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ABSTRACT 

In aviation industry, considering more freedom in the selection and modification of flight paths during 

flight time is a new challenge, which is known as free flight. The free flight concept alters the current 

centralized and command-control airspace system (between air traffic controllers and pilots) to a 

distributed system that allows pilots choose their own flight paths more efficient and optimal, and also 

plan for their flight with high performance themselves. In spite of many advantages of free flight (such as 

less fuel consumption, minimum delays and the reduction of the workload of the air traffic control 

centers), the free flight concept cause many problems such as conflicts (collisions) between different 

aircrafts. Conflict detection and resolution is one of the major challenges in air traffic management 

system. 

In this paper, we present a novel model for conflict detection and resolution in air traffic management. 

Although so far many models have been proposed for the detection and resolution of conflicts, our model 

offers a prevention method. In addition, our model proposes a mechanism for resolving conflicts between 

aircrafts in airspace using graph coloring problem’s concept. In fact, we mapped the congestion area to 

a corresponding graph, and then addressed to find a reliable and optimal coloring method for this graph 

using one of the evolutionary algorithms known as Imperialist Competitive Algorithm (ICA) to solve the 

conflict problem. Using Imperialist Competitive Algorithm for solving graph coloring problem is a new 

method. 

KEYWORDS 
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1. INTRODUCTION 

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 to solve such problems in the current air traffic 

management system. Free flight means that pilots or other users of the air traffic management 

systems have more freedom for selecting and modifying their flight paths in airspace during 

flight time. The free flight concept changes the current centralized and command-control 
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airspace system (between air traffic controllers and pilots) to a distributed system that allows 

pilots choose their own flight paths more efficient and optimal, and plan for their flight with 

high performance themselves.  It is worthwhile to mention that free flight concept is potentially 

and technically practical nowadays, because currently there exists its required and background 

technologies such as global positioning systems (GPS), Data Link communication systems and 

enhanced computational capacity in cockpits [1, 2]. 

Despite many advantages of this method, free flight imposes some problems for air traffic 

management system that one of the most notably of them is the occurrence of conflicts between 

different aircrafts’ flights [1]. Conflict detection and resolution is one of the major and basic 

challenges in safe, efficient and optimal air traffic management. In general, many of researchers 

have been proposed various models to automate conflicts detection and resolution which a 

number of these methods are implemented [3, 4, 5]. These models have been proposed not only 

for air traffic management (aerospace), but also for various ground vehicles, robots applications 

and even for maritime applications, because the fundamental conflict avoidance techniques for 

all vehicles are (almost) the same. The automatic systems are capable of collecting necessary 

data (through equipments such as sensors), identifying the possible conflicts and also suggesting 

detailed guidance or accurate solutions to help humans, in order to solve these potential 

conflicts. Thus, in general, the purpose of these systems would be providing safety, performance 

and high efficiency for the flight, increasing speed of flights, detecting and resolving conflicts 

and reducing the travel time with highest possible accuracy [6]. Air traffic control is a 

complicated task involving multiple and dynamic controls, and have high level of granularity 

[7]. 

Thus, the presentation of new approaches for air traffic management seems very necessary, 

because, firstly, the number of flights are increased and this high air traffic needs more  

reliability and high performance, secondly, currently the issue of hijacking and terrorist attacks 

is more serious and important, and finally, human errors in the process of information gathering 

is inevitable. 

In this paper, with mapping congestion area to a corresponding graph, we converted the 

problem of solving conflicts between aircrafts to a Graph Coloring Problem (GCP) [8]. Then, 

using one of the evolutionary algorithms known as Imperialist Competitive Algorithm (ICA) [9] 

we solved graph coloring problem. An efficient and reliable coloring method for this graph is a 

solution to solve the conflicts between different aircrafts. To be more clarified, in this paper, we 

first mapped the problem of resolving conflicts (as a continuous problem) to a graph coloring 

problem (as a discrete problem). Then, we used Imperialist Competitive Algorithm, which has 

been originally designed to solve continuous problems, to solve graph coloring problem. Note 

that we did some changes in this algorithm and that is the first time that such an algorithm is 

applied for conflict detection and resolution in air traffic management. 

This paper is organized as follows. In Section 2, we explain the air traffic management system, 

followed by conflict detection and resolution process in Section 3. Then, in Section 4, we 

briefly present some of the related work. In Section 5 and 6, we explain respectively the Graph 

Coloring Problem and the Imperialist Competitive Algorithm in details. In Section 7, we present 

our conflict detection and resolution strategy, while in Section 8 we explain Conflicts 

Resolution using Graph Coloring Problem, followed by discussion on our results in Section 9. 

Finally, in Section 10, we draw some conclusion and present an outlook of future works. 
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2. AIR TRAFFIC MANAGEMENT 

Air traffic management is a complex, dynamic and demanding problem [7]. The current air 

traffic management systems could not mange the enormous volumes of air traffic perfectly. Free 

flight is a new concept that is presented potentially to solve the problems in the current air 

traffic management systems. Currently, airspace system has high flight capacity; therefore, the 

management of the current enormous volume of flights is very complicated. In this paper, we 

use the definition of air traffic control as: “A service operated by appropriate authority to 

promote the safe, orderly, and expeditious flow of air traffic” [6]. 

Currently, air traffic management is based on airspace (airspace-based). This airspace is divided 

into several regions. The size of regions depends on the number and position of the aircraft's air 

routes. In each section, there are two traffic controllers which one controller is responsible for 

flight planning and at the strategic level tries to minimize conflicts and reduce the complexity. 

The other controller is responsible for implementing this program at the tactical level and also is 

in charge for ensuring non-conflicts [10].  

Because of increasing the capacity of flights at different airports and necessity for having safe 

and efficient airspace, the workload of these traffic controllers’ increases. So meet to high 

capacity of flights would not be practical in shortest time. Hence, it is necessary to have reliable 

methods for the safe and efficient management of air traffic. The goal of air traffic management 

systems, is that allows to aircrafts provide maximum performance (in terms of speed, accuracy 

and safety) of their flight planes with respect to security restriction [11]. 

3. Conflict Detection and Resolution Process 

Here, we first explain the meaning of the conflict problem in air traffic. 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” [3]. In other words, conflicts happen when the 

distance between aircrafts violates standard defining what is considered undesirable [3]. These 

conflicts must be prevented during a fast and accurate process, otherwise, air traffic 

management will deal with difficulty and also risk of any plane collide increases. 

Different models are proposed for detecting and resolving conflicts in air traffic management 

[7]. These models used different criterions for identifying and subsequently for resolving 

conflicts. Some of these models have used minimum safe distance criterion for conflict 

detection [7, 12, 13], so that if distance between two aircrafts is less than a certain threshold it is 

said that a conflict occurs between these two aircrafts [3]. 

4. Graph Coloring Problem 

Graph Coloring Problem (GCP) [8] is an optimization problem which finds an optimal coloring 

for a given graph G. GCP is one of the NP-hard problems. Coloring a graph involves assigning 

labels to each graph node, so that neighboring nodes have different labels. A minimum coloring 

for a graph is a coloring that uses the minimum number of different labels (colors) as possible. 

GCP is a practical method of representing many real world problems including time scheduling, 

frequency assignment, register allocation, and circuit board testing [14]. For any given graph, 

finding the minimum number of colors for graph is the fundamental challenge. This is often 

implemented by using a conflict minimization algorithm [15]. 

The graph coloring problem 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 different colors (labels). Formally, a k-coloring 
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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 chromatic number of G. Optimal coloring is 

one that uses exactly the predefined chromatic number for any given graph.  

Since the GCP is NP complete [8, 15], we need to use heuristics methods to solve it. There are 

many methods that proposed for Graph Coloring Problem such as: evolutionary methods (e.g. 

GA [16, 17] and ICA [9]), local search algorithms (e.g. Tabu search [18, 20] or Simulated 

Annealing [19]) or other mathematical and optimization methods [16, 19]. In this paper, we use 

the Imperialist Competitive Algorithm (ICA) for solving the GCP, so ICA is described in the 

next section. 

5. Imperialist Competitive Algorithm (ICA) 

In this paper, we use a new evolutionary algorithm for solving the Graph Coloring Problem 

which is inspired by imperialistic competition. ICA is a new socio-politically algorithm 

motivated by global search strategy that has recently been introduced for dealing with different 

optimization tasks. This evolutionary optimization strategy has shown great performance in 

both convergence rate and better global optimal achievement [9]. Figure 1 shows a big picture 

of ICA and Figure 2 also shows the pseudo code of the ICA (This pseudo code explains the 

basic ICA that was proposed by Atashpaz-gargari And Lucas in 2007 [9], so different versions 

of ICA may have different or additional stages). 

Here it is important that the basic ICA is usually used for nonlinear continuous function, while 

in GCP we deal with discrete search space. Therefore, we change the basic algorithm operators 

and convert them to appropriate operators for solving discrete problems, and then we can use 

them for solving the GCP (i.e. in GCP we use of the discrete version of ICA). 

 

Figure.1. A big picture of the ICA [9]. 

Similar to other Evolutionary Algorithms (EAs), this algorithm starts with an initial population. 

Each individual in this population is called a country. Some of the best countries (in this case 

countries with the minimum cost value, for example, in GCP the individuals with the lowest 

cost (i.e. the individuals that has the lowest conflict value [17])) are selected to be the 

imperialist states and the rest of individuals form the colonies of these imperialists [9]. 
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All the colonies of initial countries are divided among the mentioned imperialists based on their 

total power. The imperialist states together with their colonies form some empires. After 

forming initial empires, the Assimilation policy [9] apply on the colonies in each of empires and 

start moving toward their relevant imperialist country (we refer this operator as Assimilation 

Policy which there are various methods to implement this operator. We can use an operator 

similar to the Crossover operator in GA [21] for this purpose). All empires try to take the 

possession of colonies of other empires and control 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 modelled by 

just picking some of the weakest colonies of the weakest empire and making a competition 

among all empires to possess these colonies. Assimilation Policy and Imperialist Competition 

are the most important and basic operators in the ICA. 

1) Initialize the empires. 

2) Move the colonies toward their relevant imperialist (Assimilation). 

3) Randomly change the position of some colonies (Revolution). 

4) If there is a colony in an empire which has lower cost than the imperialist, exchange 

the positions of that colony 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 (Imperialistic Competition). 

8) Eliminate the powerless empires. 

9) If stop conditions satisfied, stop, if not go to 2. 

Figure.2. Pseudo code for the ICA [9]. 

6. Our Proposed Model 

Here we provide a general view of 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 conflict 

detection and resolution. In our proposed model, the criterion of conflict detection is the 

reduction of the distance between aircrafts of a certain limit.  

The diagram of our proposed model is shown in Figure 3. As shown in Figure 3, the traffic 

environment must first be monitored and appropriate current state information must be collected 

(using proper equipment [3]). These states provide an estimate of the current traffic situation 

(such as, aircraft position, direction, destination and velocity). Then the congestion area is 

detected based on state information of current air traffic. In this stage, the minimum reliable 

distance threshold can be determined too.  

In the second stage, congestion area is mapped to a corresponding graph based on minimum 

reliable distance threshold. In other words, a graph of state space is created from congestion 

area. This graph is colored, using Imperialist Competitive Algorithm (as it is an optimal 

algorithm and has minimum cost). The algorithm output is an optimal coloring (a reliable 

solution for solving conflicts between aircrafts). If there is no collision, the algorithm ends. 
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Therefore, each node in this graph indicates one of the aircrafts in the congestion area and the 

colors used for coloring this graph indicates an flight path. In fact, for each aircraft, we allocate 

an flight path in which this aircraft will has a reliable distance with other aircrafts and there is 

no risk of conflict. In this model, a Global approach is used for resolving the multiple conflicts 

[3]. 

It is worthwhile to note that our proposed model has high performance and efficiency as shown 

in Table 1. In addition, for the first time one uses the concept of Graph Coloring to resolve 

conflicts in air traffic management. Also, in this paper, it is the first time that Imperialist 

Competitive Algorithm is used for solving the Graph Coloring Problem.  

As mentioned in the previous sections, Imperialist Competitive Algorithm have been proposed 

for solving continuous problems and in this paper a discrete version of this algorithm is 

presented and  this discrete version is used to solve the graph coloring problem. This model can 

interact with innovative technologies for detecting conflicts and resolving not only in air traffic 

management, but also in ground traffic and related applications.  

Pseudo code of proposed model (solving conflict problem by using graph coloring problem 

concept) is shown in Figure 4. As shown in Figure 4, the first phase of our work, is mapping 

congestion area to a corresponding graph. So we determine the domain of congestion zone. For 

this purpose, we specified the parameters (traffic parameters on the environment). We mapped 

the congestion area to a corresponding graph based on the minimum reliable distance threshold. 

Each node in this graph corresponds to an aircraft and every flight path corresponds to a color 

for coloring this graph. Then corresponding adjacency matrix for this graph can be made based 

on the given method in pseudo code. The second stage is coloring this graph by using ICA. The 

input of this algorithm is a corresponding graph to a congestion area and its output is a colored 

graph (an optimal solution for conflict problem). Then, the new flight plan is sent to the aircrafts 

on flight paths that is free Conflict Plan. 

 

 

 

 

 

 

    

    

 

 

 

 

 

 

 

 

 

 

Figure.3. Block diagram of our proposed model. 
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// Step 1: Creating the Corresponding Graph 

 

Reliable_Treshold=Predefined Value;  

NumofAirplanes = Number of Aircrafts in Congestion Area; 

Problem Parameters; 

//Define Problem Parameters (such as radius of Congestion area, Velocity of each Aircraft, 

   Destination of each airplane and other necessary Traffic information); 

 

Detect the Congestion Area (); 

 

// mapping the congestion area to a corresponding Graph (Congestion area); 

Corresponding Graph = Map (Congestion Area); 

 

  // Compute Distance between all Airplanes in Airspace (Congestion Area)  

Distance (Corresponding Graph, Problem Parameters); 

 

Make_Adjacency_Matrix (Distance, Congestion area); 

 

// Step 2: Solve the Graph Coloring Problem (Conflicts between Aircrafts in Congestion  

                Area) by using the Imperialist Competitive Algorithm (ICA) 

 

   // Apply the ICA Algorithm 

ICA (Input Graph); 

 

Send the New Flight Plan to the Aircrafts on flight paths that is Free Conflict Plan 
 

Figure.4. Pseudo Code for the Proposed Model. 

7. Conflicts Resolution using Graph Coloring Problem 

As we mentioned, the goal of mapping aircrafts’ congestion area (areas that have high risk of 

collisions and should be avoided of this case) to a graph is that using ICA one can color the 

corresponding graph of this congestion area optimally and reliably. 

While one usual application of the graph coloring problem is to solve conflicts, we present a 

systematic and organized solution to resolve the aircrafts’ conflict with GCP. In fact, after 

mapping the congestion area to a graph, our goal is to optimize the graph coloring. We use ICA 

in a fast way with lowest cost and highest accuracy, because we want to prevent collisions 

between aircrafts in shortest possible time. Note that although ICA is originally designed for 

continuous problems, by applying a number of modifications we have attempted to use this 

algorithm for solving GCP (that is a discrete problem). Since we are dealing with a discrete 

problem, we make changes in the ICA algorithm. We presented a discrete version of this 

algorithm, so-called Discrete Imperialist Competitive Algorithm (DICA) to solving the GCP. 

It should be mentioned that it is the first time that we want to use the ICA for solving GCP. We 

try to not only avoid the conflicts (since our work is based on prevention) but also we propose a 

solution to solve conflicts using GCP concept. So we want to consider resolving conflicts in a 

specific area that may be aircrafts conflicts with each other. In other words, in a warning area - 
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congestion area - we want to solve conflicts between aircrafts, and deal with it before they 

conflict with each other. 

7.1 Creating the Graph 

Creating the graph is the first stage in our proposed model which we describe in this section. To 

display and store of a graph, one can use the adjacency matrix [22]. In adjacency matrix, the 

value of each element is “1”, if there is an edge between any two nodes in graph. Otherwise, it is 

equal to “0”. Here nodes of graph indicate aircrafts in the warning (congestion) area. In this 

model, we consider each flight path as a color. 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 main line and bottom of the main line.  

We tried to keep each aircraft safe in an flight path (i.e. each aircraft does not conflict with other 

aircrafts and ensures minimum distance with other aircrafts). Here, in rows and columns of the 

adjacency matrix, we write the aircrafts’ number. The value of each matrix element indicates 

whether there is an edge between two nodes. If two aircrafts have the same altitude on flight 

path in the airspace, and reliable distance between them is less than a predefined threshold, then 

we draw an edge between two vertices and the value of corresponding element in adjacency 

matrix is equal to “1”. Otherwise, the value of corresponding element would be equal to "0". 

Pseudo-code of mapping congestion area to corresponding graph is shown in Figure 5. Also the 

graphical display of creating graph of a supposed scenario is shown in Figure 6. 

7.2 Resolution of Graph Coloring Problem 

The input of graph coloring algorithm is an undirected graph without cycle. The output of this 

algorithm is a valid coloring for this graph, such that the algorithm assign a color for each node 

of graph and neither of two adjacent nodes have the same color. Our main goal of using the 

GCP to solve the collision in air traffic management is that: to conduct each aircraft in a safe 

flight path. Thus in this flight path there is no conflict and every aircrafts is kept in a minimum 

reliable distance with other aircrafts. We can consider any flight path as a color in the GCP. 

NumOfAircrafts = Number of Aircrafts in Alarm Zone 

  // for all of the aircrafts in congestion area  

For i = 1 to NumOfAircrafts 

     For j= i+1 to NumOfAircrafts 

        { 

// making adjacency matrix 

if (Same_Altitude (Aircrafti, Aircraftj) && 

     Distance_Between (Aircrafti, Aircraftj) < Reliable_Treshold) 

    M (i, j) = 1;  

             else 

                   M (i, j) =0; 

        } 

Figure.5. Pseudo code of mapping congestion area to a corresponding graph. 
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Figure.6. Graphical display of an example conflict resolution scenario (creating the graph). 

7.3 System Performance Measures (Problem Cost Function) 

We aimed to present a safe and effective strategy for resolving conflicts in air traffic.  Thus, in 

order to measure and evaluate our method’s performance, we must consider several 

performance criteria for our strategy. Some of these criterions are as follows: 

(1) Delay time for each aircraft = (travel time in the main path) - (travel time in the 

modified path (new flight path)). 

(2) Fuel consumption = (fuel consumption in the mainstream) - (amount of fuel consumed 

in modified path (new flight path) 

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

The cost = (1) + (2) + (3) 

We tried to select routes with lowest cost when the aircrafts’ redirected from main routes (i.e. 

the lowest deviation from the main route for each aircraft). It is assumed that the predefined 

main routes to fly aircraft are optimal. 

The ideal state in a 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 methods used to solve the conflicts, causes the aircraft to be 

diverted from the ideal and optimal mainstream. The maneuvers concept indicates what 

dimensions of resolution plans are allowed. Possible maneuver dimensions include turns, 

vertical maneuvers (changing aircraft’s altitude), and speed changes. 

Obviously, a proposed system would be desirable, if it concider’s resolving conflicts and the 

safety options (e.g. minimum safe distance between each two aircrafts in congestion area), also 

provides a high level of efficiency in the system (for example had a minimum delay in flights). 

In this paper, among of the performance criterions that outlined, we select criterion (3). For 

evaluation of our model, we defined performance of each aircraft as equation 1. 
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iE  = 

i P +P
i d

i

 
 
 
   

(1) 

Where Pi is the ideal and optimal flight path for an aircraft and P
d
i

is the amount of deviation 

from mainstream of aircrafts. Then we consider efficiency of the system as follows: 

N1
System Efficiency (SE) = E

ii=1N
∑

 
 
   

(2) 

Where N is the total number of aircrafts in the system (in the congestion area) and Ei indicates 

the performance 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 

performance and conflict resolution system is inefficient. Our proposed model for solving graph 

coloring problem for higher dimensions (for a great number of aircrafts that are in the 

congestion area) acts as a good way. Also standard deviation of individual efficiencies of the 

aircraft in the system is intended as a measure of the performance system evaluation: 

N1 2
D  =  (SE  - SE)  

SE ii=1N
∑

 

(3) 

In an ideal system, amount of delay caused by any aircraft is zero (i.e. E = 1), so DSE will be 

zero. But in situations that delays increase in the system and there are many aircrafts in the 

congestion area in this case DSE increases. 

7.4 Cost Function in Graph Coloring 

In coloring of graph (i.e. in conflict resolution process) if two nodes (aircrafts) are adjacent to 

each other (i.e. at the same altitude on flight path in which safe distance between aircrafts is less 

than a certain threshold), they had the same color in this case, a conflict occurs, and we solve 

the problem when the number of collisions reach to zero. The pseudo code of this process is 

shown in Figure 7.  We are looking for a solution that has the lowest cost (i.e. the best solution). 

In other words, we are deal with an optimization problem, so we use of an evolutionary 

algorithm (such as Imperialist Competitive Algorithm) to find the best solution. In general, after 

mapping congestion area to a graph, we try to find the optimal coloring to this graph. 

NumofAircrafts = Number of Aircrafts in Alarm Zone 

// the number of aircraft within the area with specified radius or number of aircraft in  

   congestion area  

For i = 1 to NumofAircrafts 

 For j= i+1 to NumofAircrafts 

 { 

      If (M (i, j) == 1 && Color (i) == Color (j)) 

  Count = Count + 1;  

         } 
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// between any two adjacent nodes that have the same color, there is a conflict and total 

number of conflicts form cost function for graph coloring and when this value becomes zero, 

a solution has been found.  

Figure.7. Pseudo code of compute cost function in coloring corresponding graph of congestion 

area. 

 

If (count == 0) then  

Cost=Cost of Solution  

// i.e. we must have a solution that has minimum cost. 

Figure.8. select of best solution after solving graph coloring problem. 

8. Test Results 

To test our proposed model described in previous sections, we use simulation environment 

(especially we use random flights model) is similar to one used in [4]. All aircraft 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. 

As mentioned, we map the congestion area to a corresponding graph, and then our problem be 

converted into graph coloring problem.  Since each aircraft in the airspace is considered as a 

node in the corresponding graph, we deal with coloring of graphs with number of mentioned 

nodes. In our proposed ICA the number of countries is selected equal to 30 in initial population. 

In the case of larger samples, this number can be increased (e.g. for a graph with 30 nodes and 

435 edges, we consider 2000 countries in the initial population). The initial population of 

candidate solutions is randomly generated. It should be noted that candidate solutions in the 

initial population can be generated with using of other functions (e.g. using a uniform 

distribution function). 

We ran the algorithm 10 times for each graph of corresponding congestion area and we 

concluded based on running algorithm for 10 times. The results are presented in Table 1. The 

results indicate that the proposed model is often providing optimal and valid solutions for input 

graphs. As we noted in graphs (corresponding to congestion area) with less number of nodes, 

we can use of initial population with fewer individuals and form an initial population 

proportionate to increase the number of graph nodes. And even the number of iterations of 

algorithm can be changed proportionate to input graph. We used MATLAB software to 

implement our proposed model. 

The following acronyms are used in the following table: 

N: Number of Aircrafts in Congestion Zone 

: Number of Nodes in Corresponding Graph of Congestion Zone 

: Number of Edges in Corresponding Graph of Congestion Zone 

NA: Number of optimal Flight paths for aircrafts in Congestion Area 

(Chromatic Number in Graph Coloring Problem) 

SE: System Efficiency 
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Table1: Results after applying the algorithm on input graphs (congestion areas) with specified 

parameters. 

 N   NA SE (%) 

1 2 2 1 1 99.5 

2 3 3 3 2 98.8 

3 3 3 3 1 98.5 

4 4 4 2 2 98 

5 4 4 3 1 97.5 

6 5 5 2 3 98.9 

7 5 5 4 3 97.75 

8 6 6 3 3 98.5 

9 6 6 5 3 97.5 

10 8 8 4 4 97.3 

11 8 8 6 4 96.8 

12 12 12 11 7 98 

13 16 16 8 8 98 

14 16 16 12 8 97 

15 20 20 10 12 97.5 

16 20 20 15 12 96 

17 20 20 18 10 95 

18 30 30 15 15 96.2 

 

Several observations can be made from the above measurements. First of all, performance of 

our proposed model remains high by increasing the number of aircrafts in congestion area. 

Secondly, our model provides a reliable solution for solving all conflicts in congestion area. In 

other words, this strategy can be considered as a global strategy for resolving conflicts. 

We have used supposed data for testing our model, but we attempted to test samples very 

similar to the real world. Meanwhile in here we consider worst case scenarios, whereas the 

possibility of happening events similar to these scenarios in the real world is very low. Our 

proposed model can be tested by different scenarios and setting different values for minimum 

reliable distance threshold measure. In addition, this model works better for congestion areas 

with large number of aircrafts. We tried to select routes with lowest cost when the aircrafts’ 

redirected from main routes (i.e. the lowest deviation from the main route for each aircraft that 

has minimum distance with its current position). So we have least delay in flights and the 

minimum consumption of resources (e.g. in fuel consumption). In this paper, high performance 

is equivalent to decrease in flight delays, and reduce of resources consumed (e.g. fuel 

consumption), optimal outcome for both passengers and industry. 

Here we use the following supposed scenario to show details of implementing our proposed 

model. First, we map congestion area to a corresponding state space graph. Then we color this 
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graph. For this purpose, we determine the parameters of problem and also parameters of 

algorithm, as shown in Figure 9. 

ProblemParams. NumofNodes (Aircrafts) = 6 

PrblemParams. Aircraft(i) .Speed 

                     .Altitude 

                     .Direction 

                     .Position and … 

ProblemParams. Require Information about Flight paths and other necessary information 

AlgorithmParams.NumofCountries = 30         

AlgorithmParams.NumofInitialImperialists =6 

AlgorithmParams.NumofAllColonies = (30-6) =24 

AlgorithmParams.NumofDecades = 10  

AlgorithmParams.RevolutionRate = 0.32 

AlgorithmParams.UnitingThreshold = 0.02 

Figure.9. Parameters of problem and algorithm for input graph. 

As already mentioned, we draw an edge between two nodes in the corresponding graph, if 

minimum safe distance between each two aircrafts in congestion area is less than a predefined 

threshold. These aircrafts must be conducted on flight path that is free from any conflict. It 

should be noted that if we consider the minimum safe distance as a larger amount, then we will 

have a solution that is more accurate and reliable, and will have less congestion on the flight 

path and also risk of conflicts is reduced. Vice versa, if the minimum safe distance between 

aircrafts is considered as a smaller amount, then congestion of flight paths increases and the risk 

of conflicts is increased. The selection of accurate and optimal value of minimum safe distance 

is an important problem in solving the conflicts. 

 

 

 

 

 

 

 

 

Figure.10. Graphical display of a conflict 

resolution scenario (creating of graph) 

Figure.11. The result of coloring the 

corresponding graph 

Colored Graph 
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With respect to conflict resolution, this colored graph interpreted as follow: 

Aircraft 1 on Flight path 1 (on original path of Flight path 1 - flying straight) 

Aircraft 2 over Flight path 2 (on original path of Flight path 2 - flying straight) 

Aircraft 3 on Flight path 3 (on original path of Flight path 3 - flying straight) 

Aircraft 4 on Flight path 3 (on top of original path of Flight path 3) 

Aircraft 5 on Flight path 5 (on original path of Flight path 5 - flying straight) 

Aircraft 6 on Flight path 6 (on original path of Flight path 6 - flying straight) 

Figure.12. Result resolution of existing conflicts in Figure.10 

The average of system efficiency diagram for results in table 1 is shown in Figure 13. To be 

clear, the run of Imperialist Competitive Algorithm for this example is shown in Figure 14 too. 

Figure 14, display Empires at iteration 8. The empire that determined with the blue color has 

converged to the global minimum for the exampled graph. In this figure, the imperialists are 

shown by ★ marks in different colors and the colonies of each imperialist are shown by • in the 

same color as the imperialist. 

 

 

 

       Figure.13. The average of System Efficiency 

Schema. 

Figure.14. Run of Imperialist Competitive 

Algorithm. 

9. Related Work 

A variety of techniques have been proposed to resolve conflicts in air traffic management using 

different approaches, including centralized and decentralized ones. Kuchar and Yang have been 

reviewed a number of conflict detection and resolution systems [3]. Most of these systems used 

classical and mathematical methods, and there were not a serious attention to distributed 

artificial intelligence methods. Some of researchers focused on classic methods. These methods 

include Lagrangian models, Eulerian models and other mathematical methods [25]. Lagrangian 

model for air traffic flow management systems involves computing the trajectories of individual 

aircraft [5, 24, 25]. Eulerian methods predict flow patterns in the airspace for aircrafts [25]. 

While classical models for air traffic management have high capability, but they are often 
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centralized. Some of researchers focused on distributed methods and also multi-agent system 

technologies (e.g. in [7, 26, 27, 29]) for solving conflicts between aircrafts in airspace. A 

summary of agent based methods reviewed in [25]. Also for conflict detection and resolution 

problem, various algorithmic approaches have been studied [10], using different categories of 

methods: optimization with genetic algorithms, optimal control, semi-definite programming 

[28], and mixed integer programming [11, 30]. 

10. Conclusion 

One of the fundamental challenges in the current air traffic management and especially in free 

flight is the detection and resolution of conflicts. In this paper, a new approach is presented to 

conflict detection and resolution in air traffic management. In this novel approach, we mapped 

conflict resolution problem in congestion area to Graph Coloring Problem, then use Imperialist 

Competitive Algorithm for coloring this graph. The result of corresponding colored graph of 

aircrafts’ congestion 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 consumption of resources (e.g. in fuel 

consumption). Consequently, this proposed model provides an efficient and reliable solution for 

solving conflicts in distributed air traffic management and has high performance. In addition, 

compared to other models, this model used multiple strategies for the resolution of conflicts.  

In our future work, we will focus on using this model with Multi-agent system technology to 

present a comprehensive model for air traffic management (especially to conflict detection and 

resolution) that have high efficiency compared to other available models. 
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