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Abstract—In the tactical phase, ATC supervisors and Flow
Management Positions (FMP) foresee the number of control po-
sitions to be deployed in the next few hours through the analysis
of traffic counts, the update of the daily sector configuration
plan, and their capacity to anticipate the probable evolution of
the traffic demand. We present in this paper a method based
on softmax regression and tree search to predict the number of
control positions based on the latest traffic count previsions for a
given time period. This method is inspired by some of the current
operational techniques: first a multinomial logistic regression is
applied to compute an approximate value by analyzing the traffic
count values of the whole Area Control Center (ACC). Then
a tree search algorithm identifies all the sector configurations
that could be deployed during this period, without generating an
overloaded sector. The configuration with the minimal number
of sectors is finally used to estimate the minimum number of
control positions to be deployed. Results obtained on the French
ACC of Bordeaux show that the predictions are close to the
results obtained by operational expert assessment and could
hence be used as a decision support tool to alleviate FMP and
ATC supervisor workload.

Keywords— control positions; sector configuration; softmax
regression; tree search

I. INTRODUCTION

The European airspace is controlled by Air Traffic Manage-
ment units called Area Control Centers (ACC), in charge of
providing Air Traffic Control (ATC) services to aircraft within
their area of jurisdiction. Each ACC airspace is subdivided
into elementary sectors that can be combined to build control
sectors, operated by a team of air traffic controllers forming
a control position. This process is dynamic: the subdivision
of the ACC into control sectors varies throughout the day,
depending on the incoming traffic and the number of available
controllers. Basically, sectors are split when controllers work-
load increases and merged when it decreases. At any moment,
we call sector configuration the set of control sectors deployed
to fulfill the ACCs role.

During the strategic phase, the Flow Management Position
(FMP) is in charge of building the sector configuration plan,
i.e. the description of the different configurations deployed
throughout the day. The sector configuration plan is updated
during the execution phase, by taking into account the es-
timated traffic demand. The FMP compares predicted traffic
counts with sector capacities to choose the most relevant sector
configuration at each time period of the day. Once it has been
updated with the latest data, this sector configuration plan is
used by the FMP and the ATC supervisor to anticipate the
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number of control positions that should be deployed in the
next few hours and to manage adequately the ATC roster.

A decision-support tool capable of automatically computing
(from the same input data) an estimation of the required
number of control positions would alleviate the FMP workload
and ease the decision-making process of the ATC supervisor.
In this paper, we present a method based on softmax regression
and tree search that could be implemented in such a tool.

This paper is organized as follows: Section II summarizes
the working methods currently used to predict the number of
control positions. Section III presents an overview of related
works. Section IV describes the use of a softmax regression
method as a first heuristic and Section V presents the tree
search method to eventually assess the minimum number of
control positions. Finally results are presented in Section VI
and conclusions and perspectives in Section VII.

II. CURRENT WORKING METHODS
A. Analysis of traffic counts

The occupancy count (OCC) is often used to evaluate if a
sector must be split because of an unmanageable controllers’
workload. The OCC for a given sector is defined as the number
of flights inside the sector during a selected time period. This
period is defined in terms of step and duration values, the
step defining the time difference between the start time of two
consecutive time periods and the duration the time difference
between start and end time of each period [1]. The purpose
of this paper is not to discuss about the relevance of the OCC
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Figure 1.  Occupancy traffic count with peak (red) and sustain (yellow)
thresholds
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Figure 2. Example of tactical sector configuration plan in Bordeaux ACC

metric, nor the need to correctly assess controllers’ workload,
with more advanced ATC complexity metrics [2], [3], [4]. The
method presented in this paper is intended to be relevant with
input data currently used in Bordeaux ACC, i.e. essentially the
occupancy traffic counts.

For each sector, sustain and peak occupancy values are
defined by expert controllers as thresholds used to monitor
the level of traffic demand. Figure 1 gives an example of
occupancy values of sector US2, foreseen to be between the
sustain threshold (in yellow) and the peak threshold (in red)
within the time period selected. The chart contains vertical
bars representing the number of flights. Each vertical bar is
composed of a series of stacked coloured blocks based on
seven different flight states (ATC activated, TACT activated
with no FSA expected, RPL, PFD, IFPL, TACT activated with
FSA expected, Suspended) as described in [5]. Through their
operational experience, FMP and ATC supervisors are able to
foresee from the different values associated to the flight states
(colors) the evolution of the occupancy traffic count of the
sector and hence assess if a splitting will be required.
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Figure 3. ACC occupancy versus number of positions during a week

B. Building a sector configuration plan

The sector configuration plan is regularly updated with the
latest traffic data in the tactical phase. More precisely, the
FMP analyzes occupancy traffic counts of the current sector
configuration. He identifies when it will be necessary to split or
merge sectors by anticipating potential overloads/underloads.
He then assesses the traffic counts of the sectors that could
be opened by checking whether it could cause an overload, or
to choose the best division, for example in terms of smooth
transitions or workload balance.

The result of this analysis is a sector configuration path for
the next hours, as illustrated by Figure 2. This plan is used
by the FMP and the ATC supervisor to assess the number of
control positions that will probably be required in the next
hours.

C. Empirical method to assess the number of control positions

Other methods are used to rapidly estimate the number of
sectors to be opened. One of them consists in a heuristic
based on the traffic counts of the ACC (all sectors). More
precisely, this method is based on the observation that there
is a clear relationship between the number of sectors and
the total number of flights in the ACC, as illustrated by
Figure 3. Considering the data of a week in February 2016, this
figure shows that we can observe approximately a ratio of ten
between the number of positions (in orange) and the number
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Figure 4. Occupancy traffic count of the ACC center in tactical horizon
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of flights in the ACC (in blue). Nevertheless, as illustrated by
Figure 4, when the FMP analyzes the occupancy traffic counts
of the ACC, he has access to traffic previsions of the seven
different flight states. He therefore needs to estimate the total
number of flights from the number in each flight state (colors).
Depending on the sector, the characteristics of flows and the
past evolution of similar traffic situations, the FMP is able to
predict a value based on his own traffic uncertainty model.

III. PREVIOUS RELATED WORKS

Many optimization methods have been applied in the past
to solve the airspace sectorization problem [6]. Most of these
methods take into account the number of sectors in their
cost function, i.e. the sector configurations optimized for a
given time period often to minimize the number of control
positions. Such methods could thus be used in our context
but they present two main limitations. First they often rely
on stochastic models, such as genetic algorithms [7] and
hence cannot guarantee reproducible results. Besides they are
mostly based on the optimal association of elementary airspace
volumes [8], that often leads to unusual control sectors, far
from those usually deployed. Instead, we present here a
determinist method based on the exploration of operational
sector configurations.

In [9], [10], Gianazza presents a method based on the
operational behavior of the FMP and ATC supervisors. A tree
search method is used to explore all possible combinations of
elementary airspace modules. Each sector configuration is kept
as long as it remains acceptable, i.e. with a workload predicted
as normal. The consecutive sector configurations obtained give
a good estimation of the number of control sectors opened. The
main difference with our method is that this method relies on
the forecast of the ATC workload by a neural network trained
with historical data instead of using OCC traffic counts and
associated peak/sustain thresholds. Besides the tree search is
realized with a branch and bound algorithm to cut branches
based on the cost of each node. The method presented in
this paper is closer to the current operational practise, as the
workload assessment is performed with occupancy data and
the algorithm performs an exhaustive search within a catalogue
of operational configurations.

IV. USING SOFTMAX REGRESSION TO APPROXIMATE THE
NUMBER OF CONTROL POSITIONS

A. Evaluation of the empirical method

The first step of our method is directly inspired by the
empirical method described in II.C. In order to evaluate the
relationship between the number of control positions and the
ACC occupancy, we collected the overall data from 2016
and analyze the occupancy values at transition times from
one configuration to another. Figure 5 shows all the samples
(more than 13000) with blue crosses. As observed by the
operational experts, the result is a linear relationship between
the occupancy and the positions deployed. If we look at the
straight line obtained via a simple linear regression using the
ordinary least squares method (in red), we notice that this line
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Figure 5. Linear regression of the number of positions versus the occupancy

is very close to the formula used by operational experts (in
green).

B. Description of the softmax regression model

If the use of this formula is accurate enough for operational
experts, the method can be improved with the use of a real
classification model, returning directly one of the 17 classes
(from 2 to 18) instead of a real number, and the minimization
of the cost function with the cross entropy.

The softmax regression, or multinomial logistic regression,
is a classification method that generalizes logistic regression to
multiclass problems. For each instance, the softmax regression
model computes a score si(x) for each class k, then estimates
the probability of each class by applying the softmax function
(or normalized exponential).

K
B = exp(si(x)) /D exp(s;(x)) (1)
j=1

Parameters (or weights) ® are obtained by minimizing the
following cost function:

m K
1e)=-,, Ekzﬁ) tog (5,”) @

y,(j) is equal to 1 if the target class for the i instance is k.

Otherwise y,il) is equal to 0. K is equal to 17 and m is equal
to 8928 as we used as training data a month of data (January
2016) sampled in periods of five minutes.

The optimization is realized using the Limited-memory
BFGS (L-BFGS) solver [11], which belongs to quasi-Newton
methods.

The classifier was used to predict the results on another
week of data (not used in the training phase). The accuracy
obtained is above 65% (95% with a tolerance of one control
position).
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C. Limitations of the regression approach

Such results could lead to the conclusion that our objective
could be fulfilled with an algorithm based on the current
empirical method described in II.C, i.e. by using a regression
model based on the occupancy traffic counts of the ACC.
Nevertheless several limitations must be noted. First the results
presented in IV.B are obtained in the winter season, which
is more predictable than the summer season with higher
traffic loads. Besides the results are obtained by using exact
occupancy values at each time step, and not traffic predictions.
To be totally in line with the empirical method based on
available input data, this model should use the traffic counts
per flight type (see colors on Fig. 5). The prediction would be
hence based on logical rules expressing how to estimate the
total number of flights from these traffic counts. Nevertheless
the softmax regression model can be used as an heuristic to
improve the efficiency of the tree search model presented in
the next section.

V. TREE SEARCH METHOD TO ASSESS THE MINIMUM
NUMBER OF CONTROL POSITIONS

The objective of the tree search method is to rapidly build
and explore an exhaustive catalogue of the different possible
sector configurations for each number of control positions
in the range determined by the softmax regression model
presented in IV. Even if the general sectorization problem can
be seen as a graph partition problem, which is known to be
NP-difficult [12], we observe that, given the complexity of
the current ACCs, it is possible to enumerate all the different
sector configurations once considering operational constraints.

A. Enumerating the different control sectors

Each ACC declares a limited number of elementary and
control sectors. In some cases, we may have a higher number
of elementary sectors than average but these sectors can not
be individually controlled at the same time, because of radio
frequency interference. Some of them are even declared uncon-
trollable but they can be exchanged between different control
sectors. Nowadays, even if we can refine some elementary
sectors, radio communications limit their size and their use.
The number of control sectors is then naturally limited.

Another major operational constraint to define a new control
sector is compactness [13]. A control sector should not contain
any balcony, or at least a limited number of balconies when
they can not be avoided. The ideal control sector should have
the same shape from top to bottom to avoid any misinterpre-
tation when it is controlled. This constraint limits the different
combinations of elementary sectors to form a control sector.

Training considerations and ATCO licensing also limit the
control sectors that can be declared. In this paper, we consider
declared control sectors and possibly new control sectors that
are operationally acceptable. Given a list of control sectors, the
objective of the tree search model is to efficiently enumerate
all the sector configurations composed of sectors from this list.

SESAR'+ "

Eighth SESAR Innovation Days, 3™ - 7" December 2018

LFEEKF]

(b)
Figure 6. Reims ACC building blocks (a) vs. their graph representation (b)

B. The clustered tree search model

The airspace controlled by an ACC can be modeled as a
graph where each elementary sector is mapped to a node of
the graph G = (V,E) (see Figure 6). V, the set of vertices, is
the set of elementary sectors and E is the set of edges such
that (u,v) belongs to E only if the two sectors u and v are
adjacent [13].

A sector configuration with k controllable sectors can be
modeled as a partition of G in k subsets such as B, = 51, ...., Sk.
As a partition, the following constraints must be satisfied:

1) each subset S; must be non-empty ;

2) each subset S; must be disjoint from the other subsets ;

3) each vertex inside a subset S; must be directly connected
to another vertex of the same subset ;

4) the union of all the subsets must be equal to V.

The main idea of the tree search algorithm is to rapidly
explore with a k-ary tree the different combinations of control
sectors by cutting some branches when a configuration does
not respect the four constraints previously stated.

To initialize the algorithm, we consider an ordered sequence
of the different controllable sectors and create a k-ary tree for
each controllable sector. Specifically, each of the sectors of the
sequence is the root of a k-ary tree. The children of a node
n (position in the sequence) in this tree corresponds to all the
sectors listed in the sequence after the sector n. Therefore, we
ensure to have a combination of the different control sectors,
i.e. a selection of control sectors where the order of selection
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does not matter. A sector configuration corresponds to a path
between a root node and a leaf where all the constraints are
satisfied. While exploring the tree, the algorithm cuts branches
and stops the exploration of a node n when:

« constraint 4) is satisfied. The set of elementary sectors
corresponding to the different parent nodes and the node
n itself is equal to the set V. The path from the root
node to the node n corresponds to a sector configuration.
This configuration is registered in a catalogue of available
configurations.

« constraint 4) is not satisfied and there are no more nodes
to be explored.

« constraint 2) is not satisfied. The node n has elementary
sectors that are already contained by the parent nodes. It
also ensures that we cannot have more elementary sectors
than #V, the total number of elementary sectors.

It has to be noted that constraints 1) and 3) are ensured
by construction. A controllable sector is composed of at least
one elementary sector and the different elementary sectors of
a control sector are connected.

An important point to optimize the cutting process is the
way the initial sequence is ordered. To explain this point,
we define the elementary size of a sector as the number of
elementary sectors that it contains. If we sort (in descending
order) the initial sequence according to the elementary size of
the different controllable sectors, we can increase the cutting
efficiency. Indeed, a branch can be cut when the sum of
the elementary size of the parent nodes added to the sum
of the maximum elementary size of the nodes to explore is
strictly smaller than #V. At any step of the exploration, we
verify there is a sufficient number of elementary sectors to
satisfy constraint 4). Sorting the sequence according to their
elementary size helps to have a good estimation of this sum,
since the maximum elementary size is the elementary size of
the current node. This is particularly efficient when nodes to
be explored are small and plentiful, and thus the number of
possible combinations is high.

An incomplete example of exploration is given in Figure 7
for a cluster that would only be composed of the four elemen-
tary and controllable sectors R1, R2, L1 and L2. Five control
sectors are declared: RL12, RL1, RL2, R12 and L12. They are
compact and satisfy the connectivity constraint. The control
sector RL12 is the sector that entirely covers the cluster. The
four other sectors contain two of the four elementary sectors.
The initial sequence is ordered according to the elementary
size of the different controllable sectors, i.e. {RL12, RLI,
RL2, R12,L12,R1,R2, L1, L2}. As RL12 entirely covers the
cluster, the exploration of RL12 is immediately stopped from
the root, feeding the catalogue with the sector configuration
{RL12}. The next sector in the sequence, RL1, is explored.
Its exploration produces the two sector configurations {RL1,
RL2} and {RL1, R2, L2}. Some branches are cut because the
constraints 2) and 4) are not satisfied. In the exploration of
the node R1, the sequence {R1, L1} is cut because we know
that the sum of the elementary size of the remaining nodes to
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be explored is strictly smaller than #V.

Sectors of an ACC are often organized into clusters. A
cluster corresponds to a subset of sectors that are not connected
to a sector of another cluster. The catalogue of all the sector
configurations for an ACC is then the aggregation of the
catalogues of the different clusters.

Finally, the size of a sector configuration is limited by
the number of available controllers. Each ACC declares, in
the European Network Operations Plan, the maximal number
of sectors to be opened in the following years [14]. This
constraint limits the depth of the tree and so the nodes to
be explored.

C. Numerical considerations

If the connectivity constraint is not considered, the number
of possible configurations is given by the second Stirling
number S(n,k):

1 ‘ —j k /]
Str0) = g3 f(j>1 ,

where 7 is the number of elementary sectors,

k is the number of positions to be opened,

!
k. is the binomial coefficient ki
j JH (k= j)!
We can compare this number to the nodes really explored

by the algorithm to determine its cutting performance. Let us
define

m the number of controllable sectors,
Neony the total number of valid configurations,

Neypi the total number of explored nodes,

n
Perf the cutting performance Ny ZS(n,i) .
i=1

Table I shows the total number of valid configurations for
the current clusters in the Bordeaux ACC. It also presents the
performance of the branch cutting. The higher the number of
elementary sectors n, the less the percentage of explored nodes
is, which is interesting because the combinatorial complexity
explodes with n.

TABLE I
PERFORMANCE OF THE ALGORITHM FOR THE BORDEAUX ACC

n
Cluster | n | m | Negur | Nexpr | D S(n,i) | Perf
=
East 12 | 26 165 1.8e4 4.2e6 0,4%
North 10 | 29 174 1.4e4 1.0e5 14%
South 16 | 64 | 6185 | 1.4e6 1.0e10 0,01%

Table II presents the result for two nonexistent clusters. In
both clusters, we consider all the possible compact sectors
that may be defined. The cluster North,, contains all the
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Figure 7.

elementary sectors from the eastern and southern clusters
except the FIR sectors'.

TABLE II
PERFORMANCE OF THE ALGORITHM FOR BORDEAUX EXPLORATORY
MODE
n
Cluster n m Neonf | Nexpr | D S(n,i) Perf
i=1

Northpe, | 18 | 121 | 47439 | 3.1e7 6.8el1 0,004%
Southpey | 16 | 140 | 126856 | 3.3¢7 | 1.0e10 | 0,3%

It has to be noted that the Bordeaux ACC is representative of
the most complex ACC in Europe. Thus, this approach should
be applicable to most European ACCs. A simpler version
(without cluster and cut optimization) had already been applied
to the Reims ACC [13]. An extended approach would consist
in dynamically exploring the tree while cutting branches where
sectors are overloaded.

D. Exploration of the catalogue

At the end of the tree exploration, we have a catalogue of
sector configurations that can be deployed to fulfill the ACC
role. The next phase is to determine, for a given time period,
which configurations among this catalogue would be the most
relevant, and hence give a good estimation of the number of
control positions to be deployed.

An optimal sector configuration must not contain any over-
loaded sector. Nevertheless, the notion of an overloaded sector
is not easy to define. It depends on many factors related
to real traffic complexity or human factors. To share with
FMP and ATC supervisors a common understanding of the
way an overload is triggered, we define the following generic
parameters:

o avgmin average number of occupancy counts above peak
before considering an overload ;

e Opeqk maximal difference between peak and the occu-
pancy value before considering an overload ;

o Oty minimum duration of an overload to trigger it.

IThe FIR cluster forms a very small cluster with only four elementary
sectors inside the current eastern cluster. It is a special operational case that
can be ignored to assess the performance.
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Example of tree search exploration for a cluster called RL12

Finally, we browse the catalogue to find the optimal size
Noprim such as

Jc € C size(c) = Noprim = Vsector € ¢ loverloaded(sector)
Ve € C size(c) < Noprim = Jsector € ¢ overloaded(sector)
where C is a catalogue of sector configurations,
size gives the number of sectors of a configuration,
overloaded indicates if a sector is overloaded or not.
VI. RESULTS OF THE METHOD AND DISCUSSION
A. Results of the method

The aforementioned approaches were applied to the Bor-
deaux ACC. We chose a busy day to compare our prediction
with the real sector configurations. On Friday August 3¢,
2018, we recorded every five minutes the current sector
configuration and the current elementary flight lists (lists of the
flights through Bordeaux elementary sectors) for the next five
hours and computed occupancy counts for each controllable
sector. Flight lists are obtained via the European Network
Manager (NM) B2B Web Services [15].

We define two profiles to detect overloads on controllable
sectors: a safe profile and an daring profile. The safe profile
parameters are chosen so that sectors are rapidly considered as
overloaded (depending on the peak and sustain thresholds) and
splittings are rapidly proposed (avgui, = 0.5 flight/min, 8,cq =
3 flights, &t = 5 min). Conversely, the daring profile defines
parameters so that when a sector is clearly overloaded, the
splitting is not automatically triggered (avgi, = 2.5 flight/min,
6peak = 6 flights, Otyin = 10 min).

Every five minutes, we estimate which value Ny pip could
take with the regression model presented in section IV-B.
We browse the catalogue, presented in section V-D, to refine
the estimated value and find the N,pip sector configurations
corresponding to the two previous profiles. The computation
is done for the periods [t0 + 20 minutes ; O + 40 minutes]
and [tO + 120 minutes ; tO0 + 140 minutes] where 0 is the
current instant of time.

To select sector configurations close to the current configu-
ration, we must define a distance between two configurations.
There are two categories of distance functions: the geometric-
based and the shared-cell distances [16]. The geometric func-
tions can, for example, be based on Hausdorff distance [17].
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Figure 8.

The cell-based functions are based on the elementary sectors
that are shared or not by the different sectors of two sector
configurations [13]. For this study, we introduce a shared-cell
function to estimate the distance between two configurations
: distance (P, P'y) =# P./AP'y/3, based on the symmetric
difference of two partitions. This distance can be interpreted
as the number of transitions to go from the source to the
target configuration when the only differences between two
configurations are due to merging or splitting operations.
When merging or splitting, we exchange one sector with two
other sectors. The cardinality of the symmetric difference is
then 3 and the distance is equal to 1, which measures one
transition to go from the source to the target configuration.

Figure 8 presents the size of the real configuration (blue
thick continuous curve), the value given by the regression
model (red continuous curve), Nyax, Noprim for the safe profile
and Nyin, Noprim for the daring profile (dashed curves).

Figure 8a shows that the real configuration is surrounded
with the two profiles. The corresponding solutions can be
interpreted in three ways :

« if a solution, found with the daring profile, is close to
the current configuration, it identifies the sectors that will
surely be opened ;

« if a solution, found with the safe profile, is close to the
current configuration, it identifies the sectors that may be
split or not ;

« if a solution is not close to the current configuration, an-
other strategy to open the room is identified. This strategy
can be applied if the control room supervisors think that
it may be interesting to better balance workload between
the different positions and then save some resources when
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Bordeaux results for Friday August 3", 2018 versus the real number of sectors (in blue)

the traffic demand becomes very high.

Figure 8b shows the results of the same model for the period
[0 + 120 minutes ; tO + 140 minutes]. In this figure, we
can compare the real configuration with the prediction at H-
2. Even if we can find a model that can predict the sectors
to be opened with a relative uncertainty, the model is unable
to correctly predict the sectors to be opened in two hours
because of the high volatility of traffic demand. This is typical
of what is experienced in a control room. Traffic demand must
be continuously monitored to adapt the sector configuration
plan.

B. Short-time prediction results

In this paragraph, we discuss some results of Figure 8a.

At 8 o’clock, the model finds configurations with a smaller
size than the real one. The current configuration, the min and
max predictions twenty minutes before and the real configu-
ration are presented just after this paragraph. For readability
reasons, we remove sectors common to the two configurations.
The model estimates that RL3 resp. ZX4 can be merged
with RL45 resp. NH4. There is an uncertainty on the US12
merge. In reality, ZX4 and NH4 were merged but not RL3 and
RL45. As demand decreases during a short period of time, the
transition may be too short to implement RL.345.

Current NH12 ZX12 ZX4 NH4 RL3 RL45
Min -20 Usl2 Us4 RL345
Max -20 NH12 ZX12 Us4 RL345
Real NH12 ZX12 Us4 RL3 RL45

Around 11 o’clock, the uncertainty is maximal. The found
configurations are quite identical except that three sectors
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might be split. Two sectors could be merged into RL45. In
reality, P14 was split between P12 and P34. RL2 occupancy
is very high but traffic complexity is probably not. Occupancy
is a rather good metric to estimate workload but sometimes
complexity may be lower than usual.

Current ZX12 P14 RL2 RL4 RL5S
Min -20 ZX12 P14 R2 L2 RL45
Max -20 7212 X12 Pl P23 P4 R2 L2 RL4 RLS
Real ZX12 P12 P34 RL2 RL4 RL5

VII. CONCLUSIONS

In order to provide FMP and ATC supervisors with a
decision-support tool capable of automatically computing from
occupancy traffic counts an estimation of the number of
control positions to be deployed, we developed a two-steps
method inspired by the current empirical techniques used by
operational experts.

First a softmax regression model is used to compute as an
heuristic a range of possible values, based on the analysis of
traffic counts of the overall ACC. Then a tree search algorithm
is used to build a catalogue of valid sector configurations. For
any given time period in the close future, these configurations
are filtered to only keep configurations without any overloaded
sector. The configurations with a minimum number of control
sectors can then be used to estimate the minimal number of
control positions to be deployed.

Nevertheless, as the overload of a sector is difficult to assess,
we defined with operational experts two sets of parameters to
build two models: a safe model triggering a splitting as soon
as a traffic counts exceed predetermined thresholds, and one
unsafe with a higher tolerance. The final algorithm can hence
be used to give a range of potential values corresponding to
the number of control positions, in the same way as some FMP
can answer when their ATC supervisor requests an estimation.

Results obtained on the French ACC of Bordeaux show
that this model gives good predictions in the tactical phase
(20-40 minutes). Nevertheless, with larger time horizons, the
model is limited by the uncertainty of the total traffic counts
from the different values associated to the seven different flight
states in the occupancy traffic counts, as detailed in II.A. As
reported by operational experts, the sum of these values can
be significantly different from the real final occupancy value,
depending on the sector, the type of traffic and the targeted
time period. To compensate this lack of expertise, a next step
could be to complement our algorithm with a traffic count
prediction model based on machine learning methods, such as
LSTM networks [18].

Another possible improvement is to continuously make
evolve the current sector configuration. The objective would
be to ensure that the sector configurations proposed at a given
time period are formed by sectors without overloads on this
period, but also that they are reachable from the current sector
with a smooth path. This implies to determine a sequence
of sector configurations, with acceptable sector configuration
transitions [19], where each intermediate sector configuration
is not overloaded.
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