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Abstract

Data about flight is critical to the operation of the NAS and to the development of
application systems that use flight data and flight data structures. Historically, each
application system has developed its own view of flight data and its structure. This
document reviews a number of flight-based activitiesin the NAS. It then describes a
flight data model, created with the ERwin relational data modeling product. The model is
proposed as a common view of flight data to improve flight data processing and the
sharing of flight data among application systems and among operational decision makers
inthe NAS.

Appendices contain the details of the data model produced from reports of the ERwin
flight data model.
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Executive Summary

Background. The Air Traffic Management (ATM) Integrated Product Team (IPT)
(AUA-500), ), now known as the Free Flight Phase 1 program, has recognized the need
for data sharing from both within the ATM IPT systems and programs (extensible to NAS
service providers) and with the user community (e.g., air carriers, the military, general
aviation, and international aviation). There are significant cost savings and operational
efficienciesto be gained if the information flow between NAS systems can be enhanced
in ways that foster data standardization and reuse. In addition, the System Development
organization (ASD-100) has been supporting data standardization efforts as a prerequisite
to more efficient, cost-effective system devel opment and operation.

These two FAA organizations have joined forces in establishing the NAS Information
Architecture Committee (NIAC), a cross-cutting organization that is supporting the work
described in this document and that is now supported by numerous additional FAA
organizations. Interest in aflight data model now spans every IPT whose systems manage
flight data; NAS users, who require flight data as part of their operations; and the
development community that is building applications requiring a flight data structure.

The exchange of flight data and NAS status datais also of considerable interest to the
NAS user community. The Collaborative Decision Making (CDM) program, with
original RTCA sponsorship, is a cross-cutting effort to develop a capability to improve
operational decision making through more timely, accurate, and consistent exchange of
NASdata. In addition, input about flight management needs were taken from RTCA
Special Committee 169 Working Group 5. In addition, the AUA-500 R& D program and
the ATSYASD operational concept both address flight planning and flight data i ssues.
CAASD has participated in both of these activities.

Historically and naturally, every organization and application that required flight
information independently created a structure for these data. That has led to the situation
today in which there are many variations of a structure for flight data, each with its own
tailored terms, definitions, formats, and codes.

Based on AUA-500 requirements, an effort was started in FY 97 to define acommon data
management environment for TFM systems. Several application systems were analyzed
to identify TFM data requirements. Because the focus of this activity was on data
elements shared across the interface among systems, those elements internal to a program
were not considered; therefore, only those data elements that are inputs to or outputs from
aparticular program were included. Data elements were identified through existing
documentation, including NAS-MDs, system specification and requirements documents,
and other technical sources.

Oneresult of that effort is aset of proposed NAS data categories, shown in Table ES-1,
of which category 1 isdemand, or flight data. It isthat set of flight data which isthe
scope of thisanalysis and isthe basis for the flight data model described in this
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document. Additional categories of NAS data must also be modeled and established as
system requirements.

TableES-1. Proposed NAS Data Categories

Category Description

Demand Flight data, including information such as the flight
itinerary, flight identification, flight planning, flight
events and status, and ATM control events that
affect asingle flight.

Capacity Resource data, including adaptation data, describing
relatively static resources, such as airports, runways,
and airways, as well astheir dynamic status, e.g.,
configuration, current capacity, and activation
Weather Data about weather including terminal and airborne
weather observations, forecasts, and reports of
weather phenomena

Traffic Management Data that describe situations in which capacity
exceeds resources, and actions taken by ATC, TFM,
and NAS usersto resolve these imbal ances.

General Resources Datathat are not NAS-specific, such astime,
geography, and geopolitical data

Performance Data used to describe NAS operational effectiveness
and their ability to meet user needs

Miscellaneous Data elements that do not fit under the other major

categories. Conceivably, new major categories
could be identified and defined from these elements.

Purpose. The purpose of this document is to describe an organization for flight datain a
flight datamodel. It isthe purpose of the model to capture the essence and the breadth of
flight information and invite comment. The model has the flexibility to change in scope
and direction and can be easily modified to accommodate additional views and events.

It is not the purpose of this flight data model to become an absolute standard [J relevant
for all contexts and for all usersin exactly one shape and form. Rather, the model is
intended to be acommon but flexible guide that should help to provide the benefits of
commonality, where appropriate, while allowing extensions and customization when and
where those are justified. It isexpected that the flight model will change continuously
over time to keep pace with new operational requirements. The use of automated tools,
such as database modeling software, makes the process of updating the data model
manageable. The output of the database modeling tool supplies a database management
system (DBMYS) with the structure it needs to implement the model in a database.
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A datamodel isaformal representation of arelated set of information. In thiscase, a
logical datamodel (LDM) has been designed using the entity-relationship (ER) format in
Platinum Technology’s ERwin (version 3.5) database design software product that is built
on the IDEF1X data modeling standard.

The flight data model has these primary goals:

» Datasharing: To beused asastandard view of flight data by applications as a
fundamental step toward improved data sharing among systems sharing flight data
and between systems and NAS users, whether flight datais passed in message
format, as the result of aquery, or via a database access over an intranet or the
internet.

» Application development: To be astandard view of flight datafor usein
application development and system re-design. Thisincludes establishing
standards for key flight data concepts, such as coordinate position and time.

* Information management and data analysis: To enable better information
management for flight data, including its events and corresponding status
information, so that real-time flight data as well as post-event historical data can
be better managed and analyzed, typically within COTS data management tools,
such as database management systems (DBM Ss), data warehousing products, and
guery tools.

Why produce a flight data model when many NAS applications already use flight data? It
isexactly thisissue [1 that these numerous applications tend to establish their own ‘local’
view of flight data. Invariably, each application system tends to define flight data
differently from other applications. The result isthat system interfaces, such as message
passing, cause additional pre-processing for the receiving system, at best, and ambiguity
or error in interpreting the incoming data, at worst. Such an environment also
complicates data sharing across the FAA-to-NAS user boundary and is expensive to
maintain and coordinate.

Flight Plan Processing for Free Flight Phase 1. With CAASD support, the RTCA has
developed an operational concept for Free Flight Phase |, the FAA’ s near-term program
to provide user benefits by 2002. This concept addresses a wide range of issues, among
them are two below that involve data management and, within that, flight data
management. As quoted from the FFP1 Operational Concept,

“Technical and Information I nterdependencies: Thisareais critical to the
evolutionary development process because it highlights the arrangements,
interactions, and interdependencies of the FFP1 capabilities as a common set of
systems and services. Thisrequirement isjudged to present the greatest challenge
for FFP1 implementation. The technical and information architectures of the
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independent systems will be brought together into a cohesive array of features
delivering increased enhancements and performance to the NAS.”

The flight data model is a component to be used to standardize the view of flight across
FFP1 and across the NAS. It contains new content and a proposed structure for flight-
related data. The technical aspect of thisissue is how flight information will be deployed,
made accessible, protected, and used in system devel opment.

Flight Data Model. The flight data model hasits origin in recent work for the AUA-500
organization in devel oping a common data environment for TFM. Thiswork lead to the
creation of an inclusive set of NAS data categories, of which flight datawas one. This
work aso included the analysis of several key TFM systems and the mapping of the data
requirements to each of the data categories. Inthisway, al of the flight data per system
was discovered and associated with a flight attribute from the flight, or demand, category.
This mapping was used to create a proposed standard set of data elements per category
and a data model, asin the case for flight data, to define the relationships among the data
and as arequirement for the exchange of such data at the interfaces between systems.

Data Requirements. Staff from CAASD compiled the data attributes for the TFM
applications and organized them by application program and by the seven data categories
described above. Table ES-2 displays the element count by application program. Each of
the elements referenced in the table was named and described in a Microsoft Access
database. For thisanalysis, only the flight data elements (category 1. demand) have been
addressed. It is anticipated that additional modeling efforts will cover the other
categories, with afocus on capacity and NAS resources (category 2: capacity). These
data were subsequently organized into common NAS data categories, as described in the
next section.

Table ES-2. Application Programs Element Count

System System / Program Data

Acronym | Name Element
Count

NFDC/ National Flight Data Center/ 1159

AlIS Aeronautical Information System

CDM Collaborative Decision Making 53

CTAY Center TRACON Automation System/ 81

TMA Traffic Management Advisor

CTAY Center TRACON Automation System/ 97

pFAST passive Final Approach Spacing Tool

DOTS Dynamic Ocean Track System 101

ETMS - Enhanced Traffic Management System 124

(hub) (dataflow to/from hub facility)
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ETMS - Enhanced Traffic Management System 61

(site) (data flow to/from fielded sites)

FSM Flight Schedule Monitor 5

HCS Host Computer System 198

NFDC/ National Flight Data Center/ 110

NOTAM Notice To Airmen

OAG Official Airline Guide 38

OCS Operational Control Segment 3

RTCA RTCA Specia Committee (SC) on Free Flight 166
Implementation

SMA Surface Movement Advisor 15

TFM TFM R&D Programs 73

TFM-ART | Traffic Flow Management — 346
Architecture Reguirements Team

URET User Request Evaluation Tool 465
Total Number of Data Elements 3095

For context, Table ES-3 displays a data attribute count per data category, showing that
over 25% of the attributes are flight category-rel ated.

Table ES-3. Element Count by Data Category

Category Data Elements
Number Data Element Category Name in Category
1 Demand (Flight) 831
2 Capacity (Resources) 1624
3 Weather 76
4 Traffic Management 319
5 General Resource 19
6 Performance 34
7 Miscellaneous 7
[l Elements not placed in a category 185

Total Number of Elements 3095

For itsinitial analysis, CAASD focused on demand data [1 pertaining to flight; that is,
flight schedules, flight plans, flight progress, and related aircraft data. This focus was
chosen to address the Air Traffic Service (ATS) Concept of Operations [5] for the NAS
in 2005, which identifies aflight data thread in the NAS-wide information system,
providing “information on each flight from the moment of push-back to wheels-up,
including surveillance data in flight, touchdown time and gate assignment.”

Common Flight Data Structures. Flight data need to be shared throughout the NAS.
For ATC and TFM, these data need to be shared and accessed in real-time and near-real
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time by both FAA service providers and Traffic Management Coordinators (TMCs) but
also by AOCs and pilots. System developers require that flight data be shared in terms of
their data structure and the data associated with it. FFPL requires that the flight data
model structure and relationships represent current and future operationa procedures and
requirements. These needs can be accommodated by the flight data model presented
here.

Another way to view the flight data model is to consider its applications across various
phases of flight, as shown in Figure 3-1. Thisview may be useful in designing
applications within each phase in terms of data structure, content, data provider, data
recipient, and desired capability. These phases also have correspondence to the several
NAS domains (e.g., En Route, Terminal, TFM, CNS, Oceanic) in which NAS capabilities
are being implemented.

Pre-flight Departure Enroute Arrival Post-Flight

NAS User Functions

SCHEDULING AIRPORT OPERATIONS ; AIRPORT OPERATIONS ' OPERATIONAL ASSESMENT
AIC ASSIGNMENT AJC OPERATIONS A/C OPERATIONS AJC OPERATIONS BUSINESS PLANNING
gate asignments landing preferences statistics on:

schedules schedules schedules exP?Cte-d tllmes Zﬁtf::ISse
flight plans flight plans flight plans al Ot anva d preferences
preferences preferences preferences clearances ¢ bype, spee statistics on:

\tnle;th?r forectasl clearances alc resources ale resources landing zone conditions g:g&g’[’;gsﬁ:gﬁ

raffic forecast it

resource constraints current capacities gurrent capacities ey and gate Sl

assignments
current weather

NAS Data

Flight, Resources,
Weather, ATM,
Performance, General

average delays by site
current weather

NAS Data

Flight, Resources,
Weather, ATM,
Performance, General

resource status current weather

*

Flight, Resources,
Weather, ATM,
Performance, General

weather patterns

+

Flight, Resources,
Weather, ATM,
Performance, General

f

statistics on:
operations
impact of routes

statistics on: changes

NAS Data

Flight, Resources,
Weather, ATM,
Performance, General

->
—»

local weather
traffic forecasts
ground delays
departure queues

aviation weather
traffic forecast
resource constraints
resource status

en route weather
congestion areas
en route spacing

local weather
taxiway and gate
status

delay information
intended routes of flight 4 !

alc position schedule  delay
schedules schedule updates estimated arrival times Eg:dtaytzi :ﬁi,(:?t?nqié) osttion aircraft use ~ system developmt
ﬂ|_ght plans ) updated flight plans preferences & maintenance
historical traffic alc preferences
performance performance estimates
NAS Services & Functions

TFM PLANNING PLAN APPROVAL AMENDMENT APPROVAL ARRIVAL SAFETY PERFORMANCE ASSESSMT

AVIATION WEATHER GROUND SAFETY ENROUTE SAFETY ARRIVAL FLOW NAS PLANNING

TERMINAL SAFETY ENROUTE FLOW GROUND SAFETY NAS ACQUISITION
DEPARTURE FLOW

FigureES-1. Data Support for a Phase of Flight View

The flight datamodel is an entity relationship model focused on flight. Its structure
centers on data uniquely identified for each flight that are associated with several aspects,
or event categories, about aflight. These event categories are flight planning; flight
events that change the parameters of aflight, such as atitude, speed, and location; and
ATM events, some of which are ATC events such as departure and arrival control events
and others of which are TFM events, such as ground delays and metering to control traffic
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flows. In addition, the model also captures description and dynamic information about
the aircraft assigned to aflight.

The model also contains links to airspace structure data that are related to flight, such as
routes, fixes, NAVAIDs, and other basic aeronautical data, but the model does not
attempt to address these airspace structuresin detail. Rather, it recognizes that other data
models already exist or will be developed to represent the detailed relationships in these
areas, and that they will be integrated with the flight data model in the future. Therefore,
the description of the flight data model that follows focuses only on data attributes that
are directly related to the attributes in category 1, namely demand, or flight, data.

There are severa concepts represented in the model, as shown in Figure ES-2. With
event type as the category discriminator, these concepts are:

* Flight Plan events, starting from initial flight schedules and plans that may be
modified, even astheflight isin progress

* Dynamic Aircraft events, which trace the status of aflight after wheels off with a
focus on aircraft position and other parameters about the aircraft, such as speed,
climb rates, and fuel usage

* Air Traffic Management (ATM) events, which capture changes in control and
alert situations and in traffic flow management

» Aircraft descriptors and an operator description

The model represents many flight events. However, it does not intend to be inclusive at
this time since there are some flight events that are not directly modeled in this first
design.

09/07/00 DRAFT IX
[J 2000 The MITRE Corporation. ALL RIGHTS RESERVED.



DRAFT

L o

[ Flight_As_Flown_Summary i

T 77777777

generates

has

OPS_Center

| S
is related to Event_Authority

generates

@ eri ™ e sowee
T

updates

[ Dynamic_Aircraft_Event ] ATM_Event Flight_Plan_Event '

Figure ES-2. Top-level View of the Flight Data M odel

Model Features. There are many views of flight that could be represented by the model.
This model seeks to maintain the features of the current processing environment that are
required for flight processing while supplementing it in two ways. 1) with features
known to be current requirements and 2) with probable requirements of future systems.
The model permits or facilitates the implementation of these features. It does not
guarantee that any or all of these features will be present because that depends on how the
model isimplemented.

The features of the model include:

* A uniquely identified flight based on a system-generated identifier. Theidentifier
IS system-generated because there is currently no unique flight identifier in use.
Also, this allows the model to be used internationaly.

* A flight itinerary as a set of flights

* A 4-dimensional view of flight position, e.g., typically referred to as‘x,y,z,t,” that
includes the three-dimensional spatial coordinates (x,y,z) and the time (t) at that
position. Today’s flight plans establish information in the first two of these
dimensions with limited altitude and time information.

* Numerous variations of flight plans, including proposed, active, cancelled, and

trial plans for simulation, testing, and operational decision making. These
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variations are captured in domain i

structure.

values rather than in the explicit model

o Compatibility with an ICAO flight plan and with afree flight ‘New Age' flight
plan

* Audit trail datato allow searching on ‘who,” ‘what,” and ‘when’ regarding aflight.
This may assist in answering ‘why’ an event happened.

* A dataarchive to capture flight events to enable an analysis of these events and
the discovery of flight patterns that could lead to improved safety, efficiency, or
both

» Descriptive and dynamic aircraft information, including equipage, fuel use, and
operating characteristics

» Climb and descent profiles: actual and preferred
» Forecasted position (i.e., trgjectory) information

* Hight datathat are derivableif it is not stored directly, e.g., wheels off and wheels
on times as a function of landing gear position and pressure

Potential outcomes. In practice, the FAA, by encouraging a common view of flight, can
achieve system engineering efficienciesin severa ways. Some of these are:

» There can be adialog across organizations and across applications within the FAA
about the meaning of flight data and how it will be managed structurally. This
should naturally lead to discussions of how flight dataitself (i.e., the instance
data) should be managed.

* NAS users can participate and contribute to a common view of flight. The RTCA
has already acted as afacilitator in this regard, and is, most likely, ready to
continue this process.

» Consultants and development organizations can benefit from a NAS-wide view of
flight and specific requirements for interoperability instead of being forced to
develop their own ‘local’ view. In fact, several such organizations have already
shown considerable interest in starting from a common FAA-approved view of
flight to save time and money and develop to aview that is more likely to be
accepted and interoperable.

! The term ‘domain,” when used in a data modeling context, refers to the set of allowable values that

an attribute may take.
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System maintenance organizations can streamline their work in upgrading the
flight aspects of application systems by reusing code involving flight structures.
Also, system interface process (e.g., message communications and processing)
can be simplified by reducing the considerable pre-processing and trans ation that
isrequired of messages at areceiving system that contain flight data unique to the
sending system.

Implementation Issues. There are always many implementation issuesin moving from
amodel to redity in thefield. Interms of thisflight model, some of the questions that
naturally surface include:

What FAA organization will *adopt’ or champion aflight model? Thisflight
model? Thisraisesthe larger issue of the means of coordination among the
numerous FAA organizations that have an interest in flight data management and
their roleinit. The NAS Information Architecture Committee (NIAC) has started
this process.

How will flight data be made available to decision-makers? Through existing
applications or through newly-devel oped applications, views, and screen
interfaces? What general query capability will be devel oped to offer ad hoc data
access? How will policies regarding data availability include the variety of
aviation data users, e.g., commercial, business jet, GA, military, air frieght,
international, airport operations?

What archival capability will be developed to store instance data for system restart
and analysis of past operational patterns?

How will the model be used by the various FAA application development
organizations? Will it be used to interface with current systems, when current
systems are redesigned, and/or when new systems are built?

What isthe role of the developer? To what extent will the FAA specify a
structure for flight data to be used across the developer community?

With the recent proposals for the development of common data servers at the
Centers and TRACONSs to offload some of the Host’ s processing, thereis aneed
to agree on an implementation that simplifies, rather than complicates, the
complex processing that now occurs among the applications at these facilities.
The HADDS (Host Application Data Distribution System) and the TADDS
(Terminal Application Data Distribution System) have been proposed as COTS-
based data servers at the Centers and TRACONSs, respectively. The Local
Information Service (LIS) has been proposed in the NAS Architecture as a more
general information service capability for Center-based application support and
operational decision-making.
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*  What influence will NAS users have in the continuing design and development of
aflight model? How will this affect implementation?

» Specific to the model, what is the number of views that will be maintained of the
flight plan and the actual flight. For instance, will the several periodic snapshots
captured during the flight plan process be accessible or will the system only reflect
the latest view, and finally, the last view before no more updates are made to the
plan?
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Section 1

1. Introduction
1.1 Background

The Air Traffic Management (ATM) Integrated Product Team (IPT) (AUA-500), now
known as the Free Flight Phase 1 program, has recognized the need for data sharing from
both within the ATM IPT systems and programs (extensible to NAS service providers)
and with the user community (e.g., air carriers, the military, general aviation, and
international aviation). There are significant cost savings and operational efficienciesto
be gained if the information flow between NAS systems can be enhanced in ways that
foster data standardization and reuse. In addition, the System Development organization
(ASD-100) has been supporting data standardization efforts as a prerequisite to more
efficient, cost-effective system development and operation.

These two FAA organizations have joined forces in establishing the NAS Information
Architecture Committee (NIAC), a cross-cutting organization that is supporting the work
described in this document and that is now supported by numerous additional FAA
organizations.” Interest in aflight data model now spans every IPT whose systems
manage flight data; NAS users, who require flight data as part of their operations; and the
development community that is building applications requiring a flight data structure.

The exchange of flight data and NAS status datais also of considerable interest to the
NAS user community. The Collaborative Decision Making (CDM) program, with
origina RTCA sponsorship, is a cross-cutting effort to develop a capability to improve
operational decision making through more timely, accurate, and consistent exchange of
NASdata. In addition, input about flight management needs were taken from RTCA
Special Committee 169 Working Group 5. In addition, the AUA-500 R& D program and
the ATSYASD operational concept both address flight planning and flight data issues.
CAASD has participated in both of these activities.

Historically and naturally, every organization and application that required flight
information independently created a structure for these data. That has led to the situation
today in which there are many variations of a structure for flight data, each with its own
tailored terms, definitions, formats, and codes.

Based on AUA-500 requirements, an effort was started in FY 97 to define acommon data
management environment for TFM systems. Several application systems were analyzed
to identify TFM data requirements. Because the focus of this activity was on data

2 Working with the NIAC, ASD, and AUA, these additional organizationsinclude: (in FAA) AOP,
AIT, ACT, AND, ANS, AAF, ARS and ACS; (other) CAASD, SETA, Lincoln Labs, Unitech, AUA/TAC,
DMR, SEI
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elements shared across the interface among systems, those elements internal to a program
were not considered; therefore, only those data elements that are inputs to or outputs from
aparticular program were included. Data elements were identified through existing
documentation, including NAS-MDs, system specification and requirements documents,
and other technical sources.

One result of that effort is a set of proposed NAS data categories,Elshown in Table 1-1, of
which category 1 isdemand, or flight data. It isthat set of flight data which is the scope

Table 1-1. Proposed NAS Data Categories

Category Description

Demand Flight data, including information such as the flight
itinerary, flight identification, flight planning, flight
events and status, and ATM control events that
affect asingle flight.

Capacity Resource data, including adaptation data, describing
relatively static resources, such as airports, runways,
and airways, as well astheir dynamic status, e.g.,
configuration, current capacity, and activation
Weather Data about weather including terminal and airborne
weather observations, forecasts, and reports of
weather phenomena

Traffic Management Data that describe situations in which capacity
exceeds resources, and actions taken by ATC, TFM,
and NAS usersto resolve these imbal ances.

General Resources Datathat are not NAS-specific, such astime,
geography, and geopolitical data

Performance Data used to describe NAS operational effectiveness
and their ability to meet user needs

Miscellaneous Data elements that do not fit under the other major

categories. Conceivably, new major categories
could be identified and defined from these elements.

of thisanalysis and is the basis for the flight data model described in this document.
Additional categories of NAS data must also be modeled and established as system
requirements.

Before describing the details of the flight data model design, the definition of the key
term for the model, “flight”, needs to be defined. In ATM terms, aflight is an aircraft

3 There have been various proposed NAS categorizations over time. The one proposed here stems

from work done in the Traffic Flow Management - Architecture Review Team (TFM-ART) from 1992-
1993.
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departure from an airport or other takeoff zone followed by its arrival at another airport or
equivaent landing zone, with no intermediate touchdown points in-between. By contrast,
aflight itinerary is a set of concatenated flights, in which the departure airport for the next
flight isthe arrival airport of the previous flight, except for thefirst leg of theitinerary. A
flight is defined by aflight identifier, its departure airport, and its departure time. In
terms of the data model, flight represents an information domain which includes states,
events, processes, activities, and data related to aflight.

1.2 Data Modeling Context

Thelogical flight data model described in thisreport is part of alarger effort to develop
an effective, implementable information architecture that will improve the information
management practices in the automation systems supporting the National Airspace
System (NAS). Thiseffort isespecialy critical to implement the benefits identified by
the Federal Aviation Administration (FAA) and the RTCA for the Free Flight concept
[2,5]. FreeHlight requires collaboration among aviation service providers and NAS
users. This collaboration, in turn, requires the exchange of information and
interoperability among NAS automation systems.

These automation systems are to be devel oped by multiple domain Integrated Product
Teams (IPTs) including Tower, Terminal, En Route, and Traffic Flow Management
(TFM) domains, where there are a number of architectures associated with each systems.
The NAS Architecture document developed by ASD includes broad NAS-wide
perspectives on automation system architectures. It also identifies the need for further
detailed analysis and implementation in such areas as information architecture and
technical architecture. The document indicates that these detailed views are best worked
from adomain IPT perspective while maintaining a parallel, coordinated effort with a
NAS-wide perspective.

CAASD, in partnership with ASD-100, AUA-500, AUA-300, and AUA-200 has been
working to develop information architectures and technical architectures from both a
domain and a NA S-wide perspective over the past couple of years. Figure 1-1 illustrates
a context for architecture developments for the TFM domain, the Terminal domain, and a
NAS-wide domain. The domain-specific architectures provide details needed to develop
and implement specific systems and programs. The NAS-wide architecture provides the
framework and guidance for consistent, efficient, interoperable NA S-wide deployment
and evolution of the automation systems based on common and open standards as well as
interoperability in sharing flight data with non-FAA systems in the military, international
aviation, and domestic NAS users.

Thelogical flight data model described in this document is a step in the development of
an improved NAS-wide information architecture. It also draws from and contributes to
the development of the TFM, Terminal and En Route domain information architectures.

09/07/00 DRAFT 1-3
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@ Evolution

Terminal
Evolution

Figure 1-1. Context for Flight Data Model Development

1.3 Purpose

The purpose of this document is to describe an organization for flight datain aflight data
model. It isthe purpose of the model to capture the essence and the breadth of flight
information and invite comment. The model has the flexibility to change in scope and
direction and can be easily modified to accommodate additional views and events.

It is not the purpose of this flight data model to become an absolute standard [I relevant
for al contexts and for all usersin exactly one shape and form. Rather, the model is
intended to be a common but flexible guide that should help to provide the benefits of
commonality, where appropriate, while allowing extensions and customization when and
where those are justified. It is expected that the flight model will change continuously
over time to keep pace with new operational requirements. The use of automated tools,
such as database modeling software, makes the process of updating the data model
manageable. The output of the database modeling tool supplies a database management
system (DBMS) with the structure it needs to implement the model in a database.

A datamodel isaformal representation of arelated set of information. In this case, a
logical data model (LDIE) has been designed using the entity-relationship (ER) format in
Platinum Technology’ s = ERwin (version 3.5) database design software product that is
built on the IDEF1X data modeling standard.

4
1998.

Platinum Technology acquired LogicWorks, the developer of the ERwin product, in the spring of
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The flight data model has these primary goals:

» Datasharing: To beused asastandard view of flight data by applications as a
fundamental step toward improved data sharing among systems sharing flight data
and between systems and NAS users, whether flight datais passed in message
format, as the result of aquery, or via a database access over an intranet or the
internet.

» Application development: To be astandard view of flight datafor usein
application development and system re-design. Thisincludes establishing
standards for key flight data concepts, such as coordinate position and time.

* Information management and data analysis: To enable better information
management for flight data, including its events and corresponding status
information, so that real-time flight data as well as post-event historical data can
be better managed and analyzed, typically within COTS data management tools,
such as database management systems (DBM Ss), data warehousing products, and
guery tools.

Why produce a flight data model when many NAS applications already use flight data? It
isexactly thisissue [1 that these numerous applications tend to establish their own ‘local’
view of flight data. Invariably, each application system tends to define flight data
differently from other applications. The result isthat system interfaces, such as message
passing, cause additional pre-processing for the receiving system, at best, and ambiguity
or error in interpreting the incoming data, at worst. Such an environment also
complicates data sharing across the FAA-to-NAS user boundary and is expensive to
maintain and coordinate.

Early versions of thisflight data model were provided by CAASD to the FAA, which
then released it to development contractors and other Research and Development (R& D)
organizations for coordination and evaluation. The flight data model presented in this
paper differsin several significant ways from that earlier version due to continued model
development.

1.3.1 Usesof aFlight Data M odel

A datamodel [0 whether developed for flight data, airspace design, or weather [1 helps
to standardize the semantics and the relationships for these fundamental NAS constructs.
The model represented hereisalogical data model (LDM). It describes flight data
relationships without regard to their implementation in an operational database. An
implementation-dependent version of alogical data model is aphysical data model
(PDM). The latter represents a modification of the former to account for avariety of
performance-related factors, including data volumes, data distribution, system
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connectivity and communications practices, management and control issues, the type of
guestions most often asked of the data, and specific functions supported.

ERwin, and standards-based data modeling products like it,Elcan be used to produce a
PDM and can also produce Data Definition Language (DDL), aformal language that
contains the information about data model relationships that is required by arelationa
database management system (RDBMYS) to implement a database schema, such asthe one
for flight described in this document.

Over time, changes will inevitably be made in any data model to account for new
understanding, new functional requirements, or expansion of the original concept. When
this occurs, it is preferable to return to the logical form of the model to apply these
changes because that is where fundamental data relationships are managed. The
disadvantage of applying such changes to a physical model is that they may mask some
underlying relationships and data dependencies for the expediency of operational
performance. A fuller view of thisiterative processis pictured in Figure 1-1, showing
the data modeling life cycle and its relationship to application devel opment.

« Attribute Physical

Characteristics

e Throughput Requirements

« Data Requirements
« Data Relationships

* Naming Standards
* Throughput Requirements

» Storage Requirements
» Security Requirements

Define

Logical
Data

Model

Define

Physical
Data

Model

Create
Application
Process

Implement
Database

Feedback Loop: New Application
Requirements Lead to Modification
of the Logical Data Model

« DBMS Product

Characteristics
« Data Topology
* Implementation Factors

* Processing Requirements
« Infrastructure Design

Figure 1-2. The DataModeling Life Cycle

° The benefit of using a standards-based product is that a model based on the IDEF1X standard built

with ERwin can be imported by most any other IDEF1X-based data modeling tool, such as Oracle’'s
Designer2000 and Sybase’'s S-Designor. With new interfaces now being built, it can also be imported into
Unified Modeling Language (UML) products, such as Rose, from the Rational Corporation.
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The flight data model was not developed with a specific target application in mind. In
fact, it was designed to be useful to awide range of flight-oriented capabilities and
applications. Some of these uses are:

* Flight planning
* Preflight planning
* Flight data management (FDM): Host-based and other
* Post-flight analysis

* Flight operations
* Departure and arrival management
» Enroute spacing and conflict probe

» Dataexchange
* Among FAA applications
* Between the FAA and NAS users

» System acquisition, development, maintenance, and redesign
* Application development and interoperability
* DBMSdesign and implementation
» Datavisualization and presentation
» Datawarehousing, retrieval, and analysis

» Datastandardization as part of NAS-wide information management

For example, pre-flight information is required by the FAA to assure that it has the
resources to safely manage demand and also to meet throughput goals on minimizing
delay and diversions. Real-time flight information is needed by service providers and
flight operators for aircraft separation and to safely and effici ﬁwtly manage individual
flights as they are being flown. Post-event historical data are™needed by analysts to
understand the behavior and dynamics of the NAS, as well as to understand how these
behaviors and dynamics are influenced by capacity and procedura changes.

A common flight data model is part of establishing data standards at the NAS level.
Were the FAA to develop a data warehousing capability, the use of a common flight data
model throughout the NAS would streamline the data flow process into and out of the
warehouse.

6 Much common usage today ascribes the singular case to the term ‘data’ whereas traditionally, the

word ‘datum’ represents the singular while ‘data’ represents the plural. This document adheres to the
traditional use of these terms.
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1.3.2 Evolution of the Current Flight Data M odel

There were several inputs to this analysis and to the development of aflight data model.
The primary input, however, was the collective set of flight-oriented datafound in the
TFM systems below. Other inputs include Host flight data processing, the Air Traffic
System (ATS) Concept of Operations, RTCA guidance, and the ICAO flight plan
standard.

The following TFM-related systems were the basis for this analysis:

* ETMS (Enhanced Traffic Management System)

* TMA (Traffic Management Advisor)

* pPFAST (Passive Final Approach Spacing Tool)

* FSM (Flight Schedule Monitor)

* CDM (Coallaborative Decision Making) and Collaborative Routing

« ODM S/%Il S (Operational Data Management System/Aeronautical Information

System)
Other systems that were analyzed include: URET (User Request Evaluation Tool), Fast-
Time What-If 1, Host Computer System (HCS), Interactive Flight Planning, and the OAG
(Officia Airline Guide).

In addition to these numerous application programs, multiple other sources generate
events for flight plans and flights. These include:

* Pilots, airline operators, and Flight Service Station (FSS) operators who submit,
or file, flight plans

» Service operators who submit flight plans for trial purposes

» Service providers and the Host computer system that activate, give clearances,
give cancellations, and submit amendments to flight plans

» Aircraft themselves via Data Link or Global Positioning Systems (GPSs).

! The AlS isthe system of record in the NFDC that manages aeronautical and airspace structure
data. ODMS was a development in the early 1990s to replace the AIS. That development is now called
NASR (NAS Resources).
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1.4 Scope of thisEffort

The scope of this effort isto create aview of flight that isinclusive across multiple users
of flight data that also considers future flight data management requirements, such as for
flight intent. The model describes fundamental concepts for flight, e.g., aflight plan, a
flight event, and the role of the aircraft on aflight. It aso establishes fundamental
relationships among flight entities.

Although it is somewhat indirect, an implicit part of this effort is to associate a standard
vocabulary of flight with the various flight concepts and to associate these terms and
meanings with the terms now used in legacy systems. This effort is not intended to be
inclusive of al current systems using flight data but to examine a sufficient number of
key systemsto create a sound basis for thisinitial model development.

The effectiveness of flight data for operational decision making relies on having up-to-
date capacity (e.g., NAS resource) and weather data. These categories need to be
addressed in future but are not in the scope of this effort.

1.5 Approach

Since the objective of the flight data model is to capture the behavior of flights, a
structured database design methodology was used to represent the components of flight
(entities) and their relationships. This methodology, combining an information model, a
state model, and, to some extent, a process model, defines the following three
components:

* Theelements that make up aflight model, including data entities, data attributes,
and the rel ationships among them.

» Thebehavior of flight entities, in which each entity and relationship may have a
life cycle which is a pattern of behavior. For example, aflight plan may change
states from initial submitted status (‘filed’) to ‘cleared,” and then to ‘active,” and
finally to ‘terminated’ (by cancellation or termination at the end of aflight).

* Theactivities and eventsinvolved in each state of aflight. For example, during
the active state of aflight plan, amendments can be added to change its content.
During aflight, there are various changes of event state, from events such asa
departure, acruise climb, an airport arrival, and a gate arrival.

Within each phase of aflight, related events generate a snapshot of the flight, its states,
and the information about events, from which one can study aflight’'s behavior. Ideally,
these data are captured and maintained in away that makes them accessible at afuture
time. Today, data warehousing technology is the established way in which large amounts
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of post-event, structured data can be captured, stored, analyzed, and accessed and
disseminated.

09/07/00 DRAFT 1-10
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Section 2
2. Related Flight Plan Contexts

As mentioned above, organizations have tended to develop their own data structuresin
developing applications. The sections below describe the use of flight datain the
following contexts:

* International Civil Aviation Organization (ICAO)

* RTCA Modified Flight Plan

* Host Computing System (HCS)

* Enhanced Traffic Management System (ETMYS)

* EnRoute ATM Decision Support Toolset (ERATMDST)
* FreeFlight Phase 1 (FFP1)

Standards-based organizations such as ICAO are certainly interested in promulgating
common flight data standards to enhance the safety and efficiency of global airspace. The
RTCA, likewise, promotes a federal-industry partnership for improved airspace
operations, and more efficient management of flight data and the exchange of these data
isacornerstone of their interest.

2.1 International Civil Aviation Organization (ICAO) Flight Plan

Annex 15 of the ICAO flight plan standard describes an ICAO-standard flight plan by the
fields shown in Table 2-1. The line numbers correspond to those on the ICAO form.

Table2-1. ICAO Flight Plan Format

Line Number Description

1 Flight ID, including air carrier, flight number, and
flight type

2 Aircraft designator, navigation capability, transponder
type

3 Proposed departure airport and departure time

4 Initial cruise speed and initial cruise atitude, route of
flight

5 Entry and exit speed on entering the Minimum

Navigation Performance Specifications (MNPS)
airspace on a North Atlantic track

6 Specification of a step climb to a specified flight level
7 Destination airport, estimated time en route (ETE),
and alternate destination airports
8-10 Estimated en route times for flight information regions
(FIRs), Center boundaries, or significant waypoints
09/07/00 DRAFT 2-1

[J 2000 The MITRE Corporation. ALL RIGHTS RESERVED.



DRAFT

along the route
11 Selective Calling System (SELCAL) code and
registration information for the aircraft

Thisflight plan format is used by Aeronautical Operational Control (AOC) organizations
and is also reformatted by the FAA into NAS plan format for use by the Host.

2.2 RTCA Proposed Modified Flight Plan

The RTCA has an interest in awide range of aviation issues, including an interestin a

common model for flight data to address ATM-to-AOC information exchange. In doing
S0, it has proposed a variation of the ICAO flight standard called a New Age Flight Plan.
This construct is “an expanded flight plan to provide better information for management
of NAS resources and for more accurate prediction of demand for those resources, and

identification of steps toward implementing such aflight plan.” This variation introduces
additional datato improve flight plan processing and gain additional operational benefits.

Bl

The RTCA proposal starts from the ICAO standard flight plan and proposes to augment it
with the additional information, as described in Table 2-2. The line numbers correspond
to those on the RTCA form.

Table2-2. RTCA Proposed New Age Flight Plan Format

Line Number | Description

1-11 Same asthe ICAO flight plan format (see Table 2-1 above)
12 Planned aircraft takeoff weight, intersection takeoff
capability (y/n), and time to top of climb (flight level and
minutes to achieve)

13 Preferred departure runway, runways capable of being
used, acceptable delay for the preferred runway and route,
unacceptable runways, and an alternate route if the
preferred route is unavailable

14 Planned aircraft landing weight, preferred landing runway,
acceptable delay waiting for the preferred runway,
unacceptable landing runway, and minimum capability
levels for the aircraft and crew on approach and landing
15-17 Description of the alternate route(s)

18-19 Estimated time en route for the alternate route(s)

8 DO-241, “Operational Concepts and Data Elements required to Improve Air Traffic Management

(ATM) - Aeronautical Operational Control (AOC) Ground - Ground Information Exchange to Facilitate
Collaborative Decision Making,” 6 October 1977, RTCA, Special Committee 169; quotation taken from the
recommendations, page ES-4.
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2.3 Host Computer System (HCS) Flight Plan

The FAA’'sNAS MD-311 [3] document describes the structure and format of the HCS
flight plan, shown in Table 2-3, which is defined as a message type. The purpose of the
flight plan message is to establish a database for aflight plan. The entire flight plan, as
accepted, is stored for use by strip printing, display, printout, and inter-facility data
transfer functions. Individual fields of data are interpreted, processed, and stored for use
by other program functions.

Table 2-3. Host Flight Plan M essage For mat

Field Number | Description

00 Source of message (entering facility)

01 Message type

02 Flight identification, including aircraft identification,
departure point, beacon code, proposed departure
time

03 Aircraft data, including type of aircraft and type of
airborne equipment

04 Beacon code

05 Filed speed

06 Coordination Fix

07 Coordination Time

08 Assigned altitude (active flight plan)

09 Requested altitude (proposed flight plan)

10 Route Data

11 Remarks

2.3.1 Flight Data Processing

The Host system at each ARTCC operates as the primary database for flight information
inthe NAS. It manages data for aflight from pre-flight through arrival phases and
generates data to be used in the post-flight phase. It exchanges flight data messages with
other NAS applications and systems and processes data inputs.

Flight data processing includes the following activities:

» Entering flight plansinto the flight database that were filed via these mechanisms:
* By apilot through an air information service center
* By airline or Department of Defense air operations centers
* By automatic entry of permanently stored, pre-filed, repetitive flight plans
filed by airlines based on day of the week and other criteria
» By air traffic control system personnel

09/07/00 DRAFT 2-3
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» Theflight plan describes the desired route of flight, the time of flight, various
aircraft characteristics that are helpful for control and identification purposes, and
miscellaneous information that might affect the control of the flight.

» Theprocessing of algorithms to generate a four-dimensional trgjectory and the
posting of information that ensures that the appropriate flight information is sent
to the correct automation system or user at the correct time. For example, four-
dimensional trajectory processing may trigger an alert to an ATC controller if the
estimated timeto afix isin question.

* Theprocessing of NAS user and ATM-entered flight plan amendments, including
updates for events such as departures, flight plan cancellations, flight progress
reports, and closure messages, and the posting of this information

» Theautomatic processes that operate on the flight database and disseminate or
otherwise control flight data information as required. These processes include
changes in the airspace adaptation data base that impact individual aircraft flight
data, such as aroute closure or arunway configuration change

» The acceptance of and response to manual requests for information concerning a
particular flight or set of flights

» Support to other automation functions that require information from the flight
database

» Coordination of acknowledgments and responses to ensure that all systems and
personnel are current with respect to the status of each flight that isrelevant to a
decision maker’ s area of responsibility.

The Fight Data Model described in this document attempts to model the data needed to
support these processes. It includes detailed flight plan information, adding new
attributes, such as ground movement events, to support information needs identified in
future concepts of operation. Flight plan events capture the creation of and changesto the
flight plan, aswell asthe initiator of and reason for the change. Information about the
aircraft executing the flight is logically separate from flight plan information, but specific
information such as navigation equipment and performance characteristics that affect
flight plan processing can be associated with aflight. Flight events, which are
distinguished from flight plan events, reflect shiftsin flight control, aswell asin flight
position. The Flight Data Model has links to information about airspace structure and
ground resources, including adaptation data, that will be used effect changes to aflight
plan.
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2.3.2 Host Flight Data

The Host exchanges data with applications via messages, which are manually entered or
internally generated. Each message has associated |ogic checksto verify that valid
information has been entered and that the message meets *éigibility’ requirements; that
is, entry of the message is compatible with current flight plan status and the message
source is eligible to enter the message. Each message al so has associated processing rules
that may result in changes to the flight plan or flight status, as well as additional message
output. The major message types used to maintain the flight plan database, which are
documented in NAS-MD-311, include the following:

* Flight Plan: Used to establish a database for a flight plan, including the flight
identifier, the type of aircraft, its beacon code, its speed, departure point and time,
coordination fix and time, assigned altitude, and requested altitude. Also, the
estimated time en route may be appended to the destination element of a proposed
flight plan, while the estimated time of arrival may be included in an active flight
plan. The entire flight plan, as accepted, is stored for use in flight strip printing,
display, printout, and inter-facility data transfer functions. Individual fields of
data are interpreted, processed, and stored for use by other program functions

* Flight Plan Amendment: Used to modify, add to, or delete previoudly filed flight
data; the accepted amendment data become part of the flight database. Relevant
datainclude flight identifier, the reference to the field to be amended, and the
amendment information. Flight plan amendments can have many impacts,
depending on the nature of the amendment.

* Mission Flight Plan Message: Used to establish a database for aflight plan, for
the purpose of printing flight strips

* Beacon Code Modification: Used to assign or change non-discrete beacon codes,
and to assign or change discrete codes not presently assigned to another aircraft

» Discrete Code Request: Used to request or change a discrete beacon code. This
action cannot be input in the same message with any other action that also
requires a Flight Identification.

* Departure Message: Used to activate a proposed departure or a proposed airfile
flight plan 0 afilingin flight, e.g., aflight under visual flight rules (VFR)
converting to instrument flight rules (IFR). Relevant datainclude the flight
identifier, coordination time, and assigned altitude.

* Hold Message: Used to initiate, modify, terminate or cancel a hold action for any
specified flight. The hold fix may be a converted fix along the aircraft’ s route of
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flight, the present track position, or, if the aircraft is not being tracked, the present
flight plan position.

Progress Report: Used to update the fix times and status of an active flight plan.
It may also be used to release aflight plan from a prior hold action. Relevant
information includes the fix name and time at the fix.

Reported Altitude: Used to update the reported atitude in the aircraft data block.

Assigned Altitude: Used to modify the assigned altitude or flight level for the
specified flight.

Remove Strip Message: Used to remove from the system all flight datafor an
entered or tentative flight plan and associated track, if any.

ICAO Flight Plan message: Used to establish a database for a proposed
international flight plan. Currently, this message is converted into a NAS Flight
Plan message.

ICAO Departure Message. Used to activate a proposed flight plan by entering a
time of departure. Currently, this message is converted to a NAS Departure
message.

In addition to messages that help to maintain the flight plan database, there is a group of
track control action messages. These messages, described in NAS-MD-311, correspond
to the flight portion of the flight information model, and include:

Accept Handoff: Used to assume control of atrack, thus completing the transfer
of control. It may also be used to retract the transfer of control.

Initiate Handoff: Used to initiate the transfer of control for aflight from one
sector to another sector or facility.

Select automatic Handoff: Used to prevent or allow automatic handoff for a
sector or individual aircraft.

Track: Used toinitiate or re-initiate a Free or Flight Plan Aided Track on an
identified radar trail, and to modify certain track data (e.g., heading, speed,
altitude).

2.3.3 System Interfaces

The analysis of TFM applications, described in Section 1.3.2, includes the identification
of data flows among those systems. Figure 2-1 shows the data exchange between the
HCS and the mgjor Air Traffic Management (ATM) systems, as defined in the
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HCS/ATM Interface Requirements Document (IRD). An important system engineering
issue isthat each of the mgor systemsin this environment has defined its own view of
flight data. One of the goals of a common flight model is to integrate the view and
management of flight data more smoothly across these systems and new systems that will
follow.

CT_AS_HOSt Messages Host-CTAS M essages Host-ETM S M essages ETMS-Host Messages
PR = Flight Plan Readout Request HA = Altimeter Setting FZ - Flight Plan CT = Estimated Departure

;g : gg;;)enACi?Cr:f;fgzurallon baa HB = Manual Swap AF - FP Amendment Clearance Time
Gl = General Information HC = Resequence AZ - Arrival FA = Flow Control Advisory
MFi— Meter/Outer Fi IL‘s( HD = Metering List Display Suppress DZ - Departure
= uter FIx L H = Converted Route RZ - Cancellation
TZ - Position Update
UZ - ARTCC Boundary Crossing
ETMS
CTAS
Host-CTASURET M essages
HH = Hold
RH = Drop Track
LH = Interim Altitude
PH = Progress Report
EH = Metering Information
XE = Host Time Sync
CTAS/URET - Host M essages
XE = Host Time Sync Echo
(URET, CTAS, ETMS)
URET-Host M essages Host - URET Messages Host-ATM M essages
AM = Amendment HG = Group Suppression FH = Flight Plan DT = Data Test
FP=Flight Plan HP = CA Suppression Status AH = Flight Amendment DR = Transmission Rejected
HM = Hold HE = Interim Altitude Status CH = Cancellation DA = Transmission Accepted
PR = Progress Report HO = Hold Status DH = Departure Info DX - Retransmit
RS = Remove Strip HL - CA Suppression TH = Track Data TR = Test Response
Gl = General Info HT = Surveillance Tie-Off GH = General Information
QN = Accept/Initiate/Retract Handoff HS = Host Restart/Switchover IH = Aircraft ID Amendment
QQ = Interim Altitude HF = Supplemental Flight Plan Data SH = Sector Assignment Status ~ ATM-Host M essages
SG = Group Supression HN = Unsuccessful external datatransmission DT = Data Test

DR = Transmission Rejected
TR = Test Message

Figure2-1. Host - Air Traffic Management (ATM) Interfaces

Table 2-4 lists the interfaces between the Host Computer System (HCYS) at the Centers
and other systems and facilities within the FAA and to NAS users. Thetable generically
describes the types of information passed to and from the Host; the information is
basically a superset of the messagesidentified in Figure 2-1. It is apparent that the Host
isthe central database of flight data and that there is a wide variety of consumers [0 and
uses [ of these data.
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Table 2-4. Host-to-FAA External Interfaces

Facility Name

I nformation Type

Airline Dispatch Office

Pre-filed Flight Plan Changes
Pre-filed Flight Plan Cancellations

ARINC

Position Reports

Direct User Access
Terminal (DUAT)
Services

Flight Data Acknowledgments
ICAO IFR Fight Plan Proposals
ICAO VFR Flight Plan Proposals
SAR Alerts

SAR Fight Plan Response

DSR (En Route)
ISD (Oceanic)

Active Flight Plans

Altitude Reservation Data

ATC Specid Lists

ATC Specia Lists Updates and Requests
Clearances

Control Coordination

Control Data Updates and Requests
Coordination Data

DataLink ATC Messages

Demand Data

Emergency Information

Flight Data

Flight Progress Data

Probe Data

Probe Requests

SAR Alerts and Data

Flight Service Data
Processing System
(FSDPS)

Flight Data
SAR Alerts

Foreign ATC

Control Coordination Data
Flight Plans
Handoffs

Military ATC

Control Coordination Data
Flight Data

Military Base Operations

Cancellation Messages
Flight Plan Amendments

Mode S Sensor DataLink ATC Messages
Surveillance
NORAD NORAD Flight Plan Data (Incoming ADIZ, CADIZ,
DEWIZ)
09/07/00 DRAFT 2-8
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Other Area Control Control Coordination Data
Computer Complexes  |Coordination Data

Emergency Information
Emergency Mode Messages
Flight Progress Data

Flight Data

Search and Rescue (SAR) Alerts and Data
Tower/Approach/ TRAC [Control Coordination Data

ON (ARTS/ISTARYS) Coordination Data

DataLink ATC Messages
Demand Data

Emergency Information

Flight Data

SAR Alerts and Data

Traffic Management Altitude Reservation Data
Processor (TMP) Analysis and Evauation Data
Capacity Data

Coordination Data

Demand Data

Emergency Information
Estimated Departure Clearance Times
Flight Data

Flight Progress Data

Traffic Management Advisories

2.4 Enhanced Traffic Management System (ETMS) Flight Data M odel

The Enhanced Traffic Management System (ETMS) gathers and aggregates data for
forming anational view of air traffic. Customersof ETMS are airlines and traffic
management units (TMUSs) at various air traffic control facilities. ETMS capabilities are
managed from a hub at the Vol pe National Transportation Systems Center (VNTSC) in
Boston, MA that collects information about air traffic, such as aircraft position and flight
plan data, from various sites. These sites include the Center Host computers, oceanic air
traffic control centers, Terminal Airspace Radar Termina System (ARTS) computers,
and other sources. The information is synthesized into amodel of all flights (proposed
and active) inthe NAS. Thismodel isreferred to asthe ETMS NAS model. The NAS
model is maintained in a proprietary, memory-based database management system within
ETMS.

After receiving flight-based inputs from the various Centers and Terminals and after
considerable processing at the hub, ETM S then ships processed flight data back to the
more than 80 Centers, Terminals, and other sites. Thisincludes the Aircraft Situation
Display (ASD), the primary processed output from ETMS that displays a col or-coded
view of the last known position of every aircraft in the skies. It is updated regularly,
every five minutes, based on radar data originally sent from the Host processors at each
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Center and every one minute by data sent from ARTS computers at several Terminal
locations. In the future, updates may occur every two minutes.

Construction of the NAS model requires associating the flight messages received from
the hub’ s many data sources with individual flights.

Flight messages must be associated for two reasons. First, each of the data sources used
by the ETM S hub models flights independently from one another. Second, many of the
messages received at the hub from a single source, such as a Center, do not contain a
convenient means of associating records, such as a unique flight identifier. The
association task requires extensive heuristics because the data in the messages received at
the hub are not sufficiently defined to identify aflight uniquely. For example, track data
(aircraft position reports) contain aflight id. But the same flight id may bein use
simultaneously by different flights and may be reused throughout the day.

Similarly, each Host computer system generates a unique identifier for every flight track.
However, since the Host computers across the NAS were not architected to be
interoperable, the same identifier may be in use by several Host systems simultaneously.
Thus, as a workaround, geographic and time windows must be used to associate a track
message with agiven flight. One of the objectives of the flight data model proposed here
isto create aunique flight identifier to avoid the current ambiguity in identifying flights
and the increased processing now required.

An ETMS output data stream exists in two versions. The version 4 series data stream is
sent to airlines and other subscribers. The version 5 series stream is distributed to ETMS
sites that are typically located in traffic management units (TMUs) at air traffic control
facilities, to the military, and to international air traffic facilities.

The version 4 data stream is essentially a pass-through of the various records received at
the hub. Since there is no association among the messages received by the hub, thereis
No association among the messages in the version 4 stream. Thus, anyone using this
stream to model flights must perform the same task of association that is performed at the
ETMS hub, which is considerable.

The version 5 data stream consists of a subset of the information contained inthe ETMS
NAS model in the form of a set of Apollo Domain PASCAL records that describe flights.
Generation of recordsin the ETMS data stream is triggered by receipt of new data at the
hub. The record generation is atwo step process:

* Thedataareincorporated into the ETMS NAS model, which includes
international flights bound for U.S. destinations

* Records are derived from the model and distributed to the sites
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The event that triggers the generation of arecord in the stream isidentified in the record
asasource. For example, receipt at the ETMS hub of a departure (DZ) message from a
Host computer at a Center results in the generation of atime message in the ETM S data
stream where the source is set to ‘DZ.’

The version 5 stream preserves the association among messages established at the hub by
including aflight index that identifies the flight with which the messages are associated.
Thus, users of the version 5 stream do not face the task of message association, unlike
users of the version 4 stream. A flight index is unique for agiven flight as long as that
flight isactive inthe ETMS hub’s NAS model. Once aflight is deleted from the NAS
model, the flight index will be reused. Therefore, users of the version 5 stream must still
determine when aflight index is being reused. However, thisis a much less demanding
task than performing the initial message association at the hub.

The new stream contains eight record types describing flights. Two of thesetypes ] the
block and critical records [I are used for recovery from a crash of either the stream or the
site. The other six represent the data presented to the site during normal operations. The
block and critical records contain no data that are not delivered in the other six records
received by ETMS sites during normal operations. Thus, only these six need be
considered for building a data model. These six normal operational records are:

» TZ: position information for flights with departures or destinationsin the
continental United States

» Position: oceanic position information

* Route: flight attributes and predicted routes

» Block atitude: second altitude level for aflight filing a block altitude

» Cance: cancels either aflight or aground delay program

» Time: timesfor departure, arrival and controlled departure times from ground

delay programs that are generated every five minutes when aflight has failed to
depart by its filed departure time.

24.1 ETMSDataModeling and Data Access

When a data stream is received by the ETM S sites, it is placed in a proprietary database
tailored to support specific ETMS applications, such asthe ASD, but, due the proprietary
nature of the ETM S architecture, the data so received cannot be queried by other systems
or by ad hoc query. Infact, queries on ETMS data must be sent to the hub. For example,
tofind alist of flights planned to arrive at a given airport during a given hour, an ETMS
site must send a query to the hub for processing even though the data are potentially
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available at the site. The set of queriesto which the ETMS hub can respond is fixed, and
implementing a new query typically currently takes six to nine months.

Such processes drive the current motivation to manage ETMS datain aDBMSto
transform a closed application system into an open data service. The capture of the data
stream in an open architecture would facilitate the formation of queries on the ETMS data
and give users of the data control over what data are retained and for what length of time.

Staff at CAASD have produced an ETM S-based flight data model, also in ERwin, to
improve flight data management in ETMS. It isdesigned as a basis for analysis of the
NAS and for generating NAS simulation scenarios. The schemais faithful tothe ETMS
stream in that all of the various types of data contained in the stream are captured. The
modeling approach isincorporated in a schema, shown in Figure 2-2 below. It isnot
intended as a standard view of flight data.

Waypoint
uid (FK)
sequence has
- traverses \
timestamp ETMS Flight Static
latitude d may_have .
longitude ui Dynamic Data
—— flight_index uid (FK)
flight_id "
. = . flight_stat
Airway num aircraft has Block_Altitude fI:ghtils'eSeL;S
uid (FK) gipfyf;refdate uid (FK) flight_level_type
sequence traverses ph§sical class Timestamp flle_d_spe_ed
timestamp user class traverses Second_Flight_Level arrival_airport
airway weight_class ASCII_Altitude arrival_center
— flight controlled_departure
:;frg_ufr d flight controlled_arrival
Fixes catg orv 3 gﬂi ht Track estimated_departure
id traverses gory_s_fig - estimated_arrival
uid (FK) departure_airport uid (FK) filed_departure
sequence departure_center timestamp filed_arrival
timestamp zzgggzlzg—gi?zlmre speed Igst__source
fix actual_departure Sector flight_level time_of_last_update
| arri uid (FK flight_level_type arrival_fix
actual_arrival (FK) " -
_ seguence latitude arrival_fix_time
Center . : longitude T
: Imestamp time_at_current_position
uid (FK) traverses sector next lat P
sequence -
- next_lon
timestamp next_position_eta
center reporting_center
e source
Figure2-2. ETMSFlight Data Schema
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Four transformations are applied to the data. These are:

» Separate data values packed into bit fields within integers at the hub are extracted
and placed in individual fields.

* Timesare uniformly represented as UNIX time in number of seconds since
1/1/1970.

* Thenames of the FAA Centers are expanded from one character to the standard
FAA 3-characters designations, e.g., ZKC for Kansas City.

* Enumerated values, such as user classes, are converted to C type enumerations. In
the data stream, these enumerations are typically represented as strings.

Aside from these transformations, the data are inserted into the schema without
interpretation.

The scenario generation and analysis processes require that al types of information
contained in the stream be captured, but not that all of the updates of the information be
retained. The program popul ating the schema has different policies for four groups of
information. These groups are:

o Static single-valued attributes

* Dynamic single-valued attributes
» Position data

* Route data

Static single-valued attributes cannot be changed without changing the definition of a
flight. These valuesare captured inthe ETMS _Flight_Static table. Once arecord
containing one of these valuesis received, the value is never updated. Dynamic single-
valued attributes can be freely updated. The simulation generation process requires only
the latest values of the dynamic data; therefore, these data are updated, with only the
latest value retained. Position data are required to model the flight’s ‘as flown’ routes.
Therefore, each position report isretained in the Track table. Order between position
reports is maintained by the current position time field. For simulation purposes, the
route data represents an ‘asfiled’ flight plan. Therefore, the route datafor aflight are
deleted and replaced with each route message received until the flight departs.
Thereafter. the route data are not updated.

The unique identifier key that allows selection of al rowsfor aflight from each tableis
generated during the process of loading the schema so that flights sharing a flight index
can be distinguished.

This ETM Sflight data model makes the following assumptions about various data items
and model conventions:
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Unitsof Measure: All altitudes arein flight levels. Times are UNIX times
(number of seconds since Jan 1, 1970), latitudes and longitudes are decimal
degrees. Speed is measured in knots.

Speed Type: The best current guessisthat ETMS preserves the NAS convention
that track speeds are ground speeds and all other speeds are true air speeds. But
since thisis undocumented in the ETM S system specification, one would have to
examine the source code to determine whether NAS speeds are passed through.

Enumerations: Inthe ETMS_Flight_Static table, the columns lifeguard_flight,
category_3 flight, and nrp_flight have the values‘ TRUE’ or ‘FALSE.” A
category 3 flight is equipped for ILS category 3 landings. An NRP flight
participates in the National Route Program (NRP). Physical class has the values O
through 3 representing ‘piston,” ‘turbo,” ‘jet’ and ‘ helicopter,” respectively. User
class has the values 0 through 5 representing ‘ other,” *air taxi,” ‘cargo,’
‘commercial,” ‘general aviation’ and ‘military,” respectively.

Times: Several types of time measurement are associated with each flight. Static
times appear inthe ETMS_Flight_Static table and are the scheduled and actual
departure and arrival times. Scheduled times are an ETM S estimate about flights
that will fly for a given day and correspond to Official Airline Guide (OAG) times
supplemented with ETMS historical information. A complete set of scheduled
timesisloaded into the stream as much as twelve hours before aflight’s
scheduled departure. Actual arrival and departure times are derived from Host DZ
and AZ messages.

Dynamic times appear in the Dynamic_Data table and are proposed, estimated and
controlled departure and arrival times. Proposed times are derived from Host FZ
messages, controlled times are derived from Expected Departure Control Time
(EDCT) messages, and estimated times are an ETM S ‘best guess.’

Thisversion of the schemais non-archiving; that is, new information overlays
current data (e.g., route data) with the exception of track data, which are archived.

The following tables are always updated as a group since a complete set of rows
for aflight isincluded in each route message: sector, center, fix, waypoint, airway.

Many NAS systems, including ETMS, contain algorithms that perform trajectory
modeling. ETMS generates route data by calculating the cells of a geographic grid that
will be traversed by aflight. Route estimations are based on the route of flight field in the
flight plan (FP) message and the previous history of specific flight identifiers. Thelists

of route elements are then generated by extracting the elements contained in each cell of
the grid traversed by the route. Grid data are stratified by atitude. Only the entities
associated with aflight’s predicted altitude in each cell are extracted from the geographic
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database and added to the route message. Thus routes are very altitude sensitive. Oncea
flight departs, the route description provided for aflight may change repeatedly simply
because the altitude changes without any change of intent for the flight’s two dimensional
route. Thisinformation has implications for how route information is managed, and,
therefore, how flight data are managed in ETMS.

2.5 En Route ATM Decision Support Toolset (ERATMDST)

The En Route ATM Decision Support Toolset (ERATMDST) project in AUA-200 is
another areathat requires consistent flight plan structure and processes. It is designed to
incorporate Traffic Management Advisor (TMA), and perhaps Descent Advisor (DA),
functionality with Initial Conflict Probe (ICP) functionality into a system using a common
system views and resources, such as a common trajectory modeler and common
databases. It is proposed to be implemented about 2005.

Among the data sets that ERATMDST is examining are those for NA S adaptation and
flight modeling. It iscurrently developing a specification for a flight model based on a 4-
dimensional flight model, i.e., the current 2-dimensional plane, plus atitude and time.

The ERATMDST activity isarelated activity but is not part of the development of the
flight data model described here. There is opportunity to coordinate the flight
specification in ERATMDST with the flight model.

2.6 Flight Plan Processing for Free Flight Phase 1 (FFP1)

With CAASD support, the RTCA has developed an operational concept_for Free Flight
Phase |, the FAA’ s near-term program to provide user benefits by 2002. This concept
addresses a wide range of issues, among them are two below that involve data
management and, within that, flight data management. As quoted from the FFP1
Operational Concept,

“Technical and Information I nterdependencies: Thisareais critical to the
evolutionary development process because it highlights the arrangements,
interactions, and interdependencies of the FFP1 capabilities as a common set of
systems and services. Thisrequirement isjudged to present the greatest challenge
for FFP1 implementation. The technical and information architectures of the
independent systems will be brought together into a cohesive array of features
delivering increased enhancements and performance to the NAS.”

The flight data model is a component to be used to standardize the view of flight across
FFP1 and across the NAS. It contains new content and a proposed structure for flight-

o Government/Industry Operational Concept for NAS Modernization, 1998-2002: Free Flight

Phase 1, Volume |, RTCA, June, 1998.
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related data. The technical aspect of thisissue is how flight information will be deployed,
made accessible, protected, and used in system devel opment.

“ Adaptation: Thisareais concerned with site-specific adaptation of FFP1
capabilities. Much of the new functionality delivered in the FFP1 capabilitiesis
complex and very data dependent. Some of the site-specific airspace data are
inconsistent across centers and across systems. During this period, an airspace
review process will be on-going, potentially altering some site data. Adaptation
across centers for a single system and across systems installed at the same site are
concerns for FFP1 implementation.”

Adaptation is not directly aflight dataissue. It isacapacity, or resource, issue, and as
such it does interplay directly with NAS system performance and flight. Nevertheless,
NAS users need to be aware of airspace structure, the unconstrained capacities of NAS
resources, and the current capacity of those resources based on near-term constraints,
such as demand and weather. In addition to flight data, FFP1 will require a consistent
view of such adaptation data to improve interoperability and the exchange of airspace
information.

The management of flight information is an important component in the implementation
of the technical and information architecture changes that will be required for FFP1 and
other NAS activities.

The FFP1 Operational Concept describes a number of uses for a coordinated flight plan in
the contﬁt of collaborative decision making. Thetext below is also taken from that
source:

“During FFP1, flight pl anniEﬁ is enhanced by collaborative decision making,
capabilities used by Airline™ Operational Control (AOC) and Air Traffic
Management (ATM). These capabilities enable information sharing on a
variety of NAS status data and improve the implementation of the ground
delay program, when necessary. The capabilities support improved flight
planning and associated services, resulting in increased collaboration between
users and service providers.

Exchange of Real-Time Information

Improvements to flight planning are provided by automation capabilities that
increase the sharing of near real-time information between users and service
providers regarding airspace or airport flow restrictions. A variety of
information regarding the state of the NAS operations and infrastructure is
available via electronic meansto NAS users. Thisinformation can be used by
usersto prepare flight plans that result in areduction in the number of in-flight

10 FFP1 Operational Concept, volume 1, The MITRE Corporation, 1998
n Theterm *Airline’ has been replaced by the term * Aeronautical’ in the acronym AOC.
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reroutes due to misinformation, reducing workload for all parties, and
significantly improving the chances that air traffic control (ATC) will approve
auser-preferred flight plan. Asthe user generates aflight plan, information
regarding current and predicted weather conditions, traffic density, restrictions
and status of Special Use Airspace (SUA) isavailable. Prepared routes can be
checked against these conditions and any potential problems can then be
reconciled by the user before the flight plan isfiled.

I mproved NAS Demand Data

The management of the NAS isinfluenced by the availability of runways, the
critical resource that limits system throughput in 2002. In most instances
today, demand at the major airportsis defined by the Official Airline Guide
(OAG) schedule, not the actual daily schedules planned by the users. During
FFP1, the Air Traffic Control System Command Center (ATCSCC) and
AOCs use improved decision support tools to revise the status of active and
proposed flights to reflect more realistic schedule times (i.e., the latest planned
departure times), resulting in more accurate predictions of traffic load, and
increased flexibility due to the imposition of fewer flow restrictions.

Collaborative Flight Planning

AOQOCs are participants in the resolution process when certain traffic flow
initiatives are required. When ATCSCC must implement a ground delay
program or exercise the use of aternate arrival and departure routes due to
severe weather problems, AOCs are consulted for their inputs. For example,
asthe ATCSCC polls the participating AOCs for flight schedule reductions to
aleviate an airport traffic flow problem, they might obtain sufficient voluntary
reduction such that no further action isrequired. Otherwise, an enhanced
ground delay program, or capacity management program, is implemented
using an approach called “ration by schedule” (RBS). This approach uses the
OAG schedule to allocate arrival slotsfor the air carriers at the affected airport
and is commonly referred to as “ control by time of arrival (CTA).” Use of the
OAG schedule allows the airlines to receive credit for their voluntary actions
to reduce the demand at the airport. For scheduled air carriers, this approach
preserves the desired arrival order and reduces bank disruptions at hub
airports, giving the AOC greater control over their operations. For users
without published schedules, flights are treated in 2002 in the same manner
that they are today.

Availability of thisflight planning information, coupled with NAS status
information, facilitates more effective collaborative decision making between
the AOC and ATM. Thisincreased collaboration and information exchange
provides a more accurate baseline for estimating system demand.”

These anticipated operationa improvements can only be achieved through the use of
commonly defined data that are augmented by a common flight data model.
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Section 3
3. Flight Data M odel

The flight data model has its origin in recent work for the AUA-500 organization in
developing a common data environment for TFM. Thiswork lead to the creation of an
inclusive set of NAS data categories, of which flight data was one (see Table 1-1). This
work aso included the analysis of several key TFM systems and the mapping of the data
reguirements to each of the data categories. Inthisway, al of the flight data per system
was discovered and associated with a flight attribute from the flight, or demand, category.
This mapping was used to create a proposed standard set of data el ements per category
and adatamodel, asin the case for flight data, to define the rel ationships among the data
and as arequirement for the exchange of such data at the interfaces between systems.

3.1 Data Requirements

Staff from CAASD compiled the data attributes for the TFM applications listed in
Section 1.3.2 above and organized them by application program and by the seven data
categories described above. Table 3-1 displays the element count by application program.
Each of the elements referenced in the table was named and described in a Microsoft
Access database. For thisanalysis, only the flight data elements (category 1: demand)
have been addressed. It isanticipated that additional modeling efforts will cover the other
categories, with afocus on capacity and NAS resources (category 2: capacity). These
data were subsequently organized into common NAS data categories, as described in the
next section.

Table 3-1. Application Programs Element Count

System System / Program Data

Acronym | Name Element
Count

NFDC/ National Flight Data Center/ 1159

AlS Aeronautical Information System

CDM Collaborative Decision Making 53

CTAY Center TRACON Automation System/ 81

TMA Traffic Management Advisor

CTAY Center TRACON Automation System/ 97

pFAST passive Final Approach Spacing Tool

DOTS Dynamic Ocean Track System 101

ETMS - Enhanced Traffic Management System 124

(hub) (dataflow to/from hub facility)

ETMS - Enhanced Traffic Management System 61

(site) (data flow to/from fielded sites)
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FSM Flight Schedule Monitor 5

HCS Host Computer System 198

NFDC/ National Flight Data Center/ 110

NOTAM Notice To Airmen

OAG Official Airline Guide 38

OCS Operational Control Segment 3

RTCA RTCA Specia Committee (SC) on Free Flight 166
Implementation

SMA Surface Movement Advisor 15

TFM TFM R&D Programs 73

TFM-ART | Traffic Flow Management — 346
Architecture Reguirements Team

URET User Request Evaluation Tool 465
Total Number of Data Elements 3095

3.2 Data Organization

A set of common NAS data categories were devel oped to provide a framework for
organizing flight-related data elements from current TFM systems that were analyzed as a
foundation for developing aflight datamodel. By organizing datain this fashion,
CAASD decomposed NAS datainto sets of standard data elements by logical groupings.
These catﬁori es, shown below, are open to modification as analysis of data requirements

proceeds.

There are currently seven primary NAS data categories, each of which has

several sub-categories defined to the entity level. These categories are:

Demand, or flight data, includes information such as the flight itinerary, flight
identification, flight planning, flight events and status (including position reports),
and ATM control events that affect asingle flight.

Capacity, or resource data, describes static resources, such as airports, runways,
and airspace, aswell astheir dynamic status, such as configuration, current
capacities, and activation.

Weather datainclude ground, satellite, and airborne weather observations,
forecasts, and reports of weather phenomena.

Traffic management data describe situations in which capacity exceeds
resources, and actions taken by ATC, TFM, and users to resolve these imbalances.

General resour ces are data that are not NAS-specific, such as time, geography,
and geopolitical data.

12

The detailed categorization of flight data from the flight data model isfound as Table 3-3. The

categories themselves are derived from the cross-agency TFM-ART activity.
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* Performance data are those used to describe NAS operational effectiveness and
its ability to meet user needs.

* Miscellaneous data elements are those that do not fit under the other major
categories. Conceivably, new major categories could be identified and defined
from this set.

For context, Table 3-2 displays a data attribute count per data category, showing that over
25% of the attributes are flight category-related.

Table 3-2. Element Count by Data Category

Category Data Elements
Number Data Element Category Name in Category
1 Demand (Flight) 831
2 Capacity (Resources) 1624
3 Weather 76
4 Traffic Management 319
5 General Resource 19
6 Performance 34
7 Miscellaneous 7
[l Elements not placed in a category 185

Total Number of Elements 3095

For itsinitial analysis, CAASD focused on demand data [1 pertaining to flight; that is,
flight schedules, flight plans, flight progress, and related aircraft data. This focus was
chosen to address the Air Traffic Service (ATS) Concept of Operations [5] for the NAS
in 2005, which identifies aflight data thread in the NAS-wide information system,
providing “information on each flight from the moment of push-back to wheels-up,
including surveillance data in flight, touchdown time and gate assignment.”™ Table 3-3
provides additional detail about flight data subcategories proposed by CAASD.

3 ATS Concept of Operations, Federal Aviation Administration, 1997
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Table 3-3. TFM Demand Data Categorization

Category | Category Name Description
Number
1. Demand (Flight) Datarequired by NAS users and operators to describe,
manage, and control the safe movement of aircraft in the
NAS. Much of this datais associated with one flight, in
which aflight normally includes one take-off and a
subsequent landing.
1.1 Flight Itinerary Description of an aircraft operation involving multiple
takeoffs and landings.
1.2. Flight Operator The person(s) or organization(s) responsible for the
operation of aflight.
1.3. Flight Unique flight identifier, unigue NAS-wide
|dentification
1.4. Flight asPlanned | Data needed to describe aflight to be made at some
futuretime. May include aternatives and preference
from many sources (e.g., users, ATC, TFM, automation,
policy and procedures).
1.4.1. Route Preference | Preferred route description from take-off to landing
1.4.2. Departure Preflight and departure operational preferences
Preferences
1.4.3. Arrival Preferences | Arrival operational preferences
1.4.4. En Route En route operational preferences
Preferences
1.4.5. Descent Descent profile preferences
Preferences
1.4.6. Diversion Alternative airport preferences for IFR flights
Preferences
1.4.7. Flight Plan Record of changes made to an approved flight plan
Amendments
1.5. Flight as Flown Description of the flight as flown, including measured
parameters and actual times of events
15.1. Flight position Measured or estimated position of an aircraft from a
report surveillance system
1.5.2. Flight event Flight activity associated with a specific event
1.5.2.1. | Flight path event Description and timing of an event associated with
aircraft movements, (e.g. wheels up).
1.5.2.2. | ATM control Description and timing of an air traffic management
events action taken that affects flights.
1.5.2.2.1 | Singleflight Description and timing of an air traffic management
control action (e.g. controller action) that affects asingle flight.
09/07/00 DRAFT 34
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1.5.2.2.2 | Traffic Description and timing of an air traffic management
management action (e.g. TFM constraint) that affects multiple flights.
strategy
1.5.3. Flight status Description of dynamic flight parameters or state
variables (e.g. velocity, atitude, position, assigned
beacon code, etc.).
1.5.4. User fee Data needed to assign user fees
1.6. Flight as Forecast | Predicted flight parameters and predicted times for
events
1.6.1. Flight position Data describing the predicted location of an aircraft.
predicted
1.6.2. Flight event Predicted time of aflight event
predicted
1.7. Aircraft Description of the aircraft used for aflight
1.7.1. Aircraft Static data identifying and describing an aircraft
description
1.7.2. Aircraft status Dynamic data (e.g., fuel on board) affecting how aflight
isflown
1.7.3. Aircraft equipage | Description of equipment (e.g. navigation systems) that

affects how and where aflight is flown

Table 3-4 contains the distribution of data el ements within the flight category from the set
of applications examined, specified by the first sublevel in that category. Again, these
counts are only from the selected TFM systems described above. These counts will be
higher if additional systems areincluded. It isthese attributes, after being mapped to a

Table 3-4. Flight Data Element Distribution

Category Data Elements
Number Data Element Category Name in Category
1.0 Demand (Flight) 24
11 Flight Itinerary 26
12 Flight Operator 22
1.3 Flight Identification 105
14 Flight as Planned 216
15 Flight as Flown 238
1.6 Flight as Forecast 125
17 Aircraft 74
Total Number of Flight Elements 831
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more compact standard reference set, that can be most closely associated with the
attributes in the flight data model .1‘[| Thisis an activity proposed to follow discussion of
the flight model and agreement about its use.

3.3 Common Flight Data Structures

Many NAS applications use flight information. Increasingly, to develop the ATS
Operationa Concept, the Free Flight Phase 1 Operational Concept, and to build systems
faster and cheaper and with greater interoperability, NAS systems will be required to be
built from commonly accepted data structures. This does not prevent them from
customizing the these data or the view of these data for application-specific needs.
However, common data structures will make many information management tasks easier,
such as data exchange and application maintenance. The flight data model described in
this document is a structured way to represent flight data to assist with the management of
such datain any context in which it is required.

The flight data model has been in direct support of TFM. Itsdesignisgenericandis
applicable to any system requiring flight data. Most of these data, such as flight
schedules, flight intent, aircraft and operator descriptions, are generated by the air
carriers. Other demand data, such as data about flights in progress and forecast flight
data, are generated by the ATC system viathe Host Computer System (HCS) and
applications such as URET, TMA, and FAST.

Flight data need to be shared throughout the NAS. For ATC and TFM, these data need to
be shared and accessed in real-time and near-real time by both FAA service providers and
Traffic Management Coordinators (TMCs) but also by AOCs and pilots. System
developersrequire that flight data be shared in terms of their data structure and the data
associated with it. FFP1 requires that the flight data model structure and relationships
represent current and future operational procedures and requirements. These needs can
be accommodated by the flight data model presented here.

Another way to view the flight data model isto consider its applications across various
phases of flight, as shown in Figure 3-1. Thisview may be useful in designing
applications within each phase in terms of data structure, content, data provider, data
recipient, and desired capability. These phases also have correspondence to the several
NAS domains (e.g., En Route, Terminal, TFM, CNS, Oceanic) in which NAS capabilities
are being implemented.

14 Thisinitial flight data model does not necessarily use the exact names of the legacy flight data

elements or of the more standardized flight data attributes to which the legacy attributes were mapped. That
processisongoing and is part of completing a data naming standard.

09/07/00 DRAFT 3-6
[J 2000 The MITRE Corporation. ALL RIGHTS RESERVED.



DRAFT

Pre-flight Departure Enroute Arrival Post-Flight
NAS User Functions
SCHEDULING AIRPORT OPERATIONS AIC OPERATIONS AIRPORT OPERATIONS | OPERATIONAL ASSESMENT
AIC ASSIGNMENT A/C OPERATIONS A/C OPERATIONS BUSINESS PLANNING

gate asignments landing preferences statistics on:

schedules schedules schedules exp$cted t||mes :i::::f?ljse

flight plans flight plans flight plans al OI amva d references

preferences preferences preferences ¢ bype, spee statistics on: :

weather forecast afc resources alc resources | clearances

landing zone conditions delay;.‘conggs‘no_n
taxiway and gate CapactyAanately

assignments dlsg]lbutlmst
current weather weather patterns

NAS Data NAS Data
Flight, Resources,

Flight, Resources,
Weather, ATM,

Weather, ATM,
Performance, General Performance, General

local weather

taxiway and gate
status
delay information

clearances
current capacities
current weather

A

Flight, Resources,
Weather, ATM,
Performance, General

traffic forecast
resource constraints
resource status

*

Flight, Resources,
Weather, ATM,
Performance, General

current capacities
average delays by site
current weather

NAS Data

Flight, Resources,
Weather, ATM,
Performance, General

*

en route weather
congestion areas
en route spacing

aviation weather
traffic forecast
resource constraints
resource status

local weather
traffic forecasts
ground delays
departure queues

statistics on:
operations
impact of routes
statistics on: ~ changes
schedule delay
aircraft use System developmt
preferences & maintenance

intended routes of flight

schedules alc position

fight pl schedule updates estimated arrival times
Ui [T updated flight plans

historical traffic alc preferences

alc type, speed and position
updated arrival times

performance performance estimates
NAS Services & Functions
TEM PLANNING PLAN APPROVAL AMENDMENT APPROVAL ARRIVAL SAFETY PERFORMANCE ASSESSMT
AVIATION WEATHER GROUND SAFETY ENROUTE SAFETY ARRIVAL FLOW NAS PLANNING

TERMINAL SAFETY ENROUTE FLOW GROUND SAFETY NAS ACQUISITION
DEPARTURE FLOW

Figure 3-1. Data Support for a Phase of Flight View

3.4 Overview of Flight Data Flow

Generaly, NAS usersinitiate information about flights and airspace demand (category 1)
but with strong collaboration with the FAA while the FAA manages information about
NAS resources and capacity (category 2). Figure 3-1 depictsahigh level view of the
flow of these types of information between NAS users and the FAA. Thisview, which

represents both current practice and proposed future enhancements, is the basis for the
information represented in the flight data model.

Figure 3-2 isavariation of the phase of flight Vﬁﬁw aboveinthat it takes atime-based
process view of the management of flight data.

15 Based on adiscussion in RTCA, DO-241 cited above.
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Figure 3-2. Process-based Overview of Flight Data M anagement

3.5 Flight Data Mode Structure

The flight datamodel is an entity relationship model focused on flight. Its structure
centers on data uniquely identified for each flight that are associated with several aspects,
or event categories, about aflight. These event categories are flight planning; flight
events that change the parameters of aflight, such as atitude, speed, and location; and
ATM events, some of which are ATC events such as departure and arrival control events
and others of which are TFM events, such as ground delays and metering to control traffic
flows. In addition, the model also captures description and dynamic information about
the aircraft assigned to aflight.

The model also contains links to airspace structure data that are related to flight, such as
routes, fixes, NAVAIDs, and other basic aeronautical data, but the model does not
attempt to address these airspace structuresin detail. Rather, it recognizes that other data
models already exist or will be developed to represent the detailed relationships in these
areas, and that they will be integrated with the flight data model in the future. Therefore,
the description of the flight data model that follows focuses only on data attributes that
are directly related to the attributes in category 1, namely demand, or flight, data.

In summary, there are several concepts represented in the model, as shown in Figure 3-3.
Event type is the category discriminator. These are:
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* Flight Plan events, starting from initial flight schedules and plans that may be
modified, even astheflight isin progress

* Dynamic Aircraft events, which trace the status of aflight after wheels off with a
focus on aircraft position and other parameters about the aircraft, such as speed,
climb rates, and fuel usage

» Air Traffic Management (ATM) events, which capture changes in control and
alert situations and in traffic flow management

» Aircraft descriptors and an operator description

The model represents many flight events. However, it does not intend to be inclusive
since there are some flight events that are not directly modeled in this first design.

4
4 [FIighthsfFIownfSummary l
generates O~ wmwd) | _updates \
|

has

is related to Event_Authority
OPS_Center

enerates
 @even e — — —fvent souce
T

[Dynamic_Aircrafl_Event ] ATM_Event ' Flight_Plan_Event I

\
|
| updates
|
\

Figure 3-3. Top-level View of the Flight Data M odel

3.5.1 Mode€ Features

There are many views of flight that could be represented by the model. This model seeks
to maintain the features of the current processing environment that are required for flight
processing while supplementing it in two ways: 1) with features known to be current
requirements and 2) with probable requirements of future systems. The model permits or
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facilitates the implementation of these features. It does not guarantee that any or all of
these features will be present because that depends on how the model is implemented.

The features of the model include:

A uniquely identified flight based on a system-generated identifier. The identifier
IS system-generated because there is currently no unique flight identifier in use.
Also, this allows the model to be used internationaly.

A flight itinerary as a set of flights

A 4-dimensional view of flight position, e.g., typically referred to as *x,y,z,t,” that
includes the three-dimensional spatial coordinates (x,y,z) and the time (t) at that
position. Today’s flight plans establish information in the first two of these
dimensions with limited altitude and time information.

Numerous variations of flight plans, including proposed, active, cancelled, and
trial plans for simulation, testing, Ead operational decision making. These
variations are captured in domain ~ values rather than in the explicit model
structure.

Compatibility with an ICAO flight plan and with afreeflight ‘New Age’ flight
plan

Audit trail datato allow searching on ‘who,” ‘what,” and ‘when’ regarding aflight.
This may assist in answering ‘why’ an event happened.

A data archiveto capture flight events to enable an analysis of these events and
the discovery of flight patterns that could lead to improved safety, efficiency, or
both

Descriptive and dynamic aircraft information, including equipage, fuel use, and
operating characteristics

Climb and descent profiles: actual and preferred
Forecasted position (i.e., trajectory) information

Flight data that are derivableiif it is not stored directly, e.g., wheels off and wheels
on times as a function of landing gear position and pressure

16

The term ‘domain,” when used in a data modeling context, refers to the set of allowable values that

an attribute may take.
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One of the pragmatic issues involving the data model is the extent to which the data it
describes are available. Thisissue wasn't addressed directly. It is understood that some
of the datain the model are not acquired at present. Some of these data may, in fact, be
very difficult or expensive to capture or may depend on future components of the NAS,
such as extensive air-ground data link. The model considers this issue to some extent, but
it isintended that areview of the model will include the feasibility of including any
particular dataitem.

3.5.2 Flight Identifier

A fundamental capability in data management is the ability to identify a particular
instance of data unambiguously. Thisidentifier is called akey. For instance, one's social
security number uniquely identifies a person in the United States. However, that
identifier would not suffice in developing aglobal data model since socia security
number is not used outside of this country. Even within the U.S., various system account
numbers may duplicate an existing social security number.

Short of assigning everyone on the planet a unique identifier, another identifier (I

perhaps awholly fictitious one 0 could be defined if a naturally unique identifier were
not available. For example, one option would be to string together several identifiers,
which, taken as awhole, would uniquely identify someone. In theory, a set consisting of
{last name, first name, country of birth, birth date, mother's maiden name, favorite color}
might well point to only oneindividual, if al of thisinformation were available. It would
be somewhat unwieldy, however, from a system management viewpoint.

Another option would be to generate an arbitrary, but unique, value using the automated
system. Inthe case of flight, where thereisagreat deal of ambiguity in defining a unique
flight, such an option was considered, together with naturally occurring flight identifiers.

One'sfirst reaction for selecting aunique flight identifier might be to select the OAG
flight number. However, there are several drawbacks withthischoice. First, the same
flight number may be in use by two flights simultaneously.— Second, flight number are
reused day after day, so that, at aminimum, date is also required to achieve pniqueness.
Third, an OAG flight istypically aflight itinerary rather than asingle flight.™ Fourth, the
OAG hasflights that never fly. Finaly, the OAG is published only as a guide and
contains only scheduled flights in the United States but not international, general aviation
(GA), military, air taxi or air freight flights. Another complication is that some flights are
known to the system only viatrack information. How should these be identified?

Another candidate key might be { aircraft tail number, departure airport, departure date,
scheduled departuretime}. Thiskey could apply sinceit coversal aircraft. However,

v For example, while a flight can be en route and reporting Track Update messages, a Flight Plan

message can be entered for the next leg of the flight (which shares the same flight number).
18 A flight itinerary is a concatenated set of flights, or flight segments, in which a flight consists of
one takeoff followed by alanding
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taill number is sometimes not available in advance and may change when aircraft are
substituted during the course of aflight itinerary.

3.5.2.1 Optionsfor a Unique Flight Identifier

A system-generated flight identifier would be unique, controllable (by specifying the
algorithm that creates the identifiers), always available, and universal, i.e., coversall
flight types. A drawback isthat such an arbitrary identifier contains no natural data and
thus conveys no information about a particular flight.

Considering only flights by scheduled air carriers for the moment, an aternative,
naturally-occurring flight identifier might consist of the following set of identifiers: {air
carrier identifier, departure airport, arrival airport, departure date [in mmddyyyy
(month/day/year) format], scheduled departure time [in hhmmss (hours/minutes/seconds)
format]}. Aninstance of thisformat might appear as.

DAL|[STL|JATL|03211998][074300

Arrival airport isincluded because this identifier might not be unique without this added
descriptor since an air carrier may have several flights scheduled for the same departure
time at an airport but with different destinations. This assumes that timeis scheduled
departuretime. Were time defined as actual departure time, with accuracy in seconds,
then this compound identifier would not require arrival airport. However, it would
require amore refined data capture process that could acquire actual departuretimein
real-time to create a database record based on this dataitem.

Another modification to the sample flight id above would be to include the flight number,
asfollows:

DAL|[123||STL[ATL[[03211998[|074300

In this case, it islikely that one or more of the fieldsin this string could be eliminated,
e.g., destination airport, date and time, if it is safe to assume that no two flights between
the same city pairs on the same air carrier would have the same flight number. It is not
clear, however, that thisisthe case. In addition, aflight number may apply to an
itinerary, i.e., aset of flights (takeoffs/landings), rather than to just one flight and,
therefore, could not be used in the unique flight id.

The Host associates Center identifier (CID) (e.g., ZKC: Kansas City Center) with aflight.
It would be part of the key were airport identifier not unique in the CONUS. Since
airports are uniquely identified, CID can become a descriptor, or attribute, of aflight
rather than part of itskey. Thisis preferable since CID changes when an aircraft crosses
into an adjacent Center. In theory, the value of akey should not change onceitis
established and having CID as part of the key would introduce such a complication. In
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addition, were CID part of the key, it would make the association of parts of the same
flight more difficult as it crossed one or more Center boundaries.

Generalizing now to al types of flight, the sasmple composite key above would not apply
to general aviation, military, business jet, air freight, and other non-scheduled flight types.
To cover all of these types, the key would have to contain information such as pilot name
or identifier, date and time of the flight plan filing, type of aircraft, and so on in addition
to the universal information about departure and arrival airports or location. Uniquely
identifier every type of flight is complicated, and there does not seem to be a convenient
and pragmatic key available.

For this data model, therefore, a system-generated key was selected and is called the
flight_unique_id.

3522 Time

The management of time is afundamental aspect of NA S operations and data modeling.
In the flight data model, time is used in two basic ways. First, time represents when an
event is scheduled to occur, such as a scheduled flight departure (e.g.,
fp_departure_time_gate in the Flight_as Planned _Summary entity) or when it actually
occurred (e.g., departure_time_gate in the Flight_as Flown_Summary entity). The
difference between a proposed time and an actual time is context dependent. The
attribute ‘timestamp_event’ in the Event entity contains this information.

The second way in which time is used in the model isfor audit trail purposes [0 to record
when data were entered, i.e., when an event was acknowledged. These data are important
to reconstruct aflow of events, if that becomes necessary. For all events, the attribute
‘timestamp_recorded’ in the Event entity captures the time when an event isrecorded in
the database. The Event_Authority and Event_Source entities manage additional audit
trail detail.

A standard for representing timeis UTC (Universal Time Coordinate). Thisisthetime
implicit in the timestamp attributes and in those attributes that reference time, such as
‘departure_gate time.” UTC isconsidered aslocal time. In practice in the NAS today,
however, the use of time is not so straightforward since time may be local or Zulu
(referenced on the Greenwich time standard, which is equivalent to UTC).

Within some ARTCCs, there may be as many as three variants of local time, e.g., in the
Indianapolis Center, Eastern Standard Time (EST), Eastern Daylight Time (EDT), and
Central Daylight Time (CDT) al co-exist at the same time at different locations within
the Center’ s boundary. In addition, most NAS systems have internal time generators that
are not synchronized. Knowing which time is appropriate and converting among these
variants is a significant operational issue.
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There is presently no recognized standard for representing timein the NAS. One goal of
this model activity isto formulate and propose such a standard. Establishing reliable
clock synchronization is also a primary system requirement.

3.5.2.3 Position

Another important type of datain the model is position, or location. This applies
primarily to aircraft position (using the four dimensions of latitude, longitude, altitude,
and time) but also to 2-dimensional locations for ground-based facilities, such as airports
and NAVAIDs.

Table 3-5 illustrates the variety of formats now in use to represent a 4-dimensional
aircraft position. In addition, geographic coordinate projections for latitude and longitude
are not consistently represented. It is not difficult to appreciate the many drawbacks of
this current practice. Primarily, safety may be compromised by a misinterpretation or
incorrect tranglation of position data from one system to another. Also, the time and
expense to maintain system interfaces among the many systems exchanging position
information is considerable.

Just as with time, it isagoal of thismodel to propose a common, internationally
referenced standard for the description of position datain the NAS. With any standard,
accommodation must be made to each of the existing formats to be sure that the
underlying datais available wherever they are needed, notwithstanding the need to offer
tranglation services among the differing format implementations. With the existence of a
standard, variations in meaning (semantics) and format will be reduced over time.
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Table 3-5. Format Variantsin NAS Applicationsfor Aircraft Position

System Definition of Location (X,y,z,t) Example
ETMS Time::=HHMMSS 020845
Latitude ::= dddd[N|9] 4258N
Longitude ::= ddddd[E|W] 08626W
Altitude ::= ddd (100 ft) (reported) (d)dd (100 ft) | 070 or 70 or 70B190 or

[d]ddB[d]dd (altitude/flt level block) | ABV/[d]dd (above ABV/125 or VFR/125
specified altitude) | VFR/[d]dd (VFR + altitude) | other fmt

ARINC (varies by Time::=YYYYMMDD.HHM M SS000 19960917.020845161

airline) Latitude ::= [N|S]dddd N4258
Longitude ::= [E[W]dddd W 08626
Altitude ::= ddd (ft) 070

ARTSIIIA Time::= HH:MM:SS.SSS 02:08:45.161
Latitude ::+ [-]dd.dd (nmi) 12.65
Longitude ::= [-]dd.dd (nmi) -8.56
Altitude ::= dddd (ft) 0752

ARTSIIIE 6.04 Time::+ HH:MM:SS:SSS 02:08:45:161

(TRACON) Latitude :: [+]-]dd.dd (nmi) +12.65
Longitude ::=[+]-]dd.dd (nmi) -8.56
Altitude ::= ddddd (ft) 00752

SAR (trandated) Time ::= hh:mm:ss 02:08:45
Latitude::= ddd.ddddddd 012.6500000
Longitude ::= ddd.ddddddd 120.2494306
Altitude ::=?

NIIS L ocation ::=Geogr aphical Coordinates {n, x..x}

GeographicCordinates ::= {Coor dinatesType type,
GeographicCoordinatesType,
CoordinatesTypeGraphicString}.

Geogr aphicCoor dinatesType ::+ 0 (v-h-coor dinates) |
(latitude-longitude) | 2 (npa-nxx) | 3 (country-city)

3.5.3 Flight Data Model Events

The flight data modél is structured around three classes of events that follow from the
unigue identification of aflight I flight plan events, ATM events, and dynamic aircraft
events. ATM events are further decomposed into ATC events and TFM events.

The distinctions among these three classes are fairly clear but not absolute in that
different persons might reasonably classify the same event in different event classes.
More important, however, is that the model clearly explain which events are classified
together and that these data are important for managing flight-related applications. In any
case, the model is centered on the identification of a unique flight and a unique event,
which is aso identified by a system-generated event identifier, named event_id.

Three event classes are model ed as subcategories of an event, with event_type as the
subcategory discriminator. Each event istime-stamped. Audit data are also present for
event traceability and include the authority for the event and its source. These attributes
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are present to answer the questions. ‘what,” ‘who,” ‘where,” ‘when,’, and ‘why’ about
each flight-related event.

Two additional entities are linked as child entities, or sub-entiti &,E]to the Flight_Id
entity. They are treated as summary records for flight plan eventsand ATM events and
are named Flight_as Planned_Summary and Flight_as Flown_Summary. Conceptualy,
they are updated dynamically whenever related attributesin a Dynamic_Aircraft_Event,
an ATM_Event, or aFlight_Plan_Event entity changes. In implementation, this may be
done by a process or atrigger rather than directly by the model. At the completion of a
flight, they would contain key summary data about the flight plan, i.e., itslast view, and
about the flight itself, asit was flown. The audit process can capture any and all
intermediate data about each of these views. Additional attributes can be added to either
entity, as needed, to enlarge the scope of information about either the flight planning
process or the actual flight.

3.5.3.1 Flight Plan Events

This section describes flight plan events, as shown in Figure 3-4. These eventsinvolve
only the flight plan process, starting with the filing of aflight plan, and include the many
variations and changes of aflight plan. Using the entity names in the flight data model,
these events are:

* FP_Filing: A flight plan filing. Thefiling contains basic flight information,
especially origin and destination airports for the flight, plus cruising airspeed,
time en route, actual departure and arrival times, and gate information. In
addition, the flight_status attribute tracks the flight plan status. The value can
be selected from the set (‘filed’, ‘approved’, ‘activated’, ‘ cancelled’).

* FP_Amendment: Amending aflight plan, e.g., to change the route, part of
the route, or various parameters about the route, such as altitude or cruise
speed. All amendments are associated with the base flight plan using the
unique flight identifier, called flight_unique _id.

Within this view, there may be several types of amendments. The
Route_ Amendment entity covers the case where all or part of arouteis
changed. The Other_Amendment entity covers all non-route amendments,
such as changes to filed airspeeds and altitudes.

* FP_Substitution: Substitution of anew flight for a currently scheduled
flight

The model has links to route information but does not intend to cover such airspace
structure datain detail. That will be covered by modeling NAS resources and capacity.

19 In data model, a child entity is one that is dependent on another entity i.e., a parent entity.
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However, the flight model shows references to key airspace structure entities to support
route data, such as NAVAIDs, fixes, and other waypoints.

The attribute fp_event_type is the category discriminator for the Flight_Plan_Event
entity. The attribute waypoint_type is the category discriminator for the
Segment_Waypoint entity.

In addition to the FP_Filing entity, three additional entities contain supporting details.
Theseare: 1) FHight_as Planned Summary, which contains the overview of aflight and
the most recent changesto aplan, 2) Route Structure, which contains ahigh level view
of aflight’ sroute, e.g., route _structure_id, route type, and number_of segments, and 3)
Route Segment, which contains the detail-level view of the route in terms of each
segment and waypoint. Finally, Segment_Waypoint is the parent entity for entities that
contain detailed waypoint information, e.g., about fixesand NAVAIDs.
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Figure 3-4. High-level View of Flight Plan Events
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3.5.3.2 Dynamic Aircraft Events

A dynamic aircraft event is an event involving the aircraft’ s status, the on_board weather
status, or an aircraft alert. Other eventsthat could be considered as flight events, are
defined in the model as ATM events, and are described in the following section.

As shown in Figure 3-5, dynamic aircraft event entities are:

* Aircraft_Dynamics 1. Constantly updated information about the aircraft’s
airspeed, position, pitch, yaw, roll, fuel burn rate, and weight. Updated aircraft
position data can be obtained from radar readings from ARTS, STARS,

ETMS or other system, typically en route.

* Aircraft_Dynamics 2: Additiona data about the aircraft, such as phase of
flight position, and data about the status of the landing gear, beacon, and mode
C

e Onboard Weather: Datataken from onboard weather sensors to measure
wind speed and direction, the outside air temperature, and the barometric
pressure

» Aircraft_Alert: Dataabout any of several aircraft alerts, including those
generated by automation, such as TCAS, or by controller action

is the summary of

Flight_As_Flown_Summary l

Itinerary_Hop
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is related to

!event_type

Dynamic_Aircraft_Event I
iai rcraft_event_type
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Figure 3-5. High-level View of Dynamic Aircraft Events
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An ATM event is an event that is also associated with aflight, and could, therefore, be
part of aflight event but an event that could also be classified in one of two other ways:
Related to 1) aircraft separation and safety activity, e.g., Air Traffic Control, or ATC, or
2) aTFM event involving delay and traffic flow.

ATM events are subdivided into these two subevent types. ATC and TFM. Within each
are anumber of entities representing such events. The ATM category discriminator is
atm_type while the subcategory discriminators are atc_event_type and tfm_event_type,
respectively.

is the summary of

updates

Flight_As_Flown_Summary F is related to

’event_lype

ATM_Event
atm_event_type

ATC_Event TFM_Event
()atc_event_type . tfm_event_type

ATC_Alert Vectoring Arrival_Slot
roup_Assignmen

Taxiing
Flow_Program I
Phase_of_Flight Holding Flow_Restriction I

1

Figure 3-6. High-level View of ATM Events

These eventsinvolve events of aflight, from ground-based events prior to pushback and
takeoff, through en route airspace, to arrival at a gate at a destination airport. They can be
viewed in terms of a phase-of-flight view. The flight events are:

e ATC event entities, which consist of:

» ATC_Alert: Dataabout the varieties of ATC alerts, suchasaTCAS
aert

* Change_in_Control: Dataabout changesin aircraft control, primarily
Center-to-Center handoffs

» Phase of Flight: Dataabout phase of flight activity, including time
of push-back, wheels off, wheels on, and gate arrival plustaxiing time
at the origin and destination airports
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* Vectoring: The assignment of anew heading to the flight

» Taxiway: Dataabout taxiway time and name and gate information at
the departure and arrival airports

* Holding: Dataabout the assignment of an airborne hold, including
location and holding time

« TFM event entities, which consist of:

* Group_Assignment: The association of a number of flightsas a
group, e.g., asabank, for amanaged arrival reservoir (MAR), for
purposes of managing severe weather, or for military flights

* Arrival_Sot: Thetime assigned to aflight at which it isintended to
arrive at its destination airport

* Flow_Program: Identification of a TFM program, such as a ground
delay or ground stop, to manage traffic

* Flow_Restriction: Identification of a TFM restriction for aflight,
such as metering, miles-in-trail, weather, and specia use airspace
restrictions

3.5.4 Aircraft Data

Another class of datain the model isaircraft data. Unlike the dynamic aircraft events,
these data are fairly static. This class includes not only data about the particular aircraft
(Aircraft entity) on aflight, but also data about the operation of the aircraft. The Aircraft
entity contain the basic descriptors of the aircraft and is keyed on aircraft_tail_number,
which is considered a unique identifier. If, in practice, thisis not the case, a unique
system-generated key can be produced, asis done for the flight id. Thisfile also contains
the aircraft’s manufacturer and serial number, an alternate primary key pair. It also
contains other attributes, such as aircraft type, weight class, engine class, registration,
endurance, take-off weight, payload weight, and cruise speed.

Additional entities offer more specialized structures for managing data about the aircraft.
Asdepicted in Figure 3-7, these entities are:

* Manufacturer: Coded and descriptive information about the aircraft’s
manufacturer

* Engine Class: Coded and descriptive information about the aircraft’ s engine

* Weight_Class: Coded and descriptive information about the aircraft’ s weight
class

» Aircraft_Type: Coded and descriptive information about the aircraft’ s type

» Aircraft_Category: Coded and descriptive information about the aircraft’s
category
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» Aircraft_Nav_Equipment: Descriptive information about the aircraft’s
navigation equipment

* Aircraft_Comm_Equipment: Descriptive information about the aircraft’s
communications equipment

» Aircraft_Emergency Equipment: Descriptive information about the aircraft’s
emergency equipment

Flight_Id
|
was built by is assigned to

S | | 4“36[Aircraft_NAV_Equipment_G]
belongs to ‘
777777 — ‘
belongs to installed to
e P
e

‘ Aircraft_NAV_Equipment '
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belongs to ‘
Aircraft_Type =
‘ installed to
A ft cat belongs to
ircraft_Category - ===
‘Aircraft_Comm_Equipment '

has

% Aircraft_Emergency_Equipment_G h

installed to

‘ Aircraft_Emergency_Equipment '

Figure 3-7. High-level View of Aircraft Data

3.5.5 Reated Data Structures

The flight data model represents flight data, but, in expanding the model, one invariably
links to information beyond flight data (category 1). For example, NAS resources and
capacity (category 2) contains detailed data about NAS resources such as airports, routes,
fixes, NAVAIDs, holding patterns, and such. They are represented in this model view on
the periphery of the flight datamodel. In fact, they will also be modeled (many of these
areas have already been modeled) to provide a complete view of NAS data.

In the way it is constructed, a model will tend to support some aspects of data processing
while not supporting other aspects. A mitigating factor isthat, as a conceptua model
moves to its physical representation and then to implementation, some of these aspects
can be diminished or enhanced, depending on what view the model has taken.
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Since this flight data model is intended to be more universal than specific to a particular
application, its constructions to support particular types of flight processes may or may
not be present. This need not be a problem since the model can be modified at the logical
level if amore specific target application requires customization. However, the definition
and representation of certain data attributes are expected to become established
requirements for data exchange across the NAS to ensure system interoperability.

Some of the considerations that went into the development of the current version of the
flight data model are that it:

Is anchored on aunique flight identifier. Inthe NAS today, thereisno single
unique flight identifier.

Is based on sets of flight events, each of which isuniquely identified and
retrievable.

May be easily expanded to hold additional event categories and additional events
within each category.

Assumes that flight histories are desired and, thus, using a timestamp, allows the
capture of a series of datathat change over the course of aflight, e.g.,
accumulating position data, rather than ssimply overlaying new data over the last
instance of that data.

Assumes that audit trails are desired and builds in abasic set of audit trail
elements, such as who modified flight information and where and when they were
modified.

Uses official NAS identifiers, such asfix, NAVAID, route, and airport id, as
references for flight components. These identifiers may be found in the FAA’s
LOC-ID publication, which is updated every 56 days. Some of these identifiers
may be modified to conform to ICAO standards.

Uses entity and attribute names not related to any specific application. Ideally,
after discussion, these names will be considered as a set of standard namesto be
used acrossthe NAS. [A larger issue is establishing an office or function to
manage issues such as these, an aspect of information management called Data
Administration. In addition, an office or function is aso needed to manage
information security issues.]
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4. Uses of the Model and Implementation | ssues

4.1 Flight Data Use

Two primary areas of impact for consistent and NA S-wide management of flight data are
in 1) numerous areas of operational decision making and performance, and 2) system
engineering and acquisition activities of system design, development, procurement,
implementation, integration, and maintenance. These two areas are discussed below.

4.1.1 Operational Performance Impact

bl

In arecent publication =, the RTCA describes a set of operational scenarios that require a
robust set of quality flight data. That description, based on overall mission planning, is
incorporated in Figure 4-1 below and supplemented with additional aspects of flight data
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Figure4-1. Set of Integrated Operational Scenarios Requiring Flight Data

2 Op. cit.
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The flight data model is proposed as a unifying structure across the applications that use
flight data. In effect, each of these legacy systems has implemented its equivalent of what
is proposed here, whether this was done with aformal data model and a COTS DBMS or
simply by using various flight information structures as input to computer code.

The figure above implies the need for a near-real time and archival dataresource (e.g.,
database, warehouse, repository) that is distributed across many users (and user classes),
sites (land-based and airborne), organizations (FAA and industry), and time zones. A
system is needed that can institute a fluid process of data capture and exchange and that
can manage the control and distribution of flight information according to new rules that
will be required to protect the confidentiality of these data

The New Age Flight Plan envisions greater collaboration between the FAA and the
industry based on the sharing of additional data previously known to one party but
unavailable to the other. Examplesinclude industry flight intent data, such as preferred
climb and descent profiles, and NAS configuration data, such as airport acceptance rates,
sector loading, and capacity constraint information.

The implementation of improvements to NAS flight processing requires more than just an
upgrade to the set of flight information as captured by the flight data model described in
this document. It also requires a number of modifications to the NAS. Although a
detailed description of these modificationsis not in the scope of this document, some of
them are listed here:

* Therolesand responsibilities of the various NAS decision makers, from traffic
management coordinators to airline dispatchers

* The processes by which information is shared within the FAA and between the
FAA and NAS users, such as the assignment of responsibility for the management
and control of various subsets of flight datato people and organizations, and the
synchronization of flight data updates

» Theinteroperability of the infrastructure that connects people and systems to
allow a smooth flow of data across the NAS, e.g., single points of interface for
access and delivery of flight data

* Thesengitivity with which flight datais handled by al parties and relevant
security issues involving access authorization, data integrity, and reliability of
service.

* Theinterna structure of application systems (i.e., the automation system) that
process flight data
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4.2 TheDataModed and ItsUse

A model is an abstraction of redlity. It representsreality in the way the data modelers see
it. Thisisboth a strength and aweakness of amodel. Thisflight model, therefore, hasits
strengths and weaknesses as well, although different viewers might not agree on which
are its strengths and which are its weaknesses.

First, this model does not represent any particular application system’s view of flight.
Second, the model incorporates views of flight from some major systems, such as Host
and ETMS, but also accommodates views of flight not yet found in any application
system, such as flight preferences and flight intent more closely associated with free
flight. The model represents a number of flight events but does not claim to represent all
flight events. The model isfairly detailed in the data it describes, but, given the
complexity of the subject, does not represent that it has fairly captured every concept,
every attribute, nor every business rule regarding flight.

This model has achieved, and to our knowledge for the first time, a synthesis of alarge
variety of flight data from many legacy applications, operational and developmental. It
has also addressed flight standards and proposals for new flight data.

To reiterate some of the purposes stated at the beginning of this document:

» tosuggest aunifying view of flight in which an essential structure and key
characteristics can be agreed upon

» toconsider such aview abasis for future system development, whether that
involves modifying an existing system, re-designing an existing system, or
developing a new system.

Another important purpose of the model isto be afocal point for discussion and to reflect
views that have not been considered. In this sense, the model isaliving entity ready to
accept modification, enhancement, or achange in scope. Itsvalueisto be used across the
system development life cycle so that participants that conduct requirements analysis and
software design could have the same understanding and use the same structure as
organizations that perform software maintenance, performance tuning, and system
interface implementation.

The model isin Entity Relationship (ER) format, which emphasizes a data-centered view
of its subject and is awell-established standard for data modeling. Asan ER model, data
definition language (DDL) code can be generated routinely and easily that creates the
flight model structure in arelational COTS DBMS. However, the way the model is
constructed also permits translation to an object-oriented view as well.

2 A test was done to import the relational model from LogicWorks ERwin product to Rational’s

Rose object-oriented modeling product using a software trandator recently developed by the two
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One way to manage the overall NAS data environment is to establish aNAS-level System
Engineering Database in the Data Administrator areato manage the NAS metadata
system-wide and for each system. Part of the metadata would include, in addition to the
basics of attribute definition and characteristics (i.e., type and length), the source of the
attribute, the set of all systemsin which it isused, its criticality, itsreliability, and other
parameters. Such a database would support system acquisition and development as well
as system maintenance. It would also be an input to the investment analysis process,
helping to answer questions about the cost to acquire and maintain various sets of data,
especially those purchased from third parties.

Regarding data availability, some of the dataidentified in the model either may not be
available or may be available but proprietary. Until fairly recently, actual wheels off and
wheels on data were only estimated from NAS radar tracking data. Now many such data
(but not al) are available from the Aircraft Communications and Addressing Reporting
System (ACARS), which records Out, Off, On, In (OOOQI) datafrom aircraft sensors. An
example of proprietary datais actual rate of fuel burn per flight, known by the airlines.
Although manufacturer specifications would indicate approximate fuel burn rates per
aircraft model type, the actual rates are deemed proprietary by the carriers and must be
managed as sensitive data.

In addition, as more ground-based and airborne systems become more interoperable to
achieve free flight, the opportunities for errors in data exchange at system interfaces will
increase significantly. Without common data models there are no effective controls on
the increased complexity in multi-system operations. The RTCA has stated that aviation
safety will be improved by improvements in data sharing [1], but this assumes effective
and error-free data exchange.

Potential outcomes. In practice, the FAA, by encouraging a common view of flight, can
achieve system engineering efficienciesin severa ways. Some of these are:

» There can be adialog across organizations and across applications within the FAA
about the meaning of flight data and how it will be managed structurally. This
should naturally lead to discussions of how flight dataitself (i.e., the instance
data) should be managed.

* NAS users can participate and contribute to a common view of flight. The RTCA
has already acted as afacilitator in this regard, and is, most likely, ready to
continue this process.

» Consultants and devel opment organizations can benefit from a NAS-wide view of
flight and specific requirements for interoperability instead of being forced to

companies. The import was successful in that the basic structures were created in Rose but some effort was
still needed to adjust the object-oriented view that Rose created. Additional effort is needed to sort out the
pros and cons on this translation process.
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develop their own ‘local’ view. In fact, several such organizations have already
shown considerable interest in starting from a common FAA-approved view of
flight to save time and money and develop to aview that is more likely to be
accepted and interoperable.

System maintenance organizations can streamline their work in upgrading the
flight aspects of application systems by reusing code involving flight structures.
Also, system interface process (e.g., message communications and processing)
can be simplified by reducing the considerable pre-processing and translation that
isrequired of messages at areceiving system that contain flight data unique to the
sending system.

Implementation Issues. There are always many implementation issuesin moving from
amodel toredity in thefield. Interms of thisflight model, some of the questions that
naturally surface include:

What FAA organization will *adopt’ or champion aflight model? Thisflight
model? Thisraisesthe larger issue of the means of coordination among the
numerous FAA organizations that have an interest in flight data management and
their roleinit. The NAS Information Architecture Committee (NIAC) has started
this process.

How will flight data be made available to decision-makers? Through existing
applications or through newly-devel oped applications, views, and screen
interfaces? What general query capability will be devel oped to offer ad hoc data
access? How will policies regarding data availability include the variety of
aviation data users, e.g., commercial, business jet, GA, military, air frieght,
international, airport operations?

What archival capability will be developed to store instance data for system restart
and analysis of past operational patterns?

How will the model be used by the various FAA application devel opment
organizations? Will it be used to interface with current systems, when current
systems are redesigned, and/or when new systems are built?

What isthe role of the developer? To what extent will the FAA specify a
structure for flight data to be used across the developer community?

With the recent proposals for the development of common data servers at the
Centers and TRACONSs to offload some of the Host’ s processing, thereis aneed
to agree on an implementation that simplifies, rather than complicates, the
complex processing that now occurs among the applications at these facilities.
The HADDS (Host Application Data Distribution System) and the TADDS
(Terminal Application Data Distribution System) have been proposed as COTS-
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based data servers at the Centers and TRACONSs, respectively. The Local
Information Service (LIS) has been proposed in the NAS Architecture as a more
general information service capability for Center-based application support and
operational decision-making.

What influence will NAS users have in the continuing design and development of
aflight model? How will this affect implementation?

Specific to the model, what is the number of views that will be maintained of the
flight plan and the actual flight. For instance, will the several periodic snapshots
captured during the flight plan process be accessible or will the system only reflect
the latest view, and finally, the last view before no more updates are made to the
plan?

Recommendations. The following are recommendations for developing and
implementing the flight data model.

The model, as published here, should be discussed with interested partiesin the
FAA and with NAS users to receive feedback about the model contents, structure,
and impact.

The model should be extended to cover additional events. Attribute values should
be completely specified, and a set of business rules should be established.

The model, as extended and enhanced, should be presented as a candidate
standard for applications requiring flight data. This requires extending this logical
model, in part, into a physical data model by specifying candidate formats (type
and length) for each attribute.

The use of the model should be explored as an interoperability aid for multiple
systems that share, or will share, flight data. That is, its structure should be
considered in messages that are exchanged between systems and as the basisfor a
database schema in applications that use aDBMS for data management.

The model should considered as a core structure in the evolution of NAS flight
data processing (FDP).

4.2.1.1 0.0.0.1 Adaptation Data

Major enhancements are needed to provide even alimited model for adaptation data.
It may be possible to build upon the on-going work of the NAS Information Architecture
Committee (NIAC) working group investigating opportunities for common adaptation
data services for multiple domains and systems.

4.2.1.2 0.0.0.2 ARTSData
The terminal domain data model strawman was built from an analysis of STARS data
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elements. But the ARTS data elements need to be equally well documented and analyzed
in order to support the transition of terminal systemsin an operationa environment where
both ARTS and STARS will exist together.

4.2.1.3 0.0.0.3 Terminal Trajectory and Route Data

A longer term data model development effort should be done to examine options for
data structures and relationships needed to support the exchange of detailed route and
detailed flight trgjectoriesin the terminal environment.

4.2.2 0.0.1 Terminal Data Configuration Management

The terminal domain data model isjust one small step toward the development and
implementation of an effective, implementable, cost effective information architecture
for the terminal domain. A long range goal of an information architecture is the use
of common data standards. But even as we work toward this goal, the redlities are
that there is now, and probably always will be, a certain amount of diversity in data
definition and usage. A set of procedures and tools is needed that can provide
comprehensive, up-to-date information about terminal domain data and its usage.
Other officesin the FAA are working to develop their own form of a comprehensive
data configuration management system which may be a starting point for a terminal
domain system. For example, ASY has developed a Data Encyclopedia System
(DES) using commercia data modeling and data management tools for a flight safety
data system. The NIAC is also sponsoring initiatives in the development of common
data and metadata management tools.
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APPENDIX A: ERwin Data Modeling Tool Conventions

ERwIn/ERX is an Entity-Relationship (ER) logical data modeling product that runs under
Windows. It supports the following objects which are important to information
modeling: primary and foreign key identification; referential integrity constraints; entity,
attribute, and relationship definition; business rules; foreign and alternate key definition;
inversion entries. It can transform alogical data model into a physical schemaand can
generate Structured Query Language (SQL) Data Definition Language (DDL) scripts for
many commercial relational DBMS products. In addition, it can also reverse engineer
existing SQL DDL scriptsinto ER diagrams. Definitions for these terms can be found in
the glossary.

The purpose of this appendix isto provide the reader with a basic understanding of the
ER diagrams presented in this paper with examples from an aeronautical data context.

ERwin offers two choices of diagramming conventions that are widely recognized. One
is Information Engineering (IE) notation and the other is called Chen, after the person
who first proposed it. The flight data model currently uses Chen notation.

In an ERwin diagram, an entity is represented by a box with the name of the entity on top
and all of the attributes of the entity inside the box as shown in figure A-1. The
horizontal line in the entity box divides the attributes into two distinct sets: the area
abovethelineis caled the key area, and the area below the lineis called the data area.
The attribute or set of attributes that uniquely identify each instance of an entity is called
the primary key. Primary keys are placed above the linein the key area. All attributesin
the data area are referred to as non-key attributes. Foreign key attributes are defined as
primary key attributes of a parent entity contributed to a child across the relationship as
shown in figure A-2. These attributes are designated in the diagram by an (FK) following
the attribute name.

Primary Key flight_unique_id Key Area

departure_airport.airport_id
scheduled_departure_timestamp Data Area
aircraft_tail_number
pilot_id

Attributes

Figure A-1. Sample ERwin Entity

There are two types of foreign key relationships possible: identifying and non-identifying.
In an identifying relationship, the foreign keys migrate to the key area. Therelationshipis
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called identifying because the keys from the parent form part of the identity of the child
(i.e, the child is dependent on the parent for its identity). An example of such a
relationship isillustrated in figure A-2. Identifying relationships are indicated by a solid
line connecting the entities. The ‘crow’sfeet’ at the child entity indicates that the parent
may create more than one child entity.

Parent Entity Child Entity

-
parent key parent key (FK)

o

- J

Figure A-2. Identifying Relationship

In a non-identifying relationship, the foreign keys migrate to the data area. Since some
(or al) of the migrated keys are not part of the primary key of the child, the child is not
identified by the parent. An example of anon-identifying relationship is shown in figure
A-3. Non-identifying relationships are indicated by a dashed line. The diamond indicates
that the relationship is optional, i.e., it may not exist.

Parent Entity Child Entity

parent key child key

parent key (FK)

Figure A-3. Non-ldentifying Relationship
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Entities are designated as either independent (square boxes) entities, or dependent entities
(round edges) as afunction of how they acquire their keys. An independent entity does
not depend on any other entity in amodel for its identification, whereas a dependent
entity depends on one or more entitiesin amodel for both its existence and identification.
An exampleisfigure A-4, which illustrates both an independent and dependent entity.

Parent Entity Child Entity
parent key /parent key (FK)
child key
—§
- J

Figure A-4. Independent and Dependent Entities

There are two types of dependent entities. An existence dependent entity is one which
cannot exist unless the parent does. An identification dependent entity cannot be
identified without using the primary key of the parent. Identifying relationships aways
result in both existence and identification dependency. Thistype of relationship is
prevalent in the flight datamodel. The airport entity and fuel type entity illustrate this
concept in figure A-5 below.

Airport Fuel Type
4
airport id airport id (FK)
fuel type
—§
- J

Figure A-5. Existence and Identification Dependency
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Relationships are much more complex than they seem on the surface. They are the heart
of the information model because they carry alot of information. They describe the
business rules and the referential integrity constraints. Relationships are displayed as a
line connecting two entities, with adot on one end and a verb phrase written along the
line. If the verb phrase has been chosen correctly, one should be able to read a
relationship from the parent to the child entity using the verb phrase. Figure A-6
illustrates two examples with verb phrases and describes how they are read.

Airport Fuel Type
4
airport id airport id (FK)
fuel type
may have
. J

An Airport <may have> many fuel types.

NAVAID Low Altitude Chart
navaid id (FK) )

navaid type (FK)
chart id

-

A NAVAID <may be on> many low altitude charts.

navaid id
navaid type

may be on

Figure A-6. Verb Phrases

Relationships have a property called cardinality which defines how many of each
participating entity may, or must, participate. Cardinality statements are used to indicate
how many instances of the parent entity are connected to how many instances of the child
entity. For the identifying relationships below, the parent of arelationship can be related
to the child in one of four ways:

1. Each parent is connected to Zero, One, or More instances of the child.

2. Each parent is connected to One or More instances of the child.

3. Each parent is connected to Zero or One instance of the child.
09/07/00 DRAFT A-4
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4, Each parent is connected to Exactly n instances of the child where the
value nisknown.

The cardinality of the relationship is depicted graphically in the ER diagram by a symbol
that islocated near the end of the relationship line. Thisisillustrated in figure A-7.

One to Zero or More

9 P One to One or More

o 7 One to Zero or More

o N One to Exactly N

ldentifying Relationships

----------------- [ One to Zero or More
G- 9 Zero or One to Zero or More
———————————————— 9 P One to One or More
r==mmmmmmmmmme 9 P Zero or Oneto One or More
--------------- 4 7 One to Zero or More
r==mmmmmmmm---- 9 7  Zero or Oneto Zero or More
---------------- 9 N One to Exactly N
Ommmmm e e e e 4 N Zero or One to Exactly N

Non-Identifying Relationships

FIGURE A-7. Cardinality Statements

Another type of special relationship which existsin the model is arecursive relationship.
A recursive relationship is one in which the parent entity and child entity for the
relationship are the same. Thistype of relationship occurs frequently in the real world.
Two examples are: companies own companies and employees manage employees. All
recursive relationships are non-identifying. The flight data model has one such
relationships in the event entity. For each event, there may exists the following recursive
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relationship: for any flight event, there may be another event related to it. Thisis
illustrated below in Figure A-8.

Event

(" event id )
flight unique id

event source
eventtype  [~7°° '
timestamp
\_reason for event)

1
1
1
1
1
is related to

Figure A-8. Event Recursive Relationship

It is often the case that several attributesin alogical data model are defined over the same
domain. They have the same allowed values, but not the same definitions. Thisis
generaly the case when foreign keys are contributed to an entity by arelationship. In
these instances, role names are used to alow different occurrences of the same underlying
attribute to play different roles. A role nameisanew name that is assigned to aforeign
key attribute and defines the role that it playsin the entity.

The syntax for defining and displaying arole name is (role-name.base-name). The part
before the period isthe role name. The remaining part contains the original name of the
foreign key and isreferred to as the base name. The flight data model several such
relationships where role names are used. The airport id (base name) isaforeign key in
which arole name is used to provide the necessary context. Figure A-9 illustrates the
airport id attribute and therole it playsin the Flight ID entity to distinguish the departure
airport (role name).

Flight ID

flight_unique_id

departure_airport.airport_id (FK)
scheduled_departure_timestamp
aircraft_tail_number(FK)

pilot_id (FK)

Figure A-9. Airport Id Role Name
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Another type of entity that appears in the model is known as a generalization or
inheritance hierarchy and may also be referred to as a sub-type or category hierarchy.

A generalization hierarchy isagrouping of entities that share a set of common
characteristics and consists of a generalization entity (generic parent), category entities
and a category discriminator. A generalization entity islocated at the top of any level of a
generaization hierarchy. The category entity is a subset of the instances of a
generaization entity that share common attributes or relationships that are distinct from
other subsets. In addition, a category discriminator is an attribute that determines to
which category a generic parent instance belongs.

The logical datamodel has several areas where the use of generalization hierarchies are
used. Theseinclude Flight Plan Event, Dynamic Aircraft Event, and ATM Event.
Within ATM Event are ATC Event and TFM Event. Figure A-10 illustrates how a
generalization hierarchy was incorporated into the ATC Event family. Each ATC Event
has its own characteristics, but it also shares acommon set of characteristics. This
common set of characteristicsis maintained in the ATC Event entity (i.e., the generic
parent) and the characteristics that are specific to each subset are maintained inthe ATC
Alert, Vectoring, Holding, and Change in Control entities, respectively.

Generalization hierarchies also contain the category relationship. Thisrelationship
connects the generic parent to the category entity. From the perspective of the parent, this
iSaoneto zero or one relationship with the implicit verb phraseisa. Each instance of
the generic parent either is an instance of the category or it isnot. From the perspective
of the category entity, each instance of the category entity is an instance of the generic
parent. The category discriminator in this case is the atc event type attribute.

ATC Event

[ )
[atc event type J

5

ATClAlert Vectorin Hlolding Changeg in Control
( 1l [ ] [ ( )

]

Figure A-10. ATC Event Generalization Hierarchy.
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APPENDIX B: Relational Data M odel Fundamentals
The following sections describe the fundamental features of the relational model.

Data Integrity. Ensuring data integrity is an essential aspect of data modeling, especially
when data may be shared in adistributed processing system, alikely outcome for flight
datawith the NAS system architecture. Rulesto maintain dataintegrity can be enforced
at the database level (i.e., physical structure) and at the application level. The advantage
of enforcing constraints at the database level are many, the primary one being that the
constraints are automatically enforced in spite of a user's inadvertent attempts to modify
the dataincorrectly. In addition, the constraints are transparent to application programs.
Additional constraints can be added on the data without affecting the application
programs that process the data. Some disadvantages are that overhead is required to
check constraints when inserting, updating, and deleting records, and additional indices
must be maintai ned.

In the relational model, there are three types of dataintegrity rules. These are:

1 Domain integrity -- defines allowable values, or check conditions, for each
data attribute

2. Entity integrity -- uniquely defines arelation and restricts the use of null
valuesin aprimary key

3. Referential integrity -- defines foreign key (attributes which are logically
linked to the primary key of another table) relationships. During data
maintenance, these relationships ensure that modifications to the data are
properly implemented.

Rules 2 and 3 are general in that they apply to every database which conformsto the
relational model. To implement domain integrity, arelational database must specify rules
to enforce data accuracy and consistency.

Thelogica data model maximizes thenumber of data integrity, constraints at the database
level. Theseinclude check conditions™ and validation tabl to enforce domain
integrity constraints, primary keys to enforce entity integrity, and foreign keys to enforce
referential integrity. Validation tables are used at the application level to validate data,
ensuring data consistency of the domains of the attributes in the system.

There are numerous advantages in using validation tables to enforce domain integrity
constraints at the application level. Application program maintenance is greatly reduced.

z A check condition is adomain integrity constraint that validates datain atable or view by

requiring that a condition be true each time arecord isinserted or updated.

= A validation entity stores the valid domain from which one or more attributes draw their values.
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If the domain of an attribute changes, the modifications of the domain are applied to the
validation table. Even though a validation table may be used in multiple applications, the
modification of the domain is donein one place and is transparent to all applications. If
validation rules are built into an application and modifications to the attribute become
necessary, then each application affected must be modified.

Primary Keys. Each tablein arelational database must have aprimary key. A primary
key isasingle attribute or combination of attributes whose values uniquely identify each
row in atable. That is, while the values of other attributes may be repeated in the table,
primary keys must be unique. In addition, no attribute participating in the primary key of
atable shall be allowed to accept null values. Thisruleisknown as entity integrity.

Foreign Keys. Foreign keys are used to establish relationships between tablesin the
relational model. This can be viewed as establishing a parent/child relationship among
tables. A foreign key isasingle attribute or combination of attributes in one table whose
values are required to match those of the primary key of some other table. In addition,
the foreign key should be defined on the same logical domain as the corresponding
primary key. Because foreign keys reference primary keys, it is essential that a primary
key value exist somewhere in the database for every foreign key value. Thisruleis
known as referential integrity. Any proposed design for the flight data model must
designate foreign key relationships throughout the logical data model.

Enforcement of referential integrity isimplemented as follows: When an insert or update
is performed on a child table, the domain of values placed in the referencing attributes
must match the domain of valuesin the parent table. If an effort is made to delete or
update arow in the parent table whi % contains values matching those in the child table,
one of three options will be applied.= The choice of update and delete constraints will be
established by the developer.

Indices. Anindex isadata structure whose primary purpose isto speed retrieval of the
recordsin atable. Inaddition, it may also be used to enforce certain uniqueness
constraints on the data. While indices speed dataretrieval, they also require storage. The
tradeoff between space and retrieval speed may be important for large databases. Also,
other system resources are needed to maintain indices. Therefore, there is also atradeoff
between delete, update and retrieval operations, which benefit from the use of indices,
and the overhead needed to maintain an index.

24 The cascade option will delete all dependent records from the child entity and then del ete the

parent entity.

Therestrict option will prevent records from being deleted from the parent entity if dependent
records exist.

The set null option will set null each nullable attribute in the foreign key of each dependent
record and will delete the corresponding parent record.
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APPENDIX C: Flight Data Model Detailed View

The content in this appendix is a detailed, attribute-level ERwin model view. It typically
takes 4 sheets of paper. For final publication, the view will be professionally produced as
asingle oversized foldout. The printout is available from flight35.erl by selecting the
subject view ‘Flight Object Model’ and printing.
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APPENDIX D: Flight Data M odel Entity Definitions

The table below contains the definitions of the entities in the flight data model, as taken

from the ERwin modd!.

Table D-1. Flight Data Model Entity Definitions
Entity Name Entity Definition
Aircraft Characteristics of the physical aircraft associated with aflight id
Aircraft Alert One of anumber of aertsinvolving the aircraft in flight

Aircraft_Category

Coded value and additional information about the association of the aircraft
with a standard category code based on aircraft characteristics

Aircraft Comm_Equipment

Details about each item of communi cations equipment on an aircraft

Aircraft Comm_Equipment G

General information about the communications equipment on the aircraft

Aircraft Dynamics 1

Dynamic (performance) information about the aircraft assigned to a flight

Aircraft Dynamics 2

Additional dynamic aircraft status information

Aircraft Emergency Equipment

Details about each item of emergency eguipment on the aircraft

Aircraft Emergency Equipment G

General information about emergency equipment on the aircraft

Aircraft NAV_Equipment

Details about each item of navigation equipment

Aircraft NAV_Equipment G

General information about navigation equipment on the aircraft

Aircraft Type

Coded value based on the type of aircraft

Airport Related file containing data about a departure or arrival airport; based on a
unigue airport id
Airport_Gate Related information describing the airport gate assignment for a flight

Airport_Runway

Related information describing basic runway information associated with an
airport

Arrival_Slot The time window assigned to aflight at which it isintended to arrive at its
destination airport

ATC Alert Data about various ATC alerts

ATC_Event One of number of ATC events, such as ATC derts, change in control, phase
of flight information (pushback, wheels off), vectoring, taxiing, and holding

ATM_Event Either an ATC or aTFM event

Change _in_Control

Data about changesin aircraft control, primarily Center-to-Center handoffs,
including various track control actions (see NAS MD 311)

Dynamic_Aircraft_Event

A set of eventsthat track changes in the status of the aircraft, such as
position, fuel, and speed

Engine Class

Engine class

Event

Base entity describing any activity involving the flight or the aircraft, as
defined by the model

Event_Authority

The authorizing person or organization for an event

Event_Source

The source, whether person or organization, of an event

Fix

Related information about fixes along the route

Fix_Waypoint

A waypoint defined by a fix

Flight As Flown Summary

Current information about the flight

Flight As Planned Summary

Current flight plan information for a flight

Flight _Id

Base entity that identifies a unique flight

Flight Plan Event

Any flight plan event, such as aflight plan filing, amendment, or
substitution

Flow Program

Identification of TFM programs, such as ground delays or ground stops, to
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manage traffic

Flow_Restriction

Identification of TFM restrictions, such as metering and miles-in-trail, for
the flight

FP_Amendment

Amendments to filed flight plans

FP_Filing

Information about filed flight plans

FP_Substitution

Information about substituted flight plans

Group Assignment

Association of a number of flights by a single group designator

Holding Data about the assignment of an airborne hold, including location and
holding time

[tinerary A full trip frominitial departureto final destination, consisting of one or
more flights, or hops, each consisting of a departure and arrival.

Itinerary Hop One'leg’ of a series of 'legs or flights. Each hop is considered aflight.

Manufacturer The manufacturer of an aircraft

NAVAID Related information about the NAV AIDs along aroute

NAVAID_ Waypoint

A waypoint defined by aNAVAID

Onboard Weather

Readings about weather in the area of the aircraft taken from the cockpit
instruments

Operator The company whose aircraft is flying on the route of flight

OPS_Center The operational center of the (airline) operator

Other  Amendment Amendments to a flight plan other than route amendments

Phase of Flight An ATC event described on of several possible phases of flight

Pilot Information about the pilot of the aircraft on aflight

Route Related information about the route of flight, e.g., fixesand NAVAIDs

along a series of flight segments

Route Amendment

Flight plan amendments that modify the current route of flight

Route Segment

Route Segment A portion of aroute bounded by a starting and an ending waypoint

Route Structure The definition of aroute, consisting of a series of route segments
Segment_Ins Del Information about an insertion or deletion of a segment on a route structure

Segment_Named_Route

Segment as part of a named route

Segment_Paired Waypoint

A route segment as defined by two waypoints

Segment_Waypoint

Information about one of the waypoints that defines a route segment

Taxiing Data about taxiway time, taxiway name and gate information at the
departure and arrival airports
TFM_Event Include events generated by TFM which can be generated by various

organizations: FAA, AOC, and the military

User Defined Waypoint

A user-defined waypoint specified by position information alone

Vectoring The assignment of a new heading to aflight
Weight Class The weight class of a an aircraft
09/07/00 DRAFT D-2
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APPENDIX E: Flight Data Model Attribute Definitions

The table below contains the definitions of the attributes in the flight data model, as taken
from the ERwin model. The organization of the table is alphabetically by entity and then

alphabetically by attribute name within entity but with primary key attributes listed first.

Table E-1. Flight Data M oddl Attribute Definitions

Entity name Attribute Name Entity Definition Key
Aircraft aircraft_tail_number Aircraft tail number Yes
aircraft_category_id Aircraft category id No
aircraft_serial_number Aircraft serial number No
aircraft_type id Id of the type of aircraft No
cruise_speed max Maximum airspeed of the aircraft, short of impacting |No
structural integrity
cruise_speed min Minimal airspeed to keep the aircraft aloft No
dry_weight Aircraft weight in pounds when unloaded and No
unfueled
endurance_speed maximum  [Maximum endurance speed No
engine class id Engine classid No
engine_number Engine serial number No
fuel_hours_on_board Time in hours (and fraction of an hour) that the No
aircraft can fly based on amount of fuel on board at
departure
fuel_weight Maximum capacity of fuel, in pounds No
landing_distance_minimum  |Minimum landing distance, in feet No
manufacturer_id Manufacturer id No
national_flag Country of registration of the aircraft No
number_of engines Number of engines on the aircraft No
payload_weight Weight in pounds of the aircraft fully loaded No
registration Aircraft registration information No
seats Number of passenger seats on the aircraft No
takeoff distance minimum  [Minimum takeoff distance, in feet No
takeoff weight_maximum Maximum takeoff weight, in pounds No
weight_class id Weight classid No
Aircraft_Alert event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
alert_description Description of the alert situation No
aert_resolution Manner in which the alert was resolved No
aert_status Current status of the alert situation No
aert type Coded value for type of alert No
Aircraft_Category |aircraft_category_id Aircraft category id Yes
code Code of the aircraft category No
description Description of the aircraft category No
Aircraft Comm_Eq |comm_equipment_id Id of the aircraft's communications equipment Yes
uipment
code Code of the aircraft's communications equipment No
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description Description of the aircraft's communications No
equipment
name Name of the aircraft's communications equipment No
serial_number Serial number of the aircraft's communications No
equipment
Aircraft Comm_Eq |aircraft_tail_number Aircraft tail number Yes
uipment G
comm_equipment_id Id of the aircraft's communications equipment Yes
channel Broadcasting channel of the communications No
equipment
frequency Broadcasting frequency of the communications No
equipment
Aircraft_ Dynamics_|event_id Unique system-generated event id Yes
1
flight_unique_id System-generated unique flight id Yes
airspeed_calibrated Calibrated airspeed No
airspeed_ground Airspeed relative to the ground projected from the No
actual flight path velocity vector
airspeed_indicator Value shown by the airspeed indicator No
airspeed_true Actual airspeed No
atitude Current altitude: flying height in feet above sealevel |No
dtitude rate Aircraft climb (+) or descent (-) rate No
fuel_burn_rate Nominal fuel burn rate, in gallons per minute No
fuel_weight Weight in pounds of fuel at this point in the flight No
latitude Current latitude: distance north or south of the equator |No
measured in degrees
longitude Current longitude: distance east or west of Greenwich |No
measured in degrees
pitch Aircraft pitch No
roll Aircraft roll No
sequence_number System-generated unique number to identify this No
record at a point in time based on event timestamp
takeoff weight Weight in pounds at takeoff No
thrust Aircraft thrust No
yaw Aircraft yaw No
Aircraft_ Dynamics_|event_id Unique system-generated event id Yes
2
flight_unique_id System-generated unique flight id Yes
beacon_code Beacon code assigned to the aircraft No
comm_status Status of the communi cation system: on/off No
flight_mode Mode of flight: auto-pilot, manual, ILS,.... No
flight_phase Phase of flight: possible states are: at the gate engine |No

off, at the gate repairing, at the gate engine on, taxi to
runway, waiting for traffic, at the runway, waiting for
take-off, take-off, emergency take-off, aborting take-
off, climbing, leaving the terminal, en route, cross
sector boundary, in the holding pattern, transition to
new route, entering terminal area, entering intercept
point, entering approach gate, entering final approach
fix, entering glide slope, on glide slope, touch down,
taxi to gate, waiting to enter gate
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gear_status Status of the landing gear systems: up, down, up left  [No
jammed, up right jammed, up front jammed, down left
jammed, down right jammed, down front jammed

mode c_status Status of the mode C altitude encoder, the component |No
on the aircraft that transmits altitude information to the
ground-based radar system (Nolan)

priority_ac status Whether the aircraft has a priority status: y/n No

weight_on_wheels Weight-on-wheels (WonW) flag: indicates whether the|No
aircraft is on the ground or not.

Aircraft_ Emergency |emergency_equipment_id Unique ID of the item of emergency equipment Yes

_Equipment
code Equipment code No
manufacturer Manufacturer of the item of emergency equipment No
name Name of the item of emergency equipment No

Aircraft_ Emergency |aircraft_tail_number Aircraft tail number Yes

_Equipment_G
emergency_equipment_id Unique ID of the item of emergency equipment Yes
description Description of the specific item of emergency No

equipment

Aircraft NAV_Equi |nav_equipment_id Id of the aircraft's navigation equipment Yes

pment
code Code of the NAVAID equipment No
description Description of the NAVAID equipment No
name Name of the NAVAID equipment No
serial_number Serial number of the NAVAID equipment No

Aircraft NAV_Equi |aircraft_tail_number Aircraft tail number Yes

pment_ G
nav_equipment_id Id of the aircraft's navigation equipment Yes
channel Broadcasting channel of the navigation equipment No
frequency Radio frequency of the navigation equipment No

Aircraft_Type aircraft_type id Id of the type of aircraft Yes
code Code for the aircaft type No
description Description of the aircraft No
model Model of the aircraft No
name Name of the type of aircraft No

Airport airport_id Unique airport id Yes
elevation Airport elevation in feet above mean sealevel (md) [No
latitude Airport latitude No
longitude Airport longitude No
name Official airport name No
other_element Many other attributes exist and have aready been No

model ed; (to be added when modeling NAS resources)

Airport_Gate airport_id Unique airport id Yes
gate id Unique gate id for the associated airport Yes
carrier Name of the carrier operating the gate No
description Description of the gate environment: location, No

characterigtics, ...

Airport_Runway airport_id Unique airport id Yes
runway_id Unique runway id for the associated airport Yes
atitude Runway altitude No
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code Code for runway weight bearing capcity or pavement |No
classification number (pcn)
heading Runway heading No
latitude Runway latitude, based on the center line No
length Runway length, in feet No
longitude Runway longitude, based on the center line No
Arrival_Slot event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
slot_duration The length of time that the arrival time 'window' is No
open
dot_start time The earliest time that the flight isdueto arrive at its  [No
destination airport
ATC Alert event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
atc_alert_description Description of the alert event No
atc_alert_type ATC dert type, e.g., TCAS alarm, conflict probe No
warning, crash, hijack, depressurization, diversion
ATC_Event event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
atc_event_type Code for type of ATC event No
event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
atm_event_type Type of ATM event, consisting of ATC events and No
TFM events
Change_in_Control [event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
cC_seq _hum Command Center-generated sequence number inthe  [No
case of multiple border crossings within the same
handoff
change_control_status Change in control status: one of a number of track No
control events: 'a accept handoff, 'i* initiate handoff 's
select automatic handoff, 't' track (? track control only)
description Description of the change in control process No
fac_id_new Facility id acquiring control of aflight No
fac_id old Facility id relinquishing control of aflight No
loc_id Location where the change takes place, i.e., fix_id No
Dynamic_Aircraft_E|event_id Unique system-generated event id Yes
vent
flight_unique_id System-generated unique flight id Yes
aircraft_event_type Type of aircraft event, e.q., aircraft_data 1, No
aircraft_data 2, onboard weather, or aircraft alert
Engine_Class engine class id Engine classid Yes
code Code for the engine class No
description Description of the engine class No
name Name of the engine class, if any No
Event event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
event_authority id Uniqueid for the authority for an event No
event_source_id Uniqueid for source of aflight event No
event_type Type of event: flight plan, ATC, dynamic aircraft No
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reason_for_event Reason for the event No
related System-generated unique flight id No
remark Descriptive remarks No
timestamp_event Date and time when an event occurred or is scheduled |No
to occur
timestamp_recorded Date and time when an event is recorded in the No
database for audit and traceability purposes
Event_Authority event_authority_id Uniqueid for the authority for an event Yes
address Address of the authority that has approved theevent  |No
facility id Facility id of the event authority No
facility_name Facility name of the event authority No
name Name of the authority that has approved the event No
organization Organization of the authority that has approved the  |No
event
phone_number Phone number of the authority that has approved the |No
event
Event_Source event_source id Uniqueid for source of aflight event Yes
address Address of the originator that generated the event No
facility id Facility id of the originating event source No
facility_name Facility name of the event source No
name Name of the originator that generated the event No
organization Organization that originated the event No
phone_number Phone number of the originator that generated the No
event
Fix fix_id Uniquefix id Yes
fix_name Fix name No
fix_type Fix type No
Fix_Waypoint event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure id Id of the route structure Yes
segment_waypoint_id Id of the segment waypoint Yes
fix_id Uniquefix id No
Flight As Flown_S [flight_unique id System-generated unique flight id Yes
ummary
arrival_taxi_time_amt Time, in minutes, of taxi time from the arrival runway [No
to the arrival gate
arrival_time_gate Time when arrived at the arrival gate No
arrival_time_runway Time of arrival at the destination airport runway No
departure_taxi_time_amt Time, in minutes, of taxi time from the departure gate [No
to the runway
departure_time_gate Time of departure from the gate No
departure_time_runway | dentity of the departure runway No
event_id Unique system-generated event id No
flight_status Status of the flight: at the departure gate engine off, at |No
the departure gate engine on, taxi to departure runway,
at the departure runway, takeoff, climbing, en route,
descent, ...
persons_on_board Number of persons, including pilot(s), onboard No
time_enroute Actual time en route No
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Flight As Planned_ [flight_unique id System-generated unique flight id Yes
Summary
event_id Unique system-generated event id No
fp_alternate_dest_airport Alternate destination airport No
fp_altitude cruise En route cruise atitude of the flight No
fp_arrival_airport Scheduled arrival airport No
fp_arrival_country Arrival country of the flight No
fp_arrival_gate Scheduled arrival gate No
fp_arrival_runway Scheduled arrival runway No
fp_arrival_time_gate Scheduled gate arrival time No
fp_arrival_time_runway Scheduled wheels-on time at arrival runway No
fp_departure_airport Departure airport No
fp_departure_country Departure country where the flight originated No
fp_departure_gate Departure gate No
fp_departure_runway Scheduled departure runway No
fp_departure_time_gate Scheduled time of departure from the gate (pushback) [No
fp_departure time runway  [Scheduled wheels-off time No
fp_endurance Estimated flying time for the aircraft within refueling |No
fp_enroute_time Estimated duration of the flight No
fp_flight_plan_status Status of the flight plan: inactive, active, clear, cancel, [No
closed
fp_flight_route Route of the flight (may have more than one or more |No
segments)
fp_speed_cruise Enroute cruise speed of the flight No
fp_turn_around_time Estimated time interval between the arrival timefor  |No
this flight and the departure time for the next flight for
the same aircraft
Flight_Id flight_unique_id System-generated unique flight id Yes
aircraft_tail_number Aircraft tail number No
departure_airport Unique airport id No
pilot_id Unique pilot id No
scheduled_departure _timesta |Time departure scheduled No
mp
Flight Plan Event [event id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
fp_event_type Type of flight plan: e.g., i=initial filing/proposed, No
a=amended, c=cancelled, t=activated, c=accepted,
r=rejected
Flow_Program event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
authority Person or organization authorizing the program No
estimated_departure_clearanc [EDCT: timeto be given by the ATCSCC that aflight [No
e time is scheduled to depart, based on a ground delay
program in effect
estimated_duration Estimated time (in minutes) that the program is No
estimated to remain in effect
location Site where the program will occur; typically an No
airport_id or other location id
remark Contextua remark about why the program was No

needed, its outcome, or special characteristics about
the program
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start_time Proposed time that the program isto start No
type_program Type of program: ground delay or ground stop No
Flow_Restriction  |event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
estimated_duration Time (in minutes) for the duration of the restriction, if |No
any
location _id Location at or near which the program is based No
meter_fix_id Id of the fix on which the meter fix programisbased |No
miles_in _trail Distance assigned for miles-in-trail (MIT) program No
remark Contextual remark about why the restriction was No

needed, its outcome, or special characteristics about
the restriction

start_time Time at which the restriction will take effect No

time at fix Time assigned to the flight when it is due at the meter [No
fix

type_restriction Type of TFM restriction: milies-in-trail, metering No

FP_Amendment event_id Unique system-generated event id Yes

flight_unique _id System-generated unique flight id Yes

amend_status Status of an amendment to a flight plan: e.g., inactive, [No
active, and cancel.

amend_type Type of amendment; from the Host, actions are: 'a No

assigned altitude action, 'c’ code modification action,
'q' qualifier modification action, 's coast track action,

't' track action
filing System-generated unique flight id No
FP_Filing event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
airspeed_cruise Cruise speed of the flight plan No
airspeed_cruise aternate Alternate cruise speed of the flight plan No
atitude cruise Planned altitude at cruise speed (in feet above sea No
level)
atitude _cruise_alternate Alternate planned altitude at cruise speed (in feet No
above sea level)
arrival_airport_id Uniqueairport id No
arrival_time_gate Estimated arrival time at destination gate No
departure_airport_id Unique airport id No
departure_time_gate Filed time of departure from the gate (planned No

pushback); equivalent to the EDCT (Expected
Departure Clearance Time)

destination_country_id Code of country of destination of the flight; default to |No
'us

enroute_time Planned time en route No

enroute_time alternate Alternate planned time en route No

flight_type Type of flight as shown in flight plan: v: civilian vfr, [No
mv: military vfr, i: civilian ifr, mi: military ifr, o:
other, g: ga

flightplan_status Status of aflight plan: e.g., inactive, active, approved, |No
cleared, cancelled, closed

flightplan_type Type of flight plan: e.g., trial, scheduled, planned, No
ICAQ, preferred ATC, preferred AOC

origin_country_id Code of country of origin of the flight; default to'us  [No
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FP_Substitution event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
new_flight_id Unique flight id of the of the flight which will No

substitute for the current flight
reason_for_substitution Reason why a new flight plan was substituted No

Group_Assignment |event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
group_id Identifier of the group of flights No
group_type Type of the assigned group: bank, managed arrival No

reservoir ( MAR), severe weather (SWAP), military

Holding event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
estimated_holding_time Estimated amount of time to be in the holding pattern |No
holding_altitude Holding altitude No
holding_pattern Assigned pattern for the holding: e.g., circle, race No

track, other
holding_waypoint_id Id of the holding waypoint No
holding_waypoint_type Type of waypoint at which holding is occurring, e.g., |No
fix, NAVAID, ils

Itinerary itinerary_id Unique system-generated itinerary identifier Yes

center_id Unique identifier of an Air Route Traffic Control No
Center (ARTCC), i.e, CID
itinerary_type Type of itinerary: 'OAG', 'military’, 'GA', ‘air taxi', No
'intl’, 'other’
number_of hops Number of hops, or flights, in the itinerary No
operator_id Unique operator id, e.g., UAL No
Itinerary Hop hop_sequence_number The position in the itinerary that the flight represents, |Yes
eg., fromlton
itinerary_id Unique system-generated itinerary identifier Yes
flight_unique _id System-generated unique flight id No

Manufacturer manufacturer_id Unique manufacturer id Yes
code Manufacturer code No
country_id Unique country id of manufacturer No
description Description of the manufacturer No
name Manufacturer name No

NAVAID navaid_id NAVAID id Yes
navaid_type NAVAID type Yes
navaid_name NAVAID name No

NAVAID_Waypoint|event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure _id Id of the route structure Yes
segment_waypoint_id Id of the segment waypoint Yes
navaid_id NAVAID id No
navaid_type NAVAID type No

Onboard Weather |event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
air_temperature Temperature of the surrounding air No
barometric_pressure Barometric pressure at the aircraft altitude No
wind_direction Direction of the winds aloft No
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wind_speed Speed of the winds aloft No
Operator center_id Unique identifier of an Air Route Traffic Control Yes
Center (ARTCC), i.e,, cid
operator_id Unique operator id, e.g., UAL Yes
email_address Email address of the operator No
mailing_address Operator mailing address No
name Operator name No
phone_number Operator phone number No
type Operator type: domestic scheduled air carrier, air No
freight, military, international, general aviation
OPS _Center center_id ID of the Center Yes
center_name Name of the Center No
center_type Type of Center No
Other_ Amendment |event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
reason_for_change Reason for the amendment No
Phase _of Flight event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
flight_phase Type of phase of flight: push-back, wheels off, wheels |No
on, gate arrival
source Source of the timestamp for this phase of flight No
Pilot pilot_id Unique pilot id Yes
address Pilot address No
air_carrier Air carrier for whom pilot flies, if applicable No
name Pilot name No
phone Pilot phone No
Route route id Unique route id Yes
route_name Route name No
route_type Route type No
Route_ Amendment [event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
reason_for change Reason for the flight plan amendment to changethe  |No
route
route_structure Id of the route structure No
Route_Segment event_id Unique system-generated event id Yes
event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
flight_unique_id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure _id Id of the route structure Yes
route_structure _id Id of the route structure Yes
dtitude rate Assigned altitude rate for the segment No
est_time_seg Estimated time for the flight to traverse the segment  |No
mea Minimum en route altitude No
moca Minimum obstruction clearance altitude No
segment_remark Remark about the segment No
sequence_number Sequence number of a route segment which represents [No
the order of the segment within a complete route
between the departure and arrival  airports
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speed Assigned speed for the segment No
Route_Structure event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
route_structure _id Id of the route structure Yes
number_of segments Number of segments on the route No
route_remark Remark about the route No
route_status Status of the route: filed, active, cancd, ... No
route_type Type of route: static flight trajectory, sampled flight  |No
trajectory, optimal flight trajectory, NPR trajectory,
International flight trajectory, oceanic flight trajectory
Segment_Ins Del  |event_id Unique system-generated event id Yes
flight_unique _id System-generated unique flight id Yes
action_type Type of change to the segment structure: m: modified, [No
i:inserted, d: deleted
segment_sequence_number  |System-generated ordinal associated with the segment [No
Segment_Named_R |event_id Unique system-generated event id Yes
oute
flight_unique _id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure id Id of the route structure Yes
segment_named_route id Name of the segment on the route Yes
route id Uniqueroute id No
Segment_Paired W |event_id Unique system-generated event id Yes
aypoint
flight_unique_id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure _id Id of the route structure Yes
Segment_Waypoint [event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure id Id of the route structure Yes
segment_waypoint_id Id of the segment waypoint Yes
waypoint_altitude Altitude of the waypoint No
waypoint_eta Estimated arrival time at the waypoint No
waypoint_starting_flag Flag to define if the waypoint is at the beginning of the|No
segment
waypoint_type Type of waypoint: normal, metering fix, coordinate  |No
fix, arrival fix, departure fix
Taxiing event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
gate id_arrival Id of the arrival gate No
gate id_departure Id of the departure gate No
queue_time_arriva Amount of timein queue waiting for adot at the gate |No
gueue_time_departure Amount of time in takeoff queue No
taxiway_id_arrival Id of arrival taxiway (assumes only one allowed) No
taxiway_id_departure Id of departure taxiway (assumes only one allowed) |No
taxiway_time_arrival Minutes of time on the taxiway on arrival No
taxiway_time_departure Minutes of time on the taxiway on departure No
TFM_Event event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
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tfm_event_type Code for the type of TFM event No
User_Defined Way |event_id Unique system-generated event id Yes
point
flight_unique _id System-generated unique flight id Yes
route_segment_id Id of the segment within the route structure Yes
route_structure id Id of the route structure Yes
segment_waypoint_id Id of the segment waypoint Yes
user_defined_waypoint_id Id of a user-defined waypoint Yes
latitude Latitude of the user-defined waypoint No
longitude Longitude of the user-defined waypoint No
Vectoring event_id Unique system-generated event id Yes
flight_unique_id System-generated unique flight id Yes
heading New heading/direction given by ATC No
Weight_Class weight_class id Weight classid Yes
code Weight class code, if it exists No
description Description of the weight class No
weight_clean Unloaded weight of the aircraft No
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GLOSSARY OF ACRONYMS

AIS Aeronautical Information System

ACARS Aircraft Communications Addressing and Reporting System
AOC Aeronautical Operational Control

ATC Air Traffic Control

ATM Air Traffic Management

ARTS Airspace Radar Terminal System [?7]

ASD System Devel opment Organization

ATS Air Traffic Service

AZ (ETMS) Arrival Message

CDM Collaborative Decision Making

CNS Communications, Navigation, Surveillance
COTS Commercia Off the Shelf

CTA Control Time of Arrival

CTAS Center TRACON Automation System
DBMS Database Management System

DOTS Dynamic Ocean Track System

Dz (ETMYS) Departure Message

ER Entity Relationship

ERATMDST En Route Air Traffic Management Decision Support Toolset
ETE Estimated Time En Route

ETMS Enhanced Traffic Management System
FAA Federal Aviation Administration

FAST Final Approach Spacing Tool

FFF Flight Data M odel

FDP Flight Data Processing

FIR Flight Information Region

FSM Flight Schedule Monitor

GA General Aviation

GPS Global Positioning System

HADDS Host Application Data Distribution System
HCS Host Computer System

ICAO International Civil Aviation Organization
IDEF1X Integrated Computer Aided Manufacturing Definition 1X
IFR Instrument Flight Rules

IPT Integrated Product Team
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LDM Logical DataModel

LOC-ID Location Identifier

MNPS Minimum Navigation Performance Specification
NAS National Airspace System

NASR NAS Resources

NAVAID Navigational Aid

NFDC National Flight Data Center

NIAC NAS Information Architecture Committee
OAG Officia Airline Guide

ODMS Operational Data Management System

PDM Physical Data Model

pFAST Passive Final Approach Spacing Tool

RBS Ration By Schedule

R&D Research and Devel opment

RTCA Radio Telecommunications Communications Association
SAR System Analysis and Recording

SC Specia Committee

TADDS Terminal Application Data Distribution System
TFM Traffic Flow Management

TMA Traffic Management Advisor

T™MC Traffic Management Coordinator

T™U Traffic Management Unit

TZ (ETMS) Track Message

URET User Request Evaluation Tool

uTC Universal Time Coordinate

VFR Visual Flight Rules
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! Working with the NIAC, these organizations include: (in FAA) AOP, AIT, AUA, ACT, AND,
ANS AAF; (other) CAASD, SETA, Lincoln Labs, Unitech, AUA/TAC, DMR, SEI

There have various proposed NAS categorizations over time. The one proposed here stems from
work done in the TFM-ART from 1992-3.
! Platinum Technology acquired LogicWorks, the developer of the ERwin product, in the spring of
1998.
! The benefit of using a standards-based product is that a model based on the IDEF1 standard built
with ERwin can be imported by most any other |DEF1-based data modeling tool, such as Oracle's
Designer2000 and Sybase’'s S-Designor. With new interfaces now being built, it can also be imported into
Unified Modeling Language (UML) products, such as Rose, from the Rational Corporation.
! DO-241, “Operational Concepts and Data Elements required to Improve Air Traffic Management
(ATM) - Aeronautical Operational Control (AOC) Ground - Ground Information Exchange to Facilitate
Collaborative Decision Making,” 6 October 1977, RTCA, Special Committee 169; quotation taken from the
recommendations, page ES-4.

! Government/Industry Operational Concept for NAS Modernization, 1998-2002: Free Flight
Phase 1, Volume |, RTCA, June, 1998.

! FFPL, vol 1

! Op. cit.

! The detailed categorization is found as Table A-1 in Appendix A.
i ATS Concept of Operations [give complete reference]

Thisinitial flight data model does not necessarily use the exact names of the legacy flight data
elements or of the more standardized flight data attributes to which the legacy attributes were mapped. That
processisongoing and is part of completing a data naming standard.

! Based on adiscussion in RTCA, DO-241 cited above.

! Theterm ‘domain,” when used in a data modeling context, refers to the set of allowable values that
an attribute may take.

! For example, ......

! A flight itinerary is a concatenated set of flights in which aflight consists of one takeoff followed
by alanding

! In data model, a child entity is one that is dependent on another, i.e., parent, entity.

! A test was done to import the relational model from LogicWorks ERwin product to Rational’s
Rose obj ect-oriented modeling product using new a software trang ator recently developed by the two
companies. The import was successful in that the basic structures were created in Rose but some effort was
still needed to adjust the view that Rose created. Additional effort is needed to sort out the pros and cons
on this trandation process.
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