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UML to XSD Schema Mapping

1 Scope

1.1 Introduction

With version 5, AIXM moves from Entity-Relationship diagrams to the Unified Modeling
Language (UML) diagrams. The AIXM Conceptual Model and data standard are maintained
as a UML model. The AIXM exchange model is codified as a series of XML schemas. There
is a direct link between the AIXM Conceptual Model and the AIXM XML Schema.

This document describes how the AIXM Conceptual Model is converted into the AIXM XML
Schema. The conversion process is illustrated using a series of examples from the AIXM 5
XML schema.

1.2 References

1. Geographic Information — Spatial Schema. ISO 19107. First Edition, 2003-05-01

2. Geography Markup Language (GML). ISO/TC 211/WG 4/PT 19136 OGC GML RWG.
Committee Draft. 2004-02-07.

3. UML 2.0 In a Nutshell. Dan Pilone. O’Reilly Media Inc. 2005.

4. AIXM Temporality Model, www.aixm.aero (see Downloads)

Edition: 1.0 1
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2 AIXM UML Modelling Conventions

2.1 Diagram types

Two types of diagrams are used in the model:
¢ Class diagrams — Used to represent the features, properties, relationships and
inheritance between features;
e Package diagrams — Used to split the model into modules and identify dependencies
among sets of classes.

2.2 Stereotypes

The classes are distinguished by their stereotypes. Stereotypes are used to further define
and extend standard UML concepts. The main stereotype are <<feature>>, <<object>>,
<<choice>>, <<datatype>>, <<enumeration>> and <<codelist>>.

2.3 Abstract Classes

In addition, some classes are abstract. Abstract classes are designated by putting the class
name in italics. An abstract class cannot be realised in an implementation such as an XML
document. Instead, abstract classes are used as base classes in an inheritance hierarchy.
For example, the AIXMFeature abstract class describes the basic properties of an AIXM
Feature. Every specific AIXM Feature, such as Runway, inherits' from the abstract
AIXMFeature class.

2.4 Features

Features describe real world entities and are fundamental in AIXM. AIXM features can be
concrete and tangible, or abstract and conceptual and can change in time. Features are
represented as classes with a stereotype <<feature>>. Examples include Runway and
AirportHeliport.

AIXM features are dynamic features. Timeslice objects are used to describe the changes that
affect the AIXM feature over time. Timeslice objects and temporality are discussed
extensively in a separate AIXM Temporality document.

! Please see section 3.1 The Abstract Model, which explains why this inheritance is not visible in UML

Edition: 1.0 2
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==feature==

AirportHeliport
egrdesignator : CodeAirportHelipoDesignatorType
ghame : TexthameType
¢locationindicatorlCAQ : CodelCAOType
gdesignatorlATA - CodelATAType
¢type - CodeAirportHelipodType
¢hrivate - CodeYeskoType
grontrolType | CodebilitaryCperationsType
greferencePointDescription | TextDescriptionType
¢fieldElevation : YalDistanceVedicalType
gfieldElevationAccuracy  ValDistancevericalType
gvarticalDatum : CodevericalDatumType
glocationDescription : TextDescriptionType
g¢magneticVariation : WalbagneticVariationType
godateMagneticvariation | DateYearType
gmagneticvariationChange :WaltagneticvariationChanoeType
greferenceTemperature ValTemperatureType
graltimeterCheckLocation : TextDescriptionType
gzecondaryPowerSupply | TextDescriptionType
ewwindDirectionindicator : TextDescriptionType
¢landingDirectionindicator : TextDescriptionType
etransitionAltitude WalDistancevetical Type
etransitionLevel :ValFLType
elowestTemperature : WalTemperatureType
¢rabandoned . CodeYeshaoType

2.5 Objects

Objects are abstractions of real world entities or, more frequently, of properties of these
entities, which do not exist outside of a feature. An object is created for two reasons in
AIXM:
e When a property has a multiplicity greater than one (such as the city served by an
AirportHeliport), or
o The object has its own attributes that are reused throughout the model, such as
ElevatedPoint.

In both cases, the property is represented as an object with the proper UML compaosition
relationship as shown below.

<<feature>>

AirportHeliport
designator : CodeAirportHeliportDesignatorType
gname : TextNameType
&locationIndicatorlCAO : CodelCAOType
«designatorlATA : CodelATAType
type : CodeAirportHeliportType
&privateUse : CodeYesNoType
&control Type : CodeMilitaryOperationsType
greferencePointDescription : TextDescriptionType
fieldElevation : ValDistanceVertical Type
fieldElevationAccuracy : ValDistanceVertical Type
verticalDatum : CodeVerticalDatumType
wlocationDescription : TextDescriptionType
&magneticVariation : ValMagneticVariationType

. hasReferenceP0|7n/l////' &dateMagneticVariation : DateYearType
<<object>> 1 - — gmagneticvariationChange : ValMagneticVariationChangeType
ElevatedPoint —— GreferenceTemperature : ValTemperatureType
(from Geometry) +aerodromeReferencePoint JaltimeterCheckLocation : TextDescriptionType

Lelevation : ValDistanceVertical Type
@geoidUndulation : ValDistanceSignedType
&verticalDatum : CodeVerticalDatumType
«verticalAccuracy : ValDistanceType

«secondaryPowerSupply : TextDescriptionType
&windDirectionIndicator : TextDescriptionType
«landingDirectionIndicator : TextDescriptionType
giransitionAltitude : ValDistanceVerticalType
gtransitionLevel : ValFLType
&lowestTemperature : ValTemperatureType
gabandoned : CodeYesNoType

serves

+servedCity
0..*

<<object>>
City
wname : TextNameType

Edition: 1.0 3
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2.6 Choice

Some classes are marked as <<choice>>. These are used to model XOR relationships. For

example, an AirspaceVolume’s horizontal projection can be a Surface, an AirspaceCorridor
or the same shape as for another Airspace.

<<object>>
AirspaceVolume

gupperLimit : ValDistanceVertical Type
wupperLimitReference : CodeVerticalReferenceType
wmaximumLimit : ValDistanceVertical Type
amaximumLimitReference : CodeVerticalReferenceType
zlowerLimit : ValDistanceVerticalType
wlowerLimitReference : CodeVerticalReferenceType
eminimumLimit : ValDistanceVertical Type
aminimumLimitReference : CodeVerticalReferenceType

+horizontaIPr0jection¢ 1

<<choice>>
AirspaceBoundary
1
1
hasHorizontalBoundar
y hasShapeOf
+surfaceBoundary o1 0.1 \FcorridorBoundary
<<object>> <<object>>
Surface

AirspaceCorridor
zwidth : ValDistanceType

(from Geometry)

2.7 Properties

Properties are the attributes and relationships that characterise a feature or object. In the
UML:

e Attributes are used to describe simple properties of a feature or object;

¢ Relationships are used to describe associations to features or objects. Whenever a

property has a multiplicity greater than one, it is described using a UML relationship
with cardinality.

2.7.1 Attributes

Simple properties of cardinality one are shown as attributes in the UML diagram.

An attribute has the following format:
Visibility / stereotype name : type multiplicity

For AIXM 5 the following values are used:
Visibility — Public

/ - not used

Stereotype — not used

Name — name of the property

Edition: 1.0 4
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e Type — property type
e Multiplicity — usually not specified; for reasons related to the AIXM Temporality model,
an implementation should assume that all properties are optional, [0..1]

To illustrate, the Runway feature has several simple properties e.g. designator and type.
These properties are assigned a datatype; for example, the designator attribute is of type
TextDesignatorType.

==fpature==
Rurmneay

edesignator : TextDesignatorType
gtype  CodeRumwayType
#length ValDistanceType
gawidth ValDistanceType
grwvidthShoulder  ValDistanceType
¢lengthStrip  ValDistanceType
ganidthStrip valDistanceType
glengthOffset  ValDistanceSignedType
giidthOffzet  ValDistanceSignedType
gprofile : TextDescriptionType

2.8 DataTypes

The UML model lists the datatypes that are used throughout the AIXM. These are given one
of three stereotypes:

e <<datatype>> - This is basic data type that specifies a pattern to use.

e <<enumeration>> - This codes a fixed list of values. The OTHER value is
important for mapping future changes to the list. If a value is added in the future and
is not recognised by the current enumeration, it is mapped to the OTHER value.

e <<codelist>>- This is similar to an enumeration in that it is used to indicate a list
of possible values. However, the list can be expanded, which means that the codelist
is a union between the explicitly enumerated values and free text.

==datatype== zzpnumeration=:= ==godelist==
CodeAircraftl CAOType CodesircrafiType CodeApproachLightingTypg
(from AlXM Data Types) (from Al¥hd Oata Types) (from Al¥hd Oata Types)
g==nEDfacet== minLength : string =1 FLAMDPLAME : string @ALSAF - string
g==H30facet== maxLength - string =4 | | $SEAPLANE : string ¢hALS : string
SAMPHIBIAMN ; string @MALSR : =tring

$HELICOPTER : string @BALE - string
$EYROCOPTER : string @S5ALS : string

STILT_WIMNG : string @E5ALR : string
$ETOL : string @LDIM : string
$GLIDER : string @DDALS © string

$HAMNGGLIDER : string @AFOVRN © string
$PARAGLIDER : string eMILOVRM - string
SULTRA_LIGHT : string @GCALYERT : string
SBEALLOON : string
LAV string
$OTHER : string

In addition, certain <<datatype>> might have an associated Unit Of Measurement. This is
indicated in the model by the inclusion of a “uom” attribute in the definition of the
<<datatype>> class. The type of the uom attribute is typically an <<enumeration>>
class, as shown below:

Edition: 1.0 5
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<<XSDsimpleType>>
decimal
(from XMLSchemabDatatypes)

<<enumeration>>
4 UomSpeedType
2| (from AIXM Data Types)
‘ . KM/H : string
<<datatype>> e KT : string .
ValSpeedType . MACH : string

.

(from AIXM Data Types) .7 &@M/MIN : string

Zi<<XSDfacet>> mininclusive 7 hull = 0 RFT/MIN : string

uom : UomSpeedType &M/SEC : string
d i yP GFT/SEC : string

2.9 Relationships

2.9.1 Relationships to Objects

Relationships to objects are depicted by the standard UML composition (aggregation by
value) association. Composition is a form of aggregation with strong ownership and
coincident lifetime of the parts by the whole. The part is removed when the whole is
removed.

<<feature>> hasSurfaceDescribedBy 0.1 <<object>>
Runway |@————— SurfaceCharacteristics
+theSurface (from Airport/Heliport)

2.9.2 Relationships to Features

Relationships to features are described with a standard UML association. All of the
associations are navigable in only one direction. This shows that the two classes are related
but only one class knows that the relationship exists [8]. In the example below the Runway
feature knows about the AirportHeliport but the AirportHeliport does not know about the
Runway.

<<feature>> 1 isSituatedAt 0..* | <<feature>>
AirportHeliport Runway
(from Airport/Heliport)

+theAirport

2.9.3 Association Classes

When information about a relationship is required, a UML association class is used. The
association class is attached to the relationship with a dotted line.

Edition: 1.0 6
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<<feature>>
NavaidEquipment

wdesignator : CodeNavaidDesignatorType
gname : TextNameType

wemissionClass : CodeRadioEmissionType

wmobile : CodeYesNoType

@magneticVariation : ValMagneticVariationType

dateMagneticVariation : DateYearType
goperationalStatus : CodeStatusNavaidType
wflightChecked : CodeYesNoType

+responsibleOrganisation

0.*

<<object>>
NavaidResponsibility

zitype : CodeAuthorityRoleType

0.*

<<feature>>
OrganisationAuthority

(from Organisation)

2.9.4 Inheritance

Inheritance refers to the ability of one class (the specialized or child class) to inherit the
properties of another class (the generalized or parent class), and then add new properties of
its own. In AIXM, Features must only inherit from other Features and Objects must only
inherit from other Objects. Multiple inheritance is not allowed.

In the example below the VOR is a kind of NavaidEquipment.

2.10 Naming

=<featurexx
NavaidEgeioment

gname : TextHameType

@gmobile : CodeyasMoType

grflightChecked : Code™esNaType

grdesignator : CodeMavaidlesignatorType
gemissionClass : CodeRadiocEmissionType
gmagneticvariation : Walhlagnetic\WariationType

grdatemdlagnetic\ariation : DaterearType
groperationalStatus | CodeStatusMavaidType

<<featura==
WOR

gitype : CodeWORType
gifrequency : WalFrequenoyType

gizeroBearinglirection : CodeNodhReferanceType
grdeclination : Walklagnetic\ariationType

Feature, Object and Choice names are written in UpperCamelCase e.g. NavaidEquipment.

Edition: 1.0
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Simple property names (i.e. attributes) are written in lowerCamelCase e.g. widthShoulder.
Relationship names are written in lowerCamelCase but as present tense verbs e.g.
isSituatedAt. Relationship Role names are also written in lowerCamelCase and they are
nouns that express the role played by the class in the association.

Datatype names are written in UpperCamelCase and end with ‘Type’ e.g. CodeAircraftType.

Edition: 1.0
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3 Other Aspects of the Model

To simplify the UML model some convenience steps have been taken. Some elements are
not shown on every diagram and some relationships are ‘assumed’.

3.1 The Abstract Model

The model should contain a set of abstract AIXM classes that are used as the building blocks
for the AIXM XML Schema. However, for simplicity, these relationships are not shown on
any diagram and do not really exist in the UML. They are just assumed to exist, when
converting from the UML model to the XML Schema of AIXM.

3.1.1 AIXMFeature and AIXMFeatureTimeSlice Class

The UML below shows how each and every <<feature>> inherits from the abstract
AIXMFeature class. The concrete features are described by TimeSlices which are composed
of properties. The TimeSlice inherits from the abstract AIXMFeatureTimeSlice class.

<<feature=»
AlMFezture

flesoibed By

0.1 <<objects

[

gridentifier : Codel

UIDTy...

i

FeaturehMetadata
{irom Featare Metadat)

<<featurex=
AjrpatHelipart

{from AlrportHe lpory

isDecibed By

AjrportHelipodTimesSlice

grdesignatoer : CodefirportHelipotbesignatarType
grname : TextMameType

gocationindicatorlCAD : CodelCAQType
grdesignatorlATA : Codel ATAType

Ftype : CodeAirportHelipodType

@gprivate : CodeesMoType

Goontrol Type : CodemilitaryOperationsType
greferencePointDescription : TexdDescriptionType
grfieldElevation : WallbistanceVerdical Type
grfieldElevationAccuracy : WalDistancelWertical Type
greeticallatum : CodeVedicallatum Type
gocationDescription : TextDezcriptionTvpe
grmagnetictfariation : WalhagneticVariation Type
grdatebd agneticvWariation : Date™earType

grreference Temperature - WalTemperature Type
graltimeterChecklocation : TextDescriptionType
gEecondanPawerSupply @ TextbescriptionType
gruindDirectionlndicator : TextDescriptionType
grlandingDirectionlndicator : TexdbescriptionType
grransitionAdtitude : WallistanceWertical Type
grranzitionLevel : ValFLType

@

gmagneticifariationChange : WalbdagneticVariationChange™...

<=feature=>
Funway

from Ranwag

isDesoibed By

0.

FunmayTimeSlice

AfdFeatume Tiae Shoe

Q)'\ralidTime : TimeType

Q)interpretation : TimeslicelnterpretationT ...
&}sequenceNumber :MHoNumberType
Q)conectionNumber: MoMumberType

+extansion
“<objectr= AirpoiielipotExtension
City
gihom AlportHe porh
gname : TextNameTy...

{

1

izDezodhed By

P..1

<<ahbj

FeatureTimeSlicetetadata
crom FeatreTimes e Me tclath

ect=>=

@designator: TextDesignatorType
Gtype : CodeRunmayType

grength : ValDistance Type

gruidth : WalDistance Type
grvidthShoulder : WalDistance Type
gHengthStrip - Valbistance Type
gruidthStrip - Walbistance Tvpe
grlengthOffset - WallistanceSignedTy...
gruidthOffzet : WalDistanceSigned Tyvpe
grprofile : TexdDescription Type

+extension

RunwayExtension

The diagram above is quite complex. If applied to the whole set of AIXM classes, it might
undermine the readability of the UML diagrams. Therefore, the Design Team has decided to
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provide a simplified UML model, without visible inheritance of all features from the abstract
AIXMFeature and without visible SomeFeatureTimeSlice classes.

However, All of these relationships and classes must be mapped in the AIXM XML Schema.

3.1.2 Metadata

The diagram also shows that each AIXM Feature and each TimeSlice is described by
metadata. The AIXM XML schema incorporates the 1ISO 19139 metadata elements.
3.1.3 Extension

Finally, each TimeSlice may contain an Extension. The Extension mechanism allows each
user of AIXM5 to define and use his own specific attributes and classes.

3.2 NilReasonType

The UML model contains a datatype called NilReasonType. This is hot shown on the main
diagrams to save clutter. However, the AIXM XML Schema has this attribute on all of the
AIXM properties.

<<ghumeration=>
MilHeasonType
rfrom AlXh Data Types)
ginapplicable : string
gmissing © string
gtemplate ; string
gunknmn ;. string
gwithheld ; string
guother ; string

Edition: 1.0
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4 Mapping to the AIXM XML Schema

4.1 AIXMis GML

The AIXM exchange model is an XML exchange standard based on a subset of the
Geography Markup Language (GML). Essentially:

e AIXM Features are GML features;

¢ AIXM Objects are GML objects;

o AIXM follows the GML object-property concept.

4.2 The GML Object-Property Model

The GML object-property model explains some of the complexity of the AIXM UML to XSD
mapping. It means that no GML object may appear as the immediate child of a GML object.
Consequently, no element may be both a GML object and a GML property.

The object-property model prohibits the encoding of an object directly inside a feature, e.g.

<AirportHeliport> <!-- feature -->
<ElevatedPoint> <!-- object -->

Instead, in a compliant GML application schema, an association between two features (or a
feature and an object) is implemented over a property of the feature, e.g.

<AirportHeliport> <!-- feature -->
<hasReferencePoint> <!-- property -->
<ElevatedPoint> <!-- object -->

The direction of the association arrow from the UML diagrams (the navigability) dictates
which of the two association partners has the property that associates the other.

In the AIXM XML Schema, the object-property model is encoded by declaring a type and
then assigning properties (attributes and relationships) to that type. The type defines the
object.

=
aixm:RunwayType —|

H attributes
The attribute gral:id supports

|
|
I prowision of a handle Far the
|
|

— EML elernent representing a
GML Sbject, Its use is
rmandatory For all GML
objects, It is of XML type

10, so is constrained to be |
unique in the XML docurnent |

within which it oceurs,
[Rurway B
& defined rectangular area

==
on a land aeradromehelipart

|
|
|

concept of Final Appraach
and Take-OfF Area (FATC
For helicopters,

Mate: this includes the
—|:—--—:E|—| abim:timeSlice
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4.3 Mapping Inheritance

Within the AIXM XML Schema, inheritance implies two characteristics:
1. Substitutability. The more general feature or object can be substituted by a
specialization. In the XML schema this is supported using substitution groups.
2. Property inheritance. The specialized feature inherits all of the properties of the more
general feature. In the XML schema including the properties of the general class into

the specialized class supports this.

4.4 Mapping Name of Classes

The UML class name is used for the element names in the XML Schema.

4.5 Mapping Features

For each AIXM Feature in the UML, the following XML schema entities are created:

FeaturePropertyType
Feature
FeatureType

FeatureTimeSilice.

FeatureTimeSlicePropertyType

A

The direction in which
the different types and
elements are used in

FeatureTimeSliceType
FeaturePropertyGroup
AbstractFeatureExtension

4.5.1 An Example Mapping

The Runway feature (shown below) will be used to illustrate the mapping. The example will

concentrate on the properties (shown as attributes).

==feature==
Funway

eiesignator : TextDesignatorType
etvpe - CodeRumvayType

elength ValDistanceType

grwidth : ValDistanceType
grwidthShoulder : ValDistanceType
#lengthStrip ValDistanceType
saidthStrip valDistanceType
glengthOffset WalDistanceSignedType
gidthOffset S ValDistanceSigned Type
gprofile : TextDescriptionType

45.1.1 RunwayPropertyGroup

the schema definition
(e.g. Feature uses
FeatureType)

An XML Schema (XSD) group is generated for each feature containing all of the properties

(attributes and relationships) of the feature.

Below is an example of the RunwayPropertyGroup in graphic form and as an extract from the
XSD. It shows clearly how the attributes are mapped from the UML to the XSD and how the
relationship ‘associatedAirportHeliport’ is created. It also illustrates the presence of the

nilReason attribute.
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The full textual designator of the runweay, used to uniquely identify it at an aerodromeheliport which has more than one,
E.g. 09/27, DRS00, RWY 1,

L-sTabomewidthAccuracy

The wvalue of the physical length of the strip, The rumweay strip is a defined area including the ranweay and, if applicable, the
stopweay, It is intended (3] to reduce the risk of damage to aircraft running off the ranweay and (B to protect aircraft fying
awer the runway during take-off or landing operations.

A walue specifying the longitudinal offset of the strp, when it iz not syrametrically extended beyvond the e runweay ends,

Matez: The longitudinal affzet defines the distance along the centreline from the riddle of the minway centreling toweards
the middle of the strip centreling, An offset in the direction defined from the threshold with the lower ranway direction
designation number towards the opposite runweay threshold is indicated by a positive valua, &n offset in the opposite sense
is indicated by a negative walue,

Example: a runway oriented 0927 has a strp that is extending 120 m before the threshold of the rnweay direction 09 and
anly 100 rm before the threshold of the ranweay direction 27, The walue of the longitudinal affset will be -10 m.

A walue specifying the lateral offzet of the strip, when it is not symmetrically extended beyond the bwo runway edges,

Mote: The lateral offset defines the distance from the runweay centreline ta the step centreline in direction perpendicular ta
the mnway centreline, &n offset ta the right, based on the direction defined fram the threshold with the lower runway
direction designation nurnber towards the oppaosite runwary threshold, is indicated by a positive walue, &n offset tao the left
iz indicated by a negative walue,

Erarnple: a runway ofented 0927 has a stip that is extending 150 rn ta the Haht of the ranweay divection 09 and 300 m ta
the left of the zame romwsay direction, The walue of the lateral offset will be -75 m.

A textual description of the RWY profile, A more precise description may be deduced Fram the elevation of the
FunwayCenterlinePaints

Generated by XmISpy www .altova.com
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<group name="RunwayPropertyGroup''>
<sequence>
<element name="‘designator’™ nillable=""true"” minOccurs="0">
<complexType>
<simpleContent>
<extension base="aixm:TextDesignatorType'>
<attribute name="nilReason" type=""gml:NilReasonEnumeration'/>
</extension>
</simpleContent>
</complexType>
</element>
<element name=""type'" nillable=""true"™ minOccurs="0">
<complexType>
<simpleContent>
<extension base="aixm:CodeRunwayType'">
<attribute name="nilReason" type="'gml:NilReasonEnumeration"/>
</extension>
</simpleContent>
</complexType>
</element>
<element name="length” nillable="true" minOccurs="0">
<complexType>
<complexContent>
<extension base="aixm:ValDistanceType'>
<attribute name="nilReason" type="'gml:NilReasonEnumeration"/>
</extension>
</complexContent>
</complexType>
</element>
<element name="lengthAccuracy" nillable="true" minOccurs="0">
<complexType>
<complexContent>
<extension base="aixm:ValDistanceType'>
<attribute name="nilReason” type="gml:NilReasonEnumeration’/>
</extension>
</complexContent>
</complexType>
</element>
<element name="width" nillable="true" minOccurs="0">

<element name="associatedAirportHeliport"”
type="aixm:AirportHeliportPropertyType'™ nillable="true"™ minOccurs="0"/>
<element name="contaminant™ nillable="true"” minOccurs="0"
maxOccurs=""unbounded">
<complexType>
<complexContent>
<extension base="aixm:RunwayContaminationPropertyType'>
<attribute name="nilReason' type="gml:NilReasonEnumeration'/>
</extension>
</complexContent>
</complexType>
</element>
<element name="annotation'™ nillable=""true"” minOccurs="0"
maxOccurs=""unbounded">
<complexType>
<complexContent>
<extension base="aixm:NotePropertyType">
<attribute name="nilReason" type="'gml:NilReasonEnumeration'/>
</extension>
</complexContent>
</complexType>
</element>
</sequence>

</group>

Edition: 1.0
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4.5.1.2 RunwayTimeSliceType

The properties of a feature or the target of any feature relationship can change within the

lifetime of the feature. This temporality can be expressed in GML by using dynamic features

and feature collections. The TimeSlice property of a dynamic feature contains one or more
Feature TimeSlices that capture the evolution of the feature over time. A gml:TimeSlice

object contains the dynamic properties of the feature.

For each feature a TimeSlice property is created that contains an array of feature TimeSlice

objects. This example shows the RunwayTimeSliceType encapsulating all of the Runway
properties (RunwayPropertyGroup created above) that change over time.

—

(RunwayTimeSlicEType EI—I—

| —

aixm:AbstractAIXMTimeSlice Type (extension)

attriputes

=

| gmlvalidTime

The efffectivity of the groliwalidTime is a
TirnaSlice, convenience propetty

elernant,

—E aixm:interpretation

Property indicating hawe the
tirneslice is to be interprated,
See the ATEM Terporality
rodel For details,

sed az unique key Far the
identification of the Tirme Slice
concemed, See the ALKM
Temporality rmodel For details,

zed For encoding corvactions of 2
previoushy issued Tirme Slice, See
the AIXM Terporality model For
details,

The start and end of life of the
feature, Sea the AIEM
Ternporality model For details,

|—l aixm:RunwayPrnper‘t':.fGrnup

- -: aixm:extension

#

<complexType name=""RunwayTimeSliceType'>

<complexContent>

<extension base="aixm:AbstractAIXMTimeSliceType'>

<sequence>

<group ref="aixm:RunwayPropertyGroup'/>

<element name="‘extension’” minOccurs=""0" maxOccurs=""unbounded'>

<complexType>
<sequence>

<element ref="aixm:AbstractRunwayExtension"/>

</sequence>

<attributeGroup ref=""gml:OwnershipAttributeGroup"/>
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</complexType>
</element>
</sequence>
</extension>
</complexContent>
</complexType>

4513 Ru

nwayTimeSlice

The FeatureTimeSlice object is of type FeatureTimeSliceType. Continuing the example, the
RunwayTimeSlice element is of type RunwayTimeSliceType.

<element name="RunwayTimeSlice" type="aixm:RunwayTimeSliceType"

| aixm:RunwayTimeSliceType

attributes

RunwayTimeSlice EI—

e ——

xamivalidTime

The efffectivity of the arltwalidTime iz a
TimeSlice, COMVENIENCE propery
elarnent,

—Eai:m:interpre‘ta‘tiun |

Property indicating howe the
tirmeslice is to be interpreted,
See the AIXM Temparality
rmodel for details,

|

|

|

|

|

|

|

|

|

|

|

Used as unique ke Far the |
identification of the Time Slice

concetned, See the AIXM |

|

|

|

|

|

|

|

|

|

|

|

_EB_ Ternparality model For details,

be -lfai:m:currec’tiunhlumher :
v Used for encading carrections of a
! previously issued Time Slice, See
' the AINM Terporality model for

v details,
L

______________________ o

- -+ aixmfeatureLifetime

The start and end of life of the
Feature, See the ATKM
Temparality model For details,

substitutionGroup=""gml :AbstractTimeSlice"/>

4.5.1.4 RunwayTimeSlicePropertyType

A GML property type containing a FeatureTimeSlice objects is created.

(RunwaimeSlicePruperlyType =

attriputes

—---—:EI—L,| alxm:RunwayTimeSlice
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<complexType name="RunwayTimeSlicePropertyType'>
<sequence>

<element ref="aixm:RunwayTimeSlice"/>
</sequence>
<attributeGroup ref=""gml:OwnershipAttributeGroup"/>
</complexType>

45.1.5 RunwayType

Continuing with the object-property model, the Runway feature type is created extending the
AbstractAIXMFeatureType with the RunwayTimeSlice object created above.

T .

aixm:AbstractAIXMFeature Type (extenszion)

| {E |
- (— |
|
|

==

—(—--—:E|—| aixmitimeSlice [ﬁ]

<complexType name="'RunwayType"'>
<complexContent>
<extension base="aixm:AbstractAlXMFeatureType'>
<sequence>
<element name=""timeSlice"
type=""aixm:RunwayTimeSlicePropertyType" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>

45.1.6 Runway
The Runway feature is then defined by the RunwayType.
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| aixm:RunwayType

| attributes

|

|

| H=—E |

[ Runway F———1— |
& defined rectangular area |
|

|

(= F
on a land aerodrarmehelipor

prepared For the landing and N - _ L
take-off of aircraft, | _( jE'_| aixm:timeSlice

Mate: thiz includes the
concept of Final &ppraach 1.m

and Take-2F Area (FATO) - _
For helicoptears,

<element name="Runway' type="‘aixm:RunwayType""
substitutionGroup="aixm:AbstractAlXMFeature'>

<annotation>

<appinfo>RWY</appinfo>

<documentation>A defined rectangular area on a land
aerodrome/heliport prepared for the landing and take-off of
aircraft. Note: this includes the concept of Final Approach and
Take-Off Area (FATO) for helicopters.</documentation>
</annotation>
</element>

4.5.1.6.1 RunwayPropertyType

When a property of a feature is a relationship, the relationship must be associated to another
feature or object. This is done through the creation of the FeaturePropertyType, in this case,
the RunwayPropertyType.

In AIXM, when the relationship or association points to another feature, the feature is
referenced using the x1ink:href attribute (it's always a “remote” encoding). When the
relationship points to an object, the object is included inside the parent. (Objects cannot
exist without the parent.) Since a Runway is a feature the RunwayPropertyType is created
with the attribute xlink:href .

(RunwayPrnpertyType [+]—| aitributes |

<complexType name=""RunwayPropertyType"'>
<attributeGroup ref=""gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup'/>
</complexType>

4.5.1.7 RunwayExtension

All Features and Objects can be extended. A relationship is created with an abstract XML
element that acts as the root for all extensions. Below is an example of the extension for the
Runway feature. The AbstractRunwayExtension element uses the AbstractExtensionType
as shown below.
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r——— — — — —

aixm:AbstractExtensionType |

attribites |

AbstractRunwayExtension [

<element name="‘AbstractRunwayExtension™
type=""aixm:AbstractExtensionType"™ abstract=""true"
substitutionGroup="aixm:AbstractExtension"/>

4.6 Mapping Objects

AIXM objects are encoded as GML objects. For the most part, the XML schema entities are
created in the same way as for Features, following the object-property model. However it is
important to remember that AIXM objects do not exist outside of a feature and are therefore
part of the feature timeslice. TimeSlice types and elements are not created for objects.

For each AIXM Obiject the following XML schema entities are created:

ObjectPropertyGroup
Object

ObjectType
ObjectPropertyType
AbstractObjectExtension

4.6.1 An Example Mapping

The example will use the Address object illustrated below. This is used in many places
throughout the model; for example, an AirportHeliport isContactedAt an Address.

==ohject==
Address
(from 5hared)
$type | CodebddressType
$address | TextAddressType

46.1.1 AbstractAddressExtension

An abstract XML element acts as the root for all extension to theAddress object. Object
extensions are defined in the same way as Feature extensions.

r————— — —

aixm:AbstractExtensionType |

AbstractAddressExtenzion [

<element name="'AbstractAddressExtension"
type=""aixm:AbstractExtensionType" abstract="true"
substitutionGroup="aixm:AbstractExtension"/>
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4.6.1.2 AddressPropertyGroup

An XSD group containing the properties of the Address object is created, again similar to
Features.

v A code indicating the address
v bwpe,

' Forexample, postal address,
' phone nurnber, Fax number,

1 AFS address, E-mail
E&ddressPereﬂvGrDupji}-{-"-ji}1 address, taler number, ate..

'L--E aixm:hasAnnotations

oy S S gy gy Sy g Sy Sty
#

<group name="‘AddressPropertyGroup">
<sequence>
<element name=""type"™ nillable="true”™ minOccurs="0">
<annotation>
<appinfo>CODE_TYPE</appinfo>
<documentation>A code indicating the address type.
For example, postal address, phone number, fax number, AFS address,
E-mail address, telex number, etc..
</documentation>
</annotation>
<complexType>
<simpleContent>
<extension base="aixm:CodeAddressType">
<attribute name="nilReason" type="gml:NilReasonEnumeration'/>
</extension>
</simpleContent>
</complexType>
</element>
<element name="address" nillable="true"™ minOccurs="0">
<complexType>
<simpleContent>
<extension base="aixm:TextAddressType">
<attribute name="nilReason" type="gml:NilReasonEnumeration'/>
</extension>
</simpleContent>
</complexType>
</element>
<element name="hasAnnotations’ type="aixm:NotePropertyType"
minOccurs=""0" maxOccurs="unbounded"/>
</sequence>
</group>

4.6.1.3 AddressType

The AddressType definition uses the AddressPropertyGroup and the extension.
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--4 alXxmtype

& code indicating the address
bype,

For example, postal address,
phone nurnber, Fax nurnber,
AFS address, E-rail
address, telex nurnber, ete,,

A AddressF‘ereﬂyGrDupE—(—-u—:E-

r- -:Eai:m:address

mmmmm e -

(ﬂddressT_vpe [%]—(—--— - ______________________

F

L--i aixm:extension
.

___________________________ Sy
¥

<complexType name="AddressType'>
<sequence>
<group ref="aixm:AddressPropertyGroup"/>
<element name="extension” minOccurs="0" maxOccurs=""unbounded'>
<complexType>
<seguence>
<element ref="aixm:AbstractAddressExtension'/>
</sequence>
</complexType>
</element>
</sequence>
</complexType>

46.1.4 Address
The Address object is then defined as an XSD element of type AddessType.

-_—
| aixm:AddressType

, A code indicating the address |
v bwpe.

[ Far exarple, postal address, |
' phone nurnber, Fax nurnber, |

- AFS address, E-mail
alxm:AddressF‘eredyGrDupE—(—-u—:E- 9 i, (ol R, Cit

Address -l —FH | —==-—-[-H e
& postal address, a phone
nurnber, a Fax number, an
e-rnail address, a telex
nurnber, an &FS address,
ete,

'
'
1
' ;
'
'
'
'

<element name=""Address" type=""aixm:AddressType">
<annotation>
<appinfo>ADDRESS</appinfo>
<documentation>A postal address, a phone number, a fax number, an
e-mail address, a telex number, an AFS address, etc.
</documentation>
</annotation>
</element>
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4.6.1.5 AddressPropertyType

An XSD complex type representing a GML property type is created. A Feature uses this
element to include the Address object rather than reference it (using x1ink:href) because
object does not exist without the parent.

attributes
_'"_E_L- abim:Address

A postal address, a phone
rurnber, a Fax nurnber, an
e-mail address, a telex
rurnber, an AFS address,
ek,

(nddressPrupertyType =

<complexType name="‘AddressPropertyType'>
<sequence>
<element ref="aixm:Address"/>
</sequence>
<attributeGroup ref=""gml:OwnershipAttributeGroup"/>
</complexType>

4.7 Mapping Choices

Classes marked with the stereotype <<choice>> do not appear in the XML Schema. Instead,
the choice of elements is created.

| aixm:Airspace’olumeProperty Group [H == "

AirspaceVolume [

The gearnetry of the |
sirspace when described as
hotizantal prajection with
wertical limits, |

k = -i---l aixm:hasSameHorizontalExtentA..[+]

The name of the element is the concatenation of the role of the <<choice>> class with the
role of the target class of each choice branch, separated by “_”

4.8 Mapping Relationships to Objects

Relationships are encoded by creating an XML element with the same name as the role
name on the UML model. It is of type ObjectPropertyType.

<<feature>> hasSurfaceDescribedBy 0.1 <<object>>
Runway @ SurfaceCharacteristics
+theSurface (from Airport/Heliport)

In this example, the SurfaceCharacterisitcs object is a property of the Runway. The
“theSurface” property of the Runway is defined as being of type
SurfaceCharacteristicsProperty Type.
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A tertual description of the RIWY prafile, & more precise description may be deduced From the
v elevation of the RunweayCenterlinePoints

RurreayPropertyGroup [ == e

1
0 | An entity grouping together the attibutes that model characteristics of an airport surface,
such as strength, matenal, ete,

<element name=""theSurface"
type=""aixm:SurfaceCharacteristicsPropertyType"” minOccurs="0"/>

4.8.1 Mapping Associations with Association Classes

In the UML below, the NavaidEquipment feature has a relationship to the
OrganisationAuthority feature. This relationship contains properties defined in the
NavaidResponsibility class.

<<feature>>
NavaidEquipment

«zdesignator : CodeNavaidDesignatorType
@name : TextNameType

wemissionClass : CodeRadioEmissionType
wmobile : CodeYesNoType
<imagneticVariation : ValMagneticVariationType
wdateMagneticVariation : DateYearType
operationalStatus : CodeStatusNavaidType
flightChecked : CodeYesNoType

0.*

<<object>>
_— NavaidResponsibility

wtype : CodeAuthorityRoleType

+responsibleOrganisation, | 4 «

<<feature>>
OrganisationAuthority

(from Organisation)

When mapping this in XSD, a ‘navaidResponsibility’ property is created in the
NavaidEquipment feature as shown below. The name of this property is automatically
derived from the name of the association class, by conversion to lowerCamelCase style. The
direction of the arrow is important. If the direction would have been to the NavaidEquipment,
the property would have been created in the OrganisationAuthority feature.

(NavaiquuipmerrtProper‘throup:EI—E:El» : | aixm:HavaidResponsibilityPropertyType

D m Pravides details about the level of responzib
Equiprnent,
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A second step is then required to complete the XSD. In this case a ‘responsibleOrganisation’

element is added in the definition of the NavaidResponsibilityPropertyGroup, based on the
role of the OrganisationAuthority class in this association.

HavaidResponsibility

Prowides details about the lewel of

respanzibility of an

Organisationduthority for a Mawvaid

Equiprnent,

4.9 Mapping Relationships to Features

The type of relationship between the
MavaidEquiprnent and the

In AIXM, Relationships to features are described by reference using xlink:href. The UML

role name is used for the XML element name and the XML element is of type

FeaturePropertyType.

Z<faaturas=
AjrpotHeliport

1

ieSituated At

0.7 | <=<feature==

(from Airport/Helipart +theaipart

-~ aixmitheSurface

(HunwayPrnper‘thmup:El—(—-ﬂ—E -

4.10 Mapping Data Types

4.10.1

The datatypes map directly to the built-in datatypes defined by the XML schema

<<datatype>>

Funiuay

| aixm:AirportHeliportPropertyType

B atriputes |

specification. The default datatypes are string, Float, double, etc, which are considered

simpleTypes.

The AlphaType acts as a convenient example.
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==x{80simpleTypes=
string
(fram AhLSchemal atatypes)

G=¥50Dfacet== whiteSpace : null = presermne

==datatype==
AlphaType
rfrom AlXh Data Ty...)

<simpleType name=""AlphaType'>
<restriction base='"xsd:string'>
<pattern value="[A-Z]*"/>
</restriction>
</simpleType>

4.10.2

<<enumeration>>

Enumerations are given the <<enumeration>> stereotype e.g.
CodeAircraftPropulsionType.

==¥50simpleType==
string
(from AhLSchemalatatypes)

S=aEE0facet== whiteSpace : null = preseme

==gnumeration==
CodeAircrattPropulsionType
ifrom Alxh Data Types)

SJET : string
SPROP : string
SHEL : string
GHEL_FROP : string
SiLL : string
SJET_PROP : string
SOTHER : string

<simpleType name=""CodeAircraftPropulsionType'>
<annotation>
<documentation/>
</annotation>
<restriction base="xsd:string">
<enumeration value="JET">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="PROP'>
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="HEL''>
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<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="HEL_PROP''>
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="ALL"'>
<annotation>
<documentation/>
</annotation>
</enumeration>
</restriction>
</simpleType>

4.10.3 <<codelist>>

Codelists are given the stereotype <<codelist>>. An example:

==x80simpleType==
string
(from XM LSchemal atatypes)

S==rBDfacet== whiteSpace : null = preserve

==codelistr=
CodeApproachLightingType
(fram ALXh Data Types)

SALSAF [ string
SMALS - string
SMALSR : string
SBALS : string
SSS5ALS - string
&S5ALR - string
SLDIM ; string
SODALS - string
SAFOVREM - string
SMILOWER © string
SCALVERT : string

<simpleType name=""CodeApproachLightingType'>

<union memberTypes="aixm:CodeApproachLightingType_ base
xsd:string'/>
</simpleType>

This is treated as a simpleType by combining two or more member classes using
xsd:union. The xsd:string as a member specifies that a value can be one from the pre-
specified list or a custom value.

<simpleType name="CodeApproachLightingType base'">
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<annotation>
<documentation/>
</annotation>
<restriction base='"xsd:string'>
<enumeration value="ALSAF">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="MALS">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="MALSR">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value=""SALS">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value=""SSALS">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value=""SSALR"'>
<annotation>
<documentation/>
</annotation>
</enumeration>
</restriction>
</simpleType>

4.10.4 <<datatype>> with Unit of Measurement

A Unit of measurement (UOM) exist for many data types that take numerical values. This has
been modelled as a uom attribute in the <<datatype>> class.

<<XSDsimpleType>>
decimal

<<XSDsimpleType>>
string
(from XMLSchemabDatatypes)

(from XMLSchemabDatatypes)

w<<XSDfacet>> whiteSpace : null = preserve

/\

<<datatype>>
ValDepthType
(from AIXM Data Types)

czuom : UomDepthType

/T\
<<enumeration>>
UomDepthType
(from AIXM Data Types)
«MM : string
«CM : string
<IN : string
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In XSD, a simple type is created for the UOM class, as for any other <<enumeration>>.

<simpleType name=""UomDepthType'>

<annotation>
<documentation/>
</annotation>

<restriction base='"xsd:string'>

<enumeration value="MM">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="CM">
<annotation>
<documentation/>
</annotation>
</enumeration>
<enumeration value="IN">
<annotation>
<documentation/>
</annotation>
</enumeration>
</restriction>
</simpleType>

In a second step, the class having an associated UOM is generated first as a “base” simple

type.

<simpleType name="ValDepthTypeBase'>

<annotation>
<documentat

ion/>

</annotation>

<restriction base="xsd:decimal'/>

</simpleType>

Then, a complex type is created, implementing the UOM list of values as an attribute:

<complexType name="ValDepthType">

El attributes

<simpleContent>
<annotation>
<documentation/>

</annotatio

<extension base="aixm:ValDepthTypeBase">

n>

<attribute name="uom" type="'aixm:UomDepthType" use="‘required'/>
</extension>
</simpleContent>

</complexType>
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