The Quest for a Unified Aircraft Dataset Format
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Abstract. In 2002, Air Vehicles Division (AVD) of the Defea Science and Technology Organisation (DSTO)
undertook a review of DSTO'’s fixed-wing aircraft dedling and simulation needs and capabilities, lith aim of
improving the quality of technical support providiedDefence aircraft model users. One major recendation of
the review was to improve the encapsulation andagement of aircraft model data, such that they beayalidated
and maintained with available resources, whilstpsufing diverse applications ranging from pointfpamance
estimation through to high-fidelity flight dynaminodels. The American Institute of Aeronautics @stironautics
(AIAA) is developing a standard for aircraft modied) and simulation, together with a dataset excbdogmat that
meets this standard based on the eXtensible Madkamguage (XML). This is known as the Dynamic Asprace
Vehicle Exchange Mark-up Language (DAVE-ML), andydes a formal structure for the many data elemémt
make up a flight model. AVD adopted DAVE-ML as thasis for encapsulating aircraft properties forolits
modelling and simulation applications, and is ggptting in development of the AIAA standard. FRearmore, AVD
intends to use this format not only for exchangat &lso natively within each simulation. This Had to the
development of an interface application betweeraih@aft datasets and modelling codes, which abttithe content
of the dataset in the form required by each mod@ETO's initial usage of DAVE-ML, its benefit to ahelling and
simulation applications, and the DSTO interfaceliappon will be presented in this paper. Resoltshis approach
to-date show significant advantages over the datatares and interfaces used previously, in tesfmsompleteness
and flexibility in a range of flight model applidans, and for the computational performance achieve

maintenance and adaptability constraints.  Further,
1. INTRODUCTION uncertainty has been expressed with the appropdase

The Australian Defence Force (ADF) is a significant ©f model fidelity for the different end use apptioas
user of aircraft modelling and simulation produatsd and the consistency of the aircraft representatidksa

services to support aircraft acquisition projetttspugh-  €sult, in 2002, DSTO Air Vehicles Division (AVD)
life service support and training of personnel. In undertook a review of fixed-wing aircraft modelliagd

supporting the ADF's requirements, DSTO is both a Simulation needs and capabilities throughout thd @S

major developer and user of these aircraft modets a With the aim of improving the quality of technical
simulations. support provided to Defence aircraft model usess.

broad set of recommendations arose from the survey,
The development and use of aircraft models andwhich are presented in [7], [8], of which the ucdfiion
simulations within DSTO has grown rapidly duringgth of aircraft datasets for the various modelling
past decade, supporting diverse areas includimptfli applications was rated as a high priority.

performance and handling; structural life prediatio
sensor performance; operational analysis and factic N€ challenge was to develop a dataset struct@e th

development, operator performance analysis andwould gncap_sulate data charac_:terising a candidate
training. The diversity of these fields has resdiin an ~ &ircraft in a single framework, which could be usnd
equally diverse set of modeling applications aircraft models ranging from simple point-perforroan

representing aircraft of interest. A number ofsthe Models (used for flight, sensor and operator
models have become difficult to support due to performance analysis) to high-fidelity flight dynam



and simulator training models. In addition, theeittion Regqistry <http://mww.xml.org>, and the DAVE-ML
was to minimise the constraints on how the airatata ~ web site <http://daveml.nasa.gov>.

were encapsulated within the datasets so they Iglose
reflected their source. Furthermore, data valatind
the ease of maintenance were considerations.

The DAVE-ML format includes a header section,
variable definitions, breakpoint definitions and
functions. The header contains information abdbet t
A review of dataset encapsulation techniques fatatl  file, including its author, version number, creatidate,

the American Institute of Aeronautics and Astroieut  source references and a modification history. riefi
(AIAA) is developing a standard for aircraft modieg variables may be constants, inputs to one or more
and simulation, together with a dataset exchangedb  functions, dataset outputs, or internal parameters.
based on the eXtensible Mark-up Language (XML), Functions may include or reference look-up tables,
which meets the standard [1], [4]. The formatnswn which may consist of sets of data points, or multi-
as the Dynamic Aerospace Vehicle Exchange Mark-updimensional gridded tables. For the gridded table
Language (DAVE-ML), and provides a formal structure definitions, child elements define the dependend an
for the many data elements that make up a flighdeho independent variables and refer to the breakpatg s
[5]. DSTO found that DAVE-ML would suitably defined earlier. Information about the data sowand
encapsulate aircraft data meeting the aforemerdione confidence may be included, and attributes maydeel u
requirements for the unified format [3]. As a dgsu to record instructions for the extrapolation amditing
AVD adopted DAVE-ML as the basis for encapsulating of data in each table, in each dimension.

aircraft properties for all of its modelling andrsilation
applications, and is participating in developmehthe
AIAA standard. This has led to the developmenaiof
interface application between the aircraft datases |, 5qgition to the application-specific tags it yictes,
modelling codes, known.as Janus, Whlch.abstraets thDAVE-ML invokes MathML. MathML is an
content of the dataset in the form required by eaChappIication of XML that allows the use of two sefs
model. mark-up tags to describe mathematical elements: One
DSTO's initial usage of DAVE-ML and its benefit to set describes prgsentation (ie, the way 'Fhat the, da
modelling and simulation applications will be dissed ~ SYMPols or equations should be rendered in a wgb pa

in this paper, together with the development ofXaeus presentation); the other set describes contenttliie,
interface application. relationship of each of the mathematical elemeats t

each other). In DAVE-ML, content MathML may be

used to describe relationships between variables an
2. DYNAMIC AEROSPACE VEHICLE function tables.

EXCHANGE MARKUP LANGUAGE (DAVE-ML)

The eXtensible Markup Language (XML) is defined by Although DAVE-ML was intended as an exchange
a World-Wide Web Consortium (W3C) sponsored format, AVD decided to adopt it as its native datas
standard, and is used to structure documents usindPmat for its aircraft modelling and S|mulat|on,
simple, human-readable tags to encapsulate eleragnts 2Pplications. This takes greater advantage of XML
information. Due to its flexibility, XML has found Penefits, namely its flexibility and supportabilier

application and support in a diverse range of it~ the longer term.  However, as DAVE-ML is simply a
including financial services, real estate and siiitig. format for text documents, this decision has netzes

the development of a programming interface to emabl
The Dynamic Aerospace Vehicle Exchange Markup the datasets to be transformed into functions aiddes
Language (DAVE-ML) is an application of XML being by applications requiring the data.
developed by an informal team of members of the
American Institute of Aeronautics and Astronautics
(AIAA), in particular staff from NASA Langley
Research Centre and Science Applications Intenmatio
Corporation (SAIC). This team has been working
together since 2002 with the objective of develgpian
XML application to encode complete flight vehicle
dynamic models in a facility- and language-indepand
consistent way, to expedite model exchange and
validation between different simulation facilitiend
tools" [6].

An example DAVE-ML compliant XML file is shown
in Figure 1.

The rules regarding the content of a particular XML
application may be defined in an associated Doctimen
Type Definition (DTD) or XML Schema. The
DAVE-ML syntax is defined in the DTD
DAVEfunc.dtd, which is available from the XML.org



<?xml version="1.0" encoding="UTF-8"?><!DOCTYPE DAVEfunc SYSTEM "DAVEfunc.dtd">
<DAVEfunc>
<fileHeader>
<author name="Mary Smith" org="DSTO AVD"/>
<fileCreationDate date="2005-05-09"/>
<fileVersion>1.0</fileVersion>
<description>This is an example DAVE-ML compliant XML dataset</description>
<reference refID="R1" author="Janes" title="All the World's Aircraft" date="2005"/>
<modificationRecord modID="A"><author name="John Citizen" org="DSTO AVD"/>
<description>Added drag coefficient output variable and function</description>
</modificationRecord>
</fileHeader>
SIES ==== Input variables ===ss=s==== -->
<variableDef name="Angle-of-Attack" varID="angleOfAttack" units="deg">
<description>Angle-of-attack</description>
</variableDef>

<description>Wing reference area</description>
</variableDef>

<variableDef name="Lift Coefficient" varID="1liftCoefficient" units="ND">
<description>Lift coefficient</description>
<isOutput/>

</variableDef>

<variableDef name="Lift" varID="1ift" units="1lbf">

<description>Lift force</description>

<calculation>
<math>
<apply>
<times/>
Examnple <cn>0.5</cn><ci>rho</ci><ci>liftCoefficient</c1>
MathML <apply><power/><ci>velocity</ci><cn>2</cn></apply>
<ci>wingArea</ci>
</apply>
</math>
</calculation>
<isOutput/>
</variableDef>

<l-- == === Breakpoint values
<breakpointDef name="Angle-of-Attack Breakpoints" bpID="angleOfAttackBP"

<bpvals>0.0, 5.0, 10.0, 15.0, 25.0, 30.0, 40.0, 55.0</bpYals>
</breakpointDef>

its="deg">

<!-- Functions = -—>
<function name="Lift Coefficient Function">
<description>Lift coefficient function</description
<provenance><author name="Mary Smith" org="DSTO A
<functionCreationDate date="2005-05-09"/>
<documentRef docID="R1"/>
</provenance>
<independentVarRef varID="angleOfAttack"
<independentVarRef varID="mach" min="0.0,
<dependentVarRef varID="liftCoefficient"/>

mjin="0.0" max="70.0"/extrapolate="both"/>
max="2.0" extrapoVYate="min"/>

<functionDefn>
<griddedTableDef>
<breakpointRefs>
<bpRef bpID="angleOfAttackBP"/>
<bpRef bpID="machBP"/>
</breakpointRefs>
<dataTable>
0.00, 0.45, 0.92, 1.33, 1.93, 2.14, 2.39, 2.38,...
</dataTable>
</griddedTableDef>
</functionDefn>
</function>
</DAVEfunc>

Figure 1: Example DAVE-ML compliant XML dataset
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For the tabulated data forms, interpolation can be
specified as discrete, linear, or polynomial, and
extrapolation can be controlled in each direction f
each degree of freedom. Ungridded data interpuias
based on Delaunay tessellation by the Quickhull
algorithm, performed during instantiation using the
open-source Qhull library [2]. All computationsviea
been programmed to maximise data output rate while
retaining model structure flexibility.

3. DEVELOPMENT OF AN INTERFACE CLASS
FOR DAVE-ML DATASETS

3.1 Flight Model Data Sources

Data underlying a flight model can occur in mangnfe
and have many origins, including flight test, winthnel
test, Computational Fluid Dynamics (CFD) at varying
levels of fidelity, and empirical or semi-empirical

models based on historical data. The DAVE-ML data performance testing conducted by AVD demonstrates

structure is able to accommodate all of these 88U 3¢ the Janus data-handling interface has thenpiate
data, and to associate measures of fidelity withe®ta 1, 1 n models at rates well in excess of real tivitaout

element. It can also include descriptive char&a8on  oqiring exotic computational hardware. This has
of the data. Given the many forms that flight mait®#a gjtive implications for flight model applications

can take, it is apparent that a model developenimig j,yolying  statistics-based  prediction. Typical

easily be swamped by data handling issues, 10 theerformance levels on representative aero-propilsiv
detriment of actual model development and subsequencqeficient evaluations (performed on a 750 MHz PC,
model output quality. The capability and flexibjliof using gcc v3.3.5 under Linux, using linear integtiain

the data structure adopted by DSTO required anligqua ¢, tapulated data) are shown in Table 1.
capable and flexible interface between data andeiod

without excessive model complexity. Table 1: Janus interface computational performance

Computation Type Output Rate

3.2 Purpose of Interface Class (sec)
The_ development of the J_anus class _[9] was prignaril Gridded, 1 DoF, 8 breakpoints 1.70E+006
motlya_te_d by the requirement, dlctated_ by the Gridded, 2 DoF, 8 * 5
multlphcny of raw data sources, _to abstract tlireraft breakpoints 9.13E+005
flight model data from the model itself. Gridded, 3 DOF, 8 *5 * 4

breakpoints 6.09E+005
3.3 Implementation of Interface Class Gridded, 4 DoF,8*5*4*3
The Janus interface class seeks to avoid modet data Preakpoints 2.70E+005
handling difficulties by presenting a common @ Ungridded, 1 DoF, 8 data
Application Programming Interface (API) for speaify points 4.72E+005
a flight model state, and for obtaining currentues for Ungridded, 2 DoF, 40 data
dataset-based variables dependent on that state. A POINtS 6.07E+004
instance of the C++ interface class loads the cotea MathML, 1 DoF, & order
DAVE-ML compliant XML dataset to a Document . Polynomial 5.35E+005

Object Model (DOM) within the instance, then parses

the relevant components of the DOM to set up Since the Janus instance performs all data handtiing
numerical structures corresponding to the datadét. accordance with the instructions in the XML dataties
maintains an array of the current values of altesta calling program which implements the model can be
variables defined within the dataset, which areduse  entirely flight vehicle independent.  Providing the
compute dependent variable values and return thejataset is structured to return appropriate driving

results through the data-independent interface edem
requested by the calling program.

The DAVE-ML dataset contains not only data, bubals
explicit instructions for processing that data tatain
dependent variable values. The current implemientat
of the Janus class handles data in the followingn$o

1. Gridded data, including non-uniform grids, up to 32
input degrees of freedom (DoF) (typical aero-

propulsive models use between 2 and 5 input DoF

for most outputs);

2. Ungridded data, such as from wind tunnel or flight
test, up to 32 input DoF; and

function values for the model, the details of ftigh
vehicle configuration become irrelevant to the niode
builder.  This applies even to such fundamental
characteristics as numbers of engines. A newadircr
(or any vehicle obeying Newtonian mechanics at the
level of model validity required) can thus be mdekkl

without even recompiling the model code base.

Janus interface capabilities demonstrated to date h
the potential to dramatically increase the range of

vehicles which can be modelled, while simultanepusl

reducing the effort required to maintain and sup pioe
model code base. DSTO staff can concentrate on
quantifying the characteristics of flight vehiclexf
interest, rather than manipulating model code tadlea

3. Egquation-based data, using all common arithmetic, different data formats.

trigonometric and logical functions,

piecewise-defined equations.

including



4, BENEFITSFOR FLIGHT MODELLING AND from optional levels of fidelity, and packaged to
SIMULATION APPLICATIONSWITHIN DSTO produce a tailored application for the user. Adftr

A key benefit of XML for modelling applications tee ~ SPecific features are implemented at the lowesellev
ability to exchange data between users and acros¥here possible within one of several DAVE-ML files

platforms. Within DSTO, AVD supplies aircraft data ~ that mirror the object structure (aerodynamics,
a number of other Divisions for use in a variety of Propulsion, etc, as identified by a master DAVE-ML

applications.  Often this data must be convertedfil€)- Merlin, a successor to the earlier DSTOckaft
manually to the local native format, and may be Performance Estimation Software (DAPES) tool, is
supplemented to support local applications. In esom de§|gned for analysing fl_)(ed-WIng a}lrcraft perfor_ma_
cases, data for the same aircraft are sourcedatefyar | NiS USes a pseudo-static model (ie, no numernice t
through the third-party simulation  supplier. mtegraﬂon), with a very dlﬁgrent functional appph to
Standardisation on a UNICODE text-based datasetat of Amiel. Merlin code is completely genenwith
format, with the clearly defined yet flexible sttue of ~ @ircraft defined purely by their datasets.

DAVE-ML, allows the reliable dissemination of

validated —aircraft model data across Defence, yircraft Traditionally, separate and dissimilatasets

eliminating the need for duplicate, and inevitably p, e heen maintained for the performance and dynami
diverging datasets. The DAVE-ML structure, combine models. Performance datasets are typically a sutise
with automated validation techniques within Januis w the data for a higher fidelity model, but with

greatly reduce the risk of misinterpretation by &1  ,o/5qynamic data based on trimmed conditions across
user or by their local simulation code. the flight envelope. Also, performance datasetgeha

The Janus APl was developed to allow the use ofPeen necessarily identical in structure, whereasuayc
DAVE-ML natively by DSTO models; however, model datasets have been unique and matched to
standardised methods and tools do exist for thedircraft-specific code. Using DAVE-ML, Merlin wibie
conversion of XML files from one format (DTD or able to extract only the data it requires, whicti e

Schema) to another, if required for legacy systefiise available in the same forrr_1 from all datasets. Hm@wre
intention is to use these methods to automate théhat common form at the interface may be the resfult

conversion process, so that the source data isyslwa MathML operations on dissimilar source data striegu

contained in a DAVE-ML file, to which changes are for €ach aircraft. The same DAVE-ML files will
made and managed. contain additional data that is only relevant taatyic

models, but which will not be accessed by, or inplae
The encapsulation of data processing instructiords a Merlin code. Again, MathML may be used to specify
other supporting information within DAVE-ML has the aircraft-specific build-up of dataset composenta
already yielded a number of significant benefits fo common level, eg, total forces and moments.
some DSTO applications. The ability to specify _ . i
different interpolation methods and boundary hamgili  ThiS approach will greatly ease the burden of ditas
for each dimension of a dataset has resulted incwend ~ Production and maintenance. The ubiquity of XML-

accuracy for high fidelity simulations, and lessgiand ~ Pased formats ensures that these tasks are well
risk in pre-processing or “massaging” data that areSupported by both commermal-oﬁ-the-shelf and.epen
limited in scope. Previously, when disseminating SOUrce tools. Encapsulation of the data allowieifit

aircraft datasets within DSTO, AVD have provided USer interfaces for editing and viewing the dataf ps
caveats and limitations of the data in separateHTML editors allow multiple views of a web document
documentation. However. awareness of theselne unification of performance and dynamic model
limitations is often lost over time, particularhhere the ~ datasets also allows far greater reuse of codenen t
dataset is translated to new formats and modified.Crganisation, while providing a more flexible and
DAVE-ML is now being used to ensure that this ligk reliable data specification for all end applicason

not broken. Another feature of DAVE-ML that DSTO

plans to exploit more in future is the ability tecord 5. CONCLUSIONSAND RECOMMENDATIONS

validation information, including che_ck case dathich The implementation of a unified aircraft datasetrfat
may be used for acceptance testing in a new models 5 non.trivial activity and, whilst the improved

environment. capability achieved to date is very encouraging th

The first DSTO applications to benefit from DAVE-ML WOrK is not complete. However, the architecturafef
and Janus implementation are the two multi-aircraft PAVE-ML format, together with the AIAA standard for
modelling architectures at AVD, named Amiel and aircraft modelllng and _S|mulat|on, provides a vabl
Merlin. Amiel is an architecture in which all Idga ~ framework to achieve this goal.

developed flight dynamic models are being main@ineé gt will continue its collaboration in developitige

including some migrated legacy models.  This \\ap aircraft modelling and simulation standard,
architecture is highly modular, standardising gener oqather with the DAVE-ML dataset language. Future

features such as environmental models, equations anvelopments will be reflected in the Janus interfa

motion and common aspects of aircraft aerodynamicsclaSS

and systems. Amiel modules are selected, sometimes

Both Amiel and Merlin require datasets for a variet



The use of DAVE-ML, together with the Janus

interface,

promises to significantly improve the

development, validation and on-going management ofg

fixed-wing aircraft flight
Furthermore, the

DSTO.
aircraft

models within
consistency of the

representations used by the diverse set of modellin
applications will increase and, therefore, imprate
quality and efficiency of technical support prouidey
DSTO to Defence in the future.
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