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ABSTRACT

Simulations are widely used in the field of air traffic management research. A new technology
or operational concept requires extensive simulations before it is tested at the field. Due to its
flexibility, fast-time simulation of air traffic is the preferred method of evaluating future con-
cepts. Airspace Concept Evaluation System is a agent-based fast-time simulation tool that was
developed in NASA Ames Research Center. It models airspace elements as flights, airports, and
centers as agents and flight operation is performed by passing messages between the agents,
which is similar to the current air traffic system. In this paper, two researches that use this sim-
ulation tool are introduced. The first research is on the interaction between airspace partitioning
and traffic flow management in the present of weather. The second research is on assessing the
benefit of wind optimal routing.

INTRODUCTION

Air traffic management problems needs to model complex interactions between a large
number of elements including flights, controlling facilities, and weather. Since it can involve
thousands of flight over days of time period, a large scale simulation tool is required to study
such interactions. Airspace Concept Evaluation System (ACES) [1] is an agent-based fast-time
simulation tool developed at NASA Ames Research Center to study the Nation-wide impact of
future air traffic management concepts. ACES models each flight using a four degree of free-
dom dynamic model and integrates the movement in a 0.5 second time step to obtain a relatively
high fidelity trajectory. The flight receives maneuver commands from controlling facilities such
as airports or sectors based on the implemented management concept. ACES also has the capa-
bility of conflict detection and resolution by predicting future trajectories and rerouting flights
based on the calculated resolution. In this paper, two researches are introduced that extensively
used ACES simulations. The first research studies the impact of airspace partitioning in the pres-
ence of weather. [2] In this paper, several methods were developed to reroute the flight around
the regions of severe weather while satisfying the airspace and airport capacity constraints. The
second research investigates the economic and safety impact of wind optimal routing. [3]

DAC-TFM

The interaction of airspace partitioning and flight delays in the presence of weather is inves-
tigated to study how re-partitioning can reduce congestion and delay. Several approaches with
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Figure 1. Simulation procedure
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Figure 2. Average time savings per flight

different complexity were used to compute the ground delay. The approach shown in Fig. 1 is
the most complicated one that involves using different capacity for partitioning and scheduling.
Results show that if the sectors are partitioned specifically to the traffic and weather pattern, the
delay can be significantly reduced while not increasing the number of sectors to add airspace
capacities. However, it was also discovered that majority of delay is caused by airport capacity
constraint that cannot be increased by repartitioning the airspace.

WIND OPTIMAL ROUTING
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Figure 3. Average fuel savings per flight

In this study, the economic and safety benefits of using wind optimal routing in the US
National Airspace System are examined using ACES simulation with recorded wind data from
2005 to 2007. It compares filed-flight routes and wind optimal routes in Class A airspace. Time
and fuel savings as well as conflict counts are measured as metrics for the benefits of wind op-
timal routing. The results show an average time saving of 2.7 minutes per flight and an average
fuel saving of 210 pound with fewer conflicts. Figures 2 and 3 show the 3 year averaged time
and fuel savings per flight respectively.
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