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Abstract. Due to technical and economic reasons, commercial flights usually 
concentrate on very few cruising flight levels, thus implying high conflict or 
collision risk. Here, we aim at distributing the aircraft among the flight levels to 
minimize a global conflict risk indicator, while limiting the overall fuel 
overconsumption induced by assigning aircraft to flight levels different from their 
chosen ones. The method presented involves a population based genetic 
algorithm, especially designed for our problem. This paper mainly discusses the 
principle of this method as well as its first results. 

1. Introduction 
When registering a flight plan for one of their flights, commercial airlines usually have 
precise requirements as regards the departure time, the route, and the flight level used 
during the whole cruising phase of the trip. In the current airspace layout, these flight levels 
are pre-determined and defined every thousand feet, so that aircraft cruising at two different 
levels are automatically vertically separated. For example, aircraft having cruise levels 330 
and 340, which are consecutive levels corresponding to 33000 and 34000 ft respectively, 
are vertically separated, and hence, do not induce any conflict or collision risk when 
cruising. Besides, no aircraft is allowed to cruise between these pre-determined flight 
levels. A conflict happens when two aircraft or more get too close to each other, that is to 
say when the horizontal and vertical separation distances between them are no longer 
respected. Conflicts are dangerous emergency situations managed by the air traffic 
controllers; they are all the more likely to occur when traffic is concentrated. However, the 
cruise flight level required by a company for one of its airliners usually corresponds to that 
inducing the lowest possible fuel consumption when cruising, and, because most aircraft 
types have close technical characteristics, very few different cruise flight levels are chosen. 
Aircraft are thus somewhat concentrated, implying high collision or conflict risk, and 
generating work overload for the controllers. 
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Air traffic security cannot be properly ensured if air traffic controllers are not preserved 
from work overload. Air traffic planning is a good means to provide air traffic controllers 
with traffic situations that are easier to manage, compared to the current situation where 
each airline chooses cruising levels for its flights, independently from the other flights. A 
priori coordinating the flight levels of the aircraft is a means to have a safer traffic, and to 
cope with the continuous increase in the number of operated flights over Europe. 

Air traffic planning has already been envisaged by several researchers. Some of them 
treat this problem with a static point of view, by assigning flight levels to pairs of airports. 
Typically, all the aircraft flying the same origin-destination are then placed on the same 
flight level [1, 6]. This approach can for example call for graph coloring techniques. In the 
present work, the flight level tactical assignment is considered with a medium-term view, 
for a given traffic period, and for each particular aircraft, taking into account its dynamics 
and its own characteristics (like aircraft type, climbing rates, etc…). Typically, conflict 
risks for the next traffic period are first evaluated for all the possible assignments, and then, 
a flight level is assigned to each single flight, so as to minimize an overall conflict risk. Our 
aim is to manage the next traffic day over Europe at once, with a reasonable computational 
time. 

Tactical route or flight level assignment can be found in several previous works. In [12], 
a linear programming approach is used, together with the definition of a heuristics. In [3, 
4], greedy assignment procedures are developed for this particular problem. In this paper, 
we focus on the application of genetic algorithms to the flight level assignment problem. 

Genetic algorithms [10] are a widely used meta-heuristics. It may be successfully 
applied to problems characterized by hard computational properties. Such famous problems 
are for example frequency assignment, vehicle routing, arc routing, or project assignment 
problems, and many other applications [8, 9, 11]. Genetic algorithms have also been used to 
solve air traffic related applications, such as runway assignment and sequencing [2] or 
short-term conflict resolution [5]. 

Our problem is presented in the next section of this paper, together with its 
mathematical statement. Then, the principle of genetic algorithms is presented, as well as 
the adaptations made for the treatment of our particular problem. Finally, we give some 
numerical applications of the method, for real sized instances. 

2. Problem description and mathematical statement 
Our problem thus consists in distributing the aircraft among the flight levels so as to 
minimize a global conflict indicator and to limit the fuel overconsumption induced by 
assignments to levels different from the requested ones. We propose to impose slight 
modifications to the flight plans, on the flight levels only, while taking into account all the 
interdependences between aircraft trajectories, during the period considered. These 
modifications remain intentionally slight to achieve our second goal, consisting in limiting 
the fuel overconsumption. Notice that, even if the modifications envisaged here are limited 
to the flight levels, the algorithmic method remains valid for the route and departure time 
assignments. 

We first define a set L(f) of feasible flight levels for each flight f ∈ F = {1, 2, …, F}. 
L(f) contains the level initially requested for f, and a limited number of levels close to it, to 



Applying genetic techniques to the tactical flight level assignment 71 

limit fuel overconsumption. These alternative levels also have to be suitable for f according 
to the performance characteristics of the aircraft type operating it. The global conflict 
indicator to be minimized is defined as the sum of local indicators, or potential conflict 
costs. A local conflict indicator qij involves a pair of assignments xi and xj, that is to say two 
different aircraft, each placed on one of its feasible flight levels, since a conflict involves at 
least two aircraft. These potential conflict costs are supposed to be known here; they might 
have been determined by either of the methods proposed in [3] or [4]. To evaluate 
horizontal separation, the former method is based on the definition of a potential conflict 
zone around the intersection of the flight paths of the two aircraft considered, whereas the 
latter is based on the difference between the instants these aircraft cross this intersection 
point. Both methods also evaluate vertical separation, including climbing and descending 
phases. They give deterministic indicators depending on the severity of the conflict: the 
longer the duration of the separation loss, or the smaller the relative distance between the 
aircraft, the higher the potential conflict value. As conflicts may happen during the 
climbing, cruising and descending phases of the aircraft, two planes having two different 
flight levels assigned may also induce a potential conflict. Setting this problem thus 
requires evaluating the potential conflict cost for all the pairs of assignment. 

The problem of optimally assigning flight levels to the aircraft can be written as a 
quadratic assignment problem, where each variable xi stands for the assignment of a level to 
a flight, and a set of constraints ensures that exactly one level is chosen for each flight. This 
can be written as follows, λ(f) being the set of the variables dedicated to f, and Q the 
symmetric matrix containing all the local potential conflict costs qij: 
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The problem stated above is an NP-hard one: exact methods can be used only for small 
instances of this problem. For the applications envisaged here, involving about 25,000 
flights, heuristic methods are needed. 

3. Genetic algorithm structure 

3.1. Global structure 

Genetic algorithms are characterized by a population of feasible solutions, called 
chromosomes, each representing, in our case, a flight level assignment, that is to say, the 
assignment of a specific level to each flight of our problem. Each chromosome contains a 
set of genes, each representing a flight f and its possible flight levels, i.e. the values 
assigned to the variables xi related to f. Figure 1 represents a chromosome where flights 1 
and 2 each have a flight level assigned corresponding to the first choice of the company 
operating them, among 3 possible, and flight F is placed on the flight level corresponding 
to the second choice of its company, among 3 possible. The size of a chromosome is thus 



72 S. Constans et al. 

equal to the number of variables in the problem, i.e. to ( )fn fλ
∈

=∑ F
. Quality, or fitness, 

of a chromosome x is evaluated thanks to the objective function of our problem: the smaller 
the objective function value, the better the fitness of the chromosome. Relative distances 
between pairs of chromosomes are evaluated at each iteration, to check for convergence 
and lack of diversity. Our algorithm starts with a small initial population, where each of the 
N individuals is a random feasible solution of the problem. One of them is enhanced by a 
mutation procedure consisting in a Quick Local Search (QLS), detailed in section 3.2. 
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Figure 1: Representation of a chromosome 

Then, this population is managed by an iterative process, until a convergence criterion is 
reached. A classical iteration i of a genetic algorithm consists in selecting two 
chromosomes, the “parents” and creating one or more children from these two parents. In 
our case, the first parent is chosen according to the Reeves selection procedure, which gives 
higher chances to better or fitter chromosomes [11]. The second parent is chosen according 
to a uniform selection procedure, independent from the fitness of the solutions. 

Only one child is generated, each of its genes being randomly chosen from either of its 
parents. This child may be modified by a mutation procedure, again consisting in a quick 
QLS procedure. Mutation is aimed at introducing diversity and at preventing from too rapid 
convergence; it is applied with probability η, the mutation rate. 

The pair of chromosomes having the smallest relative distance and containing 
individuals produced before iteration i – 1 (if i > 1) is then sought. The worst chromosome 
in this pair is suppressed, simply replaced by the new offspring, except if it is one of the 
25% fittest individuals. In that case, the worst individual in the overall population is 
replaced. The whole population is thus exclusively made of N feasible solutions, at each 
iteration. This process is applied until convergence of the solutions, i.e. until the percentage 
of genes common to the whole population, reaches a user-defined value χ. At this point, the 
genetic algorithm might be restarted, keeping the best chromosome and completing the 
population with N – 1 random individuals. More details and further investigations can be 
found in [7]. 

3.2. Mutation 

Mutation is a typical feature of genetic algorithms, designed for introducing diversity in the 
population. Here, this phase is also aimed at improving the fitness of the chromosome on 
which it is applied and consists in a local search procedure around this solution. The 
principle of this method is a first-fit procedure during which all the genes are examined in 
their order of appearance in the chromosome. For each gene, the procedure checks whether 
an assignment modification enhances the fitness of the chromosome. If so, the assignment 
modification is applied, otherwise, it moves up to the next gene. The process stops when 
the current solution can no longer be enhanced by a change in any of its genes. This 
algorithm can be written as follows: 
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Continue = true 
While continue = true 
 Continue = false 
 For each gene g of chromosome c 

If l’ is a better assignment for g than current assignment l 
   Assign l’ to g 
   Continue = true 
 End 
End 

 
The additive property of the objective function, makes it possible to obtain quick 

evaluation of the enhancement provided by a change in assignment, and hence quick 
determination of the best change in assignment for a given flight. Switching xj ∈ λ(f) from 
1 to 0 and xj’ ∈ λ(f) from 0 to 1 leads to the following gain gjj’ in the objective function: 
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4. Numerical application 
The algorithms presented have been coded in C++, and some numerical tests have been 
carried out to evaluate the efficiency of this approach for our specific problem. The results 
presented have been obtained with a Pentium IV computer, with 3 GHz and 2Go RAM. 

Several sets of parameters have been tested. We choose to present the results obtained 
with a population of N = 15 individuals, subject to a mutation rate η = 0.1. Convergence is 
assumed to be achieved when χ = 98%, i.e. when 98% of the genes have the same value in 
all the chromosomes; the number of cycles is set to 2 (the algorithm is restarted once). 

The tests concern several consecutive traffic days of September 2003 over Europe. The 
flight plan files have been provided by Eurocontrol, the European Organization for the 
Safety of Air Navigation. There are about 25,000 flights in each traffic day; each flight may 
be placed on its requested flight level, or on the level just above or just below it. 

The results obtained are presented in table 1. The “RFL” row corresponds to the conflict 
cost value for the base situation where each flight has its Requested Flight Level assigned. 
The mean, best and worse conflict cost results of 10 trials of our genetic algorithm are also 
presented. We notice a good improvement of the objective function, and the results 
obtained are quite regular from a trial to another, since “mean”, “best” and “worst” have 
close values. Finally, each trial of the assignment procedure requires less than 30 minutes. 

 
 Sept. 4 Sept. 5 Sept. 6 Sept. 7 Sept. 8 Sept. 9 
RFL 735.106 848.106 817.106 776.106 752.106 749.106 
Best 278.106 320.106 314.106 301.106 278.106 274.106 
Worst 291.106 323.106 319.106 307.106 281.106 282.106 
Mean 282.106 320.106 317.106 303.106 280.106 277.106 

Table 1: Numerical application results 
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5. Conclusions and future work 
In this paper, we have presented a genetic algorithm for the problem of assigning flight 
levels to commercial aircraft. The main objective of this assignment is to make traffic 
easier, and more particularly, easier to manage; for that, the proposed method aims at 
minimizing a global potential conflict indicator. In the meantime, we also wish to limit the 
fuel overconsumption induced by assigning to the aircraft flight levels different from the 
requested ones. Indeed, this overconsumption may induce additional expenses for the 
airlines, since they usually request to cruise at the level inducing the lowest possible fuel 
consumption; global fuel consumption of course must also be controlled for environmental 
reasons. 

This technique gives encouraging results, with a good improvement in the objective 
function value and reasonable computational times. Yet, we expect a slightest enhancement 
when dealing with real traffic conditions, due to uncertainties and to en route conflict 
resolutions; they are not taken into account here and remain perspectives of this work. 
Finally, the algorithm presented can also be useful to provide us with a number of different 
satisfying assignments, which may be compared during a multi-criteria decision process. 

Now, wide perspectives remain open, in particular as regards the determination of the 
optimal parameters used in the genetic algorithm. Several tests have to be continued to find 
out a robust parameter set, enabling to find good solutions for any traffic period considered. 
Mutation, and particularly the local search procedure used to perform the mutation process, 
is also a field to explore, to enhance the performances of our algorithm. 
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