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Overview 

28/10/2014 

Digital Engineering Framework as enabler for System-Software Co-Engineering 

2 

Digital 
Engineering 
Framework 

Many modeling tools, DB, 
simulators in use to 
improve engineering 

efficieny  

Auto-coding key example 
for model-driven 

development in avionics 

Space System Data 
Repository as concept for 

Tool Integration 

RangeDB is the Airbus DS 
framework for digital 

engineering  
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Digital Engineering comprises the application of modeling tools, DB, 
and simulators for the increased efficiency of engineering process 

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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Also in avionics considerable progress has been made in the 
utilization of modeling techniques  

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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Example of mature MBE approach with auto-coding 

System 
Design 

Validation 

Operation Concept.  
Design 

System  
Design 

System 

Software 
 specification 

Coding 

Software 
validation 

Assembly 

Integration 

Verification 

Auto-coding 

28/10/2014 
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Mission and Vehicle 
Management, FDIR 

AOCS / 
GNC … 

Software development 

Digital Engineering Framework as enabler for System-Software Co-Engineering 

System needs 

Avionics 
Communication 
Network 

Data processing 
Architecture 
TSP 
… 

Customer 

Supplier 

Flight software 

Flight software 

“Auto-coding” 
Coding by the people defining the need 

Highly 
customisable 

generic 
middleware 

Auto 
coding 

“Classical” 
coding 

Development 
supported by models 

28/10/2014 6 



Confidential 

©
 2

01
4 

A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

 –
 A

ll 
rig

ht
s 

re
se

rv
ed

. T
he

 re
pr

od
uc

tio
n,

 d
is

tri
bu

tio
n 

an
d 

ut
ili

za
tio

n 
of

 th
is

 d
oc

um
en

t a
s 

w
el

l a
s 

th
e 

co
m

m
un

ic
at

io
n 

of
 it

s 
co

nt
en

ts
 to

 o
th

er
s 

w
ith

ou
t e

xp
re

ss
 a

ut
ho

riz
at

io
n 

is
 

pr
oh

ib
ite

d.
 O

ffe
nd

er
s 

w
ill

 b
e 

he
ld

 li
ab

le
 fo

r t
he

 p
ay

m
en

t o
f d

am
ag

es
. A

ll 
rig

ht
s 

re
se

rv
ed

 in
 th

e 
ev

en
t o

f t
he

 g
ra

nt
 o

f a
 p

at
en

t, 
ut

ili
ty

 m
od

el
 o

r d
es

ig
n.

 

Auto-coding of SysML Finite State Machines 

S1 -[ Cmd_With_Param (A) / Ap_With_Param (X => A) ]-> S2 

Intermediate textual language 

S1 => 
  (Cmd_With_Param => FSM_FUMs.T_FUM_Transition' 
     (Is_Valid            => True, 
      Target_FUM_State_Id => S2, 
      FUM_AP_Command_Call => FSM_FUMs.T_FUM_AP_Command_Call' 
        (Number_Of_Parameters => 1, 
         Command_Id           => Ap_With_Param, 
         Parameter_Table      => FSM_FUMs.FUM_AP_Command_Calls.T_Command_Actual_Parameter_Table' 
           (1 => FSM_FUMs.Reference (1))))) 

28/10/2014 

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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Auto-coding of GNC with Ada and of 
AOCS with automatic code generation from Matlab/Simulink 
 
AOCS Modes & Control Law 

autocoding 
• AOCS SW code and verification 

activities largely automated. 
• Schedule reduction expected on 

development and modifications 
• Quality improvement expected 

because no more translation 
from AOCS to SW team 

• Strengthened reuse approach at 
functional level 

 
 

28/10/2014 8 8 

AOCS automatic code generation process 

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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AOCS/GNC model 

Auto-coding brings AOCS / GNC software engineering  
closer to System 

System spec / Avionic spec 

AOCS/GNC TechSpec 

AlgoFunctalDesc 

(ADD explains in part. the i/f between 
autocoded and handcoded SW) 

ADD 

DDD 

C or Ada code 

SRS 
 

ECSS-E-ST-60-30C 

SSS 

Autocoding brings naturally AOCS / GNC 
functional design closer to 
system design 

• One specification step brought upward 
• Model-based System Engineering enabled, 

with continuity towards AOCS / GNC design 
• Strengthened continuity between phase B 

and phase CD modelling activities 
 
Overall compliance to SW ECSS 

(-E-ST-40C and -Q-ST-80C, 
but also -E-ST-60-30C) 

 
 ECSS-E-ST-40C & Q-80C 

28/10/2014 

Digital Engineering Framework as enabler for System-Software Co-Engineering 

9 



Confidential 

©
 2

01
4 

A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

 –
 A

ll 
rig

ht
s 

re
se

rv
ed

. T
he

 re
pr

od
uc

tio
n,

 d
is

tri
bu

tio
n 

an
d 

ut
ili

za
tio

n 
of

 th
is

 d
oc

um
en

t a
s 

w
el

l a
s 

th
e 

co
m

m
un

ic
at

io
n 

of
 it

s 
co

nt
en

ts
 to

 o
th

er
s 

w
ith

ou
t e

xp
re

ss
 a

ut
ho

riz
at

io
n 

is
 

pr
oh

ib
ite

d.
 O

ffe
nd

er
s 

w
ill

 b
e 

he
ld

 li
ab

le
 fo

r t
he

 p
ay

m
en

t o
f d

am
ag

es
. A

ll 
rig

ht
s 

re
se

rv
ed

 in
 th

e 
ev

en
t o

f t
he

 g
ra

nt
 o

f a
 p

at
en

t, 
ut

ili
ty

 m
od

el
 o

r d
es

ig
n.

 

Software Engineering: Static Architecture in UML 

28/10/2014 10 10 

Sw Data Model 

Domain Language 

(Meta-model internally  

developed) 
TM/TC 

 Documentation 
Class Diagram Package Diagram 

+profile 

Static Architecture 

C or Ada - Source Code 

 Application Skeleton 

Static Architecture 

Configuration 

Dynamic  

Architecture 

SW Platform 

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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The various database and tools in use, also put much more emphasis 
on semantic consistent data sharing and exchange  

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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The integration of discipline data (including) avionics delivers an 
essential part of MBSE and Digital Engineering  
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ECSS-E-TM-10-23 introduced 2 concepts in order to manage 
complexity of “Engineering Database” to facilitate MBSE for Space 
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Space System Data 
Repository – for 

managing federated 
Databases 

Conceptual Data 
Model driven by space 

project needs  
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Space system repository for managing the federation of databases, 
i.e. the sharing of data across different databases  

28/10/2014 
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The vision as expressed in  
ECSS E-TM 10-23 
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Conceptual data modeling is a key activity in order to bridge business 
needs into tool realization (customization or development) 
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Tool Use 
 

Tool Development 
 

Conceptual Data Model Definition 

Analysis  
existing data 

Definition of 
Conceptual Data 

Model 

Validation of 
Conceptual Data 

Model 

Customization, 
Implementation 

of End-User Tool 

Validation of 
End-User Tool 

Usage of End-
User Tool 
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Shared Product Structure required enabling the sharing, alignment 
and common management of system level relevant data 
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Electrical Interfaces DB 

Product Structure 

Functional 
Electrical 
Interfaces Harness 

Harness 
Accommodation 

M-CAD 

Product Structure 

Geometry Alignment 

Functional Simulator DB  

Product Structure 

Functional 
Electrical 
Interfaces 

Telemetry and 
Telecommands Alignment 

TM/TC DB 

Op. Parameters 

Telemetry and 
Telecommands 

Op. Parameters 

Product Structure 
Simulation Data 
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ESA TRP “Virtual Spacecraft Design” to demonstrate a solution for an 
integrated data management realizing ideas of E-TM-10-23 
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Budgets 

Verification Matrix 

Integration Procedure Configuration Operational Proc Requirements Operational Modes 

Electrical Interfaces 

Functional Architecture 



Confidential 

©
 2

01
4 

A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

 –
 A

ll 
rig

ht
s 

re
se

rv
ed

. T
he

 re
pr

od
uc

tio
n,

 d
is

tri
bu

tio
n 

an
d 

ut
ili

za
tio

n 
of

 th
is

 d
oc

um
en

t a
s 

w
el

l a
s 

th
e 

co
m

m
un

ic
at

io
n 

of
 it

s 
co

nt
en

ts
 to

 o
th

er
s 

w
ith

ou
t e

xp
re

ss
 a

ut
ho

riz
at

io
n 

is
 

pr
oh

ib
ite

d.
 O

ffe
nd

er
s 

w
ill

 b
e 

he
ld

 li
ab

le
 fo

r t
he

 p
ay

m
en

t o
f d

am
ag

es
. A

ll 
rig

ht
s 

re
se

rv
ed

 in
 th

e 
ev

en
t o

f t
he

 g
ra

nt
 o

f a
 p

at
en

t, 
ut

ili
ty

 m
od

el
 o

r d
es

ig
n.

 

“Virtual Spacecraft Design” demonstrated that the realization of Space 
System Data Repository of ECSS-E-TM-10-23 is possible 
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17.10.2013 

LEGATO - The Digital 
Engineering initiative of 
Astrium Satellites 18 

Physical Configuration 

AIT Flow and Integration Procedures 

Verfication Definitions 

Functional Architecture 

Requirements Engineering 

System Topology Operational Procedures Operational Concept 

videos\Walkthrough.mp4 

17.10.2013 LEGATO - The Digital Engineering 
initiative of Astrium Satellites 

18 
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A classic SRDB is an information hub, right in the centre of a heavy-
weight concurrent engineering process in late phases  
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Supplier A 

SRDB 

Supplier B 

Supplier C 

Customer 

… 

CSW 

System 
Engineering 

AIT 

Verification 
Monitoring & 
Control Data 
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RangeDB: Development of a new product allowing the configuration 
of a SRDB with evolved scope – constraints and expectations  

Digital Engineering Framework as enabler for System-Software Co-Engineering 
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Evolved SRDB ( Avionics DB) 

Classic SRDB 

State of the art model-
management 

Ability to be  “extend” 
scope (managed 

data)  

cost reduction for 
maintenance  

Adopting concepts of 
 E-TM-10-23 “System 

Data Repository” 

28/10/2014 

Demanding FV 
process many 

concurrent 
activities 

Powerful System 
Simulators 

requiring complex 
data 

EGS-CC 
developments, and 

related CDM 
introduced 

Overall process 
efficiency to 

exchange data 
“digitally” 

Increasing Scope 
of SRDB towards 
“all avionics data” 

Technology 
obsolescence 
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The following technological concepts are forming the pillars, the 
RangeDB product is relying on to meet the expressed expectations  
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Open, modular, enhanceable Framework ( no fixed hard wired tool!) 

SRDB NG based on  
RangeDB product 

28/10/2014 
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RangeDB forms the underlying framework allowing managing “all 
avionics” related data in a coherent way along ECSS-TM-10-23 

Digital Engineering Framework as enabler for System-Software Co-Engineering 

22 28/10/2014 

Budgets 

[Excel] 

Dynamic 
Analysis 

[Matlab] 

FV  
Simulation 

[SimTG] 

Verificatio
n DB 

[RangeDB
] 

FSW 
Engi. 

[SysM/ 
UML] 

FEM 

[Nastran, 
Patran] 

TMM 

[SystemA] 

CCS 

[Open 
Centre] 

Electrical 
I/F DB 

[…] 

Req.-Eng 

[Doors] 

FSW  
DB  
[…] 

SimConf 

[RangeDB
] 

TM/TC 

[RangeDB
] 

M-CAD 

[Catia] 

DMU4All 

[Catia] 

CAD Management 

[Enovia] 

Product Data Management 

[Windchill] 

E
ng

in
ee

rin
g 

To
ol

s 
In

te
gr

at
ed

 
M

od
el

 
M

an
ag

em
en

t 

IPS 

[Solumina] 

C
on

fig
ur

at
io

n 
C

on
tro

l 

System 
Engineering Avionics Mechanical 

Engineering AIT 

UGS-Eng 

[GS 
framewk] 

User GS 

AOC DB 

[…] 

System 
Architec.  

[SysML, 
…] 

RangeDB for the 
Integrated Avionics Data Management  



Confidential 

©
 2

01
4 

A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

 –
 A

ll 
rig

ht
s 

re
se

rv
ed

. T
he

 re
pr

od
uc

tio
n,

 d
is

tri
bu

tio
n 

an
d 

ut
ili

za
tio

n 
of

 th
is

 d
oc

um
en

t a
s 

w
el

l a
s 

th
e 

co
m

m
un

ic
at

io
n 

of
 it

s 
co

nt
en

ts
 to

 o
th

er
s 

w
ith

ou
t e

xp
re

ss
 a

ut
ho

riz
at

io
n 

is
 

pr
oh

ib
ite

d.
 O

ffe
nd

er
s 

w
ill

 b
e 

he
ld

 li
ab

le
 fo

r t
he

 p
ay

m
en

t o
f d

am
ag

es
. A

ll 
rig

ht
s 

re
se

rv
ed

 in
 th

e 
ev

en
t o

f t
he

 g
ra

nt
 o

f a
 p

at
en

t, 
ut

ili
ty

 m
od

el
 o

r d
es

ig
n.

 

Architectural view of the RangeDB with external interfaces, internally 
managed data, and view for inspecting / changing data 
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Avionics 
Data  
Management 

Domain discipline specific engineering tools  
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Conclusion  

In the past decade significant progress has been made to improve discipline processes with 
models / DB 

 
The “Digital Engineering” Integration Framework is a key element for proper interoperability  

– COTS (e.g. Matlab/Simulink) can be integrated “as they are” 
– Development and improved sharing of data management functions is possible 
– Technologies are now mature (strongly relying on Open Source mainstream technologies) 

and used to deploy the Framework 
 

In general an harmonization effort on space system data repository might play a major role in 
managing the transition towards integrated model-based engineering ( MBSE) 
– Providing a vision for the future overall collaboration framework through an overall roadmap 
– Standardization to be done on ECSS should take into account international efforts like 

OMG, ISO, … 
– The Open Source approach is to be considered in the context of the Space Community 

needs and business models  
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