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Distributed free-flow-traffic management system
based on Nash equilibrium concept
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Introduction

Future air traffic congestion is expected to rise significantly owing to an increasing number of passengers and the
growth of small-sized airline markets. However, the current centralized ATM system cannot handle the characteristics of
future air travel effectively because of its slow data process, vulnerability to uncertainty, and centralized risk. In this
research, a distributed traffic management system (TMS) to deal with the complex nature of future mobility with minimal
communication demand is introduced. The TMS is also required to control multiple free-flowing agents under complex
situations effectively and robustly (See Fig. 1).

Fig. 1: Decentralized free-flows found in daily surroundings

The system introduced in this research allows each agent to decide which action should be taken with low-level
information exchange among agents. The concept of Nash equilibrium is introduced to realize the distributed free-flow
TMS; Since the situation of traffic management with minimal communication is one type of uncooperative gaming
situation.



Nash Equilibrium Concept for Traffic Management System

The conflict is a situation where the projected distance between two agents is closer than the threshold distance. To
resolve conflict, both agents should maneuver to increase their projected distance by changing the direction or velocity.
Allocating the deviations responsible for different agents is the decision that the system has to make. We introduce the
fairness and safety concepts to determine the deviation of each agent. For the amount of deviation that two agents i and j
(Di)), the fairness utility function (= (kixi-kix;)?) represents the reflection of the urgency to the deviation, and the safety
utility function (= (xi+x;-Djj)?) represents the level of excessive deviation compared to the required value (ki: urgency level
of an agent). The Nash equilibrium for the deviation between the two agents (x;}*) can be obtained based on the two
utility functions. We determine the Nash equilibrium points for more than two agents by minimizing the non-compliance
function (J;(x;) = X k;(x; — x{{*)?). Fig. 2 shows the Nash equilibrium points for four agents subject to a simultaneous
conflict, which are the best responses (BR).
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Fig. 2: The best response (BR) plot for simultaneous conflict situation with four agents
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After the Nash equilibria are determined, we can compute the allocated deviations (d0,;,. = ET; f;’l’:‘{ : allocated
J
A NE
direction deviation, dvg,,. = ﬁ%: allocated speed deviation) using the equilibria (ETA: time to the closest point).
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Numerical Simulation

The objective of the simulation is to demonstrate the performance of the proposed Nash equilibrium algorithm
compared to the myopic algorithm. The simulation uses three algorithms: the naive Nash, the urgency-considered Nash,
and the Myopic. We introduce performance metrics: the domino effect parameter (DEP), the total deviation effort (TDE),
the TDE ratio, the traffic density, and the minimum distance observed (MDO). Multiple agent types representing various
vehicles are considered. Fig. 3 shows the simulation results representing the center conflicts. Fig. 4 compares the
performance of different algorithms based on the minimum distance observed (MDO) metric. The Naive Nash shows the
best distancing capability. The urgency-considered Nash algorithm performs significantly better than the Myopic
algorithm, demonstrating its potential to be used for the TMS of future mobility.
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Fig. 3: Two types of center conflicts; Choke (left) and Randomly converging (right)
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Fig. 4: Comparison of minimum distance metric for different traffic management algorithms

Conclusion

The proposed algorithm demonstrated the potential of a distributed free-flow-traffic management system in various

traffic situations. The algorithm can effectively keep a safe distance among agents under highly complex situations while

performing priority management — without complex communication and computation. It showed the applicability for

various traffic types, demonstrated by the numerical simulation, and can be used as a universal framework to solve
complex traffic management of future mobility.
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