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Abstract— Assessing air traffic complexity on a mid term  Current initiatives for increasing the system capacityhwitt
horizon can help to timely identify those safety-critical @-  compromising safety consist in introducing automatedstool
counter situations that would require many tactical resolu to support the air traffic controllers. On a longer time honiz
tion maneuvers to be resolved. This is particularly useful m . . . C
advanced autonomous air traffic management systems, where pgrspec_tlve:\,. a conceptually dlﬁerenlt |nn0vatlon '_S. ferms
aircraft are responsible for self-separation maintenance with a significant transfer of separation responsibilifiesn
In this paper, we propose a new method to evaluate mid term ground controller to on board pilots. In advanced automated
traffic complexity based on the aircraft intent information and  ajrborne ATM, aircraft entering the self-separation aasp
current state. The key novelty of the approach is that uncer- i pe allowed to modify their flight plan so as to opti-
tainty in the future aircraft positions is explicitly accounted for . . . . .
when evaluating complexity. mize performan_ce ano_l improving the effectiveness of their

flight. In turn, pilots will have to take over the ATC tasks
[. INTRODUCTION for separation assurance, possibly relying on tools edable

An Air Traffic Management (ATM) system is a multi-agentby advanced technologies for sensing, communicating, and
system, where many aircraft are Competing for a Commoﬂ,eCiSion making. Ground control will assume a new role
congestible resource, represented by airspace and runw&g#sisting in a higher level, possibly automated, superyis
space, while trying to optimize their own performance evalfunction as opposed to lower level human-based control.
uated, e.g., in terms of travel distance, fuel consumption, The objective of this paper is to develop a new method for
passenger comfort. Coordination between different dircradir traffic complexityevaluation on a mid term horizon. The
is needed to avoid conflicts where two or more aircraft genethod explicitly takes into account the uncertainty affer
too close one to the other or even collide. the future aircraft positions when evaluating complexity.

In the current, centralized ground-based ATM systemlhough representing a relevant factor in the assessment of
coordination is operated on two different time scales by theomplexity, this characteristic has been overlooked in the
Air Traffic Control (ATC) and Traffic Flow Management literature. Deterministic models for predicting the aaftr
(TFM) functions. The human-based ATC function operateBiture positions along the reference time horizon have been
on a mid term horizon with the goal of maintaining thein fact adopted in the literature for complexity evaluatard
appropriate separation between aircraft, thus avoidirag thprediction.

a conflict occurs. The TFM function operates on a long terrth an autonomous ATM context, the proposed method could
horizon by defining the flow patterns so as to ensure a smod¥8 Useful to timely identify those safety-critical situats
and efficient organization of the overall air traffic, posgib that could be over-demanding for the aircraft to solve au-
reducing the need for the ATC intervention at a finer timetonomously.

scale. The airspace is structured in sectors and a team of 2/3rhe rest of the paper is organized as follows. In Section I,
air traffic controllers is in charge of each sector. The ciipac we briefly review the approaches in the literature to air
of a sector is limited by the sustainable workload level ofraffic complexity evaluation. We then illustrate in Seatid

the air traffic controllers, and TFM accounts for this capaci the novel notion of complexity proposed in this paper. A
constraint when performing traffic flow optimization. numerical example is reported in Section IV. Finally, some

The growth in air traffic demand is pushing to its limit theconclusions are drawn in Section V.
current ground-based ATM system. For example, in 2007

. ) . Il. EXISTING APPROACHES TO COMPLEXITY EVALUATION
there was a 5.3% growth in the air traffic over Europe
over 2006, with a disproportionate increase of 17.4% in the Most studies on air traffic complexity have been developed
total delay [1]. This has fostered the development of newith reference to ground-based ATM, as it clearly appears
operational concepts in ATM, as witnessed by the SESARom the literature reviews [4] and [5].
(Single European Sky ATM Research), [2], and NextGen The concept of air traffic complexity has been originally
(Next Generation Air Transportation System) projects, [3] introduced to evaluate the difficulty perceived by the af-tr

fic controllers in handling safely a certain air traffic siioa

This work was partially supported by the European Commissinder  (ATC workload. The idea is that assessing the impact on the
the iFly project. . . . . .
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work [9] was perhaps the first one to systematically examine The time dependence aspect has been mostly neglected
the relationship between air traffic characteristics an@€CAT in the literature and should be better focused, introducing
workload. approaches to air traffic complexity evaluation tailoredh®e

Among the proposed complexity measures, it is wortthe specific time horizon. Complexity evaluation on a long
mentioning thadynamic densityntroduced in the pioneering term prediction horizon can help in identifying congested
work by NASA, [10], [11]. Dynamic density is a single areas for strategic flight plan optimization, whereas caxypl
aggregate indicator where traffic density and other coletrol ity evaluation on a mid term horizon can help identifying
workload contributors (such as the number of aircraft unencounter situations that are critical to solve.
dergoing trajectory change and requiring close monitoring To our knowledge, the uncertainty affecting the aircraft
due to reduced separation) are combined linearly or thougheaotion has been neglected in all approaches to air traffic
neural network whose weights are tuned based on interviewemplexity characterization. This is a critical aspectcsin
to qualified air traffic controllers. Aircraft density on itsvn  the reliability of complexity prediction depends on that of
is not an adequate indicator of the ATC workload. Analysishe aircraft motion prediction, which is affected by diffet
of the traffic in a sector in fact indicates that sometimesources of uncertainty, primarily to wind, but also to esror
controllers accept aircraft even when the assigned capacit tracking, navigation, and control.

s e).(ceeded, yvhile at some other time they will start rejegti I1l. PROPOSED APPROACH TO COMPLEXITY EVALUATION
entries even if capacity is below the threshold. , , ) i ) ,

The difficulty in obtaining reliable workload measures. 'N€ introduced notion of air traffic complexity aims at
has been one of the strongest motivations for investigatirfj€!y Pointing out those safety-critical situations citer-
complexity metrics independent of the ATC workload, suct¢ed Py @ limited inter-aircraft manoeuvrability spacettha
as theinput-output approachin [12], the fractal dimension coul_d be_ difficult for t_he alrcraft_ to res_olve autonomoug.ly.
in [13], and theintrinsic complexitymeasures in [14], [15] As in r_nld_term conflict regolutlon, mid te_rm co_mp_lexny
and [16]. These metrics are actually those that appear mdt aluatlop is basgd on the aircraft state and intent mfbrma
portable to an autonomous ATM context. along_ a time honzo@O,tf] of the order of tens of minutes.

Workload-independent metrics can be classified as contrgi€ intent information allows to reconstruct teminal
dependent or control-independent, depending on the iiLpiectory of each aircraft over the look-ahead time horizon

that they explicitly account for the controller in place or O’éf]' . ‘ din the level-fliah d
not. The fractal dimension and the intrinsic complexity omputations are performed in the level-flight case, under

measures are control-independent metrics and do not eequtilPe fa\ssumpnon that a multi-legged a_lpproxm_atmn of .the
the knowledge of the controller in place, which is ac:counteaom'nal trajectory can be adopted, with the aircraft flying
for only indirectly, through the effect of its action on the&t constant velocity in each leg.

air traffic organization. The input-output approach presd A. Complexity from a global perspective

a control-dependent metric, since complexity is evaluaited  consider)V aircraft flying at the same constant altitude in
terms of control effort needed to accommodate an additiongje ajrspace region of interestc R? during[0 ts]. Fixa €

aircraft crossing the considered airspace region. Indieed, s and¢ ¢ [0, ¢;] and denote by??, (. ) the probability that
[17] it is suggested that, to achieve the aggregate obgectiyt |eastr, aircraft will enter a ball of radiug centered at:

of avoiding excessive “air traffic complexity” in autonon®u \yithin the time windowft, t+AJ, with A > 0 denoting some
aircraft ATM, aircraft should plan their trajectory so as tOshort term look-ahead time horizon. We call this quantity as
preserve maneuvering flexibility to accommodate possiblge probabilistic occupancy of level: and sizep of the
disturbances stemming from other traffic. airspace at position € S and at timet € [0, ¢/].

In principle, control-dependent metrics could be employed  For 1, — 1, map P, (-, t) is close to 1 along the nominal
the airborne self-separation framework. In practice, h@Kke naihs of theV aircraft and goes to zero if one gets far from
a control-independent measure of complexity appears to E’?e nominal paths, at a rate that depends on the uncertainty
better suited for an airborne self-separation ATM systergffecting the aircraft future positions. For > 2, PP (., t)is
where the controller has a decentralized time-varyingcstruinstead close to 1 in those regions of the airspSodsited
ture, difficult to characterize for the purpose of contrdoef during the time intervalt, ¢ + A] by at leastm > 2 aircraft
evaluation, and involving a human-in-the-loop componenf;in high probability. For each: € S and ¢ € [0,t],

represented by pilots. o _ _ P? (x,t) is decreasing as a functionof € N and increasing
Those approaches providing a spatial complexity maRs g function ofy € R.,..

such as the input_—qutput an_d the in.trinsi(.: comp!exity ones, We introduce function.x : [0,t;] — R, given by
can support decision making by isolating critical areas; )

whereas a scalar aggregate indicator of complexity can be pmax(t) := sup{p > 0 : Z‘elg By(z,t) <pr},
useful as synthetic index to compare different air traffic h : threshold value for th bability that
situations. Fractal dimension, in particular, is an aggteg Where pr E some | resno tvat#e ?k: € pdrod e;_ny a
metric for measuring the geometrical complexity of a traffiéw0 aircraft come close one to the other, and define
pattern based on the trajectories observed on an infinie tim Prax ‘= SUD  Pmax(t).

period. t€[0,ty]



Radiusp},,. is an index of robustness of the overall air traffici¥ i (¢) in this equation is a standard 2-D Brownian Motion
system to possible disturbances stemming from modificatior@BM) whose variance is modulated By = diagv,, v.),

of the flight plan of the aircraft and from additional airdraf v, /2 being the power spectral densities of the perturbations
entering the traffic. The larger is;,.., the more the aircraft affecting the position in the along-track and cross-track
are far one from the other, both in time and in space, witbirections. The initial position is given byA = O(l R(v)

high (> 1 — pr) probability, and, hence, the milder areis the rotation matrix associated withe [0, 27) given by

the safety constraints on the admissible flight plans for the .

aircraft already present in the traffic and the easier isf@ga R(v) = [9087 - Slnv] _

accommodate an additional aircraft entering the traffic. siny  coswy

We propose to take ) The variance of the BMV 4 (t) grows linearly with time,

€= thus modeling the fact that the uncertainty in the position
Pmax of aircraft A; becomes larger as the prediction horizon gets
as a synthetic indicator of complexity of the traffic duringmore extended. Similar models for predicting the aircraft
the time horizon0, ¢ 7], which will then depend on both the future positions have been proposed in [18], [19], [20]
local aircraft density and the traffic organization through and motivated based on the different sources of uncertainty
aircraft flight plans. affecting the along-track and cross-track tracking errors
¢ provides information on the possibility of future conflicts For each aircraftd; we can define as? (x,t) the proba-
between the aircraft that are currently present in the ¢affibility that aircraft A; will enter the ball of radiug centered
Let 5 denotes the minimum safe distance between eaettx € S within the time frameft, ¢ + Al.
aircraft pair. If¢ < %, then, all the aircraft keep at a distance If the BMs affecting the future positions of th€ aircraft
larger thanp during the whole time horizon0,¢;], with  are independent, then the probabilistic occupanéigsand
probability larger thanl — pr. If & > %, then, at least PJ can be computed in terms af (z,t), i = 1,2,..., N,
two aircraft will get close in space and time at some timas follows
instantt € [0, ¢ ] with probability larger than or equal tor. N
Two aircraft will in fact visit the same circular are of radiu P{(x H 1 . W
Pmax(t) < p within the time framdt, ¢ + A] with probability =i
larger than or equal tpr. N
The airspace region with highercentage of occupancy Pf(x,t) = PP(x,t) Z ( 2, 1) H (1 _ w’?(a:,t))).
over the time horizor{0,¢] can be identified through the prt _ !
complexity map= : § — [0, 1]:
Lt The independence assumption is actually reasonable if the
2(x) = — PP (x,t)dt. (1) IV aircraft are not flying too close one to the other, so that
tr Jo the correlation introduced by the wind affecting the aificra
=(z) = 0 means that there will be at most a single aircraftnotion is negligible, [21], [22]. If this is not the case, the
within the ball of radiusp centered atr during the whole expressions above can be considered as estimates.
interval [0, ¢ /], that is, each aircraft passing througlat any We now address the problem of determining the proba-
time ¢t € [0,¢s] will be at a safe distance from all the otherbility =/ (z,t). Analytic — though approximate — expressions
aircraft. Aircraft passing through such that=(z) > 0 will ~ for 7/ (z,t) as a function ofx € S andt¢ € [0, ] will be
be possibly involved in a conflict and the likelihood of thisderived, starting from the case when aircraftis following

event grows with=(z). a one-leg nominal trajectory and then extending the approac
1) Mathematical formulation:We suppose that each of to the multi-legged case. The approximation scheme in the
the N aircraft 4;, ¢ = 1,..., N, that are flying at the one-leg case is based on the approach in [20] for estimating

same constant altitude is following a flight plan given bythe probability of conflict. For ease of notation, we shdiére

a sequence of way-points with the assomated arrival timas aircraft A; as aircraftA, omitting the subscript.

{(O(Z) t(l)) h = 0,1,...,n;} with O representing the a) One-leg nominal trajectory:Consider aircraft A

current position of the alrcraft at tlmé)) = 0. The flight flying with constant velocityu® € R? and headingy” €

plan of aircraft4; determines a nominal, piecewise constant0, 27) starting fromaz:é4 € S§. We address the problem of

velocity profile u?i : [0, tf] — RR? that the aircraft is trying evaluating the probabilityr”(x,t) that aircraft A enters a

to follow Startmg fromO (@) . The Correspond|ng p|ecew|se circle of radIUSp centered atr € S within the time frame

constant, nominal headlng function is denoted &S : t.t+ Al

[0,f] — [0, 27). By (2), the relative position of aircraffi with respect to
The actual future position:*: of aircraft A; along the <« is governed by:

look-ahead time horizoi0, ¢;], however, is not precisely

known and we assume that it is given by Ax(t) = Azo + Aut —n(t), 3)

t h ﬂ = — A ,A = — A,A =
o) = o + [ s+ Rt a)Ev 0. @ e Ay, T A



Processn(t) can be reduced to the standard 2-D BMtime horizon[t, ¢+ A, it is within a distance of. from the
WA(t) by using the coordinate transformation with matrixcenter of the ellipse.

T = N1R(y4)" 1.
As(t) = Asg+ut — WA(1),

where As(t) TAx(t) is the relative position of the
aircraft in the new coordinateg\sy := TAxzy and u :=

We considerP(F/) as an estimate aP(F}). This approx-
imation is actually fairly accurate if the aircraft velociis
much larger than the variance growth rate of the BM. The
intuition for this is that when the velocity of the moving
ellipse is high, the event; is largely determined by the

TAuw. In the new coordinate system, the circular zone ofidth of ellipse viewed in the direction af.

radius p centered atc is transformed into an ellipse with
boundary described by:

vz —ci(t)? 4+ v2(z2 — (1) = p°, (4)

whose centerc(t) = (c1(t), co(t)) moves according to
c(t) = Asp + ut (see Figure 1).

Aircraft A then gets within a distance from = within
[t,t+A] if the 2-D standard BMV4(t) starting at the origin
wanders into this moving ellipse within, ¢+ A]. Denote this
event byF;. Then,n?(x,t) is the probability ofF;.

Xz

Xl
Xd

Fig. 1. Transformed protection zone.

Let 24 be the distance of the origin from the likealong
which the center of the ellipse is moving, amdbe the
distance from the position\s, of the center at = 0 to
the projection of the origin orh, as indicated in Figure 1
representing the new coordinate system. Thgnanda can
be computed as follows:

_ |AsgR(%)u| _

ryg=————"="— a=—-——-"
K/

(6)

Observe that a positive value farindicates that aircrafd
is approachinge, whereas a negative value farindicates
that it is flying away fromz.

The probabilityP(F}) of F; does not admit a closed-form
formula. However, we can approximate it by a “decoupledwhereV(s) = Q(“-£*) + 62‘”‘@(%), to
event. Letk be the line passing through the center of thét, t + A]; t + £, otherwise, angk = |[u].

ellipse and orthogonal tax which moves along with the

Without loss of generality, to comput@(F}) we assume
thatu is aligned with the positiver; axis. Indeed, the axes
rotation eventually necessary to makealigned with the
positivez; axis can be incorporated into the transformation
matrix 7', and stillIW4(¢) remains a standard BM, since BM
is invariant with respect to rotations.

When the aircrafd is approaching;, a given by equation
(5) is positive, and, if we ignore the effect of the noise, in
the new coordinate system the minimal separation distance
is given byz4 in (5). Moreover, timer for the BM W4(t)
to reach linek has evidently the distributiop.(-) given by
the following Lemma 1 withy = ||ul|.

Lemma 1 (Bachelier-Levy, [23])Let b(¢) be a standard
one dimensional BM starting at the origin. Fixe R and
definer := inf{t > 0: b(t) = a — ut} to be the first time
b(t) reaches a point which is moving with spegdowards
the origin starting at position > 0. Then,r has probability
density function:

_a (a — ut)?
pr(t) = oei3 exp[— ot J, t=0.

The approximate probability?(F}) can then be written
as:

t+A 1 y2
P(F/ :/ pr(t / —exp(—Z)dydt
= [ st

ta Tq — T
:/t P2 (1) [Q( Qf)—@( djz’:)] at, (7)

oo 1

where we seQ(y) .= [~ &= exp(—22/2) dz.
It can be shown thaE[7] = a/||u|| andvar|r] = a/|ul?. If
we use a 0-th order expansions@(””d\/}L) and Q(%)
in (7), we get the following result.

Result 1: Suppose that aircraft is approaching position
x € S (a > 0). Then, the probabilityr?(z, t) that aircraft
A enters the ball of radiup centered at: within the time
frame|t,t + A] can be approximated by:

=(V(t+A)-V()) (Q( ) _Q(Ii/—;—oL))

xd—L

N

P(F)

For the purpose of complexity computations, we set

ellipse at the velocity: (see Figure 1). The projected width P(F,) = 0 when aircraftA is flying away fromz (a < 0).

2L of the ellipse along ling can be computed as follows:

2,2 2,2
p UTVE + Ul
1 2 ) (6)

Valc

Denote byt the first timeW4(t) hits k and defineF to
be the event that the first timid 4 (¢) hits line & during the

b) Multi-legged nominal trajectory:Consider aircraft
A flying with piecewise constant velocity” : [0,¢] — R?
and headingy” : [0,¢;] — [0,27) starting fromz{' € S.
The future positionz# of aircraft A is given by

() = 28 + / t u(s)ds + R(yA(t)SWA(t).
0



The relative position of aircraftt with respect tar evolves According to a reasoning similar to that in Section IlI-A,
according to the equation we introduce functiommax; : [0,t;] — R4 given by

Aa(t) = Ay + / " Auls)ds — ROAD)EWAD), (8) punai(t) = sup{p 2 0: PLy(x:(1),1) < pr},

0 wherez4: () is the nominal position of aircrafl; at time
whereAzq := a:—a:g‘ is the aircraft relative position at time ¢ ¢ [0, t¢], and define
t =0 and Au(s) := —u?(s). .

At time ¢ the aircraft is tracking some lggof its nominal Pmax,i *= tes[glt’ ]pmax(t)'
trajectory, associated with the deterministic time in&krv .

[th,thi1), the (constant) heading angle! = +4(t), and Radius py,.. ; is an index of robustness of the air traffic

the (constant) relative velocithu;, = u? — u”(t,). With ~ encountered by aircraft; along its nominal trajectory. The

reference tdty, t,.1), equation (8) can then be rewritten aslarger is py,, ;, the more aircraftd; is far from the other

follows: aircraft, both in time and in space, with high- (1 — pr)

probability, and, hence, the larger is the robustness of its

Az(t) = Azpo + Aupt —n(t), t€[tn,tht1),  (9)  trajectory to possible disturbances due to possible deviat

of the other aircraft from their intent and additional aéftr

entering the traffic.

The quantity¢; := % can then be taken as synthetic
indicator of the air traffic complexity from the perspective
)f aircraft A; during the time horizor0,¢f]. If & > %,
then, some conflict can occur with probabilitypr and the
criticality of this conflict can be better assessed by cormgut

where we sefAxy o 1= Azg + fot” Au(s)ds — Aupty, and
n(t) == R(Y{HZWA().

Consider first the case wheétht + A] C [tn, thi1).
By (9), it is easily seen that to the purpose of computin
m°(x,t), one can evaluate the probability that the perturb
tion n(t) enters the ball of radius whose center is moving

at constant velocity\u;, starting fromAz;, o at timet = 0. ) oo
Yaun g "0 the earliestconflict timet; = min{¢t > 0 : pmaxi(t) < p},

Similarly to the one-leg case, by applying the transfororati oo . " -
imrary g y appying I and thelikelihood of a multiple f» > 2) aircraft conflict

matrix 73, = ¥~ R(~#)~1, equation (9) can be rewritten as *'"
7R eauation ©) P (#(1),17).

As(t) = Asp g +unt — WA(t), t € [thytht1)s Depending on the specific performance of the solver in place
where As(t) = ThAz(t), Asno = ThAzno and up = and on its capability of solving conflicts that are close in

: time and possibly involve multiple aircraft, one can define
Ti.Aup. The problem then becomes that of evaluating thS critical value fort* and take a value fom larger than 2
probability that during the time horizdn ¢+ A] the standard ; Lo : ) .
BM 174 (#) enters the ellipse with boundary given by (4) anthen assessing the likelihood of a multiple aircraft conflic

centerc(t) = (c1(¢), c2(t)) moving according to equation IV. A NUMERICAL EXAMPLE

c(t) = Ason + upt. An estimate of this probability can  consider a rectangular airspace regimhere 6 aircraft

then be derived by the same approximation scheme as in thg, following a one-leg nominal trajectory from some stagti

one-leg case. ) o .. to some destination position during the look-ahead time
If [t ¢+ A] C [tn, tn1) is not satisfied, we can partition porizon [0,1,] with ¢; = 15 minutes (min), while trying
[t,t+A] in sub-intervals, each one corresponding to a leg qf, keep at a minimum safe distange= 3 nautical miles
the nominal trajectory. For each element of the partition Wehmi). The configuration of the aircraft nominal trajecesi
can apply the procedure above to determine an estimate Qfshown in Figure 2, where starting positions are marked

the corresponding probability’(F; »). By considering the \.ith « and destination positions with
events I, as if they were independent(z,t) can be

approximated by

120

me

P(Ft)zl_H[l_P(Ft,h))]v 100
h=1

wherem, is the number of legs of the trajectory of aircraft
A within the time intervallt, ¢t + A].

80

60

B. Complexity from a single aircraft perspective

40
Each single aircraft, say aircrafd;, is flying in some

specific region ofS and is interested in predicting the level 2

of complexity encountered along its own intended nominal

trajectory. To this purpose, we consider the set of all the o 20 40 e 8 100 120

other N — 1 aircraft, excluding aircraft4;, and evaluate

the prObab"IStIC occupancy of leveh and Siz€p within g. 2. Snapshot at time = 2 min of the resolution manoeuvres of a 6

[t,t4+A] with reference to such a set. We denote this quantité{réraﬁ system. The aircraft are moving from starting o destination €)
as Pﬁl i(% t)_ positions, while trying to keep at a distanpe= 3 nmi.




The trajectories in this figure are obtained by implement- A simple numerical example has been reported to illustrate
ing the decentralized resolution strategy introduced B],[2 the approach. Further work is needed to assess the perfor-
which accounts for the uncertainty affecting the aircraftnance of the method on air traffic data and its impact on

motion according to a similar model for the aircraft preditt conflict resolution.

motion. According to this strategy, resolution manoeuvres
involve only heading changes.

The global complexity of the considered air traffic systeml1]
obtained withpy = 0.2 is £ ~ 3, which means that aircraft o
are only guaranteed to keep at a distance of ab@at nmi,
with probability greater thaf.8.

The complexity mafE : S — [0,1] plotted in Figure 3
shows that there are two main regions with some significant
percentage of occupancy (larger than 10%): one in the uppd?!
left-hand-side, and the other close to the center of the
airspace are&. [6]

(3]
(4

(7]

(8]

El

[10]

[11]

[12]

13]

Fig. 3. Complexity magE : S — [0, 1] obtained forp = 3 nmi.

The earliest conflict time for both the two aircraft in the[
upper left-hand-side of the airspace atgas t7 = 2 min.
Indeed, the snapshot of the resolution manoeuvres taken! 4
time ¢ = 2 min shows that this is the earliest time that
a significant deviation action is taken by the decentralizeldd]
solver and that it involves the two aircraft in the upper-left
hand-side (Figure 2).

In this example, the complexity mag : S — [0,1]
defined in (1) has been evaluated at uniformly sample[qﬂ
grid pointsz € S = [0,120] x [0,120] with a grid size
0z, = 04, = 1. Adopting a variable grid resolution, with a
larger grid size far from the aircraft and a finer one close g8
the aircraft, would reduce the computational load.

In the numerical evaluation of the integral oviér ;] in-
volvedin (1),[0, ;] has been uniformly sampled withh = 1.
The short term look-ahead time horizdnhas been set equal
to 2 min, andy, = 0.25 andv, = 0.2 with the power spectral [20]
densitiesy? andv? measured in nmMimin.

[16]

[19]

V. CONCLUSIONS [21]

In this paper, we have presented a novel method to evaluate
air traffic complexity on a mid term horizon, which account 22]
for the uncertainty in the prediction of the aircraft future
positions. The computational issues have been addressed in
the 2D airspace case. Extensions to the 3D case are current
being carried out.
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