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Conceptualizing the real world
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+-f13 Procedure
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+-f17 Shared

+-f17 Surveillance
+-f17 Time Management
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= Aszsociations

+-f17 AW Metadata

Airspace

Airspace defined by an
upper and lower altitude
boundary.

Airspace Border

Harzontal border of
the sirspacs,

Derived Geometry

Defines geomaetrical relationships
batwesan airspace. For instance
aggregation of airspace parts into
an alrspace.

Airspace Timesheet

Oparating hours for the airspace.

Working days
8:00 to 17:00

Airspace Vertex
Location along
airspace border.

Geographical Border

Airspace border
following & geegraphic
border {e.q., coastiing]
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Flight Plan — Physical Model in XML

<xsd:include schemalLocation="fxAerodrome.xsd"/>

<xsd:complexType name="FlightPlanType">

<xsd:annotation>
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo
<xsd:appinfo

</¥sd:annotation>

source="fx:implements">Aircraft Quantity</xsd:appinfo>

source=

"fx:implements”>Flight Plan Remarks</xsd:appinfo>

source="fx:implements">Route</xsd:appinfo>
source="fx:implements">Route - Revised Destination</xsd:appinfos>

source=

"fx:implements">Center to Center External Remarks</xsd:appinfo=

source="fx:implements">Flight Plan Originator</xsd:appinfo>
source="fx:implements">Flight Type</xsd:appinfo>

source="fx:implements">Special Handling Reason</xsd:appinfo>
source="fx:implements">Estimated Elapsed Time</xsd:appinfo>

<xsd:complexContent>
<xsd:extension base="base:AbstractFeatureType">
<xs5d:sequences>

<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:
<xsd:

element
element
element
element
element
element
element
element
element
element
element
element
element
element
element
element
element
element

</xsd:sequence>
<x5d:attribute nome="state" type="fx:FlightPlanStateType" use="required"/>
<xsd:attribute name="identifier" type="fx:ComputerIdentificationType" use="required"/>
</xsd:extension=
</¥xsd:complexContent>

name="aircraftCount"” type="base:CountType" minOccurs="1" maxOccurs="1"/>

name="aircraft" type="fx:AircraftType" minOccurs="1" maxOccurs="1"/>

name="formation" type="fx:AircraftType" minOccurs="8" maxOccurs="unbounded"/>
name="griginator” type="fx:0riginatorType" minOccurs="@" maxOccurs="1"/>

name="remarks" type="base:FreeTextType" minOccurs="8" maxOccurs="1" nillable="true"/>
name="filing" type="fx:FlightPlanFilingType" minOccurs="@" maxOccurs="1"/>
name="sensitivity" type="fx:SensitiveFlightType" minOccurs="@" maxOccurs="1"/>
name="specialHandling" type="fx:SpecialHandlingReasonType" minOccurs="0" maxOccurs="1"/>
name="departure" type="fx:FlightPlanDepartureType" minOccurs="1" maxOccurs="1"/>
name="arrival™ type="fx:FlightPlanArrivalType" minOccurs="1" maxOccurs="1"/>
name="enRoute" type="fx:FlightPlanErRouteType” minOccurs="1" maxOccurs="1"/>
name="requested” type="fx:FlightPlanRequestType" minOccurs="1" maxOccurs="1"/>
name="assigned" type="fx:FlightPlanRequestType" minOccurs="0" maxOccurs="1"/>
name="route” type="fx:RouteType" minOccurs="1" maxOccurs="1"/>

name="revisedRoute" type="fx:RouteType" minOccurs="1" maxOccurs="1"/>
name="boundaryCrossing" type="fx:BoundaryCrossingType" minOccurs= max0ccurs="unbounded" />
name="centerToCenterRemarks" type="base:FreeTextType" minOccurs="8" maxOccurs="1"/>
name="type" type="fx:FlightTypeType" minOccurs="1" maxOccurs="1"/>




WXXM Logical Model

File Edit Wiew Project Diagram Element Tools Extensions Settings Window Help
AR T - = N afe & <default> - ‘_' g & Basic - Normal >
el T3 Class Diagram: "SufaceReports” created: 17/03/2008 19:03:29 modfied: 11/01/2010 19:04:30 100% 850x 1098
A AR L. -1 L o | Default Style = B - |50 75 4E G G | Ba . [ %

1l

»

-

X

B ek BB+ @
WDy pEST I = (g Model

ForecastChangelndicator = ] DomainModels
BECOMING - [ =Application Schemas wx
NO SIGNIFICANT CHANGE £ [ =Application Schemas wos
TEMPORARY - wos
FROM

b [ «Leafs AerialReport
i [ «Leaf» AreaReport
- D «Leafs ICAD_Annex_3_Basze
i m =Leafs ICAQ_Annex_3_Local_Report
i [ «Leafs ICAO_Annex_3_SpecialReport
i [ «Leafs ICAO_Annex_3_TropicalCyclone
i [ «Leafs ICAQ_Annex_3_VolcanicActivity
i [ «Leafs ICAO_Annex_3_WindShear
i m =Leaf= SurfaceForecastReport
3}
3}
3}
3}
3}
3}
3}
H

lm\a!naa EETE.

+aerodromeWxForecast
apropertys

AbztraciMezzageType

«FeatureTypes
SurfaceReport

anySimpleType

«XSDsimpleTy... ST
X 5DDatatypes::
dateTime SOPPEYR—_ |+ appliesTo :Asrodrome [0

-
+missing /

apropertys
1
P +automated
aDropertys
0.1

GenercNzme
apropertys
+ b ti 2O iticn [0..1] atypes
Names::Scopediame
;1] - +stationld = =
0.7 ety ——— n}

m

Ly

BT Surtacecpor
- D «L eafs WiH_AreaOfInterestWWx

- [ «Leafs WX_DataTypes

- D «| eafs WiX_Features

- m «Leafs WX_Phenom_Hazards

- D «Leafs WX_Phenom_TropicalCyclone
- D «Leafs WX_Phenom_Volcanic

- D «Leafs WX_Phenom_Wind

SEERILE =1 [B] Externally governed packages

; =] CommeonUsagePackages

=20 ] Examples

- 488 150 19100

Ta Main

[ 150 00639 Human Language

[C1 150 06709

(L] 150 19101-2 Imagery Reference Model

T
. CEn1oina c tual Grh I
4 @ Start PageL %g WX_FeaturesL %E m_obsenration_forecastL %g Measuré\ %E SurfaceReports [ 4 m e —— R

8 Personal Information] [@ ProjectInformation]

head|) :LocalName

P ichame) : P
scopedMame() CharacterString
tail{) :Generichame

o

anySimpleType

«XSDsimpleTypexs
X SDDatatypes::boolean

e O e O O O O o O o O e OO e O O O OO O O O O

+oomected

apropertys

METAR Speci
METAR

Project Browser v o x

m

[Jasmma JUEMEIE! @ [smam |a|:|owﬂ

Ready ] SurfaceReport @D (B[ CAP_ NUM

SCRL



WXXM Physical Model

¢schema xmlns="http://www.w3.0org/2881/XML5chema”
¥mlns:gml="http://www.opengis.net/gml/3.2"
¥mlnsiwx="http://www.eurocontrol.int/wx/1.1"
targetNamespace="http://www.eurocontrol.int/wx/1.1"
elementFormDefault="qualified"
attributeFormDefault="unqualified">»

¢!l-- Schema auto-generated by FullMoon, applying rule suite xmillea -->»

<annotation>
<documentation>
[WARN-ABB1] - No package description in UML model
</documentation>
</annotation>
<import namespace="http://www.opengis.net/gml/3.2"
schemalocation="http://schemas.opengis.net/gml/3.2.1/gml.xsd" />
<simpleType name="UomDistanceType">
<restriction base="string">
<enumeration value="SM"/>
<enumeration value="NM"/>
<enumeration value="mm"/>
<enumeration value="m"/>
<enumeration value="km"/>
<enumeration value="ft"/>
<enumeration value="cm"/>
<enumeration value="FL"/>
</restriction:>
</simpleType>
<simpleType name="UomAngleType">
<restriction base="string">
<enumeration value="rad">
<annotation>
<documentation>Radian. ¢/documentation>
</annotation>
</enumeration>
<enumeration value="deg">
<annotation>
«documentation>Degree. </documentation>
</annotation>



Three Modeling Perspectives

« Conceptual Model
— Platform independent

* Logical Model

— Platform specific

* Physical Model

— Implementation specific




ISO Conceptual Schema Modeling Facility (CSMF)

The CSMF allows distinction between the concept and the
representation of the concept

*Developed by Object Modeling Group (OMG)
SO Blueprint for modeling
*Used extensively by TC211
— 1SO 19103:2005 ‘Conceptual schema language’
— 1SO 19109:2005 ‘Rules for application schema’,
— ISO 19107 ‘Spatial Schema’
— 1SO 19118:2005 ‘Geographic Information - Encoding’,
— SO 19136 ‘Geographic information — GML
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ISO Conceptual Schema Modeling Facilities (CSMF)

Platform Independent

Platform Specific UML
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MDA transform adding stereotypes

Reuse

class wx_observation_forecast /

Reuse
concept of
Time

aFeatureTypes
observation:Observation

O

resultQuality DG Element [0..1]
resultTime [ TM_Object [0..1]
samplingTime :Thi_Object

N

concept of
:::mmm<\‘ Metadata

aFeature Types <

WxForecast:Forecast

aFeatureTypes
WxObservation::Observation

w pIopertys
+ validityPericd :TM_PericdDuration [D..1]

+

O

*PIOpertys

confidence :Percentage [0..1]
confidenceRange :PercentageRange [0..1]

forecastnalysisTime TM_Object [0..1]
forecastTime :TM_Object [0..1]

probability :Percentage [0..1]

+procedure
SprOpETtyn +procedure
aproperty»
0.1 éEl.ﬂ
aFeatureTypes
WxProcess::WxProcess i
WxProcess::
i = <] ObservationOrForecastProcess
+ humanEstimated :booclean 1

—

This is a GML
FeatureType




ShapeChange
ShapeChange converts ISO 19109 application schemas
in UML to GML application schemas and other targets

ShapeChange \

ET;:D" options: Madel

Target files mand line

% * with or without dialog « UML model ‘
* invoke from Enterprise

§ Architect hL
Requirements: a Configuration file
» Java 1.6
» gther open source libraries,

e.g. Xerces-J
» Enterprise Architect (for
processing .eap models)




ShapeChange overview

Input options:
*Enterprise Architect via the EA Java API

*Rational Rose, ArgoUML, etc via XMI 1.0 /
UML 1.3 files

*GSIP-compatible model stored in a MDB

Output options (selection):
XML Schema

— GML & ISO 19139 encoding
rules plus extensions

— Supports GML 2.1/3.1/3.2/3.3
*Feature catalogues
— XML and HTML

*GML dictionaries for code lists and
enumerations

*RDF/OWL/SKOS representations

*JSON Schema (will be added in
OWS-9)



Putting it all into practice ...

OWS-9 Kickoff - Aviation thread
AIRM to WXXM Derivation

“Lean and Mean WXXM?”

Debbie Wilson and Clemens Portele
Snowflake Software & Interactive Instruments
May 14-16, 2012

B 3012 Open Gacspatial Consomium, nc.



Introducing the ATM Information Reference Model (AIRM)

The ATM Information Reference Model (AIRM) is used as a common
reference for the different models that will be developed as part of
SESAR. The AIRM represent civil, military and civil-military
information constructs relevant to ATM

* AIRM provides the conceptual application schema

defined as UML from which different physical models
(XML, JSON) can be derived

GML Application Schema

UML

= I
5E
=)

ol &
=




OWS 9 - AIRM to WXXM Objectives

« Develop tools for generating physical ATM Exchange
Models (**XM) from AIRM

* Develop and document AIRM to ISO 19109 UML
Application Schema mapping rules

« Define any additional mapping rules needed for
programmatic derivation of AIRM

« Demonstrate transforming AIRM Meteorology package
iInto two physical models:
— XML based on GML 3.2.1
— JSON



AIRM to ISO 19109 UML Application Schema

1. ldentify and document rules for converting AIRM to ISO
19109 Application Schema

2. ldentify requirements for using ISO 19136 UML Profile
or optionally develop an AIRM UML profile

3. Update AIRM Meteorology package to implement ISO
19109 Application Schema and UML Profile




Programmatic derivation of WXXM

* Programmatic derivation of the two WXXM physical
models: GML 3.2.1 and JSON

* Any additional programmatic rules needed to derive
WXXM GML 3.2.1

« UML to JSON encoding rules shall be developed
— Assumption: Output schema will be expressed in JSON Schema
— Two options for geometries: GeoServices JSON or GeoJSON



Deliverables

1. Rules for converting AIRM into UML ISO 19109
Application Schemas

2. WXXM to GML 3.2.1/ JSON derivation rules and user
Instructions

3. WXXM GML 3.2.1 application schema and example
data

4. WXXM JSON schema and example data



The Benefits of Model Driven CSMF Approach

« Separates implementation from domain understanding
 Encourages consistent and repeatable approach
 Encourages reuse

« Enforces normative documentation

* No bespoke development or hand editing

* One model, many implementations:
— XML, JSON, GML, Oracle, SQL Server, Java, C++ ...

 Far more than a paper document
— All implementation starts from the model
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In Conclusion

 Irrelevant of implementation it's important to
— Standardise on one approach
— Provide a common understanding

 Reuse across ATM models is key
— Modeling decisions can have huge cost implications down the line
— Reinventing the wheel on a per model basis:
* |Increases implementation costs
* Increases implementation complexity

 CSMEF paired with ISO 19*** provides proven best practice
for modeling and is the ideal candidate for ATM modeling



In Summary

One Ring to rule them all,

One Ring to find them,

One Ring to bring them all,
and in the darkness bind them.




In Summary

One Approach to capture them all,
One Approach to model them,
One Approach to implement them all,

and in the NAS exchange them. Fm
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