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GOF2.0

GOF2.0

This critical design document is part of a project that has received funding from the SESAR Joint
Undertaking under grant agreement No 101017689 under European Union’s Horizon 2020 research
and innovation programme.

Abstract

This deliverable describes the GOF2.0 describes information exchange services documented at
conceptual level, following SWIM principles.

For each service specification there is a separate document. These documents are embedded in this
document, which acts as bucket. A preview, the data model of each service specification is copied into
this document.

The service specifications are a baseline, built on experience from previous projects and the initial
project phase of GOF2.0.

They will be updated with better understanding gained in integration and trials. Updates are
performed in agreement between the GOF2.0 project partners, which could be considered a
governance body for the project execution time. The updated versions will be delivered in D2.4, due
in M20 (Q4/2022).

Currently, the following information exchange services are available:

e Traffic/Telemetry (Appendix A)

e Operation Plan (Appendix B)

e Geozones (Appendix C)

e Registration (Appendix D)

e Operational Message (Appendix E)

e Traffic Conformance Monitoring (Appendix F)
e Network Coverage (Appendix G)

e Ground Control Integration (Appendix H)

Please note, additional service specifications likely will be added in D2.4, especially regarding weather
information exchange.
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“The GOF2.0 Integrated Urban Airspace VLD (GOF2.0) very large demonstration
project will safely, securely, and sustainably demonstrate operational validity of
serving combined UAS, eVTOL and manned operations in a unified, dense urban

airspace using current ATM and U-space services and systems.

Both ATM and U-space communities depend extensively on the provision of

timely, relevant, accurate and quality-assured digital information to collaborate

and make informed decisions.” [12]
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Figure 1 - High level Architecture based on grant agreement

Timely, relevant, accurate and quality-assured digital information is exchanged as shown in Figure 1,
indicated by the double arrows. They connect stakeholders in the demonstrated UTM / U-space
ecosystem. For each type of information exchanged (e.g. Traffic/Telemetry, Operation Plan,

Geodata...).

Information exchange services are introduced and described using formal templates, separating
logical, technical and runtime concerns. By defining the interfaces in the system, they enable a
modular, interoperable, open, and highly resilient system of systems, allowing for technical variants in

implementation and deployment.

This deliverable contains descriptions for the information exchange services identified in GOF2 —

harmonizing the information flow between respective services.
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2 Introduction

2.1 Purpose of the document

This deliverable contains service specifications for information exchange services on conceptual level.

2.2 Scope

This document contributes as initial starting point to all objectives of the GOF2.0 project, especially
those listed below. The focus of this deliverable is indicated in bold letters.

e Objective 02: Integrated, lean, modular, resilient and interoperable system architecture
supporting safe integration of all UAM vehicles on national and European level

o Demonstrate the exchange of trajectory, weather, connectivity and aeronautical
information through information management, supported by SWIM interoperable
services, to enhance collaborative decision-making at network and global levels, and
specifically to allow safe and affordable integration of UAM into a shared airspace at
high vehicle densities and in mixed traffic scenarios. Demonstrate interoperability
through standardised interfaces for U-space, CIS and ATM information exchanges,
to allow seamless U-space/ATM operations for all operational stakeholders.

o Project Results: Documented service architecture, proposals for standardised
interface service descriptions, performance data from validation trials, tracking
performance, probability and reliability of identification and authentication,
availability of connectivity, availability of communication means for safety
notifications and ATC instruction

e Objective 04: Air-ground and ground-air connectivity and sharing of information digitally

o Showcase technical means to enable the exchange of digital information in support
of collaborative management of UAM operations and remote provision of U-
space/ATM services:

= Ground-Air Data link using mobile networks
= Air-ground Data link using mobile networks
= Information Exchanges using the SWIM Yellow Profile

o Project Results: Automated data exchange between the supplementary connectivity
data providers and the various stakeholders in the system architecture for pre-flight
and flight operations and services plus validation / audit via measurements

e Objective O7: Virtualisation - allowing more dynamic resource allocation

o Demonstrate modern-day cloud deployment, general-purpose communication, and
computer processing capabilities to allow for better performing and more cost-
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efficient U-space/ATM service provision. A Centralized cloud deployment serving
ANSPs, USSPs and finally all airspace users lead to facilitate data sharing, new
synergies, and more cost-efficient management of the U-space/ATM resource
network. It facilitates effective interoperability between functional systems.

o Project Results:
= U-space service catalogue,

= Qperational and technical performance assessment (Response times for
automated and manual flight authorisations.)

= Data models,
= ICDs
= Airspace assessment
e Objective 09: Definition of novel U-space service essential to enable UAM

o Introduce novel U-space services including concept, definition and validation to serve
a safe, orderly and efficient integration of UAM. Within the scope of GOF2.0 the
following - but not limited to - services will be defined:

=  mobility data: population densities to calculate ground risks

= connectivity data to ensure reliable communication links between airborne
and ground segments

= hyperlocal weather information
o Project Results:

= U-space services catalogue,

= Data models,

= |CDs

2.3 Intended readership

This documented is intended to be read by all members of the GOF USPACE project, specifically,
technical Point of Contacts of members involved.

Additionally, the following entities are intended as readership:

o Air Navigation Service Providers (ANSPs)

o Civil Aviation Authorities (CAAs)

J Administrative Units

o Supplemental Data or Data Service Providers
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EUROPEAN UNION  EUROCONTROL



GOF2.0 - D2.2 SERVICE SPECIFICATIONS

6or208¢ SESAR ¥4>

OINT UNDERTAKING

o Drone Manufacturer

° Drone Operators

o General Aviation Operators

o Authorities

° U-Space / UTM Service Provides

. U-Space / UTM Infrastructure Providers

2.4 Structure of the document

The document is a bucket for the Service Specifications embedded in the appendices.
As preview, a copy of the data model for each service specification was copied into the appendices.

Please refer to the respective chapter in the appendices for the specific structure of a Service
Specification.

2.5 Background

When producing this document and its appendices, several research and standardization activities, as
well as projects, initiatives and existing solutions have been considered.

Please refer to the respective chapter in the appendices for the specific background.
2.6 Glossary of terms
n/a

2.7 List of Acronyms

Acronym Definition

UTMm Unmanned Traffic Management

ATM Air Traffic Management

SWIM System Wide Information Management
ICD Interface Control Document

CIs Common Information Service

ANSP Air Navigation Service Provider

USSP U-space Service Provider

Table 1: List of acronyms
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3 References

[2] U-space
regulationhttps://ec.europa.eu/transparency/regexpert/index.cfim?do=groupDetail.groupMe
eting&meetingld=23814)SESAR 2020 GOF USPACE FIMS Design and Architecture — D4SESAR
principles for U-space architecture https://www.sesarju.eu/sites/default/files/documents/u-
space/SESAR%20principles%20for%20U-space%20architecture.pdf

Founding Members 12

* X %
*
*

* *
* gk

O

EUROPEAN UNION  EUROCONTROL


https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupMeeting&meetingId=23814
https://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupMeeting&meetingId=23814
https://www.sesarju.eu/sites/default/files/documents/u-space/SESAR%20principles%20for%20U-space%20architecture.pdf
https://www.sesarju.eu/sites/default/files/documents/u-space/SESAR%20principles%20for%20U-space%20architecture.pdf

GOF2.0 - D2.2 SERVICE SPECIFICATIONS

Appendix A Traffic/Telemetry
A.1 Data Model

GOFZ.IIO

SESAR

OINT UNDERTAKING

dlass TrafficTelemetry Service Data Model /
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Figure 2: Traffic / Telemetry Exchange Data Model
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Appendix B Operation Plan

B.1 Data Model
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Figure 3: Operation Plan Exchange Model
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AuthorityRequirements

Authority
+ name: TexiShorType [0..1]

+ purpose: CodeAuthorityRole

+ intervalBefore: Timelnterval [0..1]

<<abstract>>
UASZone

+ service: TextSortType [0..1]

+ contactName: TextShortType [0..1]
+ slteURAL: TextShortType [0..1]

+ email: TextShor Type [0..1]

+ phone: TextShortType [0..1]

requiresToContact

+applicability

isApplicable
e

TimePeriod

+ parmanent: CodeYesNoType
+ startDateTime: DateTimeType [0..1]

+ endDateTime: DateTimeType [0..1]

+schedule | 0.*

hasDailySchedule

DailyPeriod

+ startTime: TimeType

+ endTime: TimeType

+ day: CodeWeekDayType [1..7]

+ identifier: CodeZoneldentifierType
+ country: CodeCountrylSOType

Metadata

UASZoneVersion

+ creationDateTime: DateTimeType
+ updateDateTime: DateTimeType

+ author: TextShorType

+ name: TextShoriType [0..1]

+ type: CodeZoneType has

+ restriction: CodeRestrictionType
+ restrictionConditions: ConditionExpressionType [0..1]

+ region: int [0..1]

+ reason: CodeZoneReasonType [0..8]

+ otherReasoninfo: TextShortType [0..1]

+ regulationExemption: CodeYesNoType [0..1]
+ uSpaceClass: CodeUSpaceClassType [0.."]
+ message: TextShortType [0..1]

+ additionalProperties [0..]

hasGeometry

+geometry 1.0

AirspaceVolume

+ uomDimensions: UomDistance
+ lowerLimit: int [0..1]

+ lowerVericalRef 2: CodeVerticalRef

eType
+ upperLimit: int [0..1]
+ upperVerticalReference: CodeVerticalReferenceType

+ horizontalProjection: GeoShapeType

0.1 +dataSource

Figure 4: Geozones Exchange Model

C.2 Embedded document
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Appendix D Registration
D.1 Data Model

Provision of on drones
Manufacturer registration .
o : Request for infarmation
: Requast for information on dranes

on operators
—_—— e
B o -
Provision of information

on operators
Drone registration )

| Drone of an oparator |-a.-. [Drone operalor registration )

1 [ Operator being object of the raquest

Operator being object of the reply

J

Dvone being object of the reply

Figure 5: Registration Exchange Data Model

D.2 Embedded document
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Appendix E Operational Message
E.1 Data Model

class OperationalMessageExchange Service Data Model /

+operationPlan|  gperationPlan Service::

OperationalMessage os OperationPlan

- messageld: UUID
- source: string

- time: DateTime +droneRegistration OperationPlan Service::
- messageSever ty: EnumOperational Mess ageSeverity UasRegistration
- messageType: EnumOperationalMessageType 0.*

- freeText: string [0..1]

- messageState: EnumOperationalMessagestate +positioninfo Pose
. Telemetry Services::
+relatedMessages 0% 0. PositionReport
+airspace
GeoZone
0.*
AckMessage «enumeration=
EnumAcknowlegement
- ackMsgld: ULID
- msgBeingAcknowledged: UUID WILCO
- acknowledgement: EnumAcknowlegement UNABLE
AFFIRM
MEGATIVE
ROGER
cenumeration:
EnumOperationalMessageType
LAND_NOW
CONTACT_TOWER wenumerations
CAUTION_TRAFFIC EnumOperationalMessageSeverity
CONFIRM_LANDED IR
OPERATION_NONCOMNFORMING EMERGENCY EnumOperationalMessageState
OPERATION_CONFORMING ALERT
ACTIVATE_CONTINGENCY CRITICAL OPEN
OTHER WARNING PARTIALLY ACKNOWLEDGED
ACTIVATE_EMERGENCY NOTICE ACKNOWLEGED
INFORMATION CLOSED

Figure 6: Operational Message Exchange Model

E.2 Embedded document
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Appendix F  Traffic Conformance Monitoring

F.1 Data Model

class TrafficC: itori a:-v;wMaModel/

- reportld: UUID - sliveFunctions EnumConform anceManitor ingFunction [0.%]
- timestamp: DateTime ACASRA
AW
l? ALM
APM
— APW

wenumerations
EnumConf it i

+originatingObject
TrafficNonConformanceReport - Trafficc Objectidentification ASM
1 +objectids CATC
= o : EnumConf ingFunction +relatedObject (. shjechCharacteristics: string [0°] fe————] - value: string CHAM
repartsubType: string [0..1] [ — |- «cfi:floatfo.1] 1.*1.  type: IdentificationType| CLAM
- flavour: string [1.%] o1 - other: string CRA
- severity: EnumConflictSeverity [0..1] - confidence: int cuw
probability: Percentage DSPSM
- duration: TimeDuration o5AM
rtPositi
timeOfapplicability: DateTime - FrepertFesien i FTD
N Pasition .
’ - latitude: float o
- longitude: float L
positienAccuracy: float 1
— I
positionCRS P
i - itionDatasge: float
senumerations positionDatadge: floal LOCON
EnumConflictseverity MEAW
MINOR +reportaltitude N NOCLR
fr—— Altitude NOH
1 NOMOY
O - altitude: float NTCA
Blt!tu:eﬁccuracy' flo.a.t OCAT
- altitudeType: EnumaltitudeType s
determination Altitude DeterminationMethod oTA
- altitudecrs RAMHD
altitudeDatasge: float RAMLD
RCM
+our RDM
o1 Separation SAM
: . SBOA
longlmdlni:l’:loar saw
- ransversa oat
STCA
0.1 |- :
vertlcal..frloa't sToce
timeleft: TimeDuration [0..1] T
A
0.1 UTMM
veD
VPM
VRAM
WRA
WRTY
Figure 7: Traffic Conformance Monitoring Exchange Model
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Appendix G Network Coverage
G.1 Data Model

dass NetwaekCover age Service Data Model
“tra ectontiements
1% [oedered)
e - typestreg(o.1) - technology: Technology [
Polectzth - NorigontalPatien st ng
«  werticalPattern string ?
HORTONTAL «  gein ficet ~ogerationvolumes
VERTICAL «  polacizaton Powi:stion
CeBAGConmectvityProvider * [ordered)
CROSS = theta: ficst 0.
phi: flomt - meim
- pal: Boat . Lo
senumerations santenna/ 1 | soperationGeometry
ennseed » “upkectiocation
[+] Operationitan o1 Gesmetry
STREAM_4x > o, - «mmm} geometry b
- technology. Techmology | * . iandinglocaticn . . g
01 T hpesring
senumerations X
Technstogy «mw:u?n‘ scentingencyGeometry l 1 —omery wwolume | 0.1
CEL &6
CELSG CeldGRadioParameters | -
| - EwID
: + validTimeBegin: OateTime
H - validTimetnd. DeteTime
1
senumerations E
Coveragesummanyiafo. 1
] GeometryCoverageinformation <
TULLY_COVERED { o+ | CoverageDutate!
PARTIALY_COVIRED 1 < o v. Coveragelummaryinfo
NON_COVERED X 3 - refou
E scoverngetTabeaty [0-1 o1 I um*le'tmmilu E
%4 “coverapeatTrajectsrytiement H
ContingencyPlanCoveragrinformation <3 Vi
- contmgencyPlanid LUID |ordered] CoverageOats
o ,l OpecationPlandnabyzeResdt - lateade fioat
Dt = = = lengbude: flost
gl s - < alusude float
- latsue float
- lonsize foat
scoverageisOperationVolume |0 3 «  altSice float
< horiomalBesslumen int
01 Y « verticalResolution: int
jectory | - Y. Coverage yinfo < buffer: bytel]
Figure 8: Network Coverage Exchange Model
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Appendix H Ground Control Integration
H.1 Data Model

Where feasible, the information services described In
e Traffic/Telemetry (Appendix A)
e Operation Plans (Appendix B)
e Geozones (Appendix C)
e Operational Message (Appendix E)
e Traffic Conformance Monitoring (Appendix F)

will be used in the integration phase approaching the first GOF2.0 trials. The data model might be
enhanced based on lessons learned from integration and trials

H.2 Embedded document

The initial service specification document for GCS integration will be drafted in the first half of the
project execution time and updated in D2.4, M20.

Founding Members 20

O

EUROPEAN UNION  EUROCONTROL



GOF2.0 - D2.2 SERVICE SPECIFICATIONS x>

cor208¢ SESAR

OINT UNDERTAKING

Founding Members 21

O

EUROPEAN UNION  EUROCONTROL



