
  
 

 
 

Abstract 
In aviation industry, free flight is a new concept which im-
plies considering more freedom in the selection and modifi-
cation of flight paths during flight time. The free flight con-
cept allows pilots choose their own flight paths more effi-
cient, and also plan for their flight with high performance. 
Although free flight has many advantages such as minimum 
delays and the reduction of the workload of the air traffic 
control centers, this concept causes many problems which 
one of the most important of them are conflicts between dif-
ferent aircrafts. Thus, Conflict Detection and Resolution 
(CD&R) is a major challenge in air traffic management. 
In this paper, we presented a model for CD&R between air-
crafts in air traffic management using Graph Coloring Prob-
lem (GCP) method. In fact, we mapped the congestion area 
to a corresponding graph, and then addressed to find a relia-
ble and optimal coloring for this graph using one of the new 
evolutionary algorithms known as Imperialist Competitive 
Algorithm (ICA) to solve the conflicts. Using ICA for solv-
ing GCP is a new method. 

1. Introduction   
Air traffic control is a complicated task involving multiple 
and dynamic controls, and have high level of granularity 
(Agogino and Tumer 2009). The goals of air traffic man-
agement systems are that allows to aircrafts’ pilots provide 
maximum performance (in terms of speed, accuracy and 
safety) of their flight planes with respect to security restric-
tion (Archambault and Durand 2004). 

The current air traffic management systems are not able 
to manage the enormous capacities of air traffic perfectly 
and have not sufficient capability to service different types 
of flights. Free flight is a new concept presented potentially 
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to solve such problems in the current air traffic manage-
ment system. The free flight means that pilots or other us-
ers of the air traffic management systems have more free-
dom for selecting and modifying their flight paths in air-
space during flight time. Despite many advantages of this 
method, one of the most important problems is the occur-
rence of conflicts between different aircrafts (Rong et al. 
2002). CD&R is one of the major and basic challenges in 
safe, efficient and optimal air traffic management. In this 
paper, the conflict is defined as: "conflict is the event in 
which two or more than two aircrafts experience a loss of 
minimum separation from each other” (Kuchar and Yang 
2000). Some proposed models for CD&R problem have 
used minimum safe distance criterion for conflict detection 
(Agogino and Tumer 2009; Valkanas et al. 2009; Chao and 
Jing 2009), so that if (vertical or horizontal) distance  be-
tween two aircrafts is less than a certain threshold value it 
is said that a conflict occurs between these two aircrafts. In 
this paper we attempted to present a method for aircrafts’ 
CD&R in congestion area. 

In this paper, after detecting the congestion area we first 
mapped the problem of resolving conflicts (as a continuous 
problem) to a GCP (Jensen and Toft 1995), and then we 
used one of the evolutionary algorithms known as ICA 
(Atashpaz-Gargari and Lucas 2007) to solve GCP. An effi-
cient and reliable coloring method for this graph is a solu-
tion to solve the conflicts between different aircrafts. 

2. Graph Coloring Problem (GCP) 
GCP (Jensen and Toft 1995) is an optimization problem 
which finds an optimal coloring for a given graph G. GCP 
is one of the NP-hard problems. GCP is a practical method 
of representing many real world problems including time 
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- Detect the Congestion Area 
- Compute Distance between all Aircrafts  
   in Congestion Area 
- Map the Congestion Area to a Graph 
- Make the Adjacency Matrix 

Solving the GCP using ICA 
(Conflict Resolution process) 

Colored Graph /  
Proposed solution for conflicts 

- Define Problem Parameters 
- Minimum Reliable Distance 
  Threshold 
- Other Traffic Information 

End 

Start 

scheduling, frequency assignment, register allocation and 
circuit board testing (Whalen 2002). For any given graph, 
finding the minimum number of colors is the fundamental 
challenge. This is often implemented by using a conflict 
minimization algorithm (GAREY and JOHNSON 1999). 

The GCP can be stated as follows: Given an undirected 
graph G with a set of vertices V and a set of edges E (G= 
(V, E)), a k-coloring of G includes assigning a color to 
each vertex of V, such that neighboring vertices have dif-
ferent colors (labels). Formally, a k-coloring of G=(V, E) 
can be stated as a function C from V to a set of colors K 
such that |K|=k and C (u) ≠ C (v) whenever E contains an 
edge (u, v) for any two vertices u and v of V. The minimal 
number of colors allocated to a graph is called the chromat-
ic number of G. Optimal coloring is one that uses exactly 
the predefined chromatic number for any given graph. 

3. Imperialist Competitive Algorithm (ICA) 
In this paper, we use a new evolutionary algorithm for 
solving the GCP which is inspired by imperialistic compe-
tition. ICA is a new socio-politically algorithm motivated 
by global search strategy that has recently been introduced 
for dealing with different optimization tasks. This evolu-
tionary optimization strategy has shown great performance 
in both convergence rate and better global optimal 
achievement, therefore in this paper we used of ICA rather 
than other evolutionary algorithms. Figure 1 shows the 
pseudo code of the ICA. 

Similar to other Evolutionary Algorithms (EAs), this al-
gorithm starts with an initial population. Each individual in 
this population is called a country. Some of the best coun-
tries (i.e. countries with the minimum cost value) are se-
lected to be the imperialist states and the rest of individuals 
form the colonies of these imperialists. All colonies of ini-
tial countries are divided among the mentioned imperialists 
based on their total power. The imperialist states together 
with their colonies form some empires.  
 

1) Initialize the empires. 
2) Move the colonies toward their relevant imperialist (As-

similation). 
3) Randomly change the position of some colonies (Revo-

lution). 
4) If there is a colony in an empire which has lower cost 

than the imperialist, exchange the positions of that col-
ony and the imperialist. 

5) Unite the similar empires. 
6) Compute the total cost of all empires. 
7) Pick the weakest colony (colonies) from the weakest 

empires and give it (them) to one of the empires (Impe-
rialistic Competition). 

8) Eliminate the powerless empires. 
9) If stop conditions satisfied, stop, if not go to 2 

Figure 1: Pseudo code for the basic version of ICA. 

After forming initial empires, the Assimilation policy 
apply on the colonies in each of empires and start moving 
toward their relevant imperialist country. All empires try to 
take the possession of colonies of other empires and con-
trol them. The imperialistic competition gradually provides 
a decrease in the power of weaker empires and an increase 
in the power of more powerful ones. In the basic version of 
ICA the imperialistic competition is modeled by just pick-
ing some of the weakest colonies of the weakest empire 
and making a competition among all empires to possess 
these colonies. Assimilation Policy and Imperialist Compe-
tition are the most important and basic operators in the 
ICA.  

4. Our Proposed Model 
In our model, the main strategy is based on: "Prevention is 
better than cure". If we use the prevention strategy, thus 
we do not automatically allow any conflicts occur. In this 
case, firstly, it is not essential to have a plan for detecting 
conflicts, and consequently, it is not necessary to resolve 
the conflicts. Although in this model we tried to have a 
preventive approach, we attempted to present a method for 
CD&R. In our proposed model, the criterion of conflict de-
tection is the reduction of the (horizontal) distance between 
aircrafts of a certain limit. The diagram of our proposed 
model is shown in figure 2. As shown in figure 2, the traf-
fic environment must first be monitored and appropriate 
current state information must be collected (using proper 
equipment (Kuchar and Yang 2000)). In this stage, the 
minimum reliable distance threshold and other necessary 
traffic information can be determined too. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2: Block diagram of our proposed model. 
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Then the congestion area is detected based on state in-
formation of the current air traffic. For example, for every 
specific area if the number of aircrafts is more than a pre-
defined reliable number then we can consider that area as a 
congestion area. The number of aircrafts and their relevant 
information can be saved in a knowledge database. For ex-
ample we can obtain this information using by Global Posi-
tioning System (GPS). We map the congestion area to a 
corresponding graph; in fact we create the adjacency ma-
trix based on traffic information. After this stage, we color 
this graph (i.e. conflict resolution process) by using ICA. 
The output of this algorithm is a reliable solution for con-
flicts between aircrafts. 

4.1. Creating the Graph 
As we mentioned we map the congestion area to a graph. 
Here the nodes of graph indicate aircrafts in the congestion 
area and every edge between two nodes indicates a proba-
ble conflicts in the future time step, if the aircrafts continue 
their current flight plan. In this model, we can assume each 
flight path as five directional options namely: main line, 
deviation to right of the main line, deviation to left of the 
main line, top of the main line and bottom of the main line. 
The graphical display of creating the graph of a supposed 
scenario is shown in figure 3. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2. Solving Graph Coloring Problem using ICA 
The basic version of ICA used for optimization of conti-
nuous functions, since in the GCP we deal with discrete 
search space, hence we changed some basic operator (such 
as assimilation operator and revolution) in ICA. The goal 
of Assimilation operator is that the colonies are more simi-
lar to the imperialist. To implement this operator for solv-
ing the GCP, we used 2-point crossover operator similar 
the crossover operator in genetic algorithm. The revolution 
operator increases the exploration of the ICA and prevents 

the early convergence of individuals to local optimal. As 
the assimilation operator, this operator needs to be chang-
ing too. We implemented the revolution operator by the 
mutation operator as in genetic algorithm (Werra 1990; 
Goldberg 1980). Also, in changed version of ICA imperial-
ist competition is implemented similar to what proposed 
method in basic version of ICA. 

In the conflict resolution process, for each aircraft, we 
allocate a flight path in which this aircraft will has a relia-
ble distance with other aircrafts and there is no risk of con-
flict. In this model, a Global approach is used for resolving 
the multiple conflicts (Kuchar and Yang 2000).  

5. Test Results 
To evaluate our proposed model, we use simulation envi-
ronment (especially we use random flights model) that is 
same to one used in (Archibald et al. 2008). All aircrafts 
are constrained to fly at the same altitude and at a constant 
speed. Small and instantaneous heading changes for each 
aircraft are the only maneuvers of resolving conflicts. For 
this reason we use examples and supposed scenarios. These 
samples contain 2, 3, 4, 5, 6, 8, 12, 16, 20 and 30 aircrafts 
in congestion area. The results are presented in Table 1. 
The results indicate that the proposed model is often pro-
viding optimal and valid solutions for input corresponding 
graphs (aircrafts’ congestion area). 

In air traffic control we deal with a multi objective prob-
lem. In this paper, our goal is providing a safe, reliable and 
efficient strategy for solving conflicts between aircrafts in 
air traffic. We can use of different metrics to evaluate pro-
posed model; here we used System Efficiency metric. The 
ideal state in a proposed model for resolving conflicts in air 
traffic is that the aircrafts are able to track their destination 
without deviation or with minimal deviation from their 
original path. Maneuvers that are used in the conflict reso-
lution methods, causes the aircraft to be diverted from the 
ideal and optimal mainstream. System efficiency measures 
the degree to which the aircrafts in the system are able to 
follow direct and linear flight paths to their destinations 
(Archibald et al. 2008). In this paper, we define a perfor-
mance criterion for each aircraft same as follows:   

Path length = (length of main path) - (length of revised path) 

Or in other words: 

PiE  = i P +Pi di

⎛ ⎞
⎜ ⎟
⎜ ⎟
⎝ ⎠   

Where Pi is the ideal and optimal flight path for an aircraft 
and Pdi

is the amount of deviation from mainstream of air-

crafts. We try to select routes with lowest cost when we redirect 
the aircrafts’ main routes (i.e. the lowest deviation from the main 

 
Figure 3: Graphical display of an example conflict 
resolution scenario (creating the graph). 
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flight path for each aircraft). It is assumed that the predefined 
main routes to fly aircrafts are optimal. Then we consider effi-
ciency of the system as follows: 

N1
System Efficiency (SE) = Eii=1N

∑⎛ ⎞⎜ ⎟
⎝ ⎠  

Where N is the total number of aircrafts in the system 
(i.e. in the congestion area) and Ei indicates the perfor-
mance of each aircraft. How much this criterion is closer to 
“1” indicates good performance of the system and how 
much this criterion is closer to zero indicates poor perfor-
mance and conflict resolution system is inefficient. Our 
proposed model for solving GCP for higher dimensions 
(for a great number of aircrafts that are in the congestion 
area) acts as a good way. 

Table 1: Test Results of applying the algorithm onto input graphs 
(congestion areas) with specified parameters 

No. Number 
of 

Aircrafts 

Number 
of 

Nodes 

Number 
of 

Edges 

Number of 
optimal 

flight paths 

System 
 Efficiency 

(%) 
1 2 2 1 1 99.5 

2 3 3 3 1 98.5 

3 4 4 3 1 97.5 

4 5 5 4 3 97.2 

5 6 6 3 3 98 

6 8 8 4 4 97.2 

7 12 12 11 7 97 

8 16 16 8 8 98 

9 20 20 15 12 96.5 

10 30 30 15 15 96 

6. Conclusion 
One of the fundamental challenges in the current air traffic 
management and especially in the free flight is detection 
and resolution of conflicts. In this paper, a new approach is 
presented to CD&R in air traffic management. In this ap-
proach, we mapped conflict resolution problem in conges-
tion area to GCP, then use ICA for coloring this graph. The 
result of corresponding colored graph of aircrafts’ conges-
tion area is presented efficient and reliable solution for 
conflict problem. We tried to select routes with lowest cost 
when the aircrafts’ redirected from main route, therefore, 
we have least delay in flights and the minimum consump-
tion of resources (e.g. in fuel consumption). Consequently, 
this proposed model provides an efficient and reliable solu-
tion for solving conflicts in air traffic management and has 
high performance. In addition, compared to other models, 
this model used multiple strategies for the resolution of 
conflicts.  

Although, in this paper we presented only an abstract, 
preliminary and conceptual model for CD&R, nonetheless 
our next goal is that we will focus on using this model with 
multi-agent systems technology to present a comprehen-
sive model (especially to CD&R) that have high efficiency 
compared to other available models. 
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