large, rare flying errors (which mainly determine the eollision
risk) has, in practice, to be estimated from a very small number of observations.
The use of "econfidence levels" when presenting the risk estimates can be made
to show whether the sample is large enough to form a useful basis for decision.

(vi) When different sets of data on flying errors lead to contradictory con-
clusions a safe interpretation of the overall situation should be used,

Data on flying errors.are likely to vary with operating conditions, technigues
of observation, and geographic location within the traffic region considered., It
is essential that the sub-samples are so weighted, or rejected, that the final
assembly of data is safely representative of the whole traffic region and periocd of
time considereds i.e, that the selection of data does not lead to an under-sstimate
of the risk., Where there is doubt on which samples to select, the effects of
alternative choices on the risk estimates should be made clear.

And, finally, a requirement which is almost self-evident:
(vii) Bstimates should be presented in a form suitable for executive use.

AMmost any estimation of aireraft collision risk is of ianterest to & much
wider circle then the specialists in the subject. Moreover, the specialists
themselves benefit if results are presented in a way which brings out the nature
of the key assumptions, and the effects of changing them. The risks should be
expressed in units which can be readily understood.
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ESTIMATED RISK ASSOCIATED WITH SEPARATION STANDARDS - THEORY

1o The techniques described in this Appendix deal with separations which are not
monitored on the ground, and are confined meinly to studying the collision risk %o
pircraft nominally separated, by a lateral or vertical standard, on parellel {light
paths, Although a more general approach has been made (Refs, 20, 21, 22) its

presentation here would be rather cumbersome, and would tend to mask the essentials,

26 EXPRESSIONS FOR THE COLLISION RATE OF A PATR OF ATRCRAFT

As described in Appendix A aircraft arve given a notionally rectangular
collision shape, in which kx’ ly and KZ represent, respectively, the length, span
and thickness, For a pair of aircraft on parallel paths, the collision rate
(C.R.) is expressed as follows: |

C°R°[A,B] = (NXPyPZ)[AB] + (NZP?ch)[ABl ¥ (NyPZPX)[KB] (1)

where
Nx is the expected frequency with which the along-track separation shrinks to
less than xxf
Ny and NZ are similarly defined for the across-track and vertical directions,
Px is the probability that the along-track separation is less than Kx
(i.e., the proportion of time aircraft spend in this condition),
P and Pz are similarly defined for the across-track and vertical dimensions,
Suffix [AB] denotes values which the above quantities teke throughout periods
when the planned separation may be taken as sensibly constant at the vector
[aB].

In this Appendix, the "blind-flying" assumption is made, That is, visual

collision avoidance is assumed to have no effect on the P's and the Nfg,

The P's have to be estimated from observation of the magnitudes of flying
errors but, as discussed in Appendix A, the N's depend not only on these magnitudes,
but also on their rates of change, At the end of this Appendix, Derivation I
shows that the relation for the N's is

(Nr)[AB] = 2 j’ r G[AB](xf,i) dr (2)
0

where r represents the separation of the aircraft pair in any one of the
directions x, y and z, and r its rate of change with time,
G[ABJ(r, #) is the joint probability density function of r and r (i.e. G 45]

(r, r) dr dr is the proportion of time that separation in the r dimension
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lies between r and T + dr and is changing at a rate between r and * + dﬁ)9
Equations (1) and (2) express the basic theory for satisfying (c.f, Appendix A)

Requirement (i): all possible directions from which one aircraft can come

into collision with another should be accounted for,

_ It should be remembered that equation (1) rests on the assumption that
flying errors in the three axes are independent of one another, Since the
function G[AB](r’ r) is likely to change only slightly over an interval of twice

the collision size, %r’ equation (2) can be approximated by
oc
(Nr)[‘AB] = 2 f rG[AB](o, r) dr . (3)
0

In practice, it may sometimes be much more difficult to collect sufficient data
to estimate the Jjoint density functlon,G[AB](r r) than to estimate the density
function (¢[AB](r), say) of r alone, It is seen that in the case of r and r

being statistically independent of one another, equation (3) simplifies to
(Nf)[AB] = fr|¢(0)[AB] ' (%)

where lfl is the average value of !%I.

Approximating further by teking ¢[AB](r) to be constant over an interval of
2lr gives

(Nr)[AB] + |-;-|PJ:'[AB]./2)\1;‘ k(5)

Although there may not be sufficient evidence to say that r and r are in-
dependent, it will usually be possible to set a plausible upper limit to 'rl
or to infer from samples a range of r associated with substantial loss of
separation and hence to make safe use of equation (5), For example, an upper
1imit for |i| for a pair of proximate jet aircraft in cruise could probably be
set by mach number limitations or (perhaps better) by evidence from quite a
small number of observations of relative elapsed times of flight. (c.f.
Requirement (ii) of Appendix A),

Shortly, in Section 4, attention will be directed to collision risk on
parallel flight paths separated by either the lateral or the vertical separa-
tion standard, and, in particular, to the collision rates (C.R. >[AB} and
(C.R, )[AB] associated with the breakdown of, respectively, the standard

lateral and vertical separatlons. It is convenient to rewrite equation (1)
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for peirs of szircraft assigned either to adjacent flight levels on the ssme

track or to adjacent tracks at the same flight level, wviz:

(chey)[AB] = (Ni)[AB]Py(std)PZ(O)+-(PX)[AB][NZ(O)P&(sﬁd)4=Ny(std)?z(O)z (6)
(CQRQZ)[AB] = (Ni)[AB]Py(O)PZ(std)4~(Px)[AB]§NZ(std)Py(O)%sNy(O)Pz(std)§ (7)
where

Py(std) is the probability that the across-track separation of a pair of
aircraft, nominally spaced at the lateral standard, is less than lye

Py(O) is the probability that the across-track separation of a pair of
aircraf't, assigned to the same track, is less than A,

Ny(sﬁd) is the expected frequency with which the across-track separation of
a pair of aircraft, nominally spaced at the lateral standard, shrinks to less
than %y”

Ny(O) is the expected frequency with which the across-track separation of a
pair of aircraft, assigned to the same track, shrinks to less than Ryg

Pz(std), PZ(O), Nz(sﬁd), NZ(O) are similarly defined for the vertical dimension,

On the right-hand sides of equations (6) and (7), the suffix [AB] need
only be used with the NX and Px terms, since the other terms are now treated as
constants, determined by the separation standards and by the probability
distributions of the errors of track-keeping and height-keeping,

3, PROBABILITY DISTRIBUTION OF THE FLYING ERRORS

(a) Basic requirements, From the discussion given in Appendix A it was

concluded that the incidence of the large rare flying errors (i.e. those errors
which are important to collision risk) cannot safely be deduced by simple theories
which extrapolate from the evidence of small samples (e.g. from estimates of
standard deviations), However, it will hardly be feasible to increase the

number of observations sufficiently to ensure that frequencies of the large

errors are estimated with negligible uncertainty, and so special statistical
techniques have to be used to estimate the P's of equations ('!)g (6) and (7),

Referring again to Appendix A, the techniques have to be consistent withs

Requirement (iii): if an arbitrary assumption is made about the
probability distribution of the flying errors there should be strong
reasons for believing it to err (if anything) on the 'safe' side and
the sensitivity of risk estimates to changes in the assumption
should be indicated,
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Requirement (v): When estimates of fisk depend on 1imi bed samples of
data, account should be taken of the uncertainty due to sampling

fluctuations,
(Requirement (iv) is dealt with in Section L. )

(b) Sempling fluctuations, Consider the simple approach which one might

mékefto estimating any of the P's, In Fig, 1, the observed histogram of errors
(t.e, of the random departures from nominal £light-path for an airvcraft, measured
in one of the three dimensions) is shown centred at A, The same histogram,
translated to A', represents the errors for a secornd aircraft navigated in the
same way, and the segment AA' represents the nominal separation of the aircraft
pair, If the errors for the two aircraft are uncorrelated then one can
approximate to the probability (given by the so-called 'convolution integral?)
that the actual separation lies within a given range simply by taking sums of

the products of pairs of observed proportions., But having derived an estimate
in this way the questions remain: What degree of confidence can be placed in

it? How is it affected by sampling fluctuations?

There does not seem to be any ready-made technique for placing conf'idence

limits to such an estimate in a way which enables efficient use to be made of

the observations, An initial exploration (Ref,23) of the problem, using a digital
computer, showed that efficient techniques would be forbiddingly complex, How=
ever, experience has shown that changes in the separation standards come up for
consideration even in cases where there is a complete absence of observed error
data along a large part of the separation axis. In such cases the gap between
efficiently end not-so-efficiently estimated confidence limits will not be so
large as it would in cases where detailed data on the larger errors are available,
On this account, and also because of the difficulties in developing efficient
confidence limit techniques, there is some Jjustification for the simple
technique described below.,  Egsentially, the compromise used here is to make

use of a distribution function which depends only on the total size of the
available sample of flying errors and on the proportion of them which exceed
one=half of the separation standaid, This enables the eollision risk to be
expressed as a distributed variable, given certain assumptions on the rate of

decay of the probability distribution of the large errors,

(¢) ‘'Body' and "tails® of a probebility distribution. Consider the
separation of a pair of aircraft in the &im@nsiQn r (where v represents one of
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the dimensions x, y and z), assigned to paths placed §%apart (where Sr is at
least as large as the separation standard) and let £(x) be the probability
distribution of the errors in path-keeping, as shown in Fig, 2, The temm

"body ' is chosen for the portion of f(r) lying within *S I/2 of the mean, and the
term 'tails' for the portions falling outside these limits, In practice, the
separation standard is sufficiently large to make Pr very small, Now separation
in the r dimension can shrink to aircraft size only if errors of (Sr/é - half

the aircraft size), or greater, occur; and, unless there are some very queer
kinks in £(r) in the range tSr/é, a small value of P implies small tail aveas,
In any event it is essential, in estimating Pr’ to take enough observations to
tell us something about the area of the tails and in doing so one gets sufficient
observations to define the‘shape, as well as the area, of the body quite clearly.
Estimates of Pr are not likely to be very much affected by the shape of the body,
within the range of variations in body shape which are met in practice, but are
likely to be sensitive to the shape assumed for the tails, For simplicity, in
the treatment that follows, f(r) is teken to be symmetrical, so that the two tail

areas are equal,

(d) Use of the tail area to express the uncertainty due to sampling

fluctuations, This is a straightforward application of confidence limit theory

to the tail area, Consider first the binomial distribution:

B(M,p)
where M = total number of independent observations
p = probability that an observation falls in the tails and, of course,
1-p = probability that an observation does not fall in the tails.

Since p << 1 << M, one can use the Poisson spproximation to the binomial
gseries so that:

Probability that n or fewer observations fall in the tails

2 he
= e'PM {1 + pM + iEMl— + eooe + ﬁEMQ—} (8)

21! n'

Now, suppoée a fraction a of the M observations has been observed to fall in

the tails and it is réquired to base a confidence limit on this result, That

is, to find the fraction, B, such that, if p = B, the chances would be c: 1
against getting oM or fewer in the tails (¢ being the chosen level of confidence ),

The required condition is:
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2 - oMk
emBM {Ji 4 SM + i@i\gl@__% saso ° 1 } -i'f wﬂjm (9)

2% T (M)t c+ 1

Equation (9) can be used to construct a cumulative distribution curve for B,
given o and M, and hence to represent the uncertainties in tail area which are

due to seampling fluctuations,

(e)  Alternative assumptions on tail shape, It is mainly in the choosing

of a tail shape (i.e, of modelling the rate of decay of the probability distribu-
tion in the region of large errors) that the process of estimating the safe
standard must depend to some extent on judgment, The purpose here is to describe
‘three alternative clearly defined assumptions and to show their implications in a
way which can be readily understood, The assumptions are given here in order,

as it were, of increasing optimism as to the shape of the tails,

(i) It is assumed for the 'pessimistic spike' model that all errors in one
tail actually occur on the intended flight path of the neighbouring dircraft at
distance Sr’ as shown in Fig, 3(a), This is indeed to teke a gloomy view of
things, but may conceivably be justified, if nothing at all is known of the tail
shape, on the grounds that one cannct neglect the possibility that the frequency
distribution £(r) has subsidiary maxima, one of which may coincide with the
neighbouring flight-path, It is conceivable that certain radio aids giving rise
to a periodic pattern of errors could lead to this pfoperty in f(r) if it were not

properly looked after in their design or use,

(ii) The distribution f(r) is teken to be non-increasing outside iSr/Z
for the level tails model, Within this assumption, the most ‘unfavourable'
frequency distribution for the tails is that errors are uniformly distributed, as
shown in Fig, 3(b). The limit of the distribution, point rj, is chosen to '

meximize the risk of overlap as shown in Derivation IT at the end of this Appendix,

This seems a prudent choice of model when, although little is known (from
observations or otherwise) of the tail shape, there is reason to assume that the
path-keeping process will not give subsidiary maxima in the tails of f(r), For
most navigation procedures used in practice, it seems likely that periodic causes
of error will be accompanied by many other non-periodic causes, and that the level-

tail assumption is quite pessimistic enough to cover their combined effects.

(iii) In certain of the observational data on path-keeping errors that bave
been examined. (the radar observations from Ref, 17, for example), the rate of
decay of the frequencies of the larger errors is more closely approximated by
an exponentisl function; thet is, so that the proportion of errors of size r is

proportional to exp(-Klr|), where K is some constant, Tn some obther collections
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of data (for example, those on height-keeping errors given in Ref, 24) a rate
considerably slower than exponential has been chaerved for the decay of the
frequencies of large errors, and there seem to be no cases recorded of a decay
rate in the tails faster than 'exponential', such as would be given, for
instance, by a Gaussian distribution, The assumption of exponential decay for
the tails, illustrated in Fig, 3(c), therefore represents the most optimistic
view on tail shape which can reasomably be taken in the absence of very detailed
observational data, The assumption would not be a prudent one, however, if there

were neither observational nor mechanistic evidence to support ite

(f) Computation of the P's from the assumed teil shapes, The next problem
is to relate P, to tail area for each of the three tail shapes, As in para, 3(c)
the symbol r will be used to represent any one of the x, y, 2z dimensions, and the

separation, Sr’ is taken to be of the order of the separation standard, or larger,
”To proceed, it is necessary to meke a working assumption on the shepe of the "body?
)of the distribution of flying errors made by an aireraft in the r dimension., The
results will not be sensitive to changes in the detailed shape of the body, and
experience with cbservational data suggests that it is adequately described by the
18t Laplacian distributions

1 .
f(r) = expl- V2 |r-p i/c‘} 10
(x) = e /9, | (10)
where o‘r = standard deviation of the flying errors in the r dimension

K, = mean of the flying errors in the r dimension,

It is further assumed that systematic flying errors have been removed, so that
the (long-term) mean deviation, Plos from intended position is negligible, Also,
it is assumed in this sub-section that the flying errors of aircraft nominally

separated by Sr are uncorrelated,

The computations of Pr are detailed in Derivation II, at the end of this
Appendix, and the results are sumarized in Fig, “ 4, using a log versus log scale
for convenience, The quantity PO xﬂr has been plotted against tail area (for
several levels of S ::‘/Gx" in the cases of ‘level tails® and ‘exponential decay*)
in order to have a generalized presentation which is independent of the absolute

- values of ‘RI_, Sr and 0., |

It is seen from Fig, ). that in the regions to which one would, expect to

> _ 1072 ana
SZ/o‘r = 10) the three assumptions lead to values of P_ which are, very roughly,
in the ratio 100: 20: 1,

make most frequent reference (viz, tail area in the range 10~
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(g) Treatment when flying errors are given in relstive form, In certain

cases, instead of the error data epplying to measurements made on single aircraft,
the data comes in a form which gives the relative errvor for each pair of proximate
aircraft, Indeed, for some measurements it is only by means of pairing in this way
that the data acquires its value, An example of such pairing is given by the
IQA@TQA; study of aircraft height-keeping errors, (Refe25) in which measurements

of the true heights of proximate jet aircraft, having koown nominal height
separation, were compared; a comparison between true height and assigned pressure
level for single aircraft would have had little velue, because of the difficulty
‘in estimating the true heights corresponding to given pressure levels at jet
crulsing altitudes, The treatment of relative error data is discussed in

Derivation IIT at the end of this Appendix,

be GETTING PRACTICAL MEASURES OF RISK FROM THE COLLISION RATE RQUATIONS,

So far, the techniques described provide a means of estimating the expected
number of collisions per unit time for a pair of aircraf+t separated by soms fixed
value of the vector [AB], The final step is to estimate collision risk, by which
is meant the expected total number of collisions in a traffic region during some
future period, typically of a year or more, The dependence of this step upon
factors peculiar to the region (e, g, traffic intensities and A.T.C, procedures )

led, in Appendix A, stating:

Requirement (iv): The method of estimating should take account of the
extent to which each of the three dimensions of space is to be used

in separating aircraft,

It is not feasible to predict the detailed behaviour of the vector [AB}
for each pair of aircraft which will become ‘proximate’ (in the sense discussed
in Appendix A) during the period considered, However, it is both feasible and
sufficient to study the aggregate behaviour of the traffic statistically, The
ease with which this can be done depends very much on the configuration of flight
paths which will preveil, It is straightforward when fixed numbers of parallel
paths are to be used, but tedious otherwise (as is evident from Ref,21), It
suffices here to gives the theory for a gystem in which aircraft are assigned to a
set of parallel tracks and flight levels, each separated by either the lateral or
the vertical separation standard, In this case there are three components of risk
to take into account, associated with the usage of lateral verticsl and (for
aircraft on the same track and flight level) longitudinal separation standards,
For simplicity, only the first two of these will be dealt with here, It is
aggumed that the aldng-track poSitionS of aircraft on adjecent flight-paths are
independent of one another: slso, that the risk to aircraft nominally separated.

by two or more stendard increments of separation is negligible, The four sorts
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of proximate pair to be considered are shown in Fig, 5, (Note that in each case
the aircraf't are counted as proximate only when their nominel along-track
separation is less than the longitudinal standard, Sx(sb&)@) Associsted with

these, there are four sorts of proximity (i.e., times of exposure ) definsd as

follows:

Ty(same) = aggregate of times spent by all pairs in the configuration of Fig@S(&}
Ty(opp) = aggregate of times spent by all pairs in the configuration of Fig,5(b)
Tz(same) = aggregafe of times spent by all pairs in the configuration of Fig,5(a)
Tz(opp) = agéregate of times spent by all pairs in the configuration of Fig,5(d).

Suppose, for the moment, that these four proximities have already been
determined. Then, if one knew the averages of their respective collision rates,
(5t§:)y and (Etﬁsz, say, the collision risks would also be determined, To find
these averages, the assumption of independence between the nominal along-track

positions of aircraft on adjacent paths implies

4k

average of (Px(Std))[AB] Sxistds ’

and, from equation (5),

average of (Nx(std))[AB] * 53 %;hi .
Hence, from equations (6) and (7),
(“é';’ﬁ'?)& - Sx(:,td) [l;cl Py(std)Pz(O)+ thy(std)Nz(O)+KxNy(std)Pz(O)] (1'1)
@), - Sx(:td) I:l};cl B (0)E, (5t2) + LN (O)P, (std)+ 'AxPy(O)NZ(std):l (12)

On the face of it, there are only two (CeRe ) 's corresponding to the four T's, This

L]
is not really so, since lxl takes two values:

For opposite-direction traffic

where V is the average cruising speed,

and for same-direction traffic




‘where A V represents the average difference of cruising speed in peirs of aircrafte
Thus one unit of opposite-direction proximity is equivalent to 2 V/ﬁ v units of
same-direction proximity, end it is clearly essential to distinguish between the
two, The collision risks due to failure of the lateral and vertical standards

can now be written as follows:

Lateral risk (same)

?y(same) A T
Sx(std)

Py(std)PZ(O) + xxPy(std)Nz(o) + xxNy(std)Pz(o)] (13)

Lateral risk (opp)

(opp)

JT-«T [v1> (sta)p, (0) + NP (std)N,(0) + M N_(std)P,(0)] (14)

Vertical risk (same)

T(smm) =
Sk Py(O)Pz(std)-;-kxNy(O)Pz(std)+xxPy(O)NZ(std)] - (15)
Vertical risk (opp)
T, (opp)
= m [VP (0)P (std)+ AN (O)P (sta)+A P (O)N (sta)] (16)

To return to the problem of computing the T's, consider the system shown
in Fig, 6, in which each track has length L, It is assumed that the traffic flow
into and along the paths is statistically steady during the period of examination,
Let the respective flow rates on the paths shown in Fig, 6 be

m11, m12, 00 e mi.j’ 000 mtf e

For the moment, no distinction will be made between same- and opposite-direction
traffic, Taking an aircraft on path (i, j), the expected number of aircraft with-
in an along-track separation in(std) of it on path (i-=1, j) is

2Sx(std)

s 11 g

E{T L= 1, J

The average proximity generated by this aircraft, vis-a~vis aircraft on path
(i-1, 3j), during the time it takes to fly along the segment of length L is

given approximately by




h =B « 14

ZSx(std)
® - ‘m
vV

ighngX«L o

<51 i

S0 that the rate at which paths (i~1, j) and (i, j) generate lateral proximity
is given approximately by
ZLSx(std)
=1, m, o
V2 i-1,3 45
(Note that this 'rate' is dimensionless: it is a time of exposure per unit time
of operation, ) And the track system as a whole generates lateral proximity at the

rate_Ty, where:

ots (sta) =t J=F
. m, m, . (17)
y V2 , 1= 153
1:2 331

Similarly, vertical proximity is generated at a rate %Zy where

213 (std) =f i=t
o e . m, . 18"
.z V2 j{j Mi, 5= T3 (18)

j=2 i=1

Ty and. TZ are now resolved into their samé-direotion.and opposite—direction
constituents, Usually, it will 'be necessary to aggregate the proximities over a
lengthy period (e.g. one year) during which the traffic intensity fluctuates, For
this, the period is divided into sections for which the intensity is sensibly
constant, and the quantities T_(opp), T(seme), &o., are integrated numerically,
Two features are clear from equations (17) ard (18), Tor a fixed number of paths,
proximities (and hence collision risk) are proportional to the square of the
traffic intensity., Secondly, that Sx(std) finally cancels out in the collision
risk equations (13)- (16). That is, in the case studied here (Fig, 6), the along-
track criterion of proximity does not directly affect the result, and can be
selected for convenience in computing, provided it is small compared with the

distance an aircraft flies during a statistically steady period.

A numerical example may help to fix ideas on computing the T's, Fig, 7
shows the hourly t?affic rates on a simple airway system, Taking Sx(std) a8 the
along-track criterion of proximity, how much lateral and vertical proximity would
be generated on the 500 n,m, 'segment in 10 hours of steady state operation?
(Given: V = 300 kt, Sx(std) = 30 n.m, )
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We have
218 (std) ’
x 1 2
T = 3 hour
and
| Ty(same) = 0
t (opp) = —13-[10+ 24+ 10+ 9] = 17,7 hours of proximity/hour
Tz(same)‘ = %-[124-30+~15+-20+ 8+6] = 30,3 hours of proximity/hour:
t,(opp) = 0

8o that the proximities generated in the 10-hour period are

i

Ty(opp) 177 hours

303 hours

Tz(same)

5e KEY ASSUMPTIONS

In addition to the 'blind flying' assumption which is discussed in the

main text there are two important assumptions which call for some discussion,

(2)  Assumption that path-keeping errors of an aircraft in the three
dimensions are indeperdent

This assumption, used in deriving the fundamental collision rate equations
in Appendix A, is probably unimportant when there is nominal separation at least
as large as the separation standard in one dimension, whilst nominal separation in
the other dimensions may be small or zero, This is the usual way of applying
separation standards at present, It is very unlikely that a large error which
causes loss of separation in the first dimension is specially associated with the
particular combimation of small errors which produces loss of separation in the
other two dimensions, But, when composite separation standards are considered,
i.,e, those which rely on the separation standards being applied simultaneously
in two or three dimensions, the assumption of indeperdence may have an important
effect, If the large errors in two dimensions were in fact correlated, one could
. not rely on the techniques described to give cautious estimates of the collision
risk, Quite plausible arguments can be advanced to suggest that large errors in
different dimensions may occasionally occur together, For example, failure of

crew vigilance is a factor common to errors in all three dimensions, the altime ter
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gtatic pressure system is shared by the A.S.T. and machmeter, and go on,. It is
therefore essential to check by cbservation the degree of correlation between
large errors in the three dimensions before estimating collision risk for
composite separation standards,

(b) Assumption that the path-keeping errors of neighbouring aircraft in
the same dimension are independent

When.considering the probability of a loss of separation of the order of a
separation standard, this assumption of independence is likely, if anything, to
err on the safe side, i,e, to overestimte the risk of losing separation, This
is because any correlation that occurs whilst the actual separationg in one
dimension, is shrinking will tend to equalize the errors and so work against the
occurrence of a complete loss, But, when considering the risk of losing
separation in a dimension in which the nominal separation is zero, or nearly 8o,
the same correlation has the opposite effect: it augments the risk, To put it
another way, a good deal of protection against collision comes, in practice,
from the random deviations about intended paths when the paths are not deliber&ﬁaly'
separated, If these deviations are correlated, for pairs of proximate airerait,
then some of this protection is lost, Clearly, the assumption of independent
errors for neighbouring aircraft may ‘cut both ways' in the estimates, Since one

expects each error made when flying close to intended track to arise from many
| sources one would not, perhaps, expect a very strong correlation between the small

errors for different aircreft, but the only safe course is to check by observation,

DERIVATION T : THE FREQUENCY OF LOSING SEPARATION IN ONE DIMENSION

Using the notation of section 2, the time taken for separation, in the v

direction, to change from r to r+dr is

dr
T

and the average frequency with which the separation passes through the element

r, r+dr, when the velocity is in the range T = T+dr, is

G[AB](r, r) dr dr
time teken to cross the element

= Elepg)e, £ a

Summing over all r gives the total frequency with which separation passes

through r, namely
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[ege]

~ total frequency = jf I | G-[AB](I“9 r) dr

= 2 [fG[AB](r, r) ar (19)
0

assuming that r is symmetrically distributed about zero mean,

The required frequency~(N£)[AB] with which separation shrinks to aircraft
size is the frequency with which separation enters the region lying between
nxr and +xr. On the assumption of symmetry it is seen from (19) that
oC
(Nr)[AIB] = 2] r G[AB]()”r’ r) dr (20)
0

Since, although separation passes through ~Xr as often as through +Xr, only one

half of these passes (those entering the region) are counted,

DERIVATTION IT : COMPUTATION OF THE P'S FROM THE ASSUMED TATL SHAPES

Notation: As in the main test, the suffix r is used to denote one of the

three dimensions %, y, z. Also

Kr = the aircraft collision size in the r dimension
Sr = interded separation of a pair of aircraft in the r dimension
Pr = probability that separation in the r dimension is less than xr
f(r) = function chosen to describe the 'body' of the probability distribution of
flying errors of an aircraft in the r dimension
0} = standard deviation of these flying errors

Throughout these computations the ‘body-shape' assumed in section 3 will be
used, This is the 1st Laplacian, given by

£(r) = 70 expl-V2lrl/o,] (21)

Computation of Pr for the ‘pessimistic spike' assumption

Tor this model the whole of the area, 6/2, of one tail is put in a spike of
infinitesimal width at distance S, from intended path, i.e, on the intended path
of the neighbouring aircraft as shown in Fig, 3(a). There are, by symmetry, two
such spikes to lead to loss of separation of the two aircraft, and the chance that

aircraft centres lie within a distance dr is given by
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2(B/2)r(0)ar = o5 (gé}

r
so that
_— [ .
r V20;,
T
i.@6
P, = VBN fo,. ;5 M\, << o, (23)

Computation of P, for the tlevel tails' assumption

In this model the tails are uniformly distributed, and the problem is to fix
the range of the uniform distribution - that is, to suitably‘place the point 1‘3 in
Fig, 3(b) so that Pr is maximized, Consider first the right-hand tail of the
distribution curve for aircraft 1, Fig, 3(b), Since a uniform distribution is
assumed for the tails, each of area 6/2, the probability that aireraft 1 is centred
between r and (r+dr) is given by

<T Ty (21.)

The probability that aircraft 2 lies within 7\r of point r is, by the assumption
of the 1st Laplacian distribution

T f exp(-/2[s_-rl/o.) ar = 2 exp (/2 lSr-rl/O‘r); A, << a, (25)
r “ro
r

So the probability that Separation becomes less than Xr in the right-hand tail of
aircraft 1 is given approximately by ‘

r

i 3e ;.wfz S ;.r'/ 26
x/'2(r3-r1)0'1 .[ = Ir Gr) d.r (26)

1
‘Tt is obvious that if (26) is to be maximized, ry cannot lie to the left of r,,

since in.this region the integral increases faster with r3 than does the linear

term (rB-r,‘) in the denominator, Thus one can write (26) as
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'hrﬁ .
V2 (r3 - r1’ )0'1
Sr , J:‘3 :
{[ exp(-V2 |Sr-r'/o‘r) dr + l exp(-V2 |Sr-rl/o‘r) dr} (27)
r‘l r

Noting that r, = sr/z and that in cases of practical interest
Sr << o,

one can further approximate by substituting o‘r/ V2 for the first integral in (27)
and rewrite as

A B
r {G‘I/\/'Z + 5.?_ [1 - exp(-—\f:z IS «-r}]/o‘ ]}
V2(ry - 5,/2)0, V2 x T
XrB
= r—}—:—s7'2- {1—% exp(‘fZ(Sr~r3)/o‘r)} s T3 >3 (28)

Applying a factor of 2 to (28), to take account of the symmetrical risk, i.e,
that due to the left-hard tail of Aircraft 2 in Fig, 3(b), it is now only
required to substitute the value of r3 (r*, say) which maximizes the expression,

to derive the required value of Pr, Thus

A B

r

Fp * W t2- ejcp[fz(sr' r%‘)/o‘r]} » T3 2 S (29)

A suitable plotting function is shown in Fig, 8 for several values of 3 r/crr.
The maxima of the curves give the quantity P o r/?»rB for the respective values of

S r/o‘r,

Computation of Pr far the exponential decay assumption

The tails for this model (Fig, 3(c)) are part of the curve

Ae-k e |

where the perameters are found from the comditions:
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[ ne kel g | 8/2 (30)
sr/z

[ pe kel g | 1/2 (31)
0

Equation (30) satisfies the requirement for tail area, whilst equation (3%) fixes
the remaining parameter by making the tail part of an exponential distribution
fun¢tion starting from the centre of the body distribution as shown in Fig, 3(c)e
Thus the tail can be regarded as part of a 1st ILaplacien distribution, The latter
will usually have a larger variance than the body distribution because of the
inflation of the observed tail area which takes place when setting confidence

limits,

Equations (30) and (31) gives the parameters of the exponential tail in
Fig, 3(c) as follows .

kS, 2 loge(1/ﬁ-) (32)

Also
A = x/2 (33)

Attention is directed first to the contribution to Pr which arises from errors
in the right<hand tail of Aircraft 1:

(1) In the range sr/z ST g Sr’ it is clear that:-

: =k
Chance that Aircraft 1 is centred between r and r+dr = kez ar (34)
, ' ar V2 (1 - Sr)/ o,
Chance that Aircraft 2 is centred between r and r+dr = 7 e (35)
Op

So that the chance that the aircraft centres are both within an element dr is

given by I,, where

19 .
S
k dr r
I, = 2\,.2% / exp[ - kr+V2(r- Sr)/c‘r] drp (36)
sI/z

From which
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I, = k dr . .

VT 220 (f2/0 - k) Lexp(-ks, ) - exp (Sr/fzo"r)fks /)], % # V2/0 (37)
and
I1 = le.'\;‘ZO‘IO e@(~f231/6r) = :i?;- exp(-ﬁ[ZSI/O'r) sk = \/'z/o*r (38)

(31)  In the range S. € T < oq the procedure is the same except that one

must write -(r-Sr) for (r- Sr) in equation (35),

In this case, the chance that the aircraft centres are both within the
element dr, (with 8. € r <o) is given by I,, where

2,
- k dr - - b
= e l expl - 1 +V2(s_-1r)/c] ar , (39)
r
From which
“k dr
I, = -3
2 % S el TR A 4o
ard,
I, = deI' exp(-\fZSx/o‘r) = lj:;o‘ e}cp(-fZSx/o‘r) s k = */'Z/O‘r (41)
r

Teking account also of the left-hand tail of Aircraft 2, the total chance that
both aircraft lie in the element dr is

2(1, + 1,)
and Pr is given approximately by
2\

r
2(1, + Iz) T s M << O,

Hence, from (37) anl (L0),

2 -
- V. Ak exp( Srk)

r o)
r

{1_3@[Srk/2—3r/(‘f2°°r)] L } N Y (42)
\/.Z/Cfr-k ‘/-2/0'r+k o
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Whilst, from (38) and (41),

A, exp(-/28 1/o’r) g 5.
R AT

= V2/c - (3)

r
Equation (43) gives the special case where the tails are continuous with the body
and both aircraft have the same 1st Laplacian error distribution,

DERIVATION ITIT : TREATMENT OF RELATIVE ERRORS
(cf, section 3(g))

(1) Self-sufficient data

If the histogram of the observed relative errors, i,e, of the variations in
the actual aircraft separation for a given nominal separation, extends as far as
the separation standard being considered, then conventional statistical techniques
suffice, The data can be divided into cells of comnvenient size, and combinatorial
methods, of which the xz test is a familiar example, may be used to set confidence

limits to estimates of overlap risk,

(41) Modelling the tails for distributions of relative error

It will, perhaps, be more usual for the extreme values in the histogram to
fall well short of the separation standard being considered, in which case there
is a need for special techniques of the sort described in Se tion 3. There is no
useful genersl means of relating the assumptions on tail area ard tail shape,
which are outlined in Section 3, to the corresponding assumptions for relative
errors, The models illustrated in Iig,9, however, have the same intuitive appeal
as those proposed in Section 3 and are taken as the basis for treating relative
errors, In these models a limit ¢ has been assigned to one side of the histogram
(which, for simplicity, is teken to be a sample from & symmetrical distributicm)$
so that to the right of o there are either no observations or just one or two
stragglers, The number of observations to the right of ¢ may be used in conjuncte
jon with equation (9) of Section 3(d) to set a confidence limit, B/2, to the
proportion in the right-hand tail. The value of E} associated with the chosen
confidence limit is then given for each of the three tail shapes by the black
areas in, respectively, Figs, 9(a), 9(b) and 9(c). Thus oue derives the anslogues

of equations (2%), (29) ard (42):

(a) "Pessimistic gpike!

PI‘ = B/Z ()4)%-)

(b)  ‘'Level tails?




(¢)  'Exponential deflay'

The requirements for the exponential curve Ae
oo
f Ae-kr dr = -12-
0
o0
Ae-kr dr = B/ 2

from which it is easily shown that

‘where

ik

i

Ak exp ( ~kS )

log e(1/B)

~kr

are

(45)

(16)

(47)

(48)

- (48)
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NOTATION USED IN THE MONTE CARLO PROCESS

The theory given in Appendix B, with the slight changes
listed below, leads to the following expression for the expected
nunber Na’ of aircraft accidents occurring in a given period, due to
failure of lateral separation g«

N, = 2P (std) M [AV Pz(0) “PX‘A‘ L V(0

S

2
X :

+ T (opp) | 3 P (0) +of A, N (0) +JX,X I P (o)}‘
Sx . W (

In this equaticn, 2 metallic collision is ccunted as two aircraft
accidents, but a fatal vortex pcnetration is counted as only onee

" is the "effective' collision length of cn aircraft after taking
account of wing-tip vortices, and replocces %gxg the netallic collision
length of an aircraft defined in Anpondices A and Be The cocfficient
applied to the N terms allows alternative nodels of the cffective
collision shape £o be sinply represented in the equation as rectengulor
slabs of constant cross—section N\ A, o set by the netallic thickness
and span of an aircraft. / is unlikely to be substentially greater than
unity, the N_ terms are unlikely to unke a major contribution to the
total risk ,Zand therefore Llittle cccurncy will be lost in treating
‘{ as a constante r§}is redefined as the nuon relative velocity of a pair
of circraft which hne lost vertical seprrotion.s X is a rcduction factor
applied to the '"blind-flying" collision risk to teke account of visual
avoidances '

The quantitics P (0), 8, , A_ , V and?f
can be treated as known constafits. The remaining 8 quantities in cqn (1)
have cither to be cstinnted morc or less inprecisely from linited numbers
of observations, or de¢pend to sone cxtent on judgerent. In the Monte
Carlo approach cach of these 8§ quantitics, with the exception of P (std)
is to be represcnted asme distributed variable, vhich is sampled Yither
fron observed distributions or fron distribhutions decided by '"judguitent'e
P (std) has to be reoprescnted by a product of two distributed variables,
a% nay be inferred froa the diccussion of '"tnil arca and "tail shape®
given in Scction 3 of Appendix B.
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, Thus one has the following correspondence, in which it
is to be understood thot cnch w(...) represents a random variable g=

w(Ty same) [w(AV)Pz(o)

W(Na) = 2k w(tall area) w(tail shape) wX) = = +
‘ x

Pz(o)w%)w(l‘g:l) W(Tj 0pP) | e

‘YW(-@C)WE'IZ(O)] + 25, + 5 VP (o) +
| | P (o) uwA)w(IT )
‘YW(ASE)W [Nz(o)] L 2 2);‘ o

in which k is a constant scaling fzctor to cnable the distributed variable
w(tail shape) to be cxpressed in sinple terns, for example as a shape
varying continuously between the extremes corresponding to '"level' and
Mexponential" (cf. section 3 of Appendix B)e
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5. Summary of Agenda Item 5 : Interim measures to dimprove
navigational performance

EXTSENSION OF LORAN A COVER

5.1 It was noted that Recommendation 6 iii/5 of the Special NAT
Meeting 1965 referred to the operation of LORAN A chains "C' and VD',
In fact preparations required for their continuous operation had
already been initiated by the various States and Agencies concerned.
It is hoped that early in 1967 States would complete all necessary
details, even though this might impose a number of difficulties on
other than air navigation interests. It was therefore believed
appropriate to express the appreciation of all concerned to those who
have been of assistance thus far in overcoming the numerous problems
which this matter posed.

5.2 It was also noted that the next issue of chart 3071 produced by
the U.S.A, which is expected to be published in December 1966, will
show the cover of LORAN A chains ''C'" and "D'" with an appropriate note,
indicating that the chains are still on test operation.

NOTIFICATION OF GROSS NAVIGATIONAL ~RRORS TO OPERATORS

5.3 The Canadian representative explained that, as early as 1963,
they had instituted a procedure whereby the operators concerned were
notified on a monthly basis of any of their flights which by radar
observation had been found to be more than 20 NM off track or which were
in error longitudinally by more than 3 minutes. While this had gene-
rally been a useful tool providing operators with supplementary data

for investigation, analysis and, where necessary, corrective action, it
had however been found that in certain cases such reports had not had
the anticipated beneficial effect. It was thcrefore suggested that a -
copy of such reports be also provided to the administration of the State
of registry of the operator concerned.

5.k The U.K. representative stated that, at irregular intervals,

they also provided summaries of navigational accuracy observed on
Killard radar to the operators. In addition, in cases where a deviation
from traek by more than half of the lateral separation standard (at
present 60 NM) was observed, this was reported immediately to the
operator concerned for investigation. This latter exceptional procedure
had in fact proved to be very effective in those cascs where it had to

be applied.

5.5 After some discussion which centred primarily on the suggestion
by Canada for notification to administrations, in addition to operators,
on a routine basis, of observed deviations and on the value used by the
U.K. in order to initiate its spocial notification procedure, it was
agreed that : ‘

i) Canada would continue to notify operators as in the past,
of deviations of more than 20 NM from track and longitudinal
errors greater than % minutes and that they would, at their
discretion, notify the administrations concerned;

ii) that the UK would continue its method of notification
with the exception that the special procedure would be
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applied when deviations from track of 45NM or more were
observed;

iii) that both Canada and the U.K. would provide IANC,‘IATA and
IFALPA with copiles of their summaries.

IMPROVED NAVIGATIONAL TECHNIQUES

5.6 It was considered that for the purpose of conducting a neaningful
data collection exercise in 1967 it is not only essential that the best
possible method of data collection should be engineered but also that the
navigational environment be improved as much as is possible in the short
time available by activation of Loran 4 chains "C'" and "D", It was noted
that action was being taken with the aim of making these chains available,
Similarly as much as possible should be done to ensure that a high stan-
derd of navigation be achieved at the present time which will also be
representative of navigational performance in the next few years.

5.7 Standardization of oids has in the past been a primary means of
achieving a similar and adeguate navigation performance (e.g., standard
short range aid) and when backed up by radar has permitted ATC separation
standards to be applied which have had = beneficial effect on the capacity
of the system. 1In respect of long range 2ids no such standard was deemed
necessary, although in the NAT Region Consol and Loran are "Recommended
Practices'. Over the North iAtlantic, without radar, the size of ATC
separation standards, and hence the capacity of the system, must depend

on existing and planned aids and on the navigational capability represented
by the variety of installations of self-contained aids, Doppler/Inertial,
now to be found in aircraft., It is thus important to ensure by all prac-
ticable means the maximum explcoitation of these facilities., It is sug-
gested that guide lines in this respect should be

i) that the navigational target performance is to maintain
cleared track;

ii) that the internctional organizations represented at this
meeting and the operators should be encouraged to develop
their navigational procedures so os to achieve the target
performunce, In following this requircnent it should be
borne in mind that track kceping accuracy may depend largely
upon the frequency with which track is checked with Teference
to outside fixing aids, provided that the quality of the
observations is high ond that workload is not increased to
the point where human error becomes a factor,

5.8 In this respect it was noted that IiNC and IFiLPA held the view that
there were instances when a nore frequent rate of fixing‘positidn and/or
track checking would improve navigational accuracy. They therefore hoped
that all users would draw the necessary conclusions resulting from this

view, This position was supported by some administrations,

5.9 Finally, it should be noted that the orgenization of the flow of
air traffic in the form, for example, of the application of organigzed
track systems by ATC, specifications of navigation equipment and per-
formance, and an overcll navigational capability which will meet, to the
maximum extent possible, the target performance, is essential as the
alternative to a reduced rate of flow of traffic or an increased risk of

collision, or both,
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THZ CONDUCT OF GENERAL AVIATION AND OTHER ITINZERANT TRAFFIC IN THE
NAT REGION

5.10 It was noted that at present approximately 30 flights a month
‘were conducted .across the North Atlantic by general aviation turbo- jet
aircraft and it was expected that this number would increase over the
next few years. It was felt that the evolution in this field should be

carefully observed since it was believed that this could present a
problem, especially if equipment or other limitations of such aircraft
prevented their full integration into the flow of scheduled commercial
alr traffic.

5,11 It was further noted that the number of turbo-jet flights
conducted by non-scheduled operators in the NAT Region was much greater
and currently amounted to about 4OC flights a month. About one third
of these were cargo flights and the remainder were charter operations
carrylilng passengers.

5.12 Because of widely different national regulations there existed
no uniform requirements regarding aircraft equipment or crew qualifica-
tions for flights in the NAT Region. For a variety of reasons it could
also not be expected that concerted national efforts towards this aim
would be successful in the foreseeable future and any hope for legal
action to impose compatibility of equipment and qualifications between
scheduled, non-scheduled and other operators in the NAT Region, should
this be found to be necessary, was therefore remote.

5.13 In the uabsence of detailed information on equipment, qualification
and operating procedures used by general aviation turbo-jet aircraft
engaged in NAT operutions, it was agreed that the only valid course of
action available at this time was

i) to obtain more informution on actual and planned operatlons
by general aviation in the NAT Region through contacts on
the national level with the appropriate representatives
of this part of the flying public; and

ii) to start, again on the national level, an education programme
with the 1ntpnt of thoroughly familiariging general aviation
alrcrews with the environment of the NAT Region.

5.14 In this respect, it was noted that the U.S.A. had already esta-
blished contact with their Aircraft Owners and Pilots Association (AOPA)
and that the FAA was in the process of preparing a publication containing
pertinent information necessary to pilots intending to operate flights
across the North Atlantic. It was expected that this publication would
be available early in 1967.

5.15 A suggestion to segregate general aviation from other operations
in the NaAT Reglon was discarded zafter a brief discussion because it was
believed that, apart from the difficulties creatcd both for the pilot
concerned and ATC, this was not a2 valid solution of the problem on a
long term basis.
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5.16 With regard to non-scheduled turbo-jet operators it was noted
that this type of traffic differed from general aviation since it
consisted mainly of direct East-West flights with aircraft types
similar to those used by scheduled operators. While it was thought
likely that the navigation equipment carricd was similar to that used
by scheduled flights there was no information available at present

on crew competency. Accordingly it was agreed that the NAT Oceanic
ACC's would continue to collect information on non-scheduled opera-
tions so that this question may be later reviewed.

5.17 With regard to military operations in the region it was noted
that, apart from the inevitable fact that their requirements occasion-
ally conflicted with civil needs, the coordination procedures were
such that any civil-military problems could be handled safely.




6. Summary of Agenda Ttem 6 : Programme of Data Collection
and Analysis

GENERAL

661 In recent years several reviews have been conducted regarding air-
craft navigational capability in the NAT Region. Due to differences in
objectives or for various other reasons such as limited measurement
capability, data omissions, possible data bias, inadequate sample size,
etc,, neither the individual nor the collective results of these reviews
have been accepted by all parties interested in the NAT Region as con-
clusive evidence of navigational capability within this Region. In addi-
tion, providers as well as users involved in decisions concerning pro-
cedural or technical changes to the air navigation system were repeatedly
faced with the problem of obsolescence of previously collected data
caused by the improvement or the introduction of new navigation techniques
and of new aircraft types.

6.2 In view of current and forecast air traffic densities and because
of the recognized obligation to maintain not only a safe but also an
efficient alr space utilization it was agreed that the providers and
users of the air naevigation system in the NAT Region carry out a data
collection and analysis in order to provide, to the satisfaction of all,
reliable evidence on the current navigational capabilities in the NAT
Region.

503 The objective of the data collection programme is to obtain data
which is as accurate and unbissed as possible and which will indicate
the degree of track keeping accuracy existing in the area. In addition
it should also serve to obtain information which may lead to an improve-
ment in track weeping accuracy by determining the relationship between
gross errors and any other factor which night become apparent. The
programme should particularly provide information on the followings:

i) across track navigational errors;

ii) the rate of change of individual aircraft across track
deviations

iii) correlation of across track errors between adjacent
alrcraflt;

iv) correlation of along track relationship between
successive aircraft;

v) variations of navigation errors with relation to
specific areas of the INAT Region;

vi) seasonal variations of navigation errors;
vii) variations of navigation errors between day and night;

viii) variations of navigation errors between various types
of airborne equipment and navigation techniques.




Note: The listing of the subjects under i) to viii) above does not
recessarily imply any order of priority.

6.4  In order to achieve the objective it is believed essential that all
available sources of data on navigational capability information should.be
used. This will require the full cooperation of users and providers and
it is therefore hoped that everybody concerned will give full support to
the data collection bProgramme presented below,

6.5 Since the coordinmation of all the activities required for the pro=
gramme and the preparation and testing of data collection procedures and
equipment involves rather complex processes, it was agreed that the target
date for starting the collection of data should be 1 July 1967, In addi-
tion, in order to keep costs and any burden imposed on participants in the
brogramme to a wminimum it was agreed that a major part of the necessary
data collection should be carried ou% during the period from July to end
of September 1967 since this constitutes the peak traffic period of the
Jear, In the interest of confirming data obtained during this period or
in order to obtain more data on the seasonal influence on navigational
capability, certain follow-up activities of a2 smaller scope should te
arranged,

SOURCES OF DATA

6.6 It was agreed that the sources of data from which iuformation on
navigation capability could be obtained were, in the order of importance:

i) radar data;
ii) flight log data,
In addition ATC data would be essential to supplement this data.

6.7 With regard to radar data it is obvious that, from a purely techni-
cal point of view, the only information obtained from the surveillance
system is:

i) the rho-theta position of an aircraft in relation *o
a radar antenna;

ii) the SSR code in Mode A/3 used by the aircraft concerned,

It is therefore essential to process this data further, together with other
data {in the cuse of shipborne radar the ship's position), in order to
obtain inforuation on the absolute position of an aircraft at a given time,
A method to obtain this data is described below,

6.8 With respect %o flight log data this requires the post-flight examina-
tion of records kept in Tlight in order to determine the aircratt’s actual
position with respect %o points on the surface of the earih and it is
evident that thoroughness on the prart of the analysty, together with con-
siderable experience in +his type of work are essential. This implies the
availability of a high level of current operational advice,
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6.9 As far as air traffic control is concerned it is evident that any
additional demands placed on the oceanic ACC's must be kept to an absolute
minimom because the primary task of the ATC persounnel must be directed to
efficient control of air traffiec. The requirement for ATC data and the
desired machinery for effectively correlating this with radar and flight
log data is specified in Appendix "A¥, 1In addition, an SSR Code Assignment
Plan is also given in this Appendix,

6,10 From the mathematical/statistical point of view it would also appear
necessary to keep a proper balance between radar derived data and flight
log data since, otherwise, the statistical values obtained from each one
of these two sources of data may not be of appropriate significance., This
consideration applies, however, only in those cases where radar cover is
provided while in all other areas flight log data, by necessity, is the
only means of obtaining data,

MEASURING TECHNIQUES AND SAMPLE SIZES

6.11 The efforts made by Canada, Ireland, the UK and the USA to realize
the data collection programme were noted with great satisfaction., It was
further noted that Canada, the UK and the USA would, as soon as possible
after the meeting, confirm the availability of data collection equipment
and certain other support necessary for the success of this programme,
Details regarding radar data acquisition and recording techniques as well
as a radar station deployment plan are contained in Appendices "BY" and "CY
to this summary. It should be noted that no voice communication with the
aircraft observed by radar is necessary in acquiring data on its position,

6.12 The description of the flight records required for the analysis is
contained in Appendix "D,

6.13 As regards sample sigzes which can be obtained during the data
collection programme, details concerning the radar data sampling and the
estimated results of it are contained in Appendix "E" to this paper,

With respect to the shore-based radars it was felt prudent to allow
for their operation throughout the whole period of the programme; it
would probably not be possible to run the data collection programme again
if the sample achieved was not adequate, For this reason it was agreed
that the operation of the facilities in ITreland and Canada should be
planned to operate on a daily basis as far as practicable.

6.14 The collection period for the flight log data should be arranged in
such a way that flight log data on approximately 4 000 flights become
available., It is not considered necessary to fully integrate the flight
log collection period with that for the collection of radar data, However,
at least part of the two collection periods should coincide in order to
allow the comparison of flight log data with that obtained from radar
observations. In addition, in order to preclude possible bias, it was
agreed that any one period of flight log data collection should not be less
than 3 consecutive days., Any such collection periods should be distributed
evenly throughout the entire period of data collection in order to take
into account seasonal variations, reduce the influence of persistent meteoro-
logical conditions and ensure that all types of operations are included in
the sample,




ORGANIZATION OF THE DATA COLLECTION AND THE COLLATION REDUCTTON
AND ANALYSIS OF DATA

6.15 As far as the organization of the data collection is concerned it
was agreed that in order to ensure widest possible participation of all
users of the airspace the provider States concerned would issue an
Information Cirecular at least 28 days in advance of the beginning of the
data collection in order to alert all concerned %o this programme, A
draft text for this Information Cirveular is attached in Appendix "F", In
addition, all States concerned are requested to notify all concerned in
an appropriate manner, drawing their attention +to this programme,

6.16 The data obtained by radar collection will include the following
items:

i) the recording date (month and day);
ii) the S8R code nsed by each aircraft observed:
iii) the range and azimuth of each aircrafi position observed:

iv) the time {(in hours, minutes and seconds) of each data
under 1iii) abovey

v) a special annotation identifying any unreliable data entry;

vi) in the case of data derived from shipborune radar, information
on the ship's position, (This data will, with reference to
data under iv) above, show the identification of the Loran C
chain, the identity of the slave station, the time difference
between master and slave station and, as appropriate, a sky-
wave or a lost signal symbol,)

This data will be storsd on magnetic tape and extensive use of automatic
techniques are envisaged:

a) for the conversion of stored data into a presentation which
is readily comparable with other data, and

b) for the collation and analysis of this data.

6.17 1In order %o provide for as uniform as possible a presentation of
the flight log data the Meeting agreed that standard forms should be
used by all operators when providing this information, A sample form,
developed for this purpose, is attached in Appendix "ag",




6,18 With respect to flight log data, in order to preclude selection it
is essential that data on all f£lights during the evaluation periocds be
examined and reported on by the operators concerned. In addition, inde-
pendent analysis teams should be established on a national basis composed
of representatives of the administrations, civil and military operators,
the national pilots! associations and air navigators' associations. It
is hoped that all parties concerned will cooperate in the provision of an
adequate number of suitably qualified personnel for participation in this
programme. These teams should examine a sufficient number of flight logs
to ensure the validity of the evaluations made by the operators concerned.
They should alsc investigate, with the operators concerned, flights which
indicate gross deviations from track or which are otherwise of particular
interest with a view to establishing the possible cause for these errors.
A method of analysis is shown in Appendix "H',

65.19 As far as flight log data on wmilitary aircraft was concerned,
Canada, the UK and the USA stated that flight log data from these aircraft
would be reviewed and the results of such review made available for the
Programme. However, details on data of individual flights could only be
made available if no military security problem was involved.

6,20 It was further agreed that the USA would attempt to obtain the
ATC data required %o correlate radar observations in the Gander, Lisboa
Oceanic and New York Oceanic FIR's and that the UK will assemble essen=-
tial data from Reykjavik, Shanwick and Shammon FIR's., After collation
the USA will forward ite data to the Royal Aircraft Establishment for
further reduction and analysis. The Meeting unanimously requested the
UK to make available its facilities at the Royal Aircraft Establishment
for the analysis of both the radar and the flight log data. A diagram
of the intended data flow is attached in Appendix "I¥,

6.271 It was also agreed that all data pertaining to this data collec-
tion programme, such as flight plan data, flight progress strips,
meteorological maps used for the plottimg of MTP's and establishing a
datum line, coordinates of organized routes and information on their
periods of use as well as all other relevant data, be retained by the
administrations or operators concerned until the programme is
completed,




PRESENTATION OF THE RESULTS OF THE DATA ANALYSIS

6.22 After a brief discussion it was agreed that the results of the dats
analysis should be presented in two phases. Immediately following the
processing of the data a report should be prepared containing factual
results only. This report should provide the following detailed informa-
tion:

i) relation of specific data to identifiable geographic
areas of the NAT Regionj

ii) flight levels used;

iii) distribution of data by reference to its source (shore-
based radar, shipborne radar, flight log, ATC data):

iv) breakdown of data into user categories;
v) navigation equipment and techniques used;
vi) variables introduced into the navigation bys
a) seasonal changes
b) changes of the time of the day
¢) radio propagation phenomenas
vii) exceptional flight conditions (turbulence, static, etc.)
6.2% It was further agreed that, upon request from interested States
and organizations, more detailed information such as on user categories
would be provided in an agreed manumer by the appropriate agencye
6.24 In due time this report should be followed by an interpretative
study in which the factual resulis were measured against agreed mathe-
matical models and which would contain an analysis of the results thus
obtained. It was agreed that the UK would provide such a study and
that each interested party was free to take similar action if it so
wished,
6.25 Since the results of the data collestion programme could not be
anticipated in any way at this time, it was believed best not to take

any decision regarding possible further action resulting from these
studies,




- CONCLUSTIONS

6.26 As a result of the discussions on this agenda item the following
conclusions were drawn:

i)

ii)

iii)

iv)

v)

that all parties concerned (provider as well as user
States, operators engaged in commercial and non-
commercial flights, military operators and particularly
flight crews) be invited to give their full support and
cooperation to the data collection programme;

that the USA be invited to make their resources
available in order to carry out the shipborne radar
data collection, that Ireland and the UK be invited
to establish a shore-based radar system to provide
data collection from the coast of Ireland and that
Canada should be requested to make available their
existing radar system;

that the UK and the USA make available their data
processing facilities in order to rapidly process
the data once it had been collected;

that the UK use its services and facilities in order
to prepare an initial factual report and a later
interpretative study of the results obtained and make
these available to all interested parties:

that once the report and the study (plus any others
that might be prepared by others) are available, a
further meeting be convened in order to agree,; in a
spirit of cooperation, on the measures to be taken
as a result of the data collection and analysis
exercise,
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ATC FACILITY DATA AND SSR CODE ASSIGNMENT PLAN

1. AIR TRLFFIC CONTROL FACILITY DATA

7.1 In carrying out the data collection programme every effort should

be made to minimize the amount of support activities imposed on Oceanie

ACG personnel, This is especially important since much of the date eole
Lection effort will be conducted during busy summer months.

1.2 In view of the automatic radar data acquisition capability, which
will probably be operated by maintenance rather than controller persone
nel, the principal support reguired from Oceanic centers will relate to
S8R ecode cssipgnuent and cleared track/flight level detoils. The requires
ments can be summerized as follows @

1) A daily record (the day being based on GMT) of all oceaniec
code assignments plus notation of any turbo=Jjet wlreraft
operating without a functioning SSR transponder. Thus this
would be o complete record of jet aircraft flights,

1t} A daily record, based on GMT, of cleared track, cleared
flight level(s), reported times at reporting meridiauns,
and corresponding ailrvecraft identification detalls '
appropriate to the radar collection arecs active at the
time .,

444) Radar system and auto ocquisition equipment serviceability
records where these are kept at the ACC,

iv) Retention of all jet aircraft flight data (including teletype
messages and flight progress strips), weather maps used in
plotting flight plan tracks, MIP's and datum lines; co~-ordinates
of 'organized tracks and other pertinent operational data
for the period of the data collection and afterwards for
such time until authorizotion is given for routine
destruction,

Notes As much of these data will be required on an "on call'
basis the greatest care should be taken to ensure
their retention in an orderly and accessible manner,

With regard to the above, standard forms and procedures will be
developed a8 necessary. '
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Detailed requirements are as indicated below §

1:31 All main radar pollection periods (Configuration C in Appendix c)

Oceanls ACC

Datoa Reguirements
(Westbound Flights)

Data Requirements
(Bastbound Flights)

1. Daily list of Jet flightse
with S8R codes,

Tn respect of each flighte

1, Date (related to GMT entry
time Oceanic CTA)

2. S8R Code
%, Identification
L, Operator

. 5., Aircraft Type
Shanwick 6. Cleared latitudes at 20°W
A and 10°W (or Bdy)
7, Reported times at 20°W ete
8, Cleared flight levels at
20°0 ete,
95 Cleared Mach Ndan
(ses note a) belowy
In respect of each flight:
1. Date (reloted to GMT 1, Doily list of jet flights
entry time Oceanic CTA) with SSR codes
2. 88SR Code 2. As for Westbound flights,
_ items 1-93 30°W and LO°W
3¢ Identification‘ data only in respect of
Gander L, Operator itens 6, 7 ond 8
5, Alrcraft Type = (soe note b) below)
6. Cleared latitudes at 30°W,
ooyl and 50°u
7. Reported times ab 3090 ete
8, Cleared flight levels at
30°W etc,
9, Clecred Mach lo's.
(see note b) below)
Lisboa 1. Daily list of jet flights {1, Daily list of Jet flights
Reyjavik with SSR codes (see note with SSR codes (see note
c) below) c) below)
New York 1, Doily list of jet flights

with SSR codes (see note
c) below)




Hotesy
P

a) Best estimated time for 10°W (or boundary) permissible for
item 7, '

b) If a ship or ships are positioned East of 35°W longitude
cleared latitude and flight level for 20°W may also be
required, Effective coordination with Shanwick will be
necessary for this purpose,

¢) Detailed coordination arrangemehts will be needed between
centers and/or agencies collating data,

d) Appropriate cleared track, flight levels and reported times
are required if a flight is predominantly N-S through the
data collection area, Normally these would be given in 5°
latitude increments for the viecinity of radar coverage.

1¢3.2 Lond=-based radar collection periods {(Configuration B in
Appendix C)

As 1. except 20°W, 30°W and Loew data n@t‘required from Gander,

1.3.% Additional dots regulrement for guypiemenﬁafy ship radar
collection periods (Configurations B and D in Appendix Q)

(Eastbound and

O¢eanic ACC Data Requlrement Westbound Flights) gemarks
.New York 1., Date related to GMT entry time These items are
Lisboa : Coeanic Area. only required
| Gander 2+ 85R Code when requested

%e Identification | by appropriate

ke Operator data collation

5. Adrcraft type
6. Cleared latitude at longitude X and Y.

center after the

processing of
1]

7. Reported times at longitude " "

8, Cleared flight level(s) at longitude
X Elnd Yo ' . . .

9, Cleared Mach No's,

the radar records




T3  SSR CODE ASSIGNMENT PLAN

2,1 Because only about 50% of jet air traffic are expected to be equipe
ped to 4096-code standards in mode 3/A, it is proposed to allocate codes
within the 6l-code system capability. It is believed that the following
codes should be excluded from the code assignment plan 3 ‘

00 -~ this is a General Purpose codej

03
h{ - already assigned to Killerd (Northern Ireland);
ol (Note: If satisfactory procedures can be developed

these 3 codes moy become available to the
data collection programme,)

76 - radio failure codej;

77 = emergency code.

2.2 In addition ten codes are thought to be permanently available to
gtate aircraft over the North Atlantic. Once these are identified they
should be removed from the assignment plan, except that, by arvangenment
with the appropriate authorities, it may be possible to use one or more
of these codes for State asircraft participating in the data collectlon
exercise.

2.% Assuming that ten ccdes are withdrawn 48 codes would remain for
allottment and these are provisionally apportioned in the manner shown
in the table below, The computer analysis programme for the reduction
of radar data will permit the nssignment of the same band of codes for
“opposite direction traffic. In view of the anticipeted hourly flow .rates
of jet aircraft in the main flow traffic areas it is expected that no
single code will be used more then about once every hour. The normal
‘method of allocation will be by consecutive extraction from a list of
codes available to a given oTC center, issued in approximate. order of
arrival at a specified meridiszn of longitude. The aim throughout should
be that aircraft using the same code should not pass through a particu-
"iar radar service area with less than about one hour's longitudinal
spacing. As radar observations will be time referenced there should
subsequently be no problem in deriving correct identifization of aire
craft, flying specified tracks, in the dota analysis programme.

2.4 Codes will be allotted to all jet aircraft cleared at levels up

to and including Flight Level 20, In order to ensure the success of
the data collection exercise it. would be essential for unambiguous
instructions to be issuecd to Controllers at all concerned Adr Traffic
Control centers, Attention would have to be given to procedures
authorizing aircraft to change code to/from ccdes in use in Continental
domestic airspace so that Jata was not lost.

2.5 It will be necessary for five control centers to maintain deily
records of code assignment and these should be mode available to the
designated data collation Authority throughout the period of the data
collection programnme. AN agreed form will be supplied for thls purpose.
‘Notation of any turbo=jet aircraft operating without a functioning SSR
transponder should be made in thesc records,
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TABLE

SIMPLIFIED SSR (MODE A) CODE ASSTGNMENT PLAN

= ALL DATA COLLECTION CONFIGURATIONS

(see Appendix C)

Oceanic ACC responeible
for issue of oclearance
(ond SSR code)

Provisional
No, of todes
alloecated

Direction
of Flight

ategories of Jjet traffls
to which codes will be
allocated,. '

GANDER

58(m)

FBastbound

ALl flights,

Westbound

Not applicable,

NEW YORK

58(&)

Eastbound

All flights expected to
enter the rador data
collection ared,

Westbound

Hot applicabie@

SHANWICK

Bastbound

Not applicable,

38

Westbound

411 flights.

LISBOA

(b)

Bastbound

Woesthound

All flights not having o
code previously allocated
by another center and
entcering the radar dato
collection area, ’

A1l flights expected to
enter the radar data
collcction area.

REYJAVIK

(b)

Bastbound

Yestbound

1. Airecroft within Reyjavik
Oceanic CTA and subsequent-
ly entering Shanwick and
crossing 10°¢ longitude
South of 56°N.

2. Adrcraft within Reyjavik
Oceanic CTA and subsequente
1y entering Lisboa Oceani¢
CTA :

Aircenft not having a code.
previocusly nllocated by
anotiper conber and enters
ing the rodar doata colleos

SLon aren




Notes:

a) Codes will be shared between Gander:and New York centers

b)

o)

after daily.appraisal of the traffic situation,

If the traffic’ sltuation warrants, additional code allocation

will be. temporarily. requested from either Shanwick or

Gander/New York centers as appropriate and the transaction

recorded on the daily code allocation list at both the

co~operating centers,

For "round robin" type flights (flights proceeding into

Oceanic airspace and then returning without intermediate

landing). code assignment will be determined after inbter-

‘genter coordination,
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RADAR DATA ACQUISITION AND RECORDING TECHNIQUE

1o The system described herein is designed to provide automatic
acquisition and recording of SSR code (4096 and 64 codes Mode A/3) and
aircraft position as it relates to the ground or shipboard radar station.
Included in the electronic processing equipment is a precision c¢lock
whereby positionzl iInformation may be referenced in seconds of time.

All of the above data elements will be digitized and recorded on
magnetic tape. In the case of shipborne radar stations, the ship's
position, obtained by Loran C, will also be recorded identifying the
chain in use and the time difference in microseconds. Conversion of

the recorded time difference to latitude and Ilongitude will be
accomplished by computer technique during the data reduction and analysis
programme., All of the data recorded on magnetic tape will be in a format
suitable for computer processing.

2o Equipment - The equipment items required for the data collection
system are shown on the system block diagram in Figure 1 and consist of
the following :

1. SSR Digital Processor sub-assemblys
a. Decoder for 4096 Codes
bo Target Detector
¢o Azimuth Computation Unit
d, Range Computation Unit

2, Azimuth Pulse Generator

3. Loran Digitizer

4, Loran Interface Unit

5. Digital Clock

6. Sequence Control Unit

7o System Monitor Unit

8. Tape Recorder

3o In the case of shore-based systems, items 3 and 4 will, of course,
not be required.

b, Technical Description of Digital System - The SSR processor is, in
effect, a small, scaled-down version of larger digital processors. It is,
essentially, a single-channel device without extensive memory elements.

It has been further simplified by reducing the degree of sophistication
which is normally needed in the larger digital processors because of the
relatively low density environment in which it will be used. For example,
the tight decoding tolerances normally required for degarbling and multiple
target detection are not considered necessary.
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Se A block diagram of the SSR processor is shown in Figure 2.

The range computation unit, which consiste essentially of a range
counter and a range storage register, performs two functions, Firet,
it provides a digital range to the nearest 1/16 of a mile for each of
the SSR replies that nre detected in the reply detection unit.
Second, it provides 25 runge sectors of 8 miles each. The processor
will sequence through the range sectors on each successive antenna
scan so that every target, regardless of ronge and azimuth, will be
detected., The target detection unit makes use of the well-known ‘
Mgliding window' technique and will determine where the leading ond
trailing edges of each target ore, thus permitting azimuth to be:
computed and stored in the azimuth computation unit. The azimuth
pulse generator, although not a part of the SSR processor, is used .
exclusively by the azimuth computation unit. It generates the re=
quired 4096 azimuth change pulses ond one north morker for every soan
of the antenna, The processor will include sufficient test functions
and test indicators to permit maintenance personnel to manually step
through each processing cycle and check each output reglster to make
sure that the equipment iz functioning properly. The PPI shown in-
Figure 1 relates to this data cequisition technique only as u device
for checking to assure proper system operation. The Loran C time
difference digitizer is shown in modified form in Figure 3., The
digital clock will be a commercially available unit and will provide:
s digital output which con be sanpled with o data sequence control
unit, '

6. The sequence control unit is shown in block form in Figure 4
and consistz of o dats bit control section, a shift counter control
section, & sequenc% control section, and a serial output control
section. The sequence control section will provide the proper timing
for the sampling of each of the virious output registers that are to
be recorded, The data bit control section and the shift counter
control section keep track of the number of bits as they are received
from each of the output registers. The serial output control section
accepts bits from each of the registers ond converts them into the.
proper digital form for recording by the mognetic tape unit. A48
denoted in the block diagram for the sequence control unit, SSR code
information would be sampled immedictely after a start pulse is
generated,; then range, azimuth, ond so on until. a complete target
record has been recorded, A proposed format for the serial read-out
data is shown in Figure 5.

7 The equipment will be built from digital logic modules and will
be packaged in a.3-1/2 foot rack., The logic card assembly, while

more expensive than fixed assemblics, provides eosy 2CCeSS to the
equipment for maintenance and repoir,
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6=~ C =1 APPENDIX C

RADAR STATIONS DEPLOYMENT PLAN

16 Based on previous studieg* it oppears that the eastbound and
westbound routes employed by a large majority of North America -
Buropean turbo-~jet flights pass longitude 356 30'W (on which 08V
"Charlie™ 1s stationed) between latitudes 45° and 61°N, The radar
-oover depicted by areas 3, 4, and 5 in Figure 6~C~2 extends throughouﬁ
~essentiolly all of this latitude ruange, Shipborne roder stations will
be deployed ot the centres of areas 3, 4, .nd 5 whereby the centre of

area 3 is identicol with the position of 08V "Charlie', The coordinates
of these centres are

Stotion 3% - BpoligiN
{08V "Chorlile') - %5030
Station b - B7°L5IN
- 35°30'W
Station 5 VAL AN
= 35°30'W
2. . One of the shore-based rodars will be the one alreoady in

operatlion et Gander. The other shore-bnescd station will be o radar
temporarily deployed at Killkee in Irelnnd (52°38°'N 09°45°'W).

B - The shipborne radar stations will remain within approximately
5 N.M., of the refercnce points, Accordingly, with 200 N.M. SSR range
even if adjacent st.tions were at the maximum point of opposite direc-
tion movement sonue overlap in cover should remain. Recorded station
positions will be determined by Loran C,. '

b, Various configurations of SSR cover are presented in the follow-
ing diagramnmes, Ench of these cunfigurations represent individual
activities within the overall radar data collection programme. The

letters assipgned to the confipgurations indicate, by alphabetical sequence;

the order in which the various data collection activities are planned,
However, more thun one sampling period will be effected at certain cone
figurations.

YR.LE Technical Report N° 64062, "in inolysis of Planned aircraft
Proximity and its Relation to Collision Risk, with Special
Refercnce to the North atlantic Region, 1965-71,".P.G, Reich,
November 1964,

RAE Technical Note, MATH 57, '"An analysis of Jet Traffic
Crossing the Horth stlantic on the 7th and 8th of September,
1962 ," ', Reich and R. Towns, april 1963.

summary of Annlysis of iind nnd Jeather Factors on the New
York - London .ir Routc for Selected Peak Traffic Days,
gtanford Research Institute, June 1963,
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5o Configuration A on Table 6-C-4 which includes the two shore-based
radars plus one shipborne radar at the position of 08V "Charlie', is the
initial configuration from which sample data will be taken. This periocd
of data collection will extend throughout 21 days (the routine period of
08V "Charlie' on-station duty is 2% days) but will not necessarily include
every day of this period, This initial period will serve as a final check-
out of the data collection techniques at shore-based as well as shipborne
radar stations, If procedural or other adjustments are found to be ,
necessary, those which cannot be refined "on-the-spot' will be dincorporas
ted in following date collection periods. Depending on the extent of
modifications found to be necessary in the initial plan for radar data
collection and recording, part of the data obtained in this first trial
period may not be usenble in Lhe ~rolysis. - In -any event, a second period
of data collection is planncid using radar stations 1, 2 and 3 as illus-
trated by Configuration i,

6o Configuration B illustrates an example of a planned data collec-
tion during o portion of the cruise between port nnd the station loca-
tions shown in the following Configuraetions., It will be conducted in
both directions, however only in those ocreas where adequate Loran C
cover is available to determine the ship's position with sufficient
2CCUTACY . '

7o Throughout this segment of cruise, radar observations of aireraft
will be recorded by the station in the same manner as planned for on=
station operations., The same en route data collection is also planned

for ships serving stations % and 5., Ships serving stations 3, 4.and 5 will
be dispatched so as to arrive on their respective stations within a 2l
hour period,

8, Configuration C illustrates the 5 station complex planned for the
major radar collection. The two shore-based radars, along with the 3
shipborne radar stations aligned as indicated, will take observations
throughout a 21=day summer period., Station 5 (0SV "“"Charlie'), in cddition
to the data collection, will cenduct its routine functions while on
station.

9. Configuration D illustrates the deployment of o shipborne radar
station to gather data in the Eastern portion of the North Atlantic by
using Loran A cover from chains "C" and "D", The planned location for
this station is 43°, 45t'w, 18°, 35'W, This station will be served by
one of the vessels used earlier in Configuration C. Data will be col~
lected en-route subject to the conditions specified for Configuration B
above,

10, Configuration E shows the possibilities for data collection on
the part of shore-based radars 1 and 2 only at periods additional to
their participation in other configurations.
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6 =D - 1 : APPENDIX D

FLIGHT RECORDS TO BE KEPT FOR THE FLIGHT
DATA COLLECTION

1. It is essential that ench flight keep the normal record of the
flight (flight log and chart, including such working papers as would .
assist a detailed post-flight analysis) and that these are held for a
period of 6 months to be made available if required to the
adninistration of the state of registration of the aircraft.

2o Important parameters which should be noted in the record made in
the aircraft, in so far as it applies to the individual operators are,
for example :

a) the component parts of each position fix together with GMT,
navigation computer along and across track readings, or
inertial read-outs as necesscry to enable each fix to be re=-
plotted, Loran, Consol and sextant readings, VOR radials,
ADF bearings, radar observations, etc.;

b) all doppler or inertial computer settings with GMT;

) GMT at which each compass system is unslaved and re-slaved
and the north reference {grid, true, or other) to which the
freed compass is sats

d) -which compass system is being used for guidance;

e) the directional reference used for bearing measurements by
ADF, airborne radar, etc., (i,e., true, grid, magnetic, compass,
or relative - and in the latter two cases, the compass used) ;

£) method of track guidance; e.g., following VOR radial, steering
headings passed by navigator, following computer cross-track
indication or. doppler or inertinl auto-pilot tie-in, giving GMT at
which changes of method occur;

g) at least one of the following with relevant GMY or position:
- headings steered and true airspeeds or mach numbers flown, or

- tracks set on computer and cross track indications and up-dates,
doppler/coriputer system in use, or

- read-outs of inertial system in use;

h) when available, spot winds, compass checksy and other such
information which could prove useful in reconstructione.







6« E - 1 APPENDIX E

RADAR DATA SAMPLING AND ESTIMATED RESULTS

1. . In view of the turbo-jet traffic loads observed during the sunmewr
of 1966 -in the principsl area, cnd teking into account the forecast
inerease of traffic for 1967, Lt oppeara that during the summer months
of 1967 an average of ot least 200 Jet flighte a day will operate through
the area covered by radar stations 3% & and 5 shown in Appendix C., This
flgure of 200 is taken to be the potential daily flight sample for the
combined cover areas of radar stations 3, 4, and 5. While this is the
potential, the actunl daily yield of flights measurable in the desired
manner is expected to be less., On some days a few of the mainstream
North America - FEurope turbo-jet flights may operate on routes outside
of this combined cover ares, Additionally, some of the desired data
points will no doubt be lost on some aircraft due to such problems as:

1. c¢ourse changes by ships required to remain on-station
which affect the antenna tilt;

2. failure or absence of an operating transponder on the
aircraft;

3. aircraft passage through the extremities of the cover
area on o chord of insufficient length to permit acquisi=
tion of a sufficient number of successive data points.

2o . hs a result of the above considerations, it is estimated that about
80% of the daily turbo-jet traffic in the principal area will be measur-
able by one or ancther of stations 3, & or 5, provided these stations
operate on a full 24 hour/day measurement programme. Since it is pro-
posed that 24 hour sampling be conducted during the 21 day sample period,
shown in Configuration C of Appendix C, it is estimated that this con-
figuration will yield data on at least 3300 flights. (160/day x 21 days).

3, It should be recalled that on each measurable flight passing through
the SSR cover of any one of the stations many (e.g., 1 every 3 minutes)
separate position points will be recorded, Thus, while they cannot be
treated as independent observations, several thousand aircraft position
points would result from the ubove measurement activity., These are
important to the study of deviation rate of change.

L, One of the main purposes of having stations 1 and 2 in
operation during the same sampling period as stations 3, 4, and 5 is to
obtain data from which the correlation of along course errors between
successive aircraft can be derived. If stations 1 and 2 measured

25 pairs of outbound aircraft per day per ecach facility, then approxi-
mately 1 000 pairs of aircraft could be observed by both a shore based
and a shipborne radar during a 21-day sample period., It would be ‘
expected that many of these pairs could be obscrved by both of the shore
based facilities plus one of the shipborne stations thus providing three
reference points for aosscessing aircraft palr relationships: coast-out,
mid-ocean, and ccast-in., In summary, the 21-day sampling period shown in
Configuration C of Appendix ¢ which will include flight log as well as
radar data, could be employed to obtain a major portion (well over S50%)

of the data essential to horizontal error and error correlation analysis.
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5, In respect to the station deployment shown in Configuration A, it
45 difficult to predict.the useable sample yield since this is a pro-
cedural and hardware check-out phase, Accordingly, it is not planned,
at least for shore-based radars, to conduct data collection on a 2lh-hour/
day basis during this preliminary run. Nevertheless, it is hoped that
the equivalent of at least 10 days of busy period (eastbound and west=
‘bound) sanpling .can be attained, . Since the area of cover in this
configuration is substantially smaller than that shown in Configuration
C perhaps useable data on 40 flights per day for 10 days is a reasonable
estimate for this first sampling period,  Accordingly, useable data on
some 400 flipghts might be obtained during this period.

6. In respect to sampling obtained during the enroute phase illustrated
in Configuration B it will be noted that the enroute segments involved

are approximately 500 N.M. in length., Based on an average cruise spead

of 15 Kts of the ships, the time period of sampling would extend. for

about 33 hours, While it is difficult to predict the number of flights
which would pass through this cover area on a given day, it may be that
the combined sample output resulting from the use of this procedure by

the three vessels enroute to an from stations 3, 4, and 5 could approach

- Loo flights. :

7. In regard to the sampling time associated with Configuration D, the
volume of traffic passing within radar cover will be substantially less
than in areas 3, 4 and 5. It is believed that it would be optimistic to
expect more than an average of ten measurable jet fliehts per day within
this area. 1In view of the importance of measuring navigational capability in
this area where Loran A .cover has only recently been established, a
‘substantial number of days may be required to obtain an appropriate
sample, At present there is of course no data available regarding the
specific error sample distribution to be expected from cover arel 6.
Thus the 2ctual number of observations necessary from station 6 will
depend largely on the stability of the errcr distribution obtained in
the early stages of measurement. It is possible that data on not nore
than 200 to 400 flights, along with uppropriate statistical tests, would
- suffice. If this arbitrary estimate of nrea 6 sample size is enployed
' for preliminary planning, it may be seen that a minimum of 20 days of
observations may be required in this area. Due to the undesirability of
prolonged tours on the part of ship's crews, one 21 day sampling period
is planned for area 6. :

8. Since the ship employed in Configuration A is carrying out the
regular tour of 0OSV "Charlie", the sccond period of Confipguration A
sampling will extend to thrce weeks. Thus, if the average number of
in-range flights per day were 50, then ebout 1 000 ~dditional flights
could be cbserved during this period. Ldditional %-week observation
periods may be provided by the regularly scheduled OSV "Charlie" patrols.

9. In respect of Configuration E, in addition to the participation of
‘these radars in Configurations A and C several additional sampling periods
should be arranged.

10, Because of the workload involved it i3 considered appropriatg to
specify only the general overall data requirements undcr this configura-
tion and let the respective facilities select the specific date ond
sampling hours. This should however be cocrdinnted hetween the radar
stations concerned, It may be approprinte to schedule these periods

(two or three days each) so as to fall on differcnt deays of the week in
order to obscrve operators who do not operate daily trons-atlontic flights.
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If an averoge of only 50 aircraft per day were sampled under Configuration
E for only the 24 days shown in the attached table about 1 200 observa-
tions could be gained.

1. The attached table presents o tentative schedule of radar data
collection activities and related events. This schedule takes account
of the availability of ships and crews by the U.8. Coast Guard, the
provision of electronic data recording equipment on board the ships cone
cerned and other pertinent technical and operational factors, In
addition, it also constitutes the optimum balance between the coste
involved in this operation and obtainable results,
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6 -F -1 APPENDIX F

DRAFT INFORMATION CIRCULAR

Programme of Nata Collection in the NAT Region

1. In order to obtain more information on the navigation capability
of turbo=jet aircraft transitting the North Atlantic oceanic areas, it
is proposed to conduct a data collection programme from cescccceccsas

to saesceceaaeaasn @

2a All operators using turbo-jet aircraft, up to and incluvding
flight level 420, in that part of the North Atlantic Control Areas

‘described below, are required to submit to the cccecousscscagaoce &
detailled report on all such flights on the attached form,

Description of area:

Northern limit: 70° North

Bastern limit : between 70°N and 61°N the Greenwich meridién, then
“along the Bastern boundary of Shanwlick snd Lisboa
Oceanic FIR's to Madeira.

Southern limit: the great circle between Nantucket and Madeira.

Weatern limit : the Western limit of Sondrestrom Gander Oceanic and
New York Oceanic FIR's from 70°N to its intersection
with the Southern limit,

e It is requested that great care should be taken by all
operators to ensurc an accurate and complete record to be kept of the
in=flight details for the purposes of subsequent post-flight analysis.
Aircraft log forms and charts for these flights should be retained by
the operator for a period of six months from the date of the flight
concerned.

To assist in this purpose a team has been formed under the
general direction of coesccacoosoooccoocccan sosy, and also including
national represcntatives from pilots' associations and air navigators’
associations to review with the operators navigational data which has
been extracted from flight logs and charts, including those working
papers which would be of help in a detailed post=flight analysis, durihg
this evaluation period.







6 - G - 1 APPSNDIX G-

STANDARD FORM TO B3 USED FOR THXE POST-FLIGHT RECORDING

OF DATA ON INDIVIDUAL FLIGHTS

1o It was apreed that the attached form should be used by operators
as the standard form for post-flight recording of data extracted from
flight logs and charts for individual flights.

2o An example of a completed form has been added to illustrate the
manneyr in which forms should be filled out.
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6 - " -1 APPENDTX H

METHODS OF POST-FLIGHT RECONSTRUCTION

Te Although details will vary, depeﬁding on modes of operation, the
following steps would appear to be essential

1) all positicn informatiown should be checked, re-plotting
where necessary;

1i) the path of the aircraft should be reconstructed with
reference to:

&) heodings steered, compass checks, measured winds
and probable change of wind, and/or

b) doppler/computer tracks set and compass checks, or
¢) inertial settings;
iii) judgement would need to be used, iun weighlng the fix

reliability against the consistency of the residual
systen tracking error found between successive fixes;

iv) where inadequate records or uncertainty of interpretation

precludes reconstruction of any portion of the flight path,
this should be stated,
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6-1-1 APPENDIX T

DIAGRAM OF INTENDED DAT. FLOW

1e The attached diagram shows the intended flow of data
resulting from the data collection programme, In addition,
it also indicates the intended hiondling of the data and the
presentation of the results obtained from its analysis,
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Summary of Agenda Item 7 : Review of Subjects for
. Future NAT/SPG Consideration

INTRODUCTION

70 As already indicated in the Agenda, this Agenda Item was con-
sidered in a closed session by members of the Group only and a complete
review was made of all documents (including the Summary of the First
Meeting of the Group held in October 1965) and any other information
available to the Group indicating that a problem existed in the NAT
Region which could be subject to handling by the Group.

7.2 This review revealed that, at this time, the following
subjects should be retained on the work programme of the Group :
i) Long Term Planning Programme;

ii) Impact of SST Operations on the NAT Air Navigation
System;

iii} Developments in Satellite Communications;

iv) Improvement of Logical Methods for the Determination
of Separation Minimas

v) Future Planning for NAT Aeronautical Fixed and
Mobile Services;

vi) Provision of Ocean Stable Platforms;
vii) Future Plamning for NAT Meteorological Services:
viii) Criteria for the Assessment of System Performance; *
ix) Review of NAT Air Reporting Procedures;

x) Vertical Separation Above Flight Level 290 in
Specified Parts of the NAT Region;

xi) Longitudinal Separation in Specified Parts of the
NAT Regiong ‘

xii) Review of NAT ATC Procedures;

xiii) Consideration of Up-dated Traffic Forecasts.

*Note: In the Summary of the First Meeting this item was called
"Further Development of Systems Criteria't,




73 It was recognized that, on the one hand, it would be unrealis-
tic to expect the Group to undertake simultaneous work on all of these
subjects since this exceeded by far the capacity of its members. On the
other hand, the Group was fully aware of the interest shown by States and
Organizations in its work and it believed it therefore essential to give
a brief summary of the situation with respect to each of the items listed
above and to indicate, as far as possible, which of the subjects, in the
Group's opinion, deserved priority treatment as items for consideration
at its next meeting.

REVIEW OF INDIVIDUAL SUBJECTS

7.4 "Long Term Planning Programme"

7ol It was felt that this was a subject which did not yet lend
itself to specific treatment because many of the factors having a bearing
on this subject were still in too fluid a state of development. It was
therefore agreed that this subject should be retained for review.

7.5 "Impact of SST Operations on the NAT Air Navigation System"

7o501 With respect to this item it was decided to retain it for review.

7.6 '"Developments in Satellite Communications”

7601 The Group noted that this subject had been considered by the
recent COM/OPS Division and that feasibility studies om this COM system
were now under way. It was therefore believed that, until more detailed
information becomes available, it would not be wvery useful to pursue this
subject within the Group.

7.7 "Improvement of Logical Methods for the Determination of
Separation Minima"

7701 It was believed that this meeting had made considerable progress
in this field, at least as far as the lateral aspect of it was concerned.

As it was expected that the vertical aspest of this item would inevitably
have to be considered once the question of vertical separation was taken up,
it was agreed that this item, as a separate subject, did not require
priority treatment at this time,




7.8 "Future Planning for NAT Aeronautical Fixed and Mobile Services"

7801 It was envisaged that there was a close relationship between this
item and Satellite Communications as well as the question of zir reporting
and the ATC procedures. It was expected that the most urgent aspects of
this question would therefore automatically come up when these subjects were
discussed. Consequently, a general review of this field was not believed of
immediate urgency.

7.9 "Provision of Ocean Stable Platforms"

7:9.1 The UK member indicated that this subject embraced numerous non-
technical aspects which had not yet been resclved and on which further
studies were required. It was therefore agreed that the item should be
retained for future review whenever a purely technical discussion of the
matter would be useful.

7.10 "Future Planning for NAT Meteorclogical Services"

7.10.1 It was found that with respect to this item the situation was
gimilar to that described in paragraph 7.8 with regard to the NAT COM
services and that its review should therefore be subject to identical
conditions.

7-11 "Criteria for the Assessment of System Performance'

76171 When considering this subject the Group noted that Canada had now
prepared a preliminary study and that both the UK and the USA had already
done work on it. It was however indicated that, before any definite con-
clusions could be drawn, it would be essential to obtain the userts point
of view. It was therefore agreed that at least a preliminary exchange of
views on this subject should be held as early as possible and that
representatives from appropriate International Organizations should be
invited to participate in this.

7.12 "Review of NAT Air Reporting Procedures"

71241 It was noted that this item had been the subject of correspondence
between ICAO and the States and Organizations concerned and that it had
become apparent that this matter deserved early attention in order to
correct a number of difficulties which now appear to exist in respect of

all aspects (ATC, COM and MET) of this matter.
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7.12.2 1t was therefore agreed that the Group should review this subject
at an early date and, since it was known that a Working Group of IATA NAT
operators was working on this problem, that IATA should be requested to
present, as early as possible, its proposals for improvement to the Group
to serve as a basis for discussion representing a common user's view., In
addition, it was agreed that the appropriate Internationzl Organizatious
should be invited to participate in the discussion.

7.13 "™Wertical Separation Above FL 290 in Specified Parts of the
NAT Region" ‘ ) ‘

7,131 In early 1966 this question had been referred to the NAT/SPG by
the ANC for consideration to assist the ANC in the appreciation of the
desirability of convening the EUM NAT (RAC) Meeting called for by
Recommendation 6i/6 of the Special NAT Meeting 1965. In view of the
pressing circumstances regarding the question of lateral separation and
the resultant workload, the NAT/SPG had however not found it possible to
comply with this request at this meeting, even though it had accepted the
task, ' ‘

7e13.2 It was therefore agreed that this item should be placed on the
Agenda of the Group'’s next meeting., With regard to the handling of this
matter by the Group it was noted :

i) that IFPALPA intended to carry out a data collection on
height keeping accuracy in Janusry=February 1967 and
had discussed it informally im the UK with the RAE. No
arrangements had been-made with the UK for processing
the data and no assurance could be given that the UK
would be able to undertake this work immediately due
to the commitments resulting from the UK's participation
in the data collection agreed at this Meeting (Item 6).
The member from the Kimgdom of the Netherlands agreed
to investigate the possibility of assistance by his
Administration, if so requested by IFALPA. This would
be gleared din direvt econtacts between the Netherlands
and IFALPAj

ii) that it would be essential for the Group's work om this
matter to inelude in its consideration the results of
the work om static pressure systems now conducted by
the Airworthiness Committesy




iii) that some States required still more time in order to
complete national studies which were now in course;

iv) that, based on the above, the Group felt at this time
that a LIM NAT Meeting dealing with the subject of
vertical separation would not serve a meaningful
purpose before early 1968.

7.14 "Longitudinal Separation in Specified Parts of the NAT Region'

71,1 The Group felt that the general consideration of this question at
this time could only confuse the already complicated situation regarding
separation in the NAT Region and, since experience has shown that this had
not given rise to serious problems, it agreed to keep this subject pending
until a more opportune time. It nevertheless noted that the application of
15 minutes longitudinal separation to turbo-jet aircraft following the same
track and applying the Mach number technique continues to be satisfactory.

7.15 "Review of NAT ATC Procedures"

7.15.1 It was agreed that those aspects of this item (automation, inter-
area communications, etc.) not already covered by the consideration of
separation questions and air reporting were not sufficienmtly mature to be
considered in the near future.

7.16 "Consideration of Up-dated Traffic Forecasts"

7.16.1 The Group confirmed its previous position, i.e., that the up-
dated traffic forecasts were essential for its work, and it expressed
therefore the hope that the forecasts prepared by Canada, the UK and the
USA would continue to be made available to the Group and to all other NAT
States through ICAO.




ARRANGEMENTS FOR THE NEXT MEETING

7,17 The Group felt that, since it would be essential to hold another
meeting prior-to the beginning of the data eollection programme agreed under
Item 6, this should be extended to cover also those items which the Group
had selected for early action. It was therefore agreed that :

i) ‘the next meeting of the Group should he planned for a
duration of two weeks in the latter part of April 1967,
at the Paris Office of ICAOj

ii) the first point on the agenda should be a progress -
report by all concerned on the data collection programme
agreed under Item 6 and that this should be arranged so
that it did not require more than a maximum of two days of
discussiong

iii) the remainder of the agenda should tentatively include
the following subjects :

a) Vertical Separation
b) NAT Air Reporting

c) Exchange of Views on Criteria for the Assessment
of System Performances

iv) the organization of the next meeting should again tenta-
tively envisage two main working groups; one dealing with
a), the other with b) above, while the item under c¢) would
be dealt with by the Group as a whole, together with
invited States and Organizationsg

v) IATA and IFALPA should be invited to make supporting
documentation available with respect to items a) teo
c) above (see paragraph 7.12);

vi}) the question of States to be invited for the next meeting.
should be pursued further in correspondence between the
chairman and other members of the Groupg

vii) = appropriate International Organizations should again be
invited to participate in the next meeting of the Group;

viii) ICAO be requested to make available its services and
facilities in the same manner as has been dome for this
meetings

7,18 The Group noted that the member of the USA, for internal reasons,
was not able at this time to commit himself definitely as to the date and
agenda of the next meeting but would advise the chairman of the Group in
due course.




Summary of Agenda Item 8 : Future Conduct
of NAT SPG Business

861 Experience since the creation of the NAT/SPG had shown that the
initial manner of conducting the Group's business, i.e., that each member
wrote to each other member on matters of concern to the Group, had a number
of drawbacks, particularly that of crossing of correspondence which tended
to affect efficiency in the conduct of business by the Group, especially
during the preparatory stages of a meeting.

8.2 It was therefore unanimously decided that the gquestion of chair-
manship and that of correspondence procedures required some modification and
the Group therefore agreed on the following :

8,201 At the end of a meeting the Group would elect its Chairman for
the next meeting with the understanding that this mandate would include the
responsibility for : :

i) dnitiating any action deemed necessary for the efficient
conduct of the work of the Group during correspondence
phases; :

ii) developing the agenda, date and place of the next
meeting in consultation with all members;

iii) dssuing invitations to all States and Organigzations
which the Group has decided to invite to its next
meetings

iv) chairing the next meeting;

v) ‘transferring to the next chairman any pending matters
which have not yet been cleared.

8.2.2 In application of the above, the Group confirmed Mr. G.E. Enright
of Ireland as chairman for its next meeting.

8.2,3 As to the question of correspondence procedures, the Group felt
that this could best be handled by addressing all correspondence to the
chairman of the Group who would thus serve as coordinator and would also
ensure that correspondence addressed to him was promptly sent to all other
members of the Group and, if so required, to other States and Organizations
concerned.




82k It was agreed that, when writing to the chairman, all members
should send a copy of such correspondence to the ICAO Paris Office,

8.205 In order to keep the workload thus imposed on the chairman within
acceptable proportions, the Group unanimously requested that the Paris Office

provide the chairman with those services and facilities required for the
efficient and expeditious discharge of his responsibilities. These were

expected to be

i)

ii)

iii)

iv)

v)

8.3 The

an additional workload on the Paris

o
°

to serve as forwarding agency for all correspondence
addressed to the chairman by members of the Group and
other States and Organizations;g

to reproduce and distribute correspondence from the
chairman to members of the Group and, if necessary,
other States and Organizations;g

to assist the chairman in the preparation of the agenda,
the organization of meetings and the reproduction and
distribution of supporting documentation received from
members of the Group or, as the case may be, other
invited States and Organizationss

correspondence in French from the French member to the
chairman would be translated by the Paris Office before
onward transmission to the chairman and other members
of the Groupj

as regards supporting documentation provided by the
French member in French, arrangements for its trans-
lation would be made on an ad=hcc basis between him
and the Paris Office of ICAC having regard to the
latter's capacity at that time.

Group fully realized that the above arrangements would impose
Office, but, in view of past experience,

seriously hoped that ICAO would find it possible to accede to its request

for assistance.




9. SUMMARY OF OTHER BUSINESS

9.1 Following its discussions regarding the data collection programme
(see Summary on Item 6 and paragraph 7.17) the Group noted that as of the
time of the end of the Meeting there would exist a continuous requirement
for coordination, primarily between Canada, Ireland, the UK and the USA, in
order to resolve problems of detail which might develop during the prepara-
tion period. It was therefore agreed that this should normally be done in
direct bi-lateral or multi-lateral contacts and that the Group (and other
interested parties) should be informed of this coordination only if this was
essential for the orderly progress of the preparations.

9.2 In order to ensure efficiency in these contacts it was, however,
agreed that the following members should assume coordination functions for
the followiug parts of the programme :

i) Canada will coordinate all matters concerning the
collection of flight log data on the North American
continent;

ii) the UK will coordinate all matters regarding flight
log data in Europe and those concerning ATC and
radar data from the UK, Iceland and Ireland;

iii) the USA will coordinate all matters regarding the
overall collection of radar data and those concern=
ing ATC data from Canada, Portugal and Spain.

9s53 The Group noted with appreciation the offer by the member for
Canada that Canada was prepared to print and distribute to the NAT provider
States, ICAO and IATA the forms required for the flight log data collection
(see Appendix G to the Summary on Item 6). The forms required by other

NAT States would be distributed via ICAO.

9.4 It was further noted that once the programme was started the UK
would request all States and Organizations concerned to send completed
flight log forms collectively once every month to the address which will be
shown6in its copy of the Information Circular (see Appendix F to Summary on
Item 6),

= « LEND = -
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