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ABSTRACT

Nowadays air traffic density increased, thus existing air traffic management systems are not able to
manage the massive capacities of air traffic perfectly. To solve problems in current air traffic management
systems, the aviation industry focused on a new concept called Free flight. Nonetheless, the most important
challenge in current air traffic management and especially in free flight is conflict detection and resolution
between different aircrafts. So far a number of methods have been presented in order to automate air
traffic management using multi agent systems technology. However, there has been a little discussion about
the efficiency of these methods. Also, there has not been created a comprehensive comparison of these
methods.

In this paper, we presented a clear framework to categorization and comparing different multi agent
models for conflict detection and resolution in air traffic management. Then, using this framework, we
evaluated various proposed models. Our comparison framework is based on characteristic such as: agent
selection (the entity which selected as Agent), agent’s actions, agents’ interaction method in the process of
conflict detection and resolution, the strategy used in agents’ implementation, type of the multi agent
system (pure multi agent system or combined), conflict detection method, conflict resolution method, Plan
Dimensions, Maneuvers, and management the multiple aircrafts’ conflict.
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1. INTRODUCTION

Currently, the aviation industry envisages with most fundamental and important problems include
safety, reliability, delays (reduction of delays in airspace and in airports), saving in fuel
consumption, adaptability with unpredicted situations and conflict detection and resolution

DOI:10.5121/jitca.2012.2405 51



International Journal of Information Technology, Control and Automation (IJITCA) Vol.2, No.4, October 2012

problem. Among these problems the conflict detection and resolution problem is the most
important issue. This problem imposes many losses, include: long delays in aircrafts’ flight,
inefficiency of managing of air traffic, high fuel consumption and many other important
challenges. Alternative approaches have proposed for overcome these problems; that one of these
methods is the free flight concept. Free flight means that, pilots or other users of the air traffic
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 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. Free Flight, also called user preferred traffic trajectories, is an innovative concept
designed to enhance the safety and efficiency of the National Airspace System (NAS). Despite
many advantages of this method, it imposes some problems for air traffic management system
which the most notable one is the occurrence of conflicts between different aircrafts’ flights.

Many researchers focused on conflict detection and resolution problem and proposed various
methods to solve this problem. One of the successful methods is the multi agent systems
technology. Agents are appropriate tools for analyze, implementation and development of
complex systems. The application domains of agents are very wide and their high performance in
various applications is inevitable. A multi agent system involves a number of autonomous and
intelligent agents that these agents can work together in order to achieve their goals. Use of multi
agent systems for solving large and complex systems are one of the most successful and efficient
solutions for these problems. Also he airspace (air traffic) management system could suppose as a
multi agent system in which different agents working together in order to managing air traffic in
reliable, safe and efficient way.

As we mentioned, since the conflict detection and resolution is one of the fundamental challenges
in safe, efficient and optimal air traffic management, in this paper, we provide a general overview
of the existing multiagent-based models for conflict detection and resolution problem in air
traffic. In our research, firstly, we studied the different proposed models having different
performance criterions. Then, we made a precise comparison of different models summarized in a
table. To do so, we need to perform a specific structure and framework for comparing different
models. In order to have an accurate comparison, we considered appropriate features to compare
various types of proposed models and selected the best model based on the specified features.
Finally, we summarized our results in table 2 and showed the advantages and disadvantages of
each model.

The rest of this paper is organized as follows: in Section 2 and 3 we explain the air traffic
management system and multi agent systems respectively. In Section 4 we explain the conflict
detection and resolution process. In Section 5 and 6, we present respectively an overview of the
categorization of the proposed models for air traffic management and some characteristics of
agents that must have in air traffic management system. Then, in Section 7, we explain various
features which used for comparing air traffic management models based on agents. In Section 8§,
we present some important remarks about proposed conflict detection and resolution models.
Finally, Section 9 makes some conclusion.

2. AIR TRAFFIC MANAGEMENT

In this paper, we define the air traffic as: “aircraft operating in the air or on an airport surface,
exclusive of loading ramps and parking areas” [2], also 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” [2]. Air traffic management is a very complex, dynamic and demanding
problem which involves multiple controls and various degree of granularity [1]. Currently, the
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airspace system has high flight capacity; therefore, the management of the current enormous
volume of flights is very complicated. In general, the goal of air traffic management systems
would be, firstly, providing safety in air traffic which means keeping aircrafts separate, secondly,
growing up the performance and efficiency of the current systems, and also increasing the speed
of flights, detecting and resolving conflicts and reducing travel time (minimum delay).

3. MULTI AGENT SYSTEM

In this paper we use the definition of an agent as: “an agent is a computer system that is capable
of autonomous and independent actions in some environment, in order to achieve its delegated
goals” [3]. We can say the main point about agents is they have the ability of autonomy. An agent
analyses inputs from its environment, then makes decisions according to inputs, and then use
those decisions to take actions in its environment. The multi agent system contains a number of
agents, which these agents can communicate, collaborate, and compete with one another in order
to achieve their goals [3]. Agents are appropriate tools for implementation and development of
complex systems. The application domains of agents are very wide and their high performance in
various applications is inevitable. Agents have many applications in education, military
environments, networking, business process management, industrial, information recovery and
management, simulation of social and political relations and many other areas [3]. Using of multi
agent systems for solving large and complex problems are one of the most successful and
efficient solutions. In some cases using of multi agent systems (e.g. distributed problem solving
systems) are the best and well-known way for solving a variety of human processes. In general,
one could say that a multi agent system is used in domains in which:

e Data, control and expertise is distributed (e.g. in the geographic scope, the problem is
distributed).

e (entralized control is impossible or impractical.

e Subsystems of a large system require interacting with each other in more flexible manner

[3].

The airspace (air traffic) management system could also suppose as a multi agent system in which
different agents working together in order to managing air traffic in reliable, safe and efficient
way.

4. CONFLICT DETECTION AND RESOLUTION PROCESS

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” [4]. Also in this paper,
conflict detection process is defined as “the process of deciding when conflict - conflict between
aircrafts- will occur” [4], and conflict resolution process is considered as: “specifying what
action and how should be to resolve conflicts” [4]. In general, we summarized the process of
conflict detection and resolution in Figure. 1.

5. CATEGORIZATION OF PROPOSED AIR TRAFFIC MANAGEMENT MODELS

In this section, we categorize existing models for air traffic management into two models: classic
Models and multi agent based Models.

5.1 Classic Models

The problem of air traffic management was the attention of many researchers, and many classical
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methods for this problem have been proposed so far. Various models such as Lagrangian models
[5, 6, 7], Eulerian models [6] and other mathematical models; that widely were used and several
researchers have proposed various solutions [6, 8].

5.2 Air Traffic Control Based on Agents

Agent based methods are a natural tool to automate air traffic management. As we mentioned,
according to the capabilities of multi agent systems in solving complex, dynamic and large
problems, some of researchers paid attention to research on air traffic by using multi agent
systems. Some of these methods are implemented and currently are used [9].

The presented agent-based methods, involve a set of intelligent and autonomous agents which the
aim of these agents is to optimize and to achieve some specific goals through learning or
negotiation with each others [1]. These systems applied different agents with different strategies.
Some of these agents used game theory in conflict resolution process, some others used learning
strategies, and some others used specific protocols and strategies for this purpose. Here, the
important thing is that autonomous agents attempt to perform their actions properly, improve
system performance and finally propose a reliable solution for conflict detection and resolution
problem.

Environment Monitor Traffic Define traffic
(Information gathering) parameters

State projection
(airspace traffic)

»;”% | Conflict Detection
Operator
conflicts resolved i
) Conflict
Conflict detected?
Resolution

Figure.1. Conflict detection and resolution (general view)

6. COMMON FEATURES OF AGENTS IN AIR TRAFFIC MANAGEMENT
SYSTEM

Here, we consider some of general features for Agents and multi agent system in air traffic
management process. These features are as follows:

e A multi agent system is a dynamic, non-deterministic and complicated system which
includes a number of agents.

e No agent has perfect knowledge of the entire system (i.e. doesn’t have complete
information from all of traffic environment).

e Agents in multi agent system can be optimal agents. This means agents not only tries to
provide an acceptable flight plan which covers the system’s restrictions in terms of the
system performance, accuracy and speed, but also provide optimal cost for system.
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e An agent should perform a reasonable action and not perform the activity that imposes lots
of costs for the system.

e If an agent in a multi agent system behaves coordinated with other agents, the expected
system’s utility would be maximized and will do things more quickly [3].

® An agent should not be tricking other agents and it is assumed that agents are honest.

e All agents in multi agent system should be intelligence, autonomous and independent.

7. COMPARE AIR TRAFFIC MANAGEMENT MODELS BASED ON MULTI
AGENT SYSTEMS

Various criterions can be used for analyzing, comparison, and classification existing models for
air traffic management. Here, we try to choose the well-known and best characteristics. Kuchar
and Yang [4] have used a series of benchmarks to compare the classical presented models. Their
study was based on more classical and mathematical methods and has paid very little attention to
distributed artificial intelligence methods and multi agent systems technology. Of course, in this
paper, we used some of presented criterions in Kuchar and Yang paper [4] to compare proposed
air traffic management models. Moreover, in following sections, we proposed some other novel
criterions based on multi agent systems [35].

7.1. Agent Selection

The proper selection of an entity as an agent and also determining the type of activities which
agent can perform, are very important in air traffic management system which the performance of
the model is mainly depends on. An entity should be chosen as an agent that provides the highest
performance for the system and also the highest accuracy and speed in performing operations
(e.g. in aircrafts’ congestion area, when conflict resolution process an agent should perform the
activities that impose the minimum delay for each aircraft). As is shown in Table 1, many of
proposed models have selected an aircraft as an agent and some others selected a fixed location as
an agent. The important issue in agent selection is that , firstly, it should be have all features
which an agent must be have in multi agent system, secondly, the selected agent must be able to
perform best action in the least possible time with highest accuracy under any circumstances.

7.2. Action Selection

Each intelligent agent can perceive data from its environment then analyze these inputs to make
decisions and use those decisions to take some actions in its environment. Type of activities that
an agent should perform in a multi agent system is very significant. The actions that agents
should be performed must be considered in the way, which provide the highest performance and
efficiency to the system. Appropriate selection of agents’ actions have a direct relationship with
the entity selected as agent and these two issues are strongly depends together.

7.3. Agents’ Interaction

In a multi agent system, agents can use many methods to interact with each other. If the agents
can interact with each other at doing delegated tasks then the efficiency of the system increases.
Proposed models based on multi agent systems for air traffic management that use interactional
process and negotiation techniques are more efficient than solutions in which agents use non-
intractable process or traditional approaches [10], [11]. For example, surely if agents interact and
negotiate with each other in conflict detection and resolution process, firstly, the volume of
controller workload can be reduced by each agent, and if agents are coordinated with each other,
they can distribute the necessary tasks - for example in a particular area - to resolve conflicts and
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perform things faster and more accurate. If agents work alone they must perform all things alone
and obviously it would not be the best solution and it is possible that their goals violate other
agents’ goals. The second advantage of using interactive process or negotiation strategy between
agents is that this method ensures conflict resolution process would not be too long or unreliable
and collisions between aircrafts would not be intensified. It should be noted that may be
negotiated based models (i.e. models in which agents negotiate with each other in performing
their activities) can not be ensure an agreement between agents in appropriate time interval; and
this reflects the fact that these agents in the worst case will act as non-agreement.

7.4. The Strategies of Agents

This feature indicates mechanisms used by agents in conflict resolution process. The existing
models used different strategies and mechanisms to resolve conflicts. The main strategies include:
control strategies, prioritization mechanism [36], teamwork, coordination [14], game theory [4],
[16], and other specific strategies [4]. The important issue in the use game theory strategy is that
these strategies in the worst conditions work in the worst case scenario [12], [13]; although these
strategies can provide a reasonable solution, the solution is not optimal. Using an optimal and
comprehensive strategy has significant impact on the efficient management of traffic.

7.5. Type of Multi Agent System

This feature means that whether the proposed multi agent-base model is designed as full
automatic (i.e. is a pure multi agent system) or is a model that takes advantage of human
operators, and intelligent agents are working with operators to perform their tasks and help
operators in management of air traffic. It seems that it would be better that a system is used along
with current systems and dose not avoid the current systems (Because in some situations, humans
can still do things better than machines). For example, the presented model in Wollkind [14] is
designed as a pure multi agent system.

7.6. Plan Dimensions

This property illustrates the state information which is used in proposed model: horizontal plan,
vertical plan or combination of them (both vertical and horizontal plans). Most of the proposed
models cover both horizontal and vertical plans [4]. Also the models that use one of these
methods have the ability to extend if possible, and can support other dimensions which will vary
depending on the proposed model. The model is capable to detect and resolve conflicts if it had a
full view of the traffic environments. Obviously, if a model had not a suitable view of the traffic
environment, it would not be able to detect and resolve conflicts as properly, therefore, that will
cause irremediable losses to the air traffic management system.

7.7. Conflict Detection Method

Proposed models for solving conflicts problem in air traffic management based on multi agent
systems used different principles for conflict detection. Some of these models used the same
metrics for conflict detection between different aircrafts and their differences are just in the
solution of these conflicts. For example, most of the proposed models used a minimum reliable
and safe distance threshold for detection of conflicts. Therefore when the distance between two
aircraft to be lower than a valid threshold (usually use a predefined reliable distance), then there
is a risk of conflicts. Consequently, it requires warnings be given to the operators or agents in
charge of resolving conflicts; or if an agent which is detected a conflict had capability of
resolving conflicts will attempt to resolve those conflicts. Some other models, by using special
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methods, try to prevent occurrence of conflicts (methods for prevention of conflicts) and not use
an explicit criterion for detection of conflicts.

Here by using this feature, we compared the proposed models. But we mostly focused on the use
of a threshold for conflict detection according to the metric which used. Most of the models use a
very simple criterion to conflict detection and others have benefited from a much more complex
criterion for this purpose [1], [4]. In general, one can not be claimed which of these methods have
higher accuracy; it depends on the type of the proposed model and required strategies to resolve
conflicts. Perhaps, it is possible that using a simple metric had a higher efficiency and accuracy
than using a complex one.

7.8. Conflict Resolution

Proposed models used different approaches to solve conflicts in airspace. Some models have been
used classical methods to resolve conflicts and have been mapped the traditional ways onto
actions that agents can perform. Some others used new and innovative methods that both of these
methods are trying to improve air traffic management. Several different categorizations for
conflict resolution models have been adopted that Kuchar and Yang also used the same
classification and have been examined different models. This categorization includes: predefined
conflict resolution method, optimization method, automatic and innovative method, manual
method and no resolution method. Of course, other classifications can be added to this
comparative set. Here we used this provided classification; then compared and divided different
models based on these characteristics.

In predefined conflict resolution approach, during system design (e.g. in agent design process) a
set of precanned routines and logical rules are embedded in body of agents. When system is
dealing with a conflict these predefined commands will be used to solve that conflict. In
optimization approach, agents attempt to optimize system performance (or in other words, reduce
system costs) by adopting a set of optimal strategies. It seems this criterion as a comparative
feature between different proposed models is useful; because costs reduction and increasing the
system efficiency has been a serious and critical problem. In conflict resolution process by using
optimization method, autonomous agents are trying to use a set of cost functions and
environmental conditions (that are perceived through the sensors) to solve the conflicts. In this
case, each autonomous agent will be adopted an optimal solution. In “manual conflict resolution
method”, agents are not used to resolve the conflicts; instead, users are allowed to provide a
mechanism to detect and take action to resolve the conflicts by use feedbacks that receive from
the system. This method also has relatively high flexibility, but it needs to accurate and correct
policies. In “no resolution method” there is not an explicit output to avoid conflicts. Some models
detect conflicts but do not suggest a mechanism for resolving this problem. In fact, such models
perhaps are presented only to detect of conflicts (collisions) and are not considered a mechanism
for resolving conflicts. Finally, in “Combination Method” proposed models use a combination of
other conflict resolution methods. For example, one of the models may be in some cases use
predefined actions, then encounter with certain conditions take the optimization procedure.

7.9. Resolution Maneuvers

This feature discusses that during resolving of conflicts what solution or in other words, what
type of maneuver will be used to resolve conflicts. To summarize, some of the maneuvers
include: speed change (decrease or increase of aircrafts’ speed), changing the angles (horizontal
maneuver), change and adjust altitude (vertical maneuvers) and turn maneuver [4], [35]. Some of
the models have been used only one of these criterions to resolve collisions and others has used a
combination of these criterions. In some models, performing these maneuvers simultaneously is
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possible; while some other models do not use this maneuver simultaneously. Obviously, if in our
model we use more maneuvering dimensions, more efficient solution will be achieved. The
horizontal and vertical maneuvers are shown below.

Figure.2. Horizontal Maneuver [13] Figure.3. Vertical Maneuver [13]

7.10. Management of Multiple Conflicts

The term management of multiple conflicts describes how the proposed conflict resolution model
handles conflict situations in which there is more than two aircrafts. Two general approaches to
this problem are using a Global approach and Pairwise approach [4]. In Global approach, the
entire traffic environment is examined simultaneously by using determined methods for that. But
in Pairwise approach collisions between aircrafts are resolved sequentially in pairs manner that
has the sequential and hierarchical nature.

By comparison between these two modes, one should conclude that in Pairwise conflict
resolution approach, if one conflict solution induces a new conflict, the original solution may be
modified until a conflict-free solution is found [4]. Although this approach is much simpler than
the Global approach, it is powerless to solve the conflict problem. The Global approach considers
multiple collisions simultaneously and offers a global solution to resolve collisions between
aircrafts that it shows the high capabilities of this method. But this method requires more
computations and is more complex than the Pairwise approach. The model will be best
(powerful) that use the Global approach; but not imposed too much cost and overload on air
traffic management system. We can assume that the Global and Pairwise approaches as finding
local and global optimal in evolutionary algorithms.

Baseline Alert time increased
alerting threshold due to other aircraft
: .
e —— ' :
\ ./ : 4 A : 4
: : o
.\ — i
Figure.4. Pairwise approach in conflict Figure.5. Global approach in conflict
resolution process [4] resolution process [4]

8. SOME REMARKS

In previous section we explained the basic characteristics for comparing various multi agent
models for conflict detection and resolution problem in air traffic, but there are some other
features that are most important in implementing of a conflict detection and resolution model.
These features described in follow subsections and discuss how much the proposed models have
the ability of adaptability with existing models, what requirements is need for implementation of
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proposed model, what test cases is used to test the proposed models and also discuss the
correctness of the proposed conflict detection and resolution model.

8.1. Computational Complexity

From computational point of view, a model that imposes lower memory and time complexity to
the system would be more efficient. Also the algorithms used to manage the existing agents in
multi agent system would be important. Since each agent is able to perform some actions in the
system, we can generally say that if we have N agents in the system and each agent is capable to
perform the K activities, then the expected time complexity will be O (NKN ). Obviously if we
select aircrafts as agents in the presented multi agent system to the air traffic control, then the
computational complexity of the system will be very high. Therefore, we need to pursue exactly
from multi agent systems’ design principles.

8.2. Implementation and Test of Models

One of the main fundamental and important problems that must be considered in proposed (multi
agent) models, is the implementation and testing of them. Some of researchers have used artificial
data sets to test their proposed models. However, our goal from presenting of these models is to
use and implement of them in the real world environment. Sometimes artificial data sets can not
represent correctly display of the real world conditions. Others have been used real data sets to
test their models and have been evaluated effectiveness of their method based on this real data
[1]. Although some of these models were evaluated only some aspects of the air traffic conditions
and very few models are considered all aspects of the air traffic conditions as comprehensive.

8.3. Adaptability with Existing Systems

This feature discusses the adaptability and compatibility of proposed models with the existing air
traffic management systems (current conflict detection and resolution systems). In general, a
system which is capable to work efficiently with no overall changes in current systems would be
better. An example of this case is the proposed model in reference [1]. Clearly, a proposed
incompatible model with the current air traffic management system requires a log time and more
cost. In this case, system needs to apply fundamental changes, while our general goal is
optimization and reduction of costs with the correct solution for conflict detection and resolution
problem.

8.4. Accuracy in the Process of Conflict Detection

Conflict detection process is one of the major points. For example, it is possible that the system
may be detecting conflicts which will not occur or even does not recognize some of the potential
conflicts. A perfect model should be use accurate conflict detection metric with the highest
possible speed, in order to ensure an adequate opportunity to prevent and resolve future conflicts.
It seems that, the speed and the time are two important features in conflict detection process.

8.5. Agents’ Behavior in Conflict Resolution Process

Most proposed conflict detection and resolution models have focused on the free flight topic and
have been selected optimization procedures. As already mentioned, the activities that each agent
can perform in conflict resolution process are important. In other words, the actions that each of
the agents can perform should be such that they mostly prevent conflicts occurring in the future
and should have a long-term view of agents’ environment. Actions that an agent performs, should
accomplish with highest precision, speed and at least possible time to be have an optimal action
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in contrast the conflicts. Generally, the models have greater flexibility will be more successful
and the agents that use learning techniques will act as comparative manner based on the utility
functions and will have better performance against predefined solutions.

We summarized all these metrics in Table 1; then we used them for compare different proposed
air traffic management models. In table 1, which has two columns, the “Feature* title in top of
columns indicate the criterion’s name and “Abbreviation” title indicate the possible states for
corresponding features. These two columns are used for categorization and organization of
proposed conflict detection and resolution models by researchers. We believe these features
create a comprehensive taxonomy for comparing every proposed conflict detection and resolution
model. In addition, Table 2 presents a comparison of different models based on multi agent
systems technology. Table 2, listed 22 different models classified based on criterions that are
presented in Table 1. In table 2, in each cell if the value of a feature not explicitly defined in the
proposed model we write the “—* in that cell. The features used to organize these models are as
follows: agent selection, agent action, type of interaction, type of multi agent system, multiple
conflicts, maneuvers, conflict detection, conflict resolution, plan dimensions, and strategy; that
each of which is described in above sections and summarized in Table 1.

Table 1: Proposed Comparing Metrics for models based on multi agent systems
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Table 2: Compare of presented models based on proposed criterions in Table 1
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Table 2: Compare of presented models based on proposed criterions in Table 1 (Cont.)
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9. CONCLUSION

Obviously several methods are proposed for conflict detection and resolution problem in air
traffic management which can be a basic structure for future models. Research on air traffic
management systems is still regarded as an open and interesting issue that our results prove this
remark and the need for new powerful methods that automate conflict detection and resolution
will continue to grow as air traffic densities increase. In this paper we are not consider all
presented multi agent conflict detection and resolution models, but we believe, the experience of
previous researchers helpful to provide a comprehensive solution to safety, reliable, efficient and
optimal air traffic management. Each of the researchers in their works has been discussed high
potential use multi agent systems to improve air traffic management and have been stressed on
the necessity use of multi agent systems in air traffic management. Using of other distributed and
new techniques with multi agent systems in air traffic control will be very useful. We believe
multi agent systems technology as a powerful computational paradigm is a valuable solution to
the air traffic management problem and especially to the conflict detection and resolution
problem.

In this paper, we introduced a systematic comparison structure to compare various multi agent
conflict detection and resolution models; although this paper is not representing a complete
comparison, it is a positive advance to review performance and desirability various models that
are presented so far. Also in this study some important remark about implementation of proposed
models were reviewed that one of these remarks is the lack of comprehensive and uniform
experimental test cases to test these models. Obviously, if we examined the different models
based on the same datasets, the strengths and weaknesses of these models will be better evident.

62



International Journal of Information Technology, Control and Automation (IJITCA) Vol.2, No.4, October 2012

REFERENCES

[1] Agogino, A., & Tumer, K., (2009), "Improving air traffic management with a learning multi agent
system", IEEE Intell. Syst., vol. 24, no. 1, pp. 18-21.

[2] Pilot’s Handbook of Aeronautical Knowledge, (2003), U.S. De-partment of Transportation Federal
Aviation Administration Flight Standards Service. FAA-H-8083-25.

[3] Woolridge, M., (2001), "An Introduction to Multi-agent-Systems", Wiley,
http://www.csc.liv.ac.uk/~mjw/pubs/imas. Accessed: Feb. 20, 2012.

[4] Kuchar, J. K., & Yang, L. C., (2000), "A Review of Conflict Detection and Resolution Modeling
Methods", IEEE Transactions on Intelligent Transportation Systems, Vol. 1, No. 4.

[51 Eby, m., & W. Kelly, (1999), “Free flight separation assurance using distributed algorithms,” in Proc.

(6]
(7]

(8]
(9]

1999 IEEE Aerosp. Conf., Snowmass, CO, pp. 429—-44.

Agogino, A., &Tumer, K., (2010), “A multi agent approach to managing air traffic flow”, Auton
Agent, Multi agent Systems.

Bayen, A. M., Grieder, P., Meyer, G., & Tomlin, C. J., (2005), “Lagrangian delay predictive model
for sector-based air traffic flow”. AIAA Journal of Guidance, Control, and Dynamics, 28, 1015—
1026.

Agogino, A. K., & Tumer, K., (2009), “Learning indirect actions in complex domains: Action
suggestions for air traffic control". Advances in Complex Systems, 2009, 12, 493-512.

Ljunberg, M., & Lucas, A., (1992), “The OASIS air traffic management system”. In Proceedings of
the 2nd Pacific Rim International Conference on Al (PRICAI-92), Seoul, Korea.

[10] Rong, J., Geng, Sh., Valasek, J., & Ioerger, R., (2002)“Air traffic conflict negotiation and resolution

using an onboard multi agent system”, Digital Avionics systems Conference Irvine, CA.

[11] Oliveira, 1., Carvalho, F., Camargo, J., & Sato, M., (2008), "Multi agent Tools for Air Traffic

Management", The 11th IEEE International Conference on Computational Science and Engineering —
Workshops.

[12] Tumer, K., & Agogino, A., (2008), "Adaptive Management of Air Traffic Flow: A Multi agent

Coordination Approach", Proceedings of the Twenty-Third AAAI Conference on Artificial
Intelligence.

[13] Archambault, N., & Durand, N., (2004), Scheduling Heuristics For on-Board Sequential Air Conflict

Solving", IEEE.

[14] Wollkind, S., Valasek, J., RT., & loerger, R.T., (2004), “Automated confilict resolution for air traffic

management using cooperative multi agent negotiation”, AIAA Guidance, Navigation and Control
Conference.

[15] Valkanas, G., Natsiavas, P., & Bassiliades, N., (2009), "A collision detection and resolution multi

agent approach using utility functions", Fourth Balkan Conference in Informatics.

[16] Tomlin, C., Pappas, G., Sastry, S., (1996), "Conflict Resolution for Multi- Agent Hybrid Systems",

Proceedings of the 35th, Conference on Decision and Control, Kobe, Japan December.

[17] Sislak, D., Samek, J., Pechoucek, Volf, P., & P“echou’cek, M., (2007), “Multi-party Collision

Avoidance among Unmanned Aerial Vehicles", IEEE/WIC/ACM International Conference on
Intelligent Agent Technology.

[18] Gorodetsky V., Karsaev O., Kupin, V., & Samoilov, V., (2007), "Agent-Based Air Traffic Control in

Airport Airspace", 2007 IEEE/WIC/ACM International Conference on Intelligent Agent Technology.

[19] Miguel, J., Gémez, L., & Besada, J., (2008), “design of an air-air negotiation protocol to reorder

aircraft arrivals sequence”, IEEE.

[20] Harper, K., Mulgund, S., Guarino, S., Mehta, & A., Acharias, G., (1999), "Air traffic controller agent

model for free flight,” in Proc. 1999 AIAA Guidance, Navigat., Contr. Conf., Portland, OR, Aug.
1999, ATAA-99-3987, pp. 288-301.

[21] Wangermann, J.P., & Stengel, R.F., (1994),”Principled negotiation between intelligent agents: A

model for air traffic management", in Proc. ICAS, vol. 3, Anaheim, CA, pp. 2197-2207.

[22] Tomlin, C., Pappas, G., & Sastry, S., (1998), “Conflict resolution for air traffic management: A study

in multi agent hybrid systems,” IEEE Trans. Automat. Contr., vol. 43, pp. 509-521.

[23] Wangermann, J.P., & Stengel, R.F., (1996), "Optimization and coordination of multi agent systems

using principled negotiation,” in Proc. AIAA Guidance, Navigat. Contr. Conf., San Diego, CA, pp.
43-50.

[24] Johnson, E.R., Hill, I.C., Archibald, J.K., Frost, R.L., & Stirling, W.C., (2005), “A Satisficing

Approach to Free Flight" , IEEE.
63



International Journal of Information Technology, Control and Automation (IJITCA) Vol.2, No.4, October 2012

[25]

[26]
[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

[35]

Archibald, J.K., Hill, J.C., Jepsen, N.A., Stirling, W.C., & Frost, R.L., (2008), "A Satisficing
Approach to Aircraft Conflict Resolution" , IEEE Transactions On Systems, Man, And Cybernetics—
Part C: Applications And Reviews, Vol. 38, No. 4.

Albaker, B. M., & Rahim, N.A., (2009) "Straight Projection Conflict Detection and Cooperative
Avoidance for Autonomous Unmanned Aircraft Systems", IEEE.

Vilaplana, M.A., & Goodchild C., (2001), "Application of Distributed Artificial Intelligence in
Autonomous Aircraft Operations”, IEEE.

Sislak, D., Samek, J., Pechoucek, & M., Suri, N., (2011), "Automated Conflict Resolution Utilizing
Probability Collectives Optimizer", IEEE Transactions on Systems, Man, And Cybernetics—Part C:
Applications And Reviews, Vol. 41, No. 3.

Chao, W., & Jing, G., (2009), "Analysis of Air Traffic Flow Control through Agent-Based Modelling
and Simulation", International Conference on Computer Modelling and Simulation, IEEE.
Nguyen-Duc, M., Briot, J.P., & Drogoul, A., (2003), “An application of Multi agent Coordination
Techniques in Air Traffic Management”, Proceedings of the IEEE/WIC International Conference on
Intelligent Agent Technology (IAT’03).

Erzberg, H., (2005), "Automated Conflict Resolution for Air Traffic Control", Ames Research Center.
http://ntrs.nasa.gov/archive/archive/nasa/casintrs.gov/20050242942_2005243395.pdf, 2005. Access
date 20 Oct 2011.

Glover, W., & Lygeros, J., (2004), “A Multi-Aircraft Model for Conflict Detection and Resolution
algorithm Evaluation”, hybridge Project IST-2001-32460, Work Package WP1, Deliverable D1.3.
Pallottino, L., Feron, E. & Bicchi, A., (2002), "Conflict Resolution Problems For Air Traffic
Management Systems Solved With Mixed Integer Programming", IEEE Transactions On Intelligent
Transportation Systems, Vol. 3, No. 1.

Tomlin, C., Pappas, G,J., & Sastry, S., (1997), “Conflict Resolution for Air Traffic Management: a
Study in Multi agent Hybrid Systems,” subMDted to IEEE Trans. on Automatic Control.

Emami, H., & Derakhshan, F., (2012). “An Overview on Conflict Detection and Resolution Methods
in Air Traffic Management using Multi Agent Systems”, 16th Artificial Intelligence and Signal
Processing (AISP) Conference, Shiraz, Iran, pp. 293-298.

Author :

Emami, H., Derakhshan, F. & Pashazadeh, S., (2012). “A New Prioritization Method for Conflict Detection
and Resolution in Air Traffic Management”. Journal of Emerging Trends in Computing and Information
Sciences, VOL. 3, NO. 7, pp. 104

64



