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AVSI Facilitates Cooperative Research
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MISSION

AVSI addresses issues that impact the aerospace community
through international cooperative research and collaboration
conducted by industry, government and academia.

e Contribute to standards

and policies

Industry } :

 Establish the environment
D 4 .
that enables collaboration
S Avs and sharing of costs
Academia Government
v « Create an aerospace

Industry voice
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AVSI Membership Represents the Industry

Full Members

Airbus

Boeing

DoD

Airbus Group
Embraer

GE Aviation
Honeywell
Rockwell Collins
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United Technologies

Liaison Members
* FAA

* NASA
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« SEI

Associate Members
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Current membership includes a
cross-section of aerospace
industry stakeholders, including

aircraft producers, system
suppliers, regulatory bodies,
government and trade
organizations, and academia.
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Everyone Knows the Problems...
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‘.. Environments
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Mismatched Assumptions Written Requirements
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We Start Integrated, But Don’t Stay Integrated
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The Impact is Documented
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High-level Design System Integration
RFP Response Checks

High-level Req’s Target
Req’s in RFP PDR Changes CDR Completion

Sys Deyelopment

(0% errors
3.5% detected
1x cost

10% errors
80% detected
16-100X cost

500-1000x (INcOsE 2011)

Sources:

NIST Planning report 02-3, The Economic Impacts of Inadequate
Infrastructure for Software Testing, May 2002.
D. Galin, Software Quality Assurance: From Theory to Implementation,
Pearson/Addison-Wesley (2004)
B.W. Boehm, Software Engineering Economics, Prentice Hall (1981)
INCOSE Systems Engineering Handbook, Version 3.2.2,20111

k"}\

SCHEDULE
DELAY
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The Problem Affects Everyone
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Integration complexity will continue to increase
Current solutions are insufficient

Individual companies cannot solve it alone
Industry cannot afford to solve it multiple times
 We can’t afford not to solve it
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The AVSI Systems Architecture Virtual Integration Project
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Full Members Liaison Members
* Airbus  FAA _
+ Boeing + NASA Rockyey (L2
« DoD « SEI Irlgghe:olngies Honeywell
 Embraer
« GE Aviation &= Software Engineering Institute .
* Honeywell
» Rockwell Collins S/‘ !Vl
» United Technologies System Architecture Virtual Integration
@) AIRBUS

Tool Vendor Partners

« Adventium Labs @Baf,ﬂg
 Esterel Technologies

» Eurostep Limited
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SAVI Goals and Approach
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* Reduce costs/development time through early and

continuous model-based virtual integration
« Distributed inter-domain/inter-model consistency checks
throughout development - (start integrated, stay integrated)
* Protect intellectual property (IP)
« Capture incremental evidence for safety analysis and for
certification Approach

« Capture Requirements and Use Cases that define the

following:
 SAVI Data Exchange Layer
 SAVI Model Repository
* SAVI Virtual Integration Process
« SAVI distributed inter-domain/inter-model dependencies and
consistency checks
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One Model To Rule Them All
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A Fellowship is More Practical

M/ECAD Simulink Modelica

Structure Behavior Requirements Parametrics
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Dependencies Are Key
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~

relationships are traced to find affected

/'ele,ments
{ Mechanical ]

Test & Structures

m Aerodynamics | Propulsion S —

[ Industry wide, 50% of requirements will change between CDR & delivery into service ]

B The SAVI Repository stores the links

BOEING is a trademark of Boeing Management Company

IG!I\II_QEARLOPPRI?F?[/{% LDI TA Copyright © 2015 Boeing. All rights reserved.
z_-‘)‘ ELYSIUM m NORTHROP GRUMMAN ZL,JEI/VG Copyright © 2014 Northrop Grumman Corporation. All rights reserved.
|

GPDIS_2015.ppt | 13



SAVI Virtual Integration “Vee”
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. . . Validateo _
Sensitivity analysis for dlementatio

.T_op-l__evel -~ L Acceptance
Verification Items Test
High-level @88  EF 3 - : System
ADL Model Keeping the Test

system
Integration SWint.  HW Int.
Test Test Test

Requirements
Engineering

System
Design

continuously
integrated!

Hardware Software
Architectural Architectural
Design Design

Detailed
ADL Model

Component = Component Specify Model- Software Hardware
Hardware Software Code Interfaces Unit Test Unit Test
Design Design

— generation of test cases
«— updating models with actual data

Software
Development

Hardware
Development
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SAVI VIP
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Higher Level Verification Checks Higher Level Models
Refine
Model(s)
é @ Develop I— _— e e o o S e e e o o o o e e .
33 Verification : Lower "
glﬁ Checks l Define Level Ho
= = @ Dependencies 1 Model(s) e i
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Resolve Non-

NO Models and Verification
compliance by ' Checks sent to Integrator
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SAVI Roadmap for Next Stage
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2012 | 2013 | 2014 | 2015 |
| SAVI 1.0A [ SAVI 1.0B [ SAVI 1.0C | SAVI 1.0D |

Focus of

Focus of
SAVIV. 1.0B

SAVI V. 1.0A

L SAVI DEPLOYMENT

SAVI Tools pre-implementation

Emp

Models.....ocoeeecreceeefirnecrcceinns
Interfaces Functional

Functional at model level
nterfaces & existing models|

Requirements............
Architectural Model.
Configuration Management..
Document Productio|
Repository MMI........
1/0 Services
Analysis TOOoIS. ... e

Version management

Basic production

ADL Visualization
errreeee.] ADL & models exchanges
[Safety, functions, weigh

Simulation app. gen.

SAVI Version 1.0

Simulation Tools.......]

‘,oQ@

%
7
o %

Wiring
Harness

N

Focus of
SAVI V. 1.0B

Legend

Identified, not exercised

Analyze

0 Exercised in prototype only
Exercised in best demo pict Track
Exercised adequately '
§ 20 \ pfan . *owth
= =gt p—
PITL UL Sy . al Growt!
E 15 ’wr‘ -%:—l - --h.llc; e Rea\istic mcreme“ Partners
a - " Includes all
=< 10 o — 11 .
E ;'—-_—':-—Os o, 10— First TVH participants
w 5
| 2009 2010 2011 2012 2013 2014 2015 2016
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SAVI Behavioral Modeling — Acknowledgements
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* This work is being performed by SAVI members of the

Behavior Working Group
« K. Woodham — NASA
N. Shaw — Eurostep (SAVI Tool Vendor Partner)
D. Kuehlewind, E. Scholte — Sikorsky/UTAS
B. Hall - Honeywell
J. Chilenski — Boeing
R. Manners, S. Mandalapu — FAA
B. Horta, R. Filno — Embraer
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Back to the Puzzle Analogy
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- Consider trying to complete a jigsaw puzzle using bits
from 4 different puzzles in different formats taking
specifics from each source to make one picture
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The good news is
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 We can use standards — some commonality
* We can design the target jigsaw to do the job

MoSSEC

Modelica AADL

- BOEING is a trademark of Boeing Management Company
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The Behavioral Model Integration Problem - Background
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 When an OEM commissions the design of a system
which will be part of a new product, there are

potentially many companies involved
« The OEM creates a specification for the system

—This is the first model, typically at a high-level
 These companies are all expert in their respective

areas with established methods and tools
* Increasingly these include the use of model-based

approaches

 Now there are many models using different approaches and at
different levels of abstraction/detail

« Some (sub-system and component) models will have been
created in isolation, independent of the intended use

BOEING is a trademark of Boeing Management Company
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The Behavioral Model Integration Problem
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* Need to determine if a set of models that relate to a

system are consistent, when:
 The models are possibly at different levels of
abstraction/detalil

— Specifications versus simulations
« The models are using different languages and paradigms

 Given a set of models:
« How do we know which elements from the models should be
consistent?
* Once we know this we can check the consistency!

« What do we mean by consistent?
- Data value consistency
 Model property consistency
 Model behavior consistency (time-history)
* Model behavior consistency (property assertion)
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An example to start with
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 SAVI have created four models of the same simple
system using different languages

SYSTEMS
MODELING . .
LANGURBE
,. i A system model
‘_;" gg?wener US|ng AADL

PID Control
Thread
Position
4 Command

The S||d|ng MaSS MO D‘E’LrEA

SIMULINK Example System
A system model A system specification
using Simulink® using Modelica
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The SysML model
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« The SysML model was created in Enterprise
Architect™ e I

ablogks
«blad System
System s
9AD Converter ; AD Converter
partz oL Resource : Computing Resource
GAD Converter ; AD Converter oDA Conuerter : DA Converter
o . . oForce Actustor : Force Actustar
. - oPID Contraller : PID Contrsller
oD~ Converter - DA Converter oPasition Sensor : Pasition Sensar
oForce Actuator : Force Actuator
@PID Controller : PID Controller
oPosition Sensor : Position Sensor
<blocks
Environment «EE HWs
. Aoconverter | L
oMass : Mass i
oSurface : Surface :
|
«EE HW= urrent Position Analog Signa| |
AD Converter Y ciemFlows :
- L H
oldass : Mass —: <physicals <EE Hito i
oSurface : Surface | Surface Position Sensor :
! :
‘Cumrent Position Analog Siy 4 Package) Simple System [Simpie Systam) |
' P |
eitemFlows s len i
| Design Rules: User I
«physicals <EE HWx :
Surface Position Sensor o7 AT Sunent Fosition Digital Signal
- ~ sitemFlaws
1 Peale e 7 !
. .  ticws pow
S SML IS a Gra hlcal Friction, Coulomb & Viscous A - o —— :
y Pasition Current e ree Actustor !
. - " |
L sphysicals sitemFlows R . !
'
anguage wess | ___ ] =3 e |
Cument Measused Postion " joal sitemFlows !
. Digital S0l _ i s prozat gy EE HWs !
ored as using , 5 e |
f Cor i o 1
the OMG’s XMI (XML et |
! '
' 1
wemplows |l Ha | Desires Posiion Digital Signs! y
Metadata Interch s o e s e ’ i L
etadata Interc ange :— sitemFlows i e N N Computing | ___
| 3 Resourgy callocstes |
I \ i !
\ i
! N, 4 / d !
! 5 . Cunent Position  Desied Fosition !
hows o shom sitemFlows eitemFlows «SWa
=EE HIG b S A i PID Controller
DA Converter Desired Fesition Digitsl Signal ¢ \ il
——————————— XS % ablocks
sitemFlows N 0 P
) ass
Frction, Couloms & Viscous
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The AADL Model
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« Architecture Analysis & Design Language (AADL) is
the SAE Standard AS-5506 for modelling safety critical

systems
%
package SimpleModel
A system model
system FullSystem using AADL
end FullSystem;

system implementation FullSystem.impl

subcomponents
ControlSys : system Platform.impl;
PhysicalSys : system Plant.impl; AADL is stored using
Ul : device Controlinput; ASCII text
connections :
cl: feature group ControlSys.ActuationlF <-> There s also an XML
PhysicalSys.ActuationlF; form
c2: feature group ControlSys.SenselF <-> PhysicalSys.SenselF;
c3: feature group ControlSys.UserInterface <-> Ul.Interface;

end FullSystem.impl;

end-Simplevodet;
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The Simulink Model

Global Product Data Interoperability Summit | 2015

« Simulink is a graphical programming environment for
modeling, simulating and analysing multi-domain
dynamic systems.

Scope

Simulink models are

stored as Ascii text m__.Q_. o |—a( 1 1

There is also an XML form Sr . Gain L Inegrator

SIMULINK

A system model
using Simulink®

Product
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The Modelica Model
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 Modelica® Is an object-oriented, equation based
language to conveniently model complex physical
systems

model slidingblockpidl
Modelica.Blocks.Sources.Step stepl(startTime = 1, height = 1.0) ;
Modelica.Blocks.Math.Add add1(k2 = -1) ;
Modelica.Mechanics.Translational.Sources.Force forcel ;
Modelica.Mechanics.Translational. Components.MassWithStopAndFriction boxwithfriction( Modelica models are
L =0, s(fixed = true), v(fixed = true), smax = 25, smin = -25, m = 10, F_prop = 0.05, stored as ASCII text

F_Coulomb =0.01, F_Stribeck = 1, fexp = 10) ; . .
Modelica.Mechanics.Translational. Sensors.PositionSensor positionsensorl ; Depend on libraries of

Modelica.Blocks.Continuous.PID PID(k = 3.3437, Ti = 64.7929, Td = 6.998, Nd = 20.04, initType = other Modelica models
Modelica.Blocks.Types.InitPID.DoNotUse_ InitialintegratorState);
equation

connect(PID.y, forcel.f);
connect(addl.y, PID.u) ;

connect(positionsensorl.s, add1.u2) ; / ? 7.7
connect(stepl.y, add1.ul); MO ELICA

connect(forcel.flange, boxwithfriction.flange_a);
connect(boxwithfriction.flange_b, positionsensorl.flange);
annotation(experiment(StartTime = 0, StopTime = 6, Tolerance = 1e-006, Interval = 0.006)); A system specification

end slidingblockpid1; using Modelica

BOEING is a trademark of Boeing Management Company
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The Approach
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* In order to compare bring all the models into a

common framework - a model of models

A system model
using AADL

]

1

7

SIMULINK

Model of Models specified in SysML

A system model

using Simulink® Mappers developed to extract

from each into the Model of Models

MODELICA

A system specification
using Modelica

£ ELYSIUM

DUCT DT
RABILIT

M |
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12015
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The Model of Models
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bdd [Package] MedelOfModels [ MndeIOandelle xblocks
N i role wvalueTypes
0.1 | Equivalence SetRelationshipRole
Contents ModelOfModelsimpl «valueTypexs types id : Identifier [0..1]
Equi ype [ names : Name [0..7]
0. criptions : Descriptor [0..4]
actors : Actor [0..%]
relating | 1related |1 dates : DateTime [0..]
Possible to add a V(hbm:ks
|justification for this equivalentSet0fThings LN ErEEEE memberQf
assertion 1 o nparylr's 5
Could be an activity, or zieulizrig
Modelltern y T sblocks Tz ol ablocks
| SameA: actors : Actor Membershil
il dates - DateTime [0.4] e
~ part pans
~ ‘actors : Actor [0. values __ _gactors : Actor [0.7]
=~ —~ __|dates:DateTime [0.7] dmnrlmﬂj_ DescriptionSteng 8. 1 — dates : DateTime [0..%]
— _ _ - -
eblocks member confidence - Real [1]
The SAS PLCS/203 objects that are squivalentObject dObject |1
automatically consolidated via a mapper 1 Object
T B
1 —
/ |
r modelValue ‘ «blocks modelledtem «blocks «blocks types wvalueTypes
wblocks wblocks 1 1 Modelltern ModelledObjectCollection ModelledObjectCollectionType
wAuxiiarys ModelValue ! = =
Object ids : Identifier [1..] ids : Identifier [1]
edit 1 id : Identifier [1] types  [name : Name [0.1] names : Name [0..*]
mappeciem name : Hame [1] pes wvalueTypes wvalusTypes < ——={owner : Organization [1] descriptions : Descriptor [0..5]
values - Value [1.7] -——1 ModelValueType ModelitemType |0 actors : Actor [0..7] actors : Actor [0..%]
actors © Actor [0.7] o dates : DateTime [0..7] dates : DateTime [0..4] LogicalPhysicalFunctional
dates : DateTime [0..7] e associations
= description : DescriptionString [0..1]
description : DescriptionString [0..1] P
-
I -
wblocks content wblocks wvalueTypes
jie ré‘\1atmg ModelltemAssociation 1ol | ModelitemAssociationRole
1 0.7 |DependsOn
related élloDemme
1 modellediiem ey
o+
blocks
block i
it | DerivedFromModel -
values —
modelElementReference © String [0..1] e
—
model |1 model |1
model eblocks
1 Model
ESiocio relatin, . wvalugTypes
parts pes lode!
ModelAssociation 1 id: identifier [1] . MoelType
relateg naMe : Name [1] 0.* [MCADModel
: Identifier [0..1] ECADMode!
1 owner : Organization [1]
actors : Actor [0.]
role Iu ! dates  DateTime [0.4]
wvalueType» n
Sl valves
ModelAssaciationRole description : DescriptionString [0..1]
mesI S
«blocks
File:
parts
ids : identifier [1..7]
names : Name [1.."]
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Implementation
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 The model of models is mapped into Eurostep’s Share-
A-space® collaboration hub

bdd Package] 1odel0iodels [ odeloiodels

blocks
EquivalenceSetRelationship

= B
Contents ModelOTodelsimpl id - entifer 0.1]
Name |

| descrptons :
Jactors - Actor [0
|dates - DateTime 0.1

A system model
using AADL

The SAS PLCSI203 abjects that are-
automatically consokdated via a mapper

]

|descrption - Descr 0.1

== MoDELI’CA
SIMULINK l

A system model A system specification
using Simulink® ( using Modelica
9 ‘Share 9
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Implementation - Comparison
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* The potential equivalences are identified and the
results added into Share-A-space

A system model
using AADL

]

]
MODELICA
SIMULINK
A system model Yy A N \ A system specification
using Simulink® (shareiiA‘/s ace) using Modelica
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Implementation - Visualisation
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* The resulting data set (models, model content and

OMG

SYSTEMS
MODELING
LANGUAGE

equivalences is then visualised

A system model

using AADL

7

SIMULINK

A system model
using Simulink®

MODELICA

A system specification

Share i“ space) using Modelica
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Visualization aid Identifying Equivalences
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Equivalence sets were created
on the basis of fuzzy name
comparison

Position Sensor

PID Controller
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Conclusions
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« Using a common model-of-models approach is feasible
* The different syntaxes of the four model types are not a
barrier

—Although some are harder than others to

process
 The approach did not need the tools that edit/execute the
respective models

« A graphical approach is appropriate to present the
results
* Initial approach to equivalence has identified

equivalences across all four models
 But nothing common to all four
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Summary
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 The AVSI SAVI project is demonstrating the use of the
Virtual Integration Process, Model Repository, and
Data Exchange Layer to analyze intermodel
consistency

 The standards-based methodologies show promise
based on proof of concept and simple system
representations

- Additional work is being pursued to extend these
concepts and add to the SAVI capability.
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