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Summary

The paper presents an analysis of one
possible method of planning the traffic
flow based on the minimization of the

ate of potential conflict in a given
traffic sample. The basic principles of
the method include prediction of flight
paths, definition of an iInstantaneous
zone of protection assessed in terms of
length and definition of a functian
characterizing the probable state of con-
flict of the traffic sample. It implies
the definition of a detection logic which
amounts to determining the intersection
of pairs of zones of protectian, and
suggests a conflict reso'ution procedure
based on possible flight plan amendments
in order to minimize the state of con-
flict function.

Abstract

The procedures and guality of theplanning
function in Air Traffic Contral have a

ma jor influence on the utilisation of
avallable airspace and consequently an
the efficiency of the whole cantrol
system,

The paper presents an analysis of one
possible method of planning the traffic
flow based on the minimization of the
state of potential conflict in a given
tralfic sample,

The basic principles of the method essen-
tially include the prediction of the
flight path of all the aircraft in the
sample, the definition of an instantaneous
zone of protection whose components are
assessed in terms of length and the de-
finition of a function characterising
guantitatively the probable state of con-
flict of the traffic sample.

In comparison with the position vector
gerived from inflight observation, the
poslticn vector calculated 3 priori ore-
sents a certain scatter. The factors re-
sponsible far this scatter are taken into

*The authors are witn Lurocontrol,
Brussels,Belgium, except Mr. P. Kuypers who
is with SPRL "GETS", Brussels

account in the actual expressions Trepre-
senting the dimensions of the zone af
protection, and this volume is therefore
closely related to the accuracy of the
flight path prediction and varies with
time,

The detection logic consists of determi-
ning the instantaneous intersection of
the areas of protection for each pair

of aircraft in the traffic sample under
consideration. When zones of protection
intersect it follows that a conflict

has arisen between the two aircraft in-
volved, and the conflict confiyuration
and 1ts position in space and time are
then determined.

The state of conflict in the traffic
sample is characterized by the aistri-
bution of confiicts (number and duration)
in time and possibly inm space, by the
configyuration of the conflicts detected
ano their probability of occurrence. In
this study, tne aim has been to define

a state of conflict Functiaon which takes
these main parameters into account.

Finally, the paper suggests a method of
conflict resolution based on the possi-
bility of modifying the flight plans of
the aircraft in the trafflic sample. The
problem here amounts to minimizing the
state of conflict function by amendments
(sequence, type and magnitude) to tne
flight plan,

Introduction

Current Air Traffic Lontrol methods in-
volve two distinct but claosely related
functions, Firstly, there is the planning
function which implies some orqganisation
of tne proposed traffic flow. Secondly,
there is the executive function, inval-
ving direct ground control of aircraft
movements, which is necessitated by in-
ability to plan certain phases of flight
with sufficient accuracy. In the early



days of civil aviation, traffic flow was
organised on the basis of simple flight
plans and flight paths were monitored

and corrected by ground control on the
basis of position reports passed from air
to ground when over-flying specific route
points, As the density of aircraft in the
airways structure has increased radar

has come to the aid of the ground con-
troller enabling him to reduce relative
separations between aircraft with no loss
of safety. However, the increases in
traffic have been accompanied by in-
creases in the number of ground control-
lers and hence also the coordination work
load between controllers. Increased co-
ordination workload reduces useful con-
trol capacity and, although recent auto-
mation developments have delayed satura-
tion, it does not appear that traffic

can continue to increase without the ef-
ficiency of air traffic control systems
showing a marked reduction.

As the accuracy, with which traffic flows
can be planned increases, so separation
standards can be reduced as also the re-
guirements for executive control.

Therefore, the aim of ire present study
has been to reduce to a minimum the exe-
cutive control requirements while at the
same time increasing to a maximum the
use of the available airspace, based on
the minimisation of the state of poten-
tial conflict in a given traffic sample
and increased accuracy in flight path
prediction,

The problem is constrained in several
ways. For the purpose of this article,

it will be sufficient to mention three
fundamental sources of constraint namely,
safety, aircraft trajectories and ATC
flight plan amendments,

flaximum safety must be maintained and
will not be directly related to the pre-
dictian accuracy. Prediction is used for
planning the traffic flow but continuous
monitoring and updating by a surveillance
system 1s assumed in order to ensure that
aircraft remain within the prediction or
planning tolerances., However, the more
accurate the prediction achieved, so the
reliability of the planning will increase
and reduce the workload of replanning or
executive control intervention, It is not
intended to impose any restriction on the
type of aircraft trajectory proposed by
the aircraft manufacturers or recommen-
ged by airlines. The treatment of a given
sample of traffic should keep the amwend-
ments of the original flight plans with-
in reasonable limits,

In this study, initiated as a contribu-
tion to possible future reguirements of
air traffic control, it will be noticed
that certain liberties have been taken

with some recognized concepts (Ref.1).

For instance, a zone of protection,
centered on the aircraft, is introduced
having the general shape of a right angled
parallelipiped whose three dimensions ars
expressed in units of length, and are tims
dependent, In particular, this includes a
longitudinal distance separation which
supersedes the usual longitudinal time
separation. Based on these three-dimen-
sional time-dependent zones of protection,
a concept of conflict criteria is intro-
duced. It amounts to saying that there
will be a conflicting situation betuween

a pair of aircraft when their respective
zones of protection intersect and only
then. Also, in a flight plan the commence-
ment of vertical manoeuvres, changes of
altitude such as climb or descent phases,
are specified in terms of time rather

than position.

The reguirement for maximum use of
available airspace combined with a re-
duction of executive control workload
while maintaining safety calls for a de-
tailed esvaluation of the dispersion vo-
lume in which an aircraft is likely to
appear at a given time. The relevant
trajectory aspect will not be discussed
in this paper., It is presently under 1in-
vestigation and the first results ob-
tained have been reported in Ref.2. Such
results concern the determination of spa-
tial and temporal predictability of civil
aircraft in flight, and assesses the ef-
fects of various parameters on this pre-
dictability.

The present study, while only partially
applicable to current ATC environments,
is intentionally related to foreseeable
future environments incorporating a higher
degree of automation and digital data
transmission than is currently available.
Thus, it is suggested that the full bene-
fits of this study would be achieved in
an environment where automatic monitoring
of flight path is available together with
air/ground data link, where computer/
computer digital interchange is operating
and where each element of the control
system (i.e. Control Tower) has direct
access to the air traffic computer.

Position of the aircraft

At the planning level, an aircraft will
need to be yiven a volume of airspace,
which differs in shape and size from
that of the aircraft's physical volume,
This is in fact to insure safety in the
planning stage, in spite of our lack of
control of the elements and ignorance of
the future.

I1f, in accordance with the scale of the
problem, the aircraft is identified with



its center of gravity, our ignorance can
be expressed in other, perhaps too
familiar words which are likely to sound
as follows., In general, it is possible

to ascertain that at any given time t,
there exists a probability p for the pre-
dicted position of an aircraft A to fall
within a certain volume of airspace AV
around B,

This anodyne looking assertion may raise
appreciable difficulties when it comes

to transpose it into analytical and
numerical forms, In this section we shall
formulate our approach and indicate how
we overcome some of the difficulties.

Stated in such general terms, the problem
of rredicting the aircraft position ex-
hibits several aspects which could be
categorized under four main headings.
First, the prediction of a nominal posi-
tion of the aircraft. Second, the identi-
fication and choice of elementary sources
of dispersion effecting the aircraft po-
sition, Third, the evaluation of the size
of the airspace dispersiaon volume for gi-
ven values of the elementary contribu-
tions., And finally, the probability as-
pects which imply knowledge of distribu-
tion functions for each el!ementary con-
tribution and adequate rules for com=-
bining them,.

This last aspect in itself could consti-
tute a whole study whose applicability
would probably raise numerous gquestions,
In this article, it will be assumed that
the basic dispersion components are given
their maximal values, leading to near
certainty af finding the aircraft in the
associated dispersian volume,

The prediction of a nominal position of
the aircraft amounts to computing the
complete three-dimensional aircraft tra-
jectory. This computatiaon avoids intro-
ducing any restriction to the usual type
of trajectory proposed by aircraft manu-
facturers or recommended by airlines to
their pilots,

Generally speaking, the trajectory of an
aircraft is obtained by integration of
the equations of motion, In a2 particular
route network and under given meteoro-
logical conditions (temperature profile
and wind velocity vector), this method
requires knowledge aof the aeroaynamics
and power plant of the aircraft concerned.
These characteristics are generally
available in tabular form and usually
represent a considerable guantity of
numerical data. Although the programming
of such computations aon an electronic
computer is routine, the use of the pro-
gram requires an important quantity of
storage and proves relatively slow in
execution. [In order to reduce baoth the
auantity of datae regquired ang tne inte-

gration time, we are contemplating using
a very simple method for computing tra-
jectories. The method has been described
in Ref.,2, The approximations essentially
concern the vertical camponents of the
velocity and position vectors, [t re-
quires only about 20 numerical coeffi-
cients per type of speed law and enables
a climb phase calculation to be perfor-
med in a few seconds, printing of the
results included. A hundred numerical
tests on the trajectories of a dozen
different aircraft types have been
carried out altogether and in all of
these the model proved to be relatively
accurate. Taking different combinations
of variations in the initial mass, tem-
perature profile and calibrated airspeed,
the difference between the appraximate
altitude and that given in the mapu-
facturer's performance charts at a given
moment 1n the climb phase from flight
level 50 to flight level 220 generzlly
remained within approximately 500 feet,
In the case of the distance/time func-
tion, the upper limit of the correspon-
ding error has been estimated at 0.% nau-
tical mile. By way of comparisaon, it may
be noted that for a typical medium-range
aircraft it would require an error of

one ton in the take-off mass or a shift
af 20C in tne temperature profile to pro-
duce an altitude error cf the same magni-
tude. Additional details on this subject
can pe found iIn Ref.2.

Practically, the calculation of the tra-
jectory assumes the knowledge of infor-
matien not usually contained in today's
flight plans available te Air Traffic
Cantrol. Tnese z2re : the take-off mass
and the proposed speed-altitude profile.
Also, the specification of vertical
manoeuvres includes time of initiatiaon
and final altitude to be achieved.

The following remarks suggest a con-
venient way to define the shape and de-
termine the size of the dispersion vo-
lume, while at the same time indicating
the basic sources of prediction inac-
curacy.

The position of the aircraft can readily
be referenced to the axis of the route
to be followed, the three components of
the position vector being : a vertical
component h(t), a longitudinal component
d(t), horizontal and measureg along the
elementary route axis, and a lateral
camponent l(t), narmal to the vertical
plane containing the route axis. The
vertical and longitudinal components
result from the integration of the rate
of change of altitudes(t) and yround
speed u(t) measured along the route axis,
respectively, while the lateral cam-
ponent results from course deviation,
Lonsequently, if we denote nominal guan-
tities by subscript n and indicate by &



prediction inmaccuracles, namely possible

d fferences between predicted and actual
values, we have for the naominal position
of the aircraft

hn(t) =£Tn(t),

t
] u {t)dt,
o I

1n(t) = 5

da (t)
n

and for the dispersion

Sh(t) :I"fn(t)dt,
]

3 k
odl t :I Sultidt,
o

S1(t),

where the lower limit appearing in the
integrals will usually be replaced by
the time of prediction.

Consequently, the sources of ‘gdictiaon
inaccuracies are readily identified., for
the vertical and longitudinal components
they are included in the rate of climb
and ground speed, respectively. Some of
these effects are readily cvaluated. This
is the cass for the influence of the
take-off mass, indicated airspeed, tem-
perature and wind., Others will actually
need thorough analysis of inflight ob-
servation data, The dispersion resulting
fram the use of different aircraft of
the same type, operated in the same way,
by a given airline, is an example. To
take account of lateral deviation, each
elementary route segment is given an
equivalent width, say 2we, consistent

with local navigational aids, and possi-
bly aircraft type ana equipment, such
that at any time the inequality

lo1(t)] < w

remains satisfied.

Zone of protection

When organizing the traffic flow, tne
protection aof the aircraft against pre-
diction inaccuracies 1s achieved by re-
serving around the nominal predicted
position of the aircraft, a zone of pro-
tection naving the general shape of a
right-angled parallelepiped in the system
of coordinates defined in the previous
section, whose vertical Ah, longitudli-
nal Ad, and lateral Al components should
satisfy at any given time the inequali-~
ties

Ah > |oh], AL > [81],

Ad > |5d|,

within the reguirements of safety and
system efficiency. This implies defining
these components with the aim of minimum
airspace expenditure, Morecver, the com-
ponents of the zaone of protection should
be in a handy form and if necessary
easily amended in the course of the de=-
velopment of the project.

There are obviously several possible
anners of answering the gquestion. At
this stage, we propose the following
which has the advantage of reguiring only
global estimations of spreading errors
on speed, rate of change of altitude and
time scheduled for initiation of vertical
manoeuUvres.

Lat &, be the magnitude of the ground

speed estimation error, grouping all tne
glementary contribultions arising from
prediction inaccuracies on aircraft per-
formances, take-off mass, indicated air-
speed, temperature and wind, The resul-
ting effect on the lonuitudinal inaccuracy
will be taken as proportional to the tims
elapsed between last updating tu’ and the

time t for which prediction is made,

The inaccuracy £, on the time tO at whicn

1
a vertical manoceuvre from altitude hi to

altitude h_., 1s initiated will cause dis-
persion on bath longitudinal and verti-
cal positions of the craft, Assuming that
alterations uf atmospheric cunditlons

and aircraft mass variation during an
interval of time equal to 2¢_, can be

neglected, the longituoinal inaccuracy

built up at time t results rrom varia-

tions of ground speed with altitude. If
un is a mean value of the ground speed
on tne interval of time (t - €., t + €,)
and uy the value taken just before

starting the manoeuvre, this inaccuracy
becomes proportional to the absolute

value of the difference U, = Uje In parti-
mn

cular, after completion of the manceuvre,
u_ becomes equal to the ground speed UF

reached at the final altitude. lhe effect

of €, on the vertical inaccuracy 1s pro-

portional to the value of the rate of
change of altitude T, averaged on Lne

same interval of time (t - €vy b+ Et),
and Oisappears when final altitude 1is
reached.

The next source of prediction inaccuracy
introduced,€_ , acuounts for possiole

errars affecting the rate of climb,

causing a vertical spreading of the air-
craft position around predicted position.
This influence 1ncreases with the magni-
tude of the altitude change, and a linear



dependency has been considered.

To protect the aircraft in the lateral
direction, the zone of protection will
be given a lateral component egual to
w,, half of the equivalent width af the

route segment on which it is flying. This
might be decreased if account is taken
of individual aircraft capability.

tinally, even if the aircraft was likely
to fly ideally according to prediction,
it should be assured that all aircraft
in the system maintain a separation ac-
ceptable and safe to both pilots and
ground control, Therefore, minimum ver-
tical (Ah)o, and longitudinal (Ad)o, se-

paration standards will be incorporated
in the zone of protection components.
The latter will be taken as a constant
while, as usual, the former will be a
discontinuous function of altitude.

Consequently, for an aircraft a, the
components of the zone of protection will
be, for one single manoeuvre

Ad(a,t) = (Ad)  + e (a)(t-t (a))

+

'

€t|um(a't) - ula,t = €t

Ah(a,t) = (8h) _ + € [T _(a,t]]
+ eT(a)lhf(a) - h;(a)|
Al(a,t) = w(r(a))

If several manoeuvres have taken place
since last updating, the last term in the
expressiaon of the longitudinal component
is replaced by a summation extended to
all these manoeuvres, It is worth noting
that the two components Ad(a,t) and
Anh(a,t), and consequently the relevant
volume of the zone of protection Z(a,t),
are kept within limits through the up-
dating process. Indeed, when updating
takes place, they are set back to their
minimum values (Ao‘)D and (Ah)o, respec-

tively, and reach their peak values just
before the next updating is performed.,

Canflict Criterion

When planning the traffic flow, it will
be considered that a pair of aircraft,
say a and b, create a conflicting situa-
tion when, and only when, their respec-
tive zones of protection Z(a,t) and
7(b,t) intersect.

for convenience, this criterion will be
separated into two components, namely
a "lateral" and a planar component for
each aircraft, the latter component re-

ferred to the vertical plane containing
the route segment r(a) or r(b). Then,
the two aircraft will be in conflicting
situation when, and only when, both
lateral and planar conflicts exist,

To determine whether a lateral conflict
exists or not, the concept of a zone of
potential lateral conflict, say
A{r(a),r(b)), associated with the two
route segments r(a) and r(b) along which
the two aircraft a and b are flying, re-
spectively, is introduced. Then the
lateral component of the conflict cri-
terion becomes : the two aircraft a and
b are in a lateral conflict situation

in relation to the pair of route seg-
ments r(a) and r(b) when, and only when,
they are simultaneously in the potential
lateral conflict zane.

A(r{a),r(b)) is the overlap of the hori-
zontal projections of the two tracks de-
fined by the route r(a) and r(b) of
equivalent width we(r(a)) and we(r(b)).

It is centered at the lntersectian
1{r(a),R(b)) of the two geodesics g(R(a))
and g(R(b)), caentaining the horizontal
pro jections R(a) and R(b) of the route
segments r(a) and r(b), respectively.

fFor the numerical treatment, it is con-
venient to characterise this zone by the
distance z(H(a),R(b)) from I(R(a),R(b))
to the remotest point of A(r(a),r(b)).
This distance z(R(a),R(b)) is a fupction
of the eaguivalent widths we(r(a)) and
we(r(b)), the dihedral angle formed by
the two geodesics g(R(a)) and g(x(b)),
and the relative configuration of the
horizontal projections R(a) and R(b) of
the two route segments r{a) ano r(b).

The planar components of the criterion
are readily expressed. e designate oy
D(a,b,t) and H(a,b,t) the longitudinal
and vertical components respectively, in
the vertical plane containing r(a) for
instance, of the distance between air-
craft a and b. Then, there will be a
planar conflict between the two aircraft
when, and only when,

D(a,b,t) < ad(a,t) + Ag(h,¢t)
and
‘H(a,b,t) < An(a,t) + Ah{b,t)

Conflict Detection Procedure

When the detection of conflicts is ini-
tiated for a particular sample of traf-
fic, efficiency demands the sorting of
traffic starting with the most drastic
elimination and continuing with more

and more refined sorting up to the de-
termination of the conflicting aircraft.



Consequently, the conflict search may
t=nerally be drastically reduced for
parts of the traffic. If we call 'a' the
test aircrafty,then this is the case for
aircraft flying on other routes or during
another period of time than the aircraft
'a' under investigation,

The detection proceeds further with the
search for lateral conflicts, First, the
existence of a potential lateral con-
flict zone is investigated., When one is
found, the next step in the detection
logics consists in the determination of
the temporal position of the two air-
craft in this particular zone, Only when
both airecraft are found to be simul-
tanscasly in this zone will the planar
BT .rion be applied to this particular
pé .

To conclude, in practice, the procedure
followed for the detection of conflicts
aims at reducing the computer time when-
ever possible, for this, the structure
of logic is such that it allows us to
ascertain that there will be no conflict
between a given pair of aircraft of the
traffic sample, if only one condition

of conflict is not satisfied, and there-
fore, to set aside the ccrresponding
pair of aircraft as early as possible in
the detection procedure if no conflict
exists.

State of Conflict

The conflict state for a given traffic
sample can be represented by the distri-
bution of conflicts, as regards both
number and duration, in time and possi-
bly in space. The importance of a con-
flict may depend on its configuration,
Also, the probability that a conflict
detected at the planning level will ac-
tually occur, may have an effect on the
type of action uwhich it may initiate,

At this stage, for each type of conflict,
we have assigned a weighting factor i .
Also, we liave chosen to express conflict
prooability in terms of the ratiov , of
the horizontal standard separation mini-
mum to the instantanecus horizontal se-
paration, fFinally, we have defined the
state of conflict by a single functionC,
which is the time integral

C = = \
/T (C nc(r_\ He Vc(t\ dt

over the period of time T of the summa-
tion of the weighted number n of con-
flicts in respect of the volume of traf-
fic being caonsidered in the detection
ana resolution in progress.

In other words, so far we have carac-
terized the state of conflict by a sin-
gle function, namely the summation of
the weighted durations of all conflicts

arising in the traffic sample under con-
sideration., This function has the advan-
tage of being unique and simple, but in
the future, it might appear desirable to
separate the components representing
number and duration,

Resolution Criteria and Procedure

If we use the integral C defined in the
previous section as a measure of the
state of conflict, we can say that for a
given sample of traffic, the optimum
planning has been achieved when the state
of conflict function is minimum,

In practice, the flight plans are intro-
duced in the system one after each other
and consequently, it appears logical to

organize the flight of the last entry in
terms of the traffic already treated and
cleared, )

Also, for all sorts of practical, apera-
tional and economic reasons, the altera-
tions of the proposed flight plans should
remain within reasonable limits. Yhen

this "reasonable" aspect is further in-
vestigated, it turns out that the possible
amendments should be restricted as re-
gards type, magnitude and seqguence.

Clearly, there may be several ways of
meeting these requirements, for our pre-
liminary investigation, we have limited
ourselves to flight plan amendments re-
lated to the following changes

- a change of one or several cruise
levels

- the interruption of a climb or des.
cent by a phase of horizontal flight

- a daslay in the start of a manoeuvre

- holding the aircraft at a determined
position

- a delay in take-off.

This list is certainly not exhaustive,
for instance, speed control could sasily
be introduced, but at this stags of the
project, we feel that it constitutes a
representative sample of possible and
acceptable flight plan amendments.

Fach type of amendment is limited in ma-
gnitude, fFor instance, the modification
of cruise level is limited to a maximum
variation of the order of 2000 ft or

4000 ft depending on the initially pro-
posed cruise altitude. Also, when the
interruption of a manoeuvre by a phase

of horizontal flight is considered to
solve a conflict generated during a climb
or descent, the intermediate level should
obviously remain within the altitude band
defined by initial and final altitudes

of the manoeuvre. The duration of the
intermediate horizontal flight has been
taken equal to the smallest integer num-
ber of minutes such that the longitudinal



Flight Number Type TOm Entry Time Route

X1 CA 6N 48 09,52 BRY.ATN,LYN.NIZ.ELS,
X2 B 707 140 09,52 LMG, XQW , MTL . NIZ.ELB.
X3 B 727 72 09.55 LMG.MOU.DIJ.LUL.STR.
X4 B 707 135 09,58 BRY.MOU.LYN.NIZ.ELB,
X5 CA 3 42 10,01 ELBeNIZ.LYN,ATN.BRY.
X6 CA 3 42 10.02 BRY.ATN.LYN.NIZ.ELB,
X7 TRI 1 40 10.03 BRY.ATN.LYNJNIZ.

XB DC S 50 10.08 BER.GLA.LYN,XQW.TOU.
X9 B 727 74 10.14 LXU.LUL,GLALNIZ.ELB.
X10 CA 3 42 10,20 AJO.NIZ,LYN.MOU.BRY
X11 DC 8 130 10.26 BERJGLALLYN, XQU,TGU.
X2 B 707 140 10.51 LMG.XQW.MTL.NIZ.ELBLQJ

TABLE 1 ILLUSTRATIVE SAMPLE ROUTES

conflict component ceases to be infringed.
Moreover, the duration of the interme-
diate flight should not exceed a given
fixed maximum values Similarly, the ather
amendments, namely delay in starting a
manoeuvre, holding of an =ircraft over

a given point and take-off delay are also
limited in magnitude and restricted as
regards applicability.

The resolution procedure aims at reducing
the number and duration of conflicts
existing in the traffic sample., It comes
into action on each pccasion that the
introduction of a new aircraft into the
system generates at least one conflict
for which the function v, defined in the
previous section, has a value above a

minimum thresholdyv in® specified in ad-

vance, When this new aircraft generates
several conflicts with the aircraft which
are already in the system, and for which
the conditionv > Vi g is satisfied, the

resolution procedure is applied to the
conflict which is the first, chronolo-
gically, to occur, for each pair of air-
craft composed of the nesw aircraft and
any one of all the aircraft already in
the system,

In the absolute sense, a canflict 1s re-
solved when it ceases to exist. In prac-
tice, howsver, we shall say that a con-

flict is resolved when it ceases Lo exist,
or when at the start of the conflict the
function has becaome less than the mini-
mum value Voin OF when the start of the

residual conflict is postponed for a suf-
ficient length of time. Several awend-
ments may resolve the conflict. The se-
lection is then made by attributing a
priority level to each amendment, 1.e.

a change of cruise level has been given
the highest priority, then follows the

interruption of a vertical manoceuvre by
a phase of hoarizontal flight, then a
delay in starting a manceuvre, next the
holding of the aircraft and finally, we
kept the lowest priority for delaying
the take-off. These amendments and their
priorities are used experimentally at
this stage of the study and represent
only a selection of amendments currently
in use.

When the traffic conditions are such that
the canflicting situation cannol be re-
solved in the above sense, we retain the
amendment which results in the smallest
value of the state of conflict function.

. /SO
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Fig. 1 — ILLUSTRATIVE

EXAMPLE NETWORK
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State of conflict in initial sample

TABLE 2a

CONFLICTS IN TRAFFIC SAMPLE

A blank indication absence of conflict

Type of conflict No.1 between a/c A & B

Upper line
Lower line

First letter

relates to a/c B
relates to a/c A

Indicates relative posi-
tion at start of conflict

in front

behind

Second letter
L
D
C
Third letter

: Indicates type of phase
: level flight

: descent

: climb

: Indicates relative move-
ment

: in same direction

: in opposite direction

TABLE 2b

NOMENCLATURE FUR TABLE 2a




If we designate by C the conflict state,
for the initial sample of flight plans,
and by C_ the corresponding value in re-
spect of” the sample of amended flight
plans, the overall efficiency of the re-
solution procedure can be represented by
the ratio

n=(C=~C)/C

Illustrative Example

In order to illustrate the use of the

concepts developed in this paper, the

following very simple example has been
treated.

The route network used for this illustra-
tion is shown in Fig. 1. It comprises 17
nodes and 25 elementary route segments
and extends roughly from Luxembourg to
Ajaccio as indicated in the figure. Each
route segment comes within a meteorolo-
gical area, and for this sample we have
considered three distinct meteorological
areas. Into this network, we have intro-
duced 11 aircraft, X1 to X11, whose
routes, generated in a near-random manneg
are summarized in Table 1. The detection
procedure applied to this traffic sample
of 11 aircraft or 65 different pairs of
aircraft, has revealed the conflict state
summarized in the lower part of Table 2a,
Table 2b giving the meaning of the sym-
bols used. These tables indicate the
existence and the 1initial configuration
of the first conflict arising in respect
of each of the 65 pairs in the sample,
However, this is only a summeary, the de-
tection programme in addition giving in
respect of each conflict which may arise
between each pair of aircraft, the con-
flict duration, warning time and con-
flict area, and for each aircraft, its
type, position at the start and position
at the end of the conflict which are pro-
duced directly by tne computer. Curve a
of Fig. 2 shows the evolution of the
conflict state for the whole of the traf-
fic sample. This diagram gives the num-
ber of conflicts as a function of time
for the nstwork, traffic sample, and
period of time considered.

Flight plans are introduced into the
system in the order incicated in Table1.
When a new aircraft enters, the detec-
tion procedure is initiated for the air-
craft pairs formed by this aircraft and
the totality of the aircraft already
within the system. When a conflict for
which v > v . is detected, resolution

procedure is initiasted anao if an amend-
ment to flight plan is reguired, it is
the last flight introduced into the
system which is altered., Table 3 (in
this table, CCL stends for change of
cruise level) summarises the amendments

X1 Unchanged

X2 Unchanged

X3 Unchanged

X4 CCL from FL 320 to FL 340 at
10 hr 0 mn

x5 CCL from FL 330 to FL 310 at
10 hr 3 mn

X6 Manoeuvre delay = 3 mn from
10 hr 2 mn

X7 CCL from FL 360 to fL 300 at
10 hr 16 mn

X8 Holding delay = 5 mn from
10 br 16 mn

X9 Unchanged

X10 Unchanged

X11 CCL from FL 320 to FL 340 at
10 hr 34 mn

X2 Unchanged

TABLE 3 MODIFICATION TO FLIGHT PLANS

FOLLOWING RESOLUTION

which were made to the flight plans of
each of the aircraft, following resolu-
tion. The residual conflict state is
shown in diagrammatic farm in the same
way as previously, in the upper part of
Table 2a and in figure 2, curve b,

The detection procedure reveals 16 con-
flicts in the sample presented. The
conflict state, namely the time integral
of the instantaneous number of conflicts
(all conflicts being given the same
weight), is characterized by the value
227. When the resolution procedure has
been applied, the conflict number is

‘TSTATE OF CONFLICT
FUNCTION
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reduced to 5 and the conflict state is
reduced to 39, which corresponds to an
improvement of the conflict state of
about 83%.

It is not possible to assess, at this
stage, whether such an improvement is
representative aor how it compares with
current planning procedurss. However,

it will be necessary to demonstrate that
the results of this work, as one com-
ponent of automation in future ATC
systems, aoffers effective improvements
to airspace utilisation and ATC system
efficiency.

Conclusions

This paper contains a summary of a pre-
liminary study of the method <f conflict
resolution, The principle behind this
method has three fundamental ideas ;

a) the determination a priori of the
changes occurring with time in the
positions (in all three dimensions)
of the whole of the aircraft in the
traffic sample consid red;

b) a definition of a con lict criterian
which is a function o/ time and of
the systems parameters which charac-
terise the various sources of errors
adversely affecting the position/
time function;

c) an efficient resolution procedure
which, from the digital view-point,
is easy to use.

The determination of trajectories by the
integration of the equations of movement,
starting from the fundemental characteri-
stics of the aerodynamic design and the
powerplant of the aircraft, is a rela-
tively slow process and demands a con-
siderable amount of data storage. We

have therefore develaped an extremely
simple model for reconstructing trejec-
tories. | ..Ls model utilizes only a small
amount of data and enables the climb
phase calculation to be performed with
reasonable speed and accuracy.

The conflict criterion which has bseen
introduced is based on the definition

af a zaone of protection around each air-
craft. The dimensions of this zone are’
expressed in units of length. These di-
mensions vary during the period of time
considered, under the influence of the
various sources of error affecting the
computed aircraft position, When the
intersection of the zones of protection
of the two aircraft overlap, we shall
say that these two aircraft are in con-
flict. An automatic conflict detection
programme has been developed which will
determine the conflicts existing between
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each pair of aircraft in any traffic
sample which 1t has to handle, It also
defines each conflict in time, and
gives amangst other things the aircraft
paositions in three dimensions and the
conflict canfiguratiaon at the start and
end of canflict.

The resolution procedure is intended to
reduce the number and duration of the
conflicts in any traffic sample that is
presented. It is based on the possibili-
ty of amending the flight plans within
previcusly defined limits. The method
implies the quantitative definition of
the conflict state and of a resolution
criterion (the initiation and end of the
resolution procedure, and the selection
of the particular flight plan amendments
which are to be employed). The method
described in this paper has been applied
to a traffic sample consisting of 65
pairs of aircraft, generated in a near-
random manner. The detection prcocedure
detects 16 conflicts in the sample pre-
sented; the conflict state (simplified
version 3 the time integral of the in-
stantaneosus number of conflicts) is
characterized by the value 227. When the
resolution prucedure has been applied,
the conflict number is reduced to 5, and
the conflict state is reduced to 39,
which corresponds to an improvement in
the canflict state of &3%.

Much further study ana experimentation
is necessary vbefore operational trials
and simulations can be undertaken to
assess fully the potentiel of this work,
Results achieved so far indicate that
such procedures may make a significant
contribution to future automation in Air
Traffic Control; particularly in the
important stage of ATC flight planning.

These studies are likely to shouw maximum
benefit when allied to other current
technical developments, particularly in
the fields of automatic flight path |
monitoring and digital communications.
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