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GALILEO SERVICES

GALILEO will provide the following main Services:

Open Service (OS): Positioning and Timing

 4m horizontal, 8m vertical (95%)

 30ns (95%)

Safety of Life (SoL) Service: 

 Provides safety information to professional users

 Dimensioning parameters: low non detection probability, 

time to alarm (6s), high availability (99,5%)

Public Regulated Service (PRS)

Other Services: Search and Rescue (SAR), Commercial 

Service (CS), External Region Integrity Service (ERIS).
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5 Sites 31 Sites4 Sites

TTC Facility

GALILEO ARCHITECTURE SUMMARY
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GALILEO DEPLOYMENT

Control Center Sensor Station Uplink Station TT&C Station
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GALILEO TIMELINE

• 2001:  The European Union agrees on the 

principle to build Galileo

2003 System PDR

2008-09 System CDR

In-Orbit Validation 

(IOV) Phase
Important Political Events

ESA becomes System Prime

Industry Consortium = Prime

ESA = Customer

2011 Launch of 2 first satellites

Full Operational

Capability

(FOC) Phase

2010 KO

• 2001-2007: Public-Private Partnership 

Approach 

• April 2008: The European Parliament 

votes the Public funding of Galileo 

(3,4 billion Euros to have the 

system operational in 2013).

Succession of small Phase(s) B

Phase C/D
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GALILEO System Engineering Approach

• Originally a « Document Based Approach », i.e. the customer 

requirements are derived down to subcontractor requirements through 

intermediate requirement documents. All documents are managed in 

DOORS

GSRD

System 

Design

Segment Requirements

And Interface Requirement Docs

Satisfies

MRD

ESA Level

With System Engineering

Support of  Thales Alenia Space

European Commission  Level

Applicable to Industry Level

Mission Requirement Document

Galileo System Requirement Document
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Requirement Documents Tree

GSRD

SSREQ

GMSREQ
GCSREQ

SISICD

GMS-SS ICD

GCS-SS ICD

GCS-GMS ICD

TUSREQ

SSExtIRD

GCSExtIRD
GMSExtIRD

3 SS-ExtI CD’s

3 GCS-ExtI CD’s
8 GMS-ExtI CD’s

Satisfies

Galileo Core System

GMS

External

Entities

GCS

External

Entities

SSgt

External

Entities

BBKME ICD

Users

Community
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GSRD Top-Down Derivation Metrics

Among which 42 mapped 1-to-1 to Segment

(i.e. 13 % very low level)

GSRD-208 5.1.2 Open Services

The Galileo Open Services shall provide Navigation & Timing 

using Open Service signals in accordance with AD-18, to which 

access shall be open to the public. 

GSRD-697 6.2.2.2.7 Ranging Code Time Reference

All Ranging Codes in each satellite shall be generated 

from the time reference source.

GSRD-327 5.2.3.4     Position Accuracy (Single-Carrier Satellite-Only Receiver, E5a)

The Galileo Global Component shall ensure that a user equipped with a Standard Open-Service 

Receiver, which provides the functions specified in Req. GSRD-3102 and meets the performance 

requirements specified in Req. GSRD-3156,

- receiving the Open Service signals on the E5a carrier (as specified in AD-18),

- under the Normal Open Service Environment for Rural Pedestrian Users (as specified in Req. 

GSRD-266 and subsidiary requirements),

will be able to determine its position with a horizontal accuracy of 24 metres and a vertical accuracy of 

35 metres with 95% confidence at least once every second, without any other aids.

 1 Req
 59 Reqs

 278 Reqs 0 Req

GSRD-1854 8.5.10 Other Scenarios

Operational Scenarios shall be defined to cover other plausible failure cases 

defined by FMEA (Failure Modes and Effects Analysis) (see AD-1).
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GSRD Top-Down Derivation Metrics

GSRD to Segment Requirements Derivation

Towards more

N-1 Level Reqs

Towards more

Generic Reqs
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Bottom-Up ReqsTraceability Metrics

S
P

A
C

E
 S

E
G

M
E

N
T

 R
E

Q
S

G
R

O
U

N
D

 M
IS

S
IO

N
 S

E
G

M
E

N
T

R
E

Q
S

Sign of overlapping

System Requirements

Not a Tree but... A mesh network of Reqs



All rights reserved, 2007, Thales Alenia Space

BUNVC

Page 13

23rd of September 2008

On Traceability and Complexity

• The links between requirements and/or design objects is a key 

indicator of complexity

• Links deserves being treated as objects

GSRD contains 340 System Requirements

Derived to around 3000 Segment Requirements, BUT…

Inter-Requirements Traceability of around 11500 links!!

Req1

Attributes

Link

Req2

attributes

Req1

attributes
Req2

attributes

LinkObj

attributes

In GALILEO:

Link Link

Ex.: criticality
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« Standard » DERIVATION MODEL
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User
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NO TRD Consequence, an Example

GMSREQ: The GMS shall take into account

The GCS S-Band Uplink Report

MGF

MUCF

SBand Data

GCS
Uplink Report

TTC Schedule

Satellite

Mission Monitoring

GMS
SBand Data

GMS-TRD The GMS shall take into account

The GCS S-Band Uplink Report

MUCF-REQ The GMS shall take into account

The GCS S-Band Uplink Report

MUCF stores these data and make them available

to the operator so that he can « take them into account »
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FUNCTIONAL DERIVATION

Design Definition

File (DDF)

Requirements,

Interfaces

Is Allocated 

by

DDF-I

SFC

DDF-I

Segment Functions

DDF-II

Physical

SignalDB

(Data-Dictionary)

Is Composed of

Is Mapped on

Link Interface

Requirements,

Interfaces

(except Input

Requirements)

Is Allocated by

Is Allocated by

Is Allocated by

Is Allocated by

Design

Justification

File (DJF)

Justifies

Refers to
GSRD

Refers to

DESIGN OBJECTS:

Functional Chain Clusters (SFC)

Functions, Message/Signals

« Activity » Diagrams

« Use Cases »

States and Modes

Physical Entities
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FUNCTIONAL MODEL

 The functions defined in the SDL Tau are described in the DDF Segment Functions 

DOORS module and traced to the segment requirements and the data-dictionary.

Segment Functions

Traced to Segment

REQs and ExtIRD

DataFlows

In the data dictionary
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System Functional Chains: 

“Activity” Diagram

Functional Chain Activity Diagram

making use of…

Segment

Functions

Message

Signals
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Data Dictionary

 The Data Dictionary contains all the Signals 

exchanged by the functions

 It has several layers down to “Simple” data

 Example: Almanacs parameters simple data

Signal

Complex Data

Simple Data

includes

includes

includes
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Example: Data Dictionary  ICD Check

Simple_Data

IntegrityAlarmFlag

Size in nb of bits

Places where the

Simple data is used

In GMSSS-ICD

Places where the

Simple data is used

In SIS-ICD
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 “Use Case” Objects have been a key communication tool between 

System Engineering Activities (Operations, RAMS, System 

Integration Verification/Validation SIV, …)

Use Cases

DDF2 Use Cases

Functions,

Data-Dictionary

Requirement,

Interface

GSRD

N-1 OPS Scenarios

• GMS OPS Scenarios:

 Input to OPS Concept TN

• GCS OPS Scenarios:

 Input to OPS Concept TN

• SSgt OPS Scenarios

FMECA

RAMS

(pdf)

MOCD

OPS

(pdf)

DOORS links
Mapping table

in DJF Volume 4 on RAMS

(not a DOORS Link)

Contingency Scenarios

Mapping table in

DDF2 Use Cases Annex

(not a DOORS

Link)

“Refers to” via DJF Annex A

(to GSRD section 8 “Operational Requirements”)

SIV: Test Cases

Mapping table

in SIVP Annex

DOORS links
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Performance Requirements Derivation

DJF Annex A GSRD Perfo Req
(1 to 1) Refers to

Justifies

Satisfies

(X-Traceability)

DOORS Scripts

PBF Clusters 

Annex
Requirements and

Interfaces

Cluster

Assumption

Refers to

Assumption to Cluster Link

Requirement

 The Performance Budget File (PBF) “DOORS” part has been limited to the 

minimum so called PBF clusters. Their objective is:

 To ensure the completeness of the performance requirement derivation

 To capture all assumptions needed to demonstrate the performance.
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Performance « Assumptions » Capture

REQ

Sys

REQ1

Seg1

HYP1

Seg2

REQ1

Seg2

HYP1

Seg2

REQ1

Seg2

HYP2

Seg2

REQ1

Seg2-Elt1

REQ1

Seg2-Elt2

HYP1

Seg2-Elt1
HYP2

Seg2-Elt1

HYP1

Seg2-Elt2

HYP2

Seg2

GSRD Level

GMSREQ, SSREQ Level

GMS TSD Level

GMS ERD Level

NEW HYP – Not 

Specified in other element

 Need to be flown up

Seg1    Seg2

Elt1    Elt2

NEW HYP – specified in another 

Element REQ (REQ1/Seg2-Elt2)

 Does not need to be flown up 

as HYP
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Example: Accuracy Performance Clusters

GSRD 

Constraints
Position

Accuracy

2- UERE 

Budgets

Ranging

Accuracy

GMS

Env.

Satellite

Clocks

Perfo

Orbit/Attitude

Perfo

GD, 

CCC,

HD

GSRD Level

“System” Level

SS

TUS

GMS

GCS

Iono Model

Computation

Perfo

GMS Ranging

Budget

Fault-Free Definition

1

Constellation

Geometry

GDOP

2f

Receiver

Noise

PBF, Accuracy Section constrains

BGD

Computation

Perfo

Constellation

Specification

2a- ODTS 2b- BGD

2c

Ionosphere

Delays

2d

Troposphere

Delays

2e

Multi-path

constrains

constrains

CONAN

PBF PBF PBF

PBF

GSS Network

Geometry

GMS Local

2g

SCB

PBF, UERE Section



All rights reserved, 2007, Thales Alenia Space

BUNVC

Page 27

23rd of September 2008

Example: Availability Performance Clusters

AvailabilityAvailability User Env.

& Perfo

Other 

Constraints
Availability

Constellation

States Proba

P0, P1

PA, PB, 

PC, PD

Mission 

Analyses

Assumptions

SSgt FE

Constraints

User Algos

GSRD Level

“System” Level

SS

TUS

GMS

GCS

GSS States 

Proba/SISMA

Geometric

Availabilities
UERE 

Budgets

SISA

Cvg Time

Including launcher

service

GMS

Env.

GCS

Mission and FE

constraints

Integrity Links

Availability

“Am” equation PERALAN pg.97

PERALAN pg.102

+ pg.315

SS11SS11 SS12SS12

SS13, 21

31, 41
SS13, 21

31, 41

SS14, 22

32, 42
SS14, 22

32, 42

PA PB

PC PD

PERALAN pg.103

+ Annex C

SISMA

values

PERALAN pg.106

GSS

States

Proba

NAV

States 

Proba

RAMS Report

GMS Env.

PERALAN pg.103

PERALAN 

pg.315

SVS

PERALAN RD.61
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CONCLUSION

Politics plays an important role in the design 
of a complex system like Galileo

Design Simplification phases do no exist

Alternative Data Model based on Design 
Definition and Justification File (no TRD)

Limited number of “Design Objects” (or 
Clusters) in order to control the complexity 
and keep the design readable
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APPENDIX
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System Boundaries Evolution

MRD

GSRD

(sat.only services)

Sites IRD Ext IRD

Former

Industrial Consortium

System Prime Perimeter

ESA System Perimeter (for IOV CDR)

Segments

(GMS, GCS, SSgt

TUS)

Sites
Launchers ,

LEOP, IOT

External Entities

GOC GRSP

RLSP

TSP

MEOLUTGSMC

EC perimeter

Other Services

(Local Component,

UMTS, ...)

...


