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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

e |Increases Productivity by Automation of Design
Process and Multi-disciplinary Setting

o Allows faster Iteration Cycles responding to
evolving System Requirements
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[Ltd/SAS/GmbH

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
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Current Status: Complex Interfaces, Lots of Manual Interaction

Separated Tools, Methodologies, little Communication

Structure

Avionics Propulsion Software

Large Effort to
Create Full System
Description
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Goal: Unified Toolchain, Multi-Disciplinary Approach, High Automation

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

Physical
Models from
First Principles

Select, Estimaie

e

Tune
Parameter .

Build Closed |\

Loop Model =

Algorithm Design based on

Methods relying on Models:

» Control Architecture (e.qg.
feedforward/feedback)

* Model Predictive Control

* In-flight System
Identification

* etc
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Breaking the Barriers between System Definition and GNC

Overlap of activities and disciplines:
Information exchange with emphasis on
auto report, automated validation

Testing
Validation

GNC Develo

Barrier between Overall-
System and GNC Design
is lowered by using physical
Models and the same tool

chain especially in phase 0
Quick Trade-off taking the
potential closed loop issues into
account

Internal loops based on a unified
toolchain, leading to fast information
exchange between previously
separated areas

N

$Ten Internal loops reducing the number of

overall re-design loops

Report

This document and its content is the property of Astrium [Ltd/SAS/GmbH] and is strictly confidential. It shall not be communicated to any third party without the written consent of Astrium [Ltd/SAS/GmbH].

Complete Cycle is repeated over and
over n-times

The Centrality
of GNC in the
chain is not
properly
recognized
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Goals on System Engineering Level addressed in the Framework
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Addressed
In
USACDF

| Requirements Tracing, |
coof o s Auto-reporting |

Technique

Overall Goal for New Launcher:

 Responsive Design Methodology
e On-Board Autonomy
e System Oriented GNC Design

Elements serving the Goal:
« New Design Methodology:

Model Based Design
Improve Requirements Process
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Goals on GNC Subsystem Level addressed in in the Framework

User Friendly Mission
Preparation (flexible,
modular MVM)

Adapt Mission Sequence
in Failure Casesand
Degraded Mode

1 state Flow based

Long Coasting Phase with
minimum Actuation

Higher MCIUncertainties

Physical Modelling

Goal

24/03/2015

Addressed
In
USACDF

Technique

Overall Goal for GNC:

e Operational Robustness
e Large Application Domain
e Better Modelling

Elements serving the Goal:
e Physical Modelling

e On-line Adaptation to Failure or Degradation
« Adaptive Control
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Elements, Modelling Approach and Languages of the Framework

Physical
Modelling

Physical
Modelling

Functional Engineering Simulator

Sequence

' Sim Results

E  Sim Control

Worst

Case
(WCAT)

Mission

Sequence
(ASTOS 8)

Visualization
(VESTA)

Model Language

EcosimPro

Modelica/Dymola
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» 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)

Functional Engineering Simulator (FES)

Ethernet

—>

24/03/2015

Model Language

* 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

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
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e 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
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Seamless Move from Algorithm Design to Software Testing

 Algorithm Development of Functional
Simulator on PC

| Hardware
~ Platform

i - * Moving to Dual Board dSPACE and

i - Dual:Board

v [/ | [ 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

LOX - Leverarm CoM Composite to CoM Fuel

* New Sloshing Problem, occurring in Spinning Stages, has

been addressed:

—Simulation in Open and Closed Loop
—Determination of the MCI Evolution

—Analytic Model

| State Vector
Rigid Body
Dynamics |

Propulsion |
Cmd_Forces/ Torques SVStem |

-
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Control Objectives addressed in the Framework: Model
Predictive Control, System Identification and Adaptive Control
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 Extended Kalman Filter for Plant Identification

« System ldentification 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

 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

separation
N

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

Best practices for developing DO-178 compliant software

using Model-Based Design

Raymond G. Estrada, Ir." and Gen Sasaki®
The MathWorks, Torrance, CA, 90502

Eric Dillaber.”
The MathWorks, Natick, MA, 01760

Model-Based Design with automatic code generation is an established approach for
developing bedded control syst and is now commonly used on applications that must
satisfy the commercial aviation software standard DO-178B. Model-Based Design enables
engineers to create advanced embedded software systems using an executable model as the
basis for design, simulation, and software verification and validation. The complexity of

A Model-Based Design & Testing Approach
for Orion GN&C Flight Software Development

Joel Henry NASA-JSC

— Initially slow and complex development tools and processes

» These issues were mitigated by many of the lessons learned,
improved Mathworks products and custom tools that are described

+ Some of the benefits that GN&C is now observing include:
— Detailed requirements review was replaced by review of MBD artifacts which

— Automated test framework and report generation has simplified testing and
— Automated standards checking tools (e.g. Model Advisor) and graphical

artifacts have facilitated the inspection process
— No schedule time was needed for hand coding GN&C algorithms (40,000+
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MODEL-BASED DESIGN STRATEGIES FOR REAL-TIME
HARDWARE-IN-THE-LOOP ROCKET SYSTEM SIMULATIONS
SEBLER: HowalEN — A steep learning curve for engineer
Sandia National Laboratories, Albuguerque, NM
P OT————— AIAA 2012-5036 — Configuration management issues
3 - 16 August 2012, Minneapolis, Mirinessta
in the paper
ORION GN&C MODEL BASED DEVELOPMENT:
EXPERIENCE AND LESSONS LEARNED o
had proven functionality
Charfes Stark Dr T.:I\:li“:‘ ﬁi;'irﬁliﬁn;.l’runmn T, 77062 production of test artifacts
and
Joel R. Henry”
NASA Johnson Space Center, Houston, TX, 770658 SLOC were autocoded by CcD R)
The Orion Guidance Navigation and Control (GN&C) team is charged with developing
GN&C algorithms for the Exploration Flight Test One (EFT-1) vehicle. The GN&C team is
a_inint_team_consisting_nrimarily_of Prime_Conteactor (L ackhesd Martinl_and NASA _
A PLAN FOR ADVANCED GUIDANCE AND CONTROL TECHNOLOGY
FOR 2" GENERATION REUSABLE LAUNCH VEHICLES
John M. Hanson )
Aerospace Engineer, NASA Marshall Space Flight Center, Huntsville, AL
24/03/2015



Conclusions

« 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 Ildentification,
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
@ AIRBUS
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