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ABSTRACT 
Advanced technologies will be needed to 

enhance and improve the current transportation 
capabilities of the nation’s small aircraft transportation 
network, and thus help relieve congestion at hub 
airports.  To achieve this goal, current operation 
concepts and procedures will have to be changed and 
improved, or perhaps even replaced.  This paper 
proposes a decentralized Air Traffic Management 
approach, centered on the design of an automated 
arrival/departure system for non-controlled airports.  A 
hybrid system is introduced that is a fusion of 
distributed air traffic management and centralized 
control.  A new functional description of the airport 
terminal area infrastructure named Multi-layer Air 
Traffic Space is introduced, and automated terminal 
operations and procedures are addressed.  Several types 
of intelligent agents with negotiation functions are 
developed in the automation system, and simulation 
methodology is presented, containing a full hardware 
and software description. 

INTRODUCTION 
              The demand for air travel will continue to 
increase over the next few decades. Even the recent 
boom in telecommunication has not decreased the 
demand for physical contact. Meanwhile, it is becoming 
apparent that the existing air transport system is 
approaching a bottleneck. In the United States, flight 
delays and cancellations are a familiar part of air travel 
and the Air Transport Association claims that delays 
cost the U.S. airlines billions of dollars per year.1 

Most of these problems result from the 
dominant hub-and-spoke model that results in a 
concentration of a large percentage of the air traffic at a  
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few airports. Although great efforts have been taken to 
improve the current Air Traffic Management (ATM) 
system and construct new runways, it appears that the 
continued projection of growth in aviation, as well as 
airline and civil aviation economics, shows that those 
airports will be inadequate to address the need for 
increased capacity.2 

The current hub-and-spoke system limits 
travelers to the air carrier’s schedule and the 
inefficiencies of connections at distant hubs. Many 
regional trips can be driven in the same time or even 
less and for a lower cost than it takes to fly 
commercially when considering connection times and 
the times it takes to travel to and from the airport. At 
the same time, the “value of time” is becoming an 
important concern that places new demands on current 
transportation systems. More flexibility and efficiency 
for door-to-door travel will be needed. 

Travel to a small or metro-satellite airport has 
a great potential of being a big market. The migration 
of people away from urban and suburban centers 
requires greater access to transportation from more 
widespread locations throughout the country. 
Unfortunately, at these smaller airports, viable, cost 
competitive air transportation is not currently available. 
 As described above, increasing capacity alone 
does not appear to provide a long-term solution to the 
problem of delay, or satisfy the demand for more direct 
flights. Many people, including licensed pilots, are 
surprised to learn that there are about 5,400 existing 
public-use-landing facilities in the current National 
Airspace System (NAS). However, scheduled air 
carriers serve only about 660 of these facilities. 
Moreover, the Federal Aviation Administration (FAA) 
estimates 98 percent of the U.S. population lives within 
20 miles of at least one of these public-use airports.3 

Most of these under utilized public airports do not lie in 
the existing Air Traffic Control (ATC) radar coverage, 
nor do they have a control tower. However, they still 
have instrument approach procedures with which 
Instrument Flight Rules (IFR) traffic can be operated. 
So why not take advantage of those small airports to 
promote more evenly distributed air traffic and reduce 
congestion at large hub airports? In addition, this will 
unburden the stressed-out business traveler living in a 
near-by community.  
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A number of candidate technologies have 
emerged that are aimed at achieving this goal. Small 
Aircraft Transportation System (SATS), a program 
organized by the National Aeronautics and Space 
Administration (NASA) has shown great potential. A 
new aviation system based on SATS technologies 
would enhance the current transportation capabilities of 
the nation’s small aircraft transportation network, and 
thus provide some relief to hub airports congestion, 
particularly in high-density corridors for point-to-point 
travel. The SATS research program will invest in four 
operating capabilities: 1) high-volume operations at 
airports without control towers or terminal radar 
facilities, i.e., non-controlled airports; 2) lower adverse 
weather landing minimums at minimally-equipped 
landing facilities; 3) integration of SATS into a higher 
en-route capacity air traffic control system with 
complex flows and slower aircraft; 4) improved single-
pilot ability to function competently in complex 
airspace in an evolving NAS.4 

This paper is inspired by the newly developed 
SATS concept and will focus on automation 
capabilities analysis methodologies of non-controlled 
airports. It covers a variety of new and existing 
technologies and disciplines, many of which will be 
studied independently. It will describe the elements of 
an intelligent agent system implemented to build up a 
basic automated approach/departure system. It will also 
establish operation concepts and procedures, and 
simulation methodologies.  

AUTOMATION SYSTEM DESIGN  
 The automated approach/departure system is 
comprised of four main components that will be 
addressed separately. They include 1) the Multi-layer 
Air Traffic Space (MATS), 2) procedures and operation 
concepts introduced in the MATS, 3) the intelligent 
agent system, 4) communications and negotiation 
procedures necessary for managing the traffic flow in 
the MATS. 
 
Multi-layer Air Traffic Space 
 Conceptually, all of the operations and 
procedures introduced in the automated 
approach/departure system are defined based on the 
establishment of the new airspace infrastructure called 
the Multi-layer Air Traffic Space (MATS). The MATS 
is defined here as a block of airspace established around 
non-controlled airports. An intelligent agent system will 
manage access to MATS, which is made up of three 
layers:  the Airport Terminal Layer, the Negotiation 
Layer and the En Route Layer. Figure 1 shows the 
general configuration of the MATS.  
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Figure 1.  MATS Configuration 
 

In order to accommodate the FAA’s basic 
RNAV approach, the Airport Terminal Layer is defined 
as 15 NM from the airport, from the surface to around 
2,500 feet Above Ground Level (AGL), which is 
similar in concept to class E surface area. It also 
includes the Initial Approach Fixes (IAF’s) associated 
with instrument approaches at the airport. Similarly, the 
Negotiation Layer is defined as 50 NM from the airport, 
from the surface to 10,000 feet AGL. The En Route 
Layer is defined as the airspace outside the Negotiation 
Layer. The designated airport, terrain configuration, 
local traffic densities and some other factors should all 
be considered when determining the actual 
configuration of the specific MATS. The radiuses and 
altitudes proposed here for describing the configuration 
of the MATS are nominal; they simply intend to bring 
up the general concept of this new airspace 
infrastructure. Future research efforts will seek to 
optimize the shape and size of the MATS.  

 
Procedures and Operation Concepts in the MATS 

In the Airport Terminal Layer, a one-in/one-
out policy is still applied to provide procedural 
separation around the non-controlled airport. Only one 
aircraft at a time can be granted access to this layer, and 
it is up to the airport to take full control of the aircraft. 
For example, an approaching aircraft must request 
access into the Airport Terminal Layer before it enters 
into it. Information like aircraft ID and preferred 
ground facility may be contained in the access request. 
Upon receiving a new access request, three possibilities 
need to be considered and dealt with respectively: 

1) If the Airport Terminal Layer is clear and the 
“access-request waiting queue” is empty, an 
“access granted” message will be transmitted 
from the airport to the aircraft through a data 
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link. It will include information like aircraft 
ID, airport ID, IAF assignment, and Missed 
Approach Holding Fix (MAHF) assignment. 
In addition to the “access granted” message, 
the airport will broadcast a “terminal layer 
locked” message with estimated operation 
time so that the aircraft in the Negotiation 
Layer can use it for their decision-making.  

2) If the Airport Terminal Layer is clear but the 
“access-request waiting queue” is not empty, 
the new access request will be added to the 
“access-request waiting queue”. Sequence 
arbitration must be made by the airport to 
determine which aircraft in the waiting queue 
should be granted access first. The aircraft to 
be granted access first will receive the “access 
granted” message, and the other aircraft in the 
waiting queue will receive the “access denial” 
message. The “access denial” message will 
consist of information like airport ID, aircraft 
ID, and Expected Further Request (EFR) time. 

3) If the Airport Terminal Layer has already been 
occupied by another aircraft, the new access 
request will be added to the “access-request 
waiting queue” and an “access denial” 
message will be sent to the aircraft, whether or 
not the “access-request waiting queue” is 
empty.  

A “terminal layer open” message will be broadcast 
when the operation in the Airport Terminal Layer has 
been completed. This will provide a simple, relatively 
low-cost way to minimize the opportunity for traffic 
conflicts in the critical approach and departure phases 
of flight. It also possesses room for growth by later 
allowing the participating aircraft within this airspace to 
provide their own separation services.  

In the Negotiation Layer, the concept of Free 
Flight is in effect most of the time. Aircraft can “talk” 
with each other and determine their conflict-free and 
efficient trajectories via 4-D (space and time) flight 
trajectory prediction, and negotiation. For the extreme 
case in which aircraft cannot reach a mutual conflict-
free trajectory solution, a “Conflict Detection and 
Resolution (CD&R) arbitration request” message will 
be sent out to the traffic management agent, and it will 
act as the arbitrator who makes the final decision. 
Furthermore, it is desired that pilots also take 
responsibility for sequencing their arrivals within the 
Airport Terminal layer through negotiation in this layer. 
If aircraft in this layer can determine who is the next to 
be sequenced into the Airport Terminal Layer through 
negotiation, an access request will be sent to the airport 
as described above. If self-sequencing cannot be 
achieved through negotiation, a “sequencing arbitration 

request” message will be sent out and the airport will 
determine the sequence priority. This means that the 
resulting operation concepts in the Negotiation Layer 
are still a hybrid system of airborne self-separation and 
central control, even though an aircraft is likely to 
determine its own flight path and sequence without 
central control most of the time.  

In the En Route Layer, aircraft fly on a 
standard IFR flight plan. It is assumed that ATC 
provides the separation services, and it is not necessary 
for the aircraft to maintain connection with the airport. 
Therefore, the traffic management agent is disabled. 
The behaviors of the aircraft in the En Route Layer are 
beyond the scope of this paper. Agent behaviors will be 
discussed in more detail in the following section. 

The procedures and operation concepts 
described above focus only on the management of IFR 
traffic. However, regulations permit Visual Flight Rules 
(VFR) flight within class G airspace (uncontrolled 
airspace) near a non-controlled airport as long as the 
aircraft can remain clear of clouds and maintain flight 
visibility of one mile.2  Under the condition that IFR 
and VFR flight co-exist within class G airspace, CTAF 
is used to ensure separation between IFR and VFR 
traffic.  
 
Agents in the Automation System 
 There are many entities within the automation 
system. Several types of intelligent agents play 
important roles in the automation system. The three 
major classes of agents are defined: the aircraft agent, 
the traffic management agent, and the airport agent. 
Figure 2 shows the general relationship between the 
intelligent agents. 
 
 

En  Route  Layer

Negotiation   Layer

Airport    Terminal 
Layer “Smart   Airport” 

--Airport   Agent 

Aircraft   Agent 

Traffic   Management 
Agent 

 
Figure 2.  Agents in the Automation System 
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Aircraft Agent Behaviors 
The aircraft agents implement real-time flight 

operations. They are equipped with Automatic 
Dependent Surveillance-Broadcasting (ADS-B) devices 
so that they can accumulate information on the nearby 
traffic situation. A proposed CD&R algorithm module 
is also implemented on each aircraft agent to plan 
maneuvers for an optimized and conflict-free 
trajectory.5 As stated previously, it is assumed that ATC 
provides the separation services for the aircraft agents 
in the En Route Layer. When aircraft agents are in the 
control region of the Negotiation Layer, negotiation 
among them is required for conflict-free flight path 
determination. Communication between the aircraft 
agents and the traffic management agents is needed for 
arbitration and coordination. If they are in the dominant 
area of the Airport Terminal Layer, the negotiation 
module will be disabled and the aircraft agents will be 
under full guidance of airport agents to complete arrival 
or departure procedures. 
 
Traffic Management Agent Behaviors 

The traffic management agents are the 
supervisors of the Negotiation Layer of the MATS. The 
primary inputs to the traffic management agents are 
traffic information coming from the airport agents and 
the aircraft agents who are currently in the Negotiation 
Layer of the MATS. The main purpose of the traffic 
management agents is to identify potential conflicts, 
regardless of trajectory conflicts among the aircraft 
agents or landing utilities use conflicts between the 
aircraft agents and the airport agents. Referring to 
figure 2, the traffic management agents first send 
conflict warnings.  If the concerned aircraft agents are 
unable to negotiate in a profitable conflict-avoidance 
maneuver, the traffic management agents will act as an 
arbitrator. It is assumed that ADS-B data reports of the 
aircraft agents will provide sufficient surveillance data 
for the traffic management agents to implement 
arbitration. Moreover, the traffic management agents 
also work as coordinators; for example, if aircraft are 
delayed, the aircraft agent will first tell the traffic 
management agent, and the traffic management agent 
will then inform the airport agent to revise plans for use 
of ground facilities. Therefore, the airport agents 
always get the most current traffic information from the 
traffic management agent and thus get ground facilities 
well arranged in advance. Finally, the traffic 
management agents work as the “information center 
and message interpreter” of the agent system. All of the 
messages between the aircraft agents and the airport 
agents must pass along the traffic management agents. 
For example, the “sequencing arbitration request” 
message coming from the aircraft agents must be sent 

to the traffic management agents first and then pass to 
the airport agents for sequence arbitration. 
 
Airport Agent Behaviors 
 The airport agents take complete control of 
aircraft agents that enter the Airport Terminal Layer of 
the MATS. In other words, they are the supervisors of 
the Airport Terminal Layer of the MATS. Furthermore, 
they accept the different request messages passed from 
the traffic management agent and then take the 
necessary actions. In order to provide safe and efficient 
landing and departure operations, the airport agents 
implement algorithms to schedule, sequence, and 
command aircraft self-sequencing maneuvers inside the 
non-controlled airport arrival/departure area, i.e., the 
Airport Terminal Layer of the MATS. Previous 
research in this area provides some fundamental 
insights on the application of optimization algorithms to 
schedule aircraft arrivals and departures inside a 
terminal area to minimize completion times.6,7 Type of 
operation, the position of arriving aircraft in relation to 
the IAF’s, aircraft ground speed, available approach 
profiles, crew criticality, and fuel status must all be 
considered in determining the sequence priority.2 The 
application of fuzzy logic and other heuristic 
approaches in the provision of aircraft vectors inside the 
terminal area has also been explored.8,9   
 
Message Exchange and Negotiation Behaviors 
 As noted above, all automated communication 
and negotiation procedures are performed in a local 
MATS data processing system. All participatory 
aircraft will be required to be ADS-B equipped, with 
proper transmission capability. ADS-B will provide the 
primary means of communication among agents when 
general data transfer and surveillance functions are 
implemented in these agents. For the first step of our 
implementation, a minimal set is attempted, assuming 
substantial cost for all transmitted data. For example, a 
specific request report would be designated, containing 
only Aircraft ID and intended airport facility, when the 
aircraft is approaching the airport. 
 Agents use different methods for assessing 
options and display different negotiating behavior in the 
automation system. Agents such as aircraft and airports 
generally attempt to maximize some defined utility 
function. They try to ensure that any agreed-upon 
option provides increased utility compared to the 
existing plan. When given a choice, these agents choose 
the option with maximum utility and mutual gain. 
However, the traffic management agents work in a 
different way. They assess options presented to them 
and accept an option if certain criteria are within 
defined bounds. When an aircraft agent and an airport 
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agent are in negotiation, both are attempting to increase 
their own utility. If an option improves the utility of 
both agents, it is all the better. Nevertheless, if conflict 
results from the proposed option, arbitration may be 
needed. When a traffic management agent is 
negotiating with either an aircraft agent or an airport 
agent, the aircraft agent or airport agent must propose 
options that lie within the satisfactory set of the traffic 
management agent for acceptance. The traffic 
management agent, however, shows no concern for 
maximizing individual criteria, but only for assuring 
safe, conflict-free operation. In the negotiation process, 
the traffic management agent may suggest an 
alternative option that it believes will improve the plan 
of the aircraft agent or the airport agent.10 

SIMULATION METHODOLOGY 
 It is important to develop a flight simulation 
method to validate the automation system described 
above. Components of this simulation are designed to 
have real-time operation and pilot-in-the-loop.  It is this 
operational aspect which distinguishes this research 
from similar research in the related fields.11,12 
Validation and evaluation of the automation system 
requires existing hardware and software developed by 
the Texas A&M University Flight Simulation 
Laboratory (FSL).13 This equipment and existing 
software modules will be introduced briefly in the 
remainder of this section. However, the current 
simulation system in FSL is not able to satisfy the 
requirement of validating the automation system 
described above.  One promising solution appears to be 
distributed interactive simulation.  An open simulation 
platform named Air-traffic Information Management 
System (AIMS) is being developed to meet the desired 
simulation requirements, and will be introduced later. 
 
Engineering Flight Simulator 

The Engineering Flight Simulator (EFS) is a 
real-time, nonlinear, six degree-of-freedom fixed base 
pilot-in-the-loop simulator powered by an SGI ONYX 
Reality II workstation with one R4400 processor chip 
and 256 MB RAM.11 It contains a T-37 style cockpit 
with reconfigurable multifunction displays that can be 
rapidly modified and tailored to fit individual project 
needs for a wide range of general aviation, commercial, 
and military cockpit displays. The external environment 
is displayed on a three-panel projection surface that 
allows the pilot a field of view of 75 degrees vertically 
and 155 degrees horizontally.14 The EFS is currently 
configured to simulate a Rockwell Commander C700, 
which is a light twin General Aviation (GA) aircraft. 
Figure 3 shows a pilot operating the EFS. 

 

 
 

Figure 3.  Texas A&M Real-Time 
Engineering Flight Simulator 

 
Pilot Advisor and Training System  

The General Aviation Pilot Advisor and 
Training System (GAPATS) is a computerized airborne 
expert system developed in a previous research 
program.15 It is used to assess the pilot’s flying 
performance and issue recommendations for pilot 
actions in all flight phases, from take off to landing.  It 
infers the flight mode of an aircraft from sensed flight 
parameters using fuzzy logic methods, and then uses it 
with an embedded knowledge base and pilot inputs to 
assess pilot performance. Based on the pilot’s 
performance, recommendations are issued for specific 
pilot actions. Such a system improves safety by 
enhancing situational awareness, and reducing the cost 
and time required to achieve and to maintain pilot 
proficiency.15 Figure 4 illustrates the modular design of 
GAPATS and the interfaces between the software 
components and the necessary supporting hardware. 
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Figure 4.  GAPATS Architecture 

 



 

6 
American Institute of Aeronautics and Astronautics 

The automation system will take great 
advantage of the existing resources offered by 
GAPATS, especially its Navigation and HDD module.  
The Navigation Module provides most of the necessary 
navigation information, such as the present position and 
direction of the aircraft, the destination, the ground 
speed, the present time, etc.  The Multi-Function Head 
Down Display (MFD/HDD) in GAPATS is composed 
of a flat-panel screen and 12 buttons. The HDD serves 
many different purposes, including checklists, weight 
and balance, pre-flight planning, training, and in-flight 
navigation display.15 

 
Air-traffic Information Management System  

 In order to make the Air-traffic Information 
Management System (AIMS) an open simulation 
platform that not only meets the simulation needs 
described above, but also satisfies the comprehensive 
simulation requirements for different kinds of ATM 
research projects, it is implemented as an agent-based 
and plug-in modular simulation system.  

AIMS comprises four main components: 
traffic scenario generator, intelligent aircraft agent, 
airport model, and weather model. Figure 5 shows the 
hierarchy architecture of the AIMS. 
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Fig. 5 AIMS Hierarchy Architecture  
 
The traffic scenario generator will generate 

traffic scenarios that are based on either actual traffic 
data at a real airport, or simulated traffic data according 
to some known distribution. Realistic traffic data can be 
obtained by using flight plans that were filed at the Air 
Route Traffic Control Center (ARTCC) host computer. 
Simulated traffic data based on some known traffic 
distribution is not preferred since an algorithm to create 
random flight plans that create comparable realistic 
traffic is very complicated to implement. The function 
of the intelligent aircraft agent has already been 

addressed in previous sections. Considering the airport 
model, terrain configuration should be fully simulated, 
and will be completed off-line. Weather-constrained 
airspace at terminal areas of the airport should be 
generated. It is also assumed that the surveillance data 
provided by ADS-B equipage satisfies the 
communication requirement of the AIMS. Data transfer 
and data interpret functions should be developed to take 
responsibility for the interactive actions between 
intelligent aircraft agents and the airport. Finally, it 
should provide improved terminal area traffic flow 
management functions, including arrival runway load 
balancing, arrival sequencing, and arrival flow re-
planning, given a perturbation such as runway change 
or severe weather. These will be developed in future 
research. Numerous resources on the Internet can be 
used to obtain weather data. Either recorded data in the 
form of historical databases or real live data can be 
obtained from the National Oceanic and Atmospheric 
Administration (NOAA), or the National Weather 
Service (NWS). However, these weather data are just 
discrete data points. Weather models must be 
established by applying either 
interpolation/extrapolation methods, or ruled-based 
model identification.  
Performance metrics 

A set of metrics will be defined to assess the 
relative benefits and costs of the automation system 
through simulation. Many candidate metrics could be 
determined, however, most of them are not major 
concerns in this paper. The main purpose of the flight 
simulation is to prove that the design and 
implementation of the automation system work 
properly, with safety as the foremost consideration. 
Three performance metrics closely related to safety are 
defined: 

1) Aircraft-to-aircraft collisions, measured by 
fatal accidents per flight hour. This metric 
includes both collisions in the air and 
collisions on the runway.  

2) Aircraft-to-ground collisions, measured by 
fatal accidents per flight hour. This metric will 
measure the target level of safety in local 
automation system operations.  

3) Miss of separation distance, measured in 
minimum safety separations per flight. This 
happens when one aircraft is following another 
too closely as determined by minimum 
separation standards.16 More safety 
performance metrics may be defined upon 
future research work. 

Moreover, efficiency and capacity performance metrics 
are also our research interests. They will be addressed 
in future research work. 
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Experiment Design 
 The automation system is designed to be 
incorporated into GAPATS. The Engineering Flight 
Simulator will mainly work in manual mode, as 
opposed to autonomous mode, to act as the “real pilot” 
in the automation system.17 This takes into account 
some human factors aspects. Two or more computer-
based simulated aircraft will be added to the experiment 
to increase simulation complexity. To provide the 
system with more realistic traffic, the simulated users, 
whether simulator or computer-based, should not be 
uniform. Therefore, the simulation deals with a variety 
of different types of GA airplanes. 
 Conclusions about the validity of the 
automation system could not be drawn at this time since 
simulation results are still being evaluated. Experience 
with the automation system in the low volume 
environment of the MATS is being conducted first, and 
attempts are being made to adapt the automation system 
to higher-volume traffic terminal areas. 

SUMMARY AND FUTURE WORK 
Concepts for designing an automated 

approach/departure system and a preliminary 
simulation methodology were presented in this paper. A 
new concept of the Multi-layer Air Traffic Space 
(MATS) model was introduced, and used to implement 
a number of highly innovative technologies and 
procedures in a low-cost, safe, and conservative 
manner. A preliminary simulation methodology and a 
set of performance metrics have been presented to 
validate the automation system. The MATS described 
in this paper is just the starting point for further design 
and analysis. No attempt has been made to optimize the 
shape and size of the proposed airspace infrastructure, 
although it is clear that the configuration of MATS 
depends on the specific designated airport. It is 
expected that future research work show that the 
modified MATS model to be compatible with the 
current Air Traffic Control (ATC) structure, and could 
thus be integrated into the current NAS.  
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