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]. Goal of the Framework: Unifying the Overall 
Development Process by Building on a Multi-
Disciplinary Design Approach 
 

Gains: 
• Allows advanced Control Concepts grounded in 

Multi-physics Models extending the Functionalities 
• Increases Productivity by Automation of Design 

Process and Multi-disciplinary Setting 
• Allows faster Iteration Cycles responding to 

evolving System Requirements 
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Upper Stage Attitude Control Development Framework (USACDF) 
developed within the Future Launcher Preparatory Program (FLPP) 
initiated by ESA Launcher Directorate (2013-2014) 
 
           Towards a seamless, unified Design Methodology  

24.03.2015 3 

Current Development Process USACDF: Step towards Model 
Based Design Method 
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Current Status: Complex Interfaces, Lots of Manual Interaction 

24/03/2015 4 

8.43 0.71 

Report 

8.43 0.71 

Report 

S/W Code 

Create Model 
From various 
Sources 

Use Model to 
Estim. Funct. 
Performance 

8.3 

Requirement 

Structure Avionics Software Propulsion 

Build Closed 
Loop 
Model S/W Spec 

Use Processor 
in the Loop to  
Estim. Perform. 

Compile Results 
Check System 
Performance 

Separated Tools, Methodologies, little Communication  

Large Effort to 
Create Full System 
Description  

Lots of Human Interaction 
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 Goal: Unified Toolchain, Multi-Disciplinary Approach,  High Automation 

24/03/2015 5 

8.43 0.71 

Report 

8.43 0.71 

Report 
Report 

Physical  
Models from 
First Principles 

Select, Estimate, 
Tune  
Parameter 

Build Closed 
Loop Model 

Use Model to 
Estim. Funct. 
Performance 

Use Processor 
in the Loop to  
Estim. Perform. 

8.3 

Requirement 

Physical Principal -> Test -> System Identification -> Model Adaptation  
in unified, multi-disciplinary Environment  

Algorithm Design based on 
Methods relying on Models: 
• Control Architecture (e.g. 

feedforward/feedback) 
• Model Predictive Control 
• In-flight System 

Identification 
• etc 

Highly Automated: 
• Auto Code 
• Auto Reporting 
• Requirements Linking 

between Specification and 
Code 

• Automated Testprocedures 

Takes 70% of time 
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Breaking the Barriers between System Definition and GNC 

11/02/2015 6 
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Goals on System Engineering Level addressed in the Framework 
 
 
Overall Goal for New Launcher: 
 
• Responsive Design Methodology  
• On-Board Autonomy 
• System Oriented GNC Design 

 
Elements serving the Goal: 
 
• New Design Methodology: 

Model Based Design 
Improve Requirements Process 
 

24/03/2015 7 



Th
is

 d
oc

um
en

t a
nd

 it
s 

co
nt

en
t i

s 
th

e 
pr

op
er

ty
 o

f A
st

riu
m

 [L
td

/S
A

S
/G

m
bH

] a
nd

 is
 s

tri
ct

ly
 c

on
fid

en
tia

l. 
It 

sh
al

l n
ot

 b
e 

co
m

m
un

ic
at

ed
 to

 a
ny

 th
ird

 p
ar

ty
 w

ith
ou

t t
he

 w
rit

te
n 

co
ns

en
t o

f A
st

riu
m

 [L
td

/S
A

S
/G

m
bH

]. 

Goals on GNC Subsystem Level addressed in in the Framework 

24/03/2015 8 

 
 
Overall Goal for GNC: 
 
• Operational Robustness 
• Large Application Domain 
• Better Modelling 
 
Elements serving the Goal: 
 
• Physical Modelling 
• On-line Adaptation to Failure or Degradation 
• Adaptive Control 
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Elements, Modelling Approach and Languages of the Framework 

24/03/2015 9 

Worst 
Case
(WCAT)

Plant

Visualization 
(VESTA)

Mission 
Sequence

(ASTOS 8)

Physical 
Modelling

Physical
Modelling

Control

Separation

Thruster

Sequence

Sim Control

Functional Engineering Simulator 

Sim Results

Simulink

EcosimPro

Modelica/Dymola

Model Language

 
 
• Three Modeling Languages 

– Simulink 
– EcosimPro 
– Modelica 

 
 

• Simulator 
• Off-line Tools 

– Worst Case Analysis 
– Mission Sequence Generation 
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From Functional Simulator (FES) to Processor-in-the-Loop (PIL) 

24/03/2015 10 

Plant

Control

Separation

Thruster

Sequence

Sim Control

Functional Engineering Simulator (FES)

Sim Results

Simulink

C Code (Auto Code)

Model Language

Control

Plant
Separation

Thruster

Sequence

RASTA (LEON)

Control Desk
dSPACE

Ethernet

 
 
 
• Functional Simulator based on PC 

– Simulink 
 
 
 

• Separation of Plant and Dynamics   
–Embedded Coder from Mathworks  
–TASTE for Configuring the Application 

Software 
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Physical Modelling for selected Subsystems  

24/03/2015 11 

 
 

• Use of Models already generated in 
other Context: 
–Ecosim Pro in Propulsion Modelling 

 
• Models specifically developed for 

USACDF: 
–Modelica for Separation 

Mechanism 
–SimMechanics for Mated System 

 
• Hybrid Approach: Simulink  and 

Physical Models incorporated via C 
code 
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Unified Verification Approach 

24/03/2015 12 

 
 

• Simultaneously Programming the 
Test Signals and Checks while 
Building the Application Software 

 
• Improved Statistical Evaluation using 

Worst Case and Cross Entropy 
thereby augmenting the Monte Carlo 
Technique 
 

• Automated Code Checking via 
Polyspace 
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Automatic Linking between Requirement Document and S/W 

11/02/2015 13 
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Seamless Move from Algorithm Design to Software Testing 

24/03/2015 14 

 
 

• Algorithm Development of Functional 
Simulator on PC 
 
 

• Moving to Dual Board dSPACE and 
checking auto coded Software 

 
 
• Running on Flight representative 

Hardware 
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Control Objectives addressed in the Framework as Benchmark Problems 
for Validating the Design Suite: Sloshing with CFD in the Loop 
 

11/02/2015 15 

 
 
• New Sloshing Problem, occurring in Spinning Stages, has 

been addressed: 
–Simulation in Open and Closed Loop 
–Determination of the MCI Evolution 
–Analytic Model 
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Control Objectives addressed in the Framework: Model 
Predictive Control, System Identification and Adaptive Control 

24/3/2015 16 

 
 

• Extended Kalman Filter for Plant Identification 
 

• System Identification for Position of the Propellant 
Bulge 

 
• Hybrid Model for MIB Phenomenon 
 
• Model Predictive Control establishing a lower 

Limit for best achievable Results in Terms in 
Number of Actuation 
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Mission&Vehicle Management addressed in the Framework: State 
Machine Concept for Defining the Mission Sequence 

24/03/2015 17 

 
 

 
• Mathworks’ StateFlow used for Defining the 

GNC related MVM 
 
 
 

• In-Flight Adaptation of the Mission Sequence in 
Response to Failure of Degradation: 
–Emergency Release of Payloads 
–Controller Modification in Response to 

Subsystem Degradation in order to cope with 
reduced Margins 
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USACDF Approach in Line with State-of-the Art Development 

24/03/2015 18 
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•  A multi-disciplinary, System oriented Approach towards the GNC 
Development of Upper Stage Control has been successfully adopted : 
– Physical Modelling of selected Subsystems provided better Modelling 

(including Failure Simulation) 
– Application of modern Control Concepts – System Identification, 

Model Predictive Control, Adaptive Control to illustrate the Gains on 
Functional Level 

– Fast and seamless Move from Algorithm Design to Processor-in-the-
Loop 

– TRLevel 6 demonstrated for the Toolchain of Model based, Multi-
disciplinary Design Approach including Autocoding  

• Move Forward: USACDF 2 – Hardware in the Loop / Demonstrator 
extending the Model Based Design Approach to the complete Cycle          
including Hardware in the Loop 

 
 

 
 

Conclusions 
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