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What is this all about?
The new eFMI standard
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= Why are you doing this? — Purpose/Motivation
= Whatis new? — Problem Statement/Benefit

= How does it work? — Conceptual Idea

= How does it work in practice? — Demonstrator

= How good does it work? — Performance Metrics
= Who will use it? — Usage Scenarios

= Who supports it? — Tool Prototypes

= When can | have it? — Project Schedule
= Who is doing all this? - Acknowledgements
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Why are you doing this?
e~ Bridge the gap
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Embedded Software

Why are you doing this?
e/ Bridge the gap
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% Why are you doing this? a ITE A 2
e Physical models for embedded software

Online physical models key technology
for advanced engine control software: __,C]_. oo
= virtual sensors, i.e., observers,
= model-based diagnosis,

= inverse physical models as feed forward
part of control structures, and

= model predictive control.

Process
Model

Observer

Virtual Sensor

Physical models:

= Typically described by differential equations, best suited for dynamics
= Complementary to data-based modeling, can be combined

= Reduced calibration effort due to physical parameters

—  ER Physical Model
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s25 What is new? a ITEAZ=
T State-of-the-art EMPHYSIS
Control Engineering Numerics

(System Theory, Stability, (Algorithms, Complexity,

Robustness, .. Stability, Precision, Realtime

Performance...)

Physical Modeling ECU Software
(Domain Knowledge, (MISRA, ASIL, MSR,
Physical Principles & AUTOSAR, ...)

Phenomena, System
Dynamics, Model

Validation, ...)

Function Developer
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s What is new? ' ITE A =2
T New standard, new tool chains, new ways of collaboration EMPRYSIS

Physical Modeling Expert ~ Control Engineer
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s 20 What is new? 3 ITE A 2
Y Special requirements of automotive embedded systems

= Specialized hardware: pController with specialized cores,
limitations in memory and data types (fixed-point, float)

= High safety requirements on the software

Bosch MDG1 ECU:

= Special coding guidelines, e.g., MISRA rules curront multi core ECU

= Special realtime operating systems (AUTOSAR-OS)

= Specialized tools and tool chains (compilers etc.) A

= AUTOSAR standard defining the structure and interface Motor Industry Software Reliability Association
of software modules, replacing proprietary solutions;
support for some basic numerical functions AUTGSAR

Application Layer (ASW)

Today ECU software requirements are not satisfied
by the FMI standard. it
..... ER i
@ | ?{ ﬁﬁ%&?ﬁ} AUTOSAR architectt -
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M. How does it work?
w The eFMI workflow
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2. How does it work?
W The eFMI enabled tool chains
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Model

(Modelica, Simulink, ...)

Acausal tools

Transform

Equation Code
eFMU
0= fpar G2, y,u0)

-
Lk
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Acausal/causal tools

Transform

Algorithm Code
eFMU

(Vir1 Xia1) = fors (i)

Transform
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Software-in-the-Loop
Simulation (SiL)
and comparison with

reference results

Testing of
eFMI C-Code

Production Code
eFMU

production C-Code +
FMI for Co-Sim. C-wrapper

Transform Transform

Verification of
eFMI C-Code

Binary Code
eFMU

PC binary + SOA app +
target specific binary

Execution on

Target
(compiled prod. C-Code)




Jubilee Symposium 2019: Future Directions of System Modeling and Simulation

S How does it work? ITE A 2
The eFMI enabled tool chains EMPHYS!

Software-in-the-Loop
Simulation (SiL)
and comparison with

Model Acausal/causal tools

(Modelica, Simulink, Testing of Verification of

reference results eFMI C-Code eFMI C-Code

Transform

5 de Production Code Binary Code
Es : L eFMU Transform ~eFMU
production C-Code + PChbinary + SOA app +
. 5 FMI for Co-Sim. C-wrapper target specific binary

Execution on

Target
(compiled prod. C-Code)
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2. How does it work? ITE A=
The eFMI enabled tool chains EMPHYS!

Software-in-the-Loop

Simulation (SiL, 2 P
] ( . ) Testing of Verification of
and comparison with

reference results eFMI C-Code eFMI C-Code

Model Acausal/causal tools

(Modelica, Simulink,

Algorithm Code Production Code Binary Code
eFMU Transform eFMU Transform eFMU

production C-Code + PC binary + SOA app +
1 %i41) = foes G ue) FMI for Co-Sim. C-wrapper target specific binary

Transform

Execution on

Target
(compiled prod. C-Code)
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M. How does it work?

The eFMI enabled tool chains
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(Modelica, Simulink, ...)

Transform

Equation Code
eFMU
0= fpae (%%, y,u)

Transform
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Algorithm Code
eFMU

(Virr Xi01) == fes (e )
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Software-in-the-Loop
Simulation (SiL)
and comparison with

reference results

Production Code
eFMU

production C-Code +
FMI for Co-Sim. C-wrapper

Transform

Testing of
eFMI C-Code

Verification of
eFMI C-Code

Binary Code
eFMU

PC binary + SOA app +
target specific binary

Transform

Execution on

Target
(compiled prod. C-Code)

2. How does it work?

The eFMI container architecture
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{ eFMU:

: container.

Substructure within FMU

Model Representation:

Compound of Code + Code Manifest representing
i.‘the model in one particular standardized form.

" eFMU Manifest:

escription of the available model
epresentations and how to access
{ them. Other general meta information.

{ Code Manifest:

escription of the model interface of
he associated code and additional
meta information on how to access
X nd utilize the code.

Eq Code

Eq Code
Manifest

Classic CS-FMU

eFMU
eFMU Manifest

Alg Code Prod Code Bin Code

Alg Code
Manifest

Prod Code
Manifest

Bin Code
Manifest

i Description:

i Legacy meta

i information
describing the
model interface
in the standard
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S How does it work?
\9)

¥ The eFMI Equation Code model representation
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™

Definition:
= Flat unsorted set of equations (DAE).

=7
J=2 kgm?

D1

Purpose:
= Capture the mathematical essence of a physical
model.
= Exchange of models on equation level:
= Enable advanced analysis methods, e.g. diagnosability

fixed

Model

(Modelica, Simulink, ...)

c=1.e4 Nm/r...

g J=2 kgm?
12
E

z
°

© Transform

Equation Code
eFMU
0= fpae (,x,y,u)

analysis with SCODE CONGRA (ETAS).

= Higher simulation efficiency and robustness compared to
FMI based model exchange.

= Full back-traceability from to the original mathematical

equation

.phi=Dl.phi_rel+fixed.phiO;
.phi_rel=J2.phi-Jl.phi;
.b.tau=sl.c*Sl.phi_rel-Sl.c*Sl.phi_relO;
.J*der (J2.w)=-Sl.b.tau;
.b.tau=Dl.d*der (Dl.phi_rel);
.b.tau=sl.b.tau-Dl1. b.tau;

.J*der (D1.w_rel)=Jl. b.tau+Tl.tau;

model. f
Jl
. Jl
o= vinnova B YEy
. | ONDERNEMEN
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How does it work?
¥ The eFMI Equation Code model representation
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EMPHYSIS

Specification:
= Reference to future standardized Flattened
Modelica:
= No object-orientation.
= No algorithms.

Required

Dispensable

Level of Maturity: Low

= First proposal for Flattened Modelica to be
discussed in the Modelica Language Group
at the Modelica Design Meeting (Oct. 2019).

\[e]4
supported

INNOVEREN &
ONDERNEMEN
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flat_model

constant, parameter, discrete,
enumeration, record,

initial, equation, der,

operator, function, pure, impure,
return, input, output, external,

true, false, and, or, not;

if, then, else, elseif, when, elsewhen,

final, flow, stream,
lock, protected, public

algorithm,
encapsulated, expandable,
for, in, loop, while, break, each
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-4 How does it work? X1 TEAZ=
¥ The eFMI Algorithm Code model representation EMPHYSIS
Definition: Algorithm Code
' Transform eFMU Transform
= Sampled input/output block Vien Xinn) = foms (o)
u(ti) y(ti) method DoStep
data system algorithm
Xiy1 = fx (xi'ui) e R o z:xﬁ;‘iiaﬁ:i;:e:f:\u 'der(Dl.w_rel)’;

y, =fy(xew) .
’Jl.phi’ := 'Dl.phi_rel’+’fixed.phi0’;

= Sorted set of assignments. , , ,
’Sl.phi_rel’ := efmu.’J2.phi’ - efmu.’Jl.phi’;
= Target independent “logical”’ representation .
Of the Production Code_ efmu.’der (J2.w) "’ := - (’Sl.b.tau’/’J2.3");
efmu.’der(Dl.w_rel)’ := (‘Jl.b.tau’+’Tl.tau’)/’Jl.J’;

Purpose: end DoStep;
= Representation of simple and advanced observers, diagnosis functions, health monitoring, controllers
(inverse models, model predictive control, gain scheduling, extended Kalmanfilter, ...)

= Reuse of the same Algorithm for different constraints, targets and applications.
= Separation of concerns: Symbolic transformation vs. embedded code generation.

ik ‘!,l
oz LR 7, woverens
i} CHOERNEREN Non-public, EMPHYSIS internal use only.
-~. How does it work? X1 TEAZ=
¥ The eFMI Algorithm Code model representation EMPHYS!
Specification:

= Standardized small subset of Modelica:
= No equations, No inheritance.
= Arrays with literal dimensions + operations, no dynamic memory allocation.
= Statically guaranteed array access.

= with extensions:

= Methods (postep, Initialize,...)

Includes discretized integrator, such as explicit Euler or linear implicit Euler
= Built-in functions for sin, cos, tables (1D, 2D, 3D), ,solve linear equation system®, ...
= Error handling.

Level of Maturity: Medium-High

= Released first draft being used for on-going tool prototypes.
= Some simplifying assumptions to speed-up prototype development.

T En
L [ st o

VINNOVA BTNV
~ | ONDERNEMEN

Non-public, EMPHYSIS internal use only.
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S How does it work?

\9/
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¥ The eFMI Production Code model representation
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Definition: Production Code
i i : Transf eFMU Transf
= C code, compliant with coding standards (eNSIONT rodueton Ceode ransform

(e.g. MISRA) FMI for Co-Sim. C-wrapper

= Co-existing generic or optimized code for S e Sl G e
specific architectures (e.g. AUTOSAR) or targets.

Pu rpose: S1 b tau= S1 _c* S1 phi rel- S1 _c* S1 phi rel0;
i _der_ J2_w=-(_S1_b_tau/_J2_J);
= Best performance for dedicated target. D1 b tau= D1_d* der DI phi_rel;

= Optimized resource demand (memory, CPU time).
= Seamless integration in ECU environment }

eFMI->D1_phi_ rel=eFMI->D1_phi rel+eFMI->...

_J1 _phi= D1 phi rel+ fixed phiO;
_S1_phi_rel=_J2 phi-_J1_phi;

_Jl b tau= S1 _b_tau-_D1_b tau;
_der_ D1_w_rel=(_Jl_b_tau+_T1_tau)/_Jl_J;

(no wrapper).
= |ntegration in Software-in-the-Loop testing tools.
= Enable code verification and compliance checks.
Ex

VINNOVA BV
~ | ONDERNEMEN

Non-public, EMPHYSIS internal use only.

-

3+ How does it work?
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v The eFMI Production Code model representation
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EMPHYSIS

Specification:
= No standardized API.
= Existence of the methods must be guaranteed.

= |nterface and structure of the functions as described in the manifest file.

= May contain target specific code (e.g. assembler code).

Level of Maturity: High
= Released first draft being used for on-going tool prototypes.

T En
L] !E!.-*.‘:.‘f;."' o
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Non-public, EMPHYSIS internal use only.
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‘;;, How does it work? a ITE A 2
¥ The eFMI Binary Code model representation
Definition: Binary Code ﬁogei .di
= Target specific object code . eEMU MZdil:(;J
(e.g. PC, ECU, Service oriented A |0
Architecture (SOA) applications)

Execution on

Target
(compiled prod. C-Code)

Purpose:
= Seamless integration with other ECU software to build an image for a specific ECU.
= Separation in dedicated modules.
= Protection of IP.
= Protection of integrity.
= Enable execution of the exact same code on a test platform.

ik En
o IR 7 hwoveaens
=i DR Non-public, EMPHYSIS internal use only.

~(;y- How does it work? S 1 TEAz
¥ The eFMI Binary Code model representation EMPHYSIS
Specification: FMU Container | oo

FMU Data e

= Binary object files and libraries, e.g. ELF files.

= Measurement, Calibration or Diagnostics

Description files, e.g. A2L files eFMU Container
= Map file
= Linker file Binary Model Represention #1: Win32

Binary Model Represention #2: TriCore

\\
LY
\
Level of Maturity: medium \ oopares | | Measirement,
= Released first draft being used for on-going | Kl | Bomiroy
tool prototypes. .

¢ Map File

= m o [ AGENTSCHAR
M VINNOVA. ?{\J INNOVEREN &
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Non-public, EMPHYSIS internal use only.
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How does it work in practice?
ﬁn eFMI Tool Chain applied to Speed Controller example

I TEAZ

EMPHYSIS

Modelica TPT (PikeTec)
ESD (Siemens PLM}

Model

(Modelica, Simulink, ...

Algorithm Code Production Code

eFMI Transform eFMI
production C-Code +
FMI for Co-Sim. C-wrapper

Transform

(Virr Xi01) == fes (e )

TargetLink (dSPACE)
SimulationX (ESI-ITI) ) SCODE-CONGRA (ETAS)
Target-independent Target-dependent

intermediate code C-code

Dymola (DS)

Y Cvrd
Z i.ﬁlmm'\

fi| AGENTSCHAD
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Testing of
eFMI C-Code standards

Astrée (AbsInt)

Verification of
eFMI C-Code

against rules and

Transform

Execution on
Target

(compiled prod. C-Code)

Performance

Benchmark Bosch ECU

How does it work in practice?
eFMI Tool Chain applied to Speed Controller example

Modelica

ProdCode FMU
ProdCode

ProdCode Manifest

AlgCode

AlgCode

_> Targetlink
AlgCode Manifest 1 2
2

- : eFMU Manifest SCODE-CONGRA
SimulationX eFMU eFMU

i En
fi| AGENTSCHAD
WINNOVA ?t INNOVEREN &
X | ONDERNEMEN

; l EE
e b

AlgCode Manifest

eFMU Manifest

manual
integration

O

Performance
Benchmark

Bosch ECU
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How does it work in practice?

2 ITEAZ
£¥* eFMI Tool Chain applied to Speed Controller example

EMPHYSIS

Modelica
Grophies  Documsntaion  Tedt  Simulation  Tools Bywindows ~
% @ L} = o0 v ) @ % ‘h @ X e Sune Oraygen L = & - (G rogo 6id] % | rnd Finsen ~
BB Window 3 Duplicate CIRectangle TTet &+ @ = BaspitModdl & QX find Connection I Variable Selections
Recent Back Forward  loon | Diagram Undo Redo Cut Copy Paste
- s i/ Ry Selectdll  Offipse  [adBitmap B @chek~ [0 & Disgramfter [ Create Local Stata
Model History Chpboard Draw Taok Find Variobies
Package Browser =

Model name
7 Madelica
Unnamed

B oymoloimbedded 12t

4 B8 Dymolatmbedded EM...
© users quide (overview...
B ocMotorspeedControl
4@ OCMotorspeedConts...
4@ extends DymolaEmb._. ||
=] extends Modelica.. ‘wLoadRef

8 exends cons . F&J.g_,ﬁ}‘_m_g«w
18 build_embedded T =

B build cosimulation.

; ::::: ide p,.,.,,,.......\...-mw-‘»--.‘ Mm." .45: |E N
build_configuration pengdic
iy Whole system wiille 0 A

{8 EmbeddedSimulator... . EMPHYSIS Tes| & SpeedControler mm> x [%- =E@8@e
8 DriwtsinTorqueConta model with plant ] - =

B ControledMaingUni

Guap...  Documenta Simuls.,. T Bwindows =B - B x

Grap.. Documenta.. .. Simuls. T.. TyWindows

B ControledMaingUrit_... | for testing the R
controller _ =s=ca ngtance of the control model in :
5 Lot .. the context of a clocked system *- ‘- cfEEas

(automatically discretized)

N

s AGENTSCHAD
VINNOVA ?t\’ INNOVEREN &
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How does it work in practice? 3 ITE A =2
* oFMI Tool Chai l I |
ﬁ' e ool Chain applied to Speed Controller example EMPHYSIS
Modelica
Giaphics  Oocumentation  Test  Simulaion  Tools PEindews <6 - 0 x
; -
[ 7 Dymola Commands. x
Favorites i
 Modsicn Reference Q 3@
7 Madelica & .
Unnamed embedded buiid ‘smbedded simaiation
BB DymolsEmbedded 12th Modelica Confersnce configuration configuration
« B Dymolatmbedded EMPHYSIS, TestCases. TR = = = BT = = = =
B Users guide (overvew, reliase notes. conta. - iz
8 DCMotorSpeedControl B buid_ormbedded funtme
48 piMotasspeedConiolPD : buid Bl
'.;?:t::;?;:ﬂ ;':m::ﬂdu:& 3 quntime Runtime configuraton used for the embedded bulld,
slmnsEm(;eddedEuM\guuﬁm = Inputs-
Export = e e s
scode sample_pericd 0001 5 ; pas
AlgCode = Bt
oprm b o
@ Test DCMotorSpeedControl PID_embedded solver_method _Fuler v *  generation. s come
2 EmbeddedSimulatorModelicaStub 5
@ OsvetrainTorqueCantrel
é {8 ControlledMisingUnit.
] e  Feedbackd ion .
-;:::Hm:i::'u:y Linearizatios EXpOrt Dlalog
@ s001_ PIDController
A\ [ Selectivetxtension_13th Modelica_ Conference . - — = - E—
- o e | [Gmven || bt |[ me |
=
Imusmkm\iplbx i saa@dEcz
SimulationX
eFMU

b
- ; i EE
E e b
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How does it work in practice?
2 ITEAZ
£¥* eFMI Tool Chain applied to Speed Controller example
Modelica TR — o R : |

‘.r-r‘il-n-
E] | Libeaties

S5

il

Fiﬂ
T pe—

W bt | :

)

Whole system
“-'-"-t model with plant

for testing the
controller

Communt e Current Yaben
St Condrolies 5 (0. sperd, Speml conmiolie 4
Gan 3 1]

e Export Dialog

SimulationX eFMU — —
—— En
Pty Zin | AGENTSCHAP
oj= TS 1, Gty
How does it work in practice? 3 ITE A2
1 in appl
eFMI Tool Chain applied to Speed Controller example EMPHYSIS

Modelica

2?xml version="1.0" encoding="utf-8"?>
KContent uuid="{30£5b727-0£c7-49fb-b431-9faa51b77447}" version="0.4"

name="M02_simplePID"
B creationDate="2019-09-17+12:49"
¥mlns:xsi="http://www.w3.0rg/2001/XML.Schema-instance"

xsi:inoNamespaceSchemaLocation="schemas/efmiContainerManifest.xsd">
<ModelRepresentation

name="algorithmCode ExplicitEuler"
s b i Content of the eFMU
manifest="./manifest.xml" = Unique

checksum="fec4b48145d7a2e56205946£d90920f 4 Extendable
manifestRefId="{lellldb5-90e6-4el7-b2e5-4 .
k/Content> = Flexible

= Consistent
Traceable

—>

L
Dymola
SimulationX eFMU
— ER

e | AGENTSCHAD
S ® i s g /INNOVA ?t INNOVEREN &
X | ONDERNEMEN
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How does it work in practice?
ﬁ# eFMI Tool Chain applied to Speed Controller example

3 ITEAZ
EMPHYSIS

Modelica

?xml version="1.0" encoding="utf-8"%>
Manifest creationDate=*2019-04-12

"Manual"

e111db5-90e6-4el7-b2e5-4e215db}

'‘AlgorithmCode"

PID controller discretized by
ng.1n

" 2 .
X! spaceSchemaLocation="../sc]
<ManifestReferences>
<ManifestReference checksum="*"
id="ID_EquationCodeMani
manifestRefId=""
origin=rtrue" />
</ManifestReferences>
<Files>
<File id="FileID 1"
InitialAndDoStep.mof"
hecksum="false"

path:
role="Code" />
</Files>

<Clock id="id_stepsize"

interval="0.001" />

Alg Manifest

AlgCode Manifest

<ModelvVariables>

Real sality="calculatedP ter" A

<Rea E;::‘:inll‘): calculatedParameter = Model Descrlptlon
name="g439; limiter uMing#39; " with few extension
variability="fixed" /> .

<Real causality="parameter" = Consistent
id="1D_2" . |
name="&#39;limiter . uMax&#39;" Traceable

start="400.0"
variability="fixed" />
<Real causality="parameter"

id="1D_3"
name="Ti"
start="0.1"

variability="fixed"
<Real causality="parametex

id="Ip_4"
name="Td"
start="0.1"

variability="fixed"

= Extendable

<InterfaceFunctions>
<Function id="fe_ID 1"
kind="dostep"
refId="FileID 1" />
<Function id="fc¢ ID 2"
kind="initialize"

eFMU Manifest

eFMU
41| AGENTSCHAP
WVINNOVA ?{\3 INNOVEREN &
Y | ONDERNEMEN

refId="FileID 1" />
</InterfaceFunctions>

How does it work in practice?

.a.#

eFMI Tool Chain applied to Speed Controller example

X1 TEAZ=

EMPHYSIS

Modelica

method doStep
protected
Real gain_y;
Real feedback_y;
Real PI_x der;
Real PI_y;
algorithm
gain_y =
feedback_y :=

PI.x_der 1=
eFMU.PI.x =

PI y =
eFMU.vMotor :=

end doStep;

AlgCode

= readable

= understandable
= discretized

eFMU.gearRatio*eFMu.wloadr ™  target independent
gain_y - eFMU.wMotor;

feedback y / eFMU.T;
eFMU.PI.x + eFMU.T_sample*PI_x der;

eFMU.k* (eFMU.PI.x + feedback_y);

if PI_y > eFMU.limiter.uMax then eFMU.limiter.uMax
elseif PI_y < eFMU.limiter.uMin then eFMU.limiter.uMin
PI_y;

else

SimulationX

eFMU
- F

TS i

AGENTSCHAP
INNOVEREN &
ONDERNEMEN
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How does it work in practice?

.n.ﬁ: eFMI Tool Chain applied to Speed Controller example

d ITEAZ
EMPHYSIS

AlgCode

AlgCode Manifest

eFMU Manifest

SimulationX
LR !.I

i . AGENTSCHAP
ﬁ]':"%"’ ] VINNOVA ?t\’ INNOVEREN &

ONDERNEMEN

eFMU

Imported
AlgCode

_r
1

TargetLink

s

SCODE-CONGRA

ﬁ-ﬁ How does it work in practice?

eFMI Tool Chain applied to Speed Controller example

d ITEAZ
EMPHYSIS

Modelica 5

ey
« i Agorithm{ode
“= AigonsmCodeMs smi
MD3_DCMotorSpeedControlalg
& ProductionCodeCongra
MO3_DCMotorSpesdControl.c
MO3_DCMotorspeedControlh
“4 PrentuctionCodeMFxm]

and Initialize;

mathod Dostep
algoriths
efm.

_feedback_y_ = _gain_y_
PID Py = PIDP K * _

T _ = _PID_Add ¥
_PIDy_ = k * _PID_Gain_u
wotor = { PID y_ » _limi

1 /® Initialize*/

'PID,D.x" e (efeu, PID.D.x" « wvoid DoStep(double wioadRef,

PIDD y_ = (_PID_D_zercGain_) ?

gr-oygen_slg - files/ o qgra-crygen_alg/eFhLL_TesC g MT3 DC seroliMO3_DC - o X |
FHie Edn Navigam Search Profect Run Window Help
- [ T0 R TR Sy o b p— ¥ E SVE A M
| [ Preges Bl " M DOMotorpesdCantiotaly MO3 DCMtorSpeenControl c L
B . 8 e TenCasn . : : =
" G W efou. 'PI0.0.x" = efmu. "PID, wd_start® _derivative PID D x_ = @.8; L =
& By efmu. 'PID1.y" = efeu. "PID. xi_start _derivative_PID_1 = 8.0;
e NS IXCMolon Fpanct vk efmu. 'gain.y* 1= (efmu. geaciatio * o old_PI0_D x_ = 0,8; L]
M03_DCMoterSpesdControl sl efmu. Fredback.y” = {efau, "gain.y’ Zold_PID_Iy_ = 0.6;
~ @ we-gen efou. 'PI0D.P.y' = (efeu. 'PID.P.R° * PID_I_local_reset_ = 0;
w s Dymola efmu. "PID.D.y" (4F efmu. 'PID.D. 20 “PIB T _local_set_ = 0.8; d d d
T cm PID.Gatn. b+ 1 ((Cabuu. 'PID A S s Generated ProdCode
» g MO3. DCMolarspesdContral efmu, P10,y fefmu.k * efmu. "PID _PID I y_ = _PID xi_start_;
= efmu. uwiotor c= (4F (efmu.'PID.y" > 4 _pain_y_ = gearflatic * wii

= w  readable

407w understandable
m = target dependent
= optimized

double +

Generated ' _contentami efmu 'PID.Ly' te (cfm. 'PID. Ly o _PIDD x_ = PID D x_+ stepbize * s
. efmu. 'gain.y’ = (efmu.gearkatio * PID Iy = PID Iy + stepSize * ¢
. efmy. ' Feedback.y’ = (efmy. "gain.y’ “gain_y_ = grerflatic * wloadkef;
Prod Manlfest e ——— =5 efm PIDP.y' v (ofm. PIDP.K * _feedback_y_ = _gain_y_ - wHotor;
d efmu. 'PID.O.y ' te (4F ofmu. 'PID.D, 20 TPIDPy_ - PID P k_* _foedback y_
. ® ¢ graProductionCodedoml - | [l efmu. "’ PlD.Baxn.n' 1o (((efm "PID, A _PID D y_ = (_PID_D_zercGain_) ? (0.0
L ] Cons|stent - efmu. PID.y" e (efmk * efm. 'PI0 “PID Gain_u_ = _PID Add k3_ * _PID P
efm.vbotor c= (if (efmu 'PID.y" » & Plby_ =k * _PID Gain u_;
<Fxmil versian="1.0" efmu. ‘derivative(PID.1.y)' te (efmu whotor « {_PID_y_ » _limiter_uMax_)
= traceable ancading="UTF-8-> cfmu. ‘derivotive(PID.D.0)" te (4F € _derivative PID 1y _ = PIDI k_*
<Manifest and DoStep; _derivative PIO B x_ = (_PIDD_zerol

= flexible 14" MFID_PRODCMF_M03_DCMaotor:

name="MD3_DCMotorSpesdCantrol”
» t
Gk |33_!i_
e | AGENTSCHAD
S ‘lim.:."“ VINNOVA ﬁ\’ INNOVEREN &
X | ONDERNEMEN

1 DoStep*/

Imported ; ;
AlgCode

3
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How does it work in practice? ITE A =
ﬁ eFMI Tool Chain applied to Speed Controller example

DOptiors Tecls Geoeste Tasl Canes [cckution Requesmasts TelSad Help

Ele Edit jiaw Ega
Dd.Wal# |28 & -] Ger2ZHE FOooc.e
P Progect 3¢ [ERE R o WRet
i ag | mpert: [ [ae:23:m 022 ]
_? i s o] [Fran T £a
{5 TestCones [ 1] ! i ."'(. .?. .?. .“‘ﬁ 1
fﬁw T 61 o [
[V 3 [ p—— 0 os e
= | oo et (a5 I I
plSminiat,, 15 syt | Mlrmdise | @ dweseiiwtot . Yy B asnme ar 0 I |saas |
& X (e | ew 0GB 2 e s et L5y oo seam |
@ Channsd osagat e = Hhoatienl 51 | Bt i Bl
Em—u TEy E TR TIRE | oy s e = ProdCode FMU
T [y [CN—C
e — s 4l 1683 a0 ._'_'_l_I_. o [ | ProdCode
] :;lﬂl-*ll B0 M| e gt SptmiConrsle s btnkor_et <~ rrr s 595
¥ bt sy a0 © CHCTN PrcdCode Manifest
-Lmum_vﬂ YAVAVAVAN o ETEY
| tncte surgn e I m = AleCod
gCode
“ Import ProdCode FMU

back-to-back testing At KA

SSVINV " generate/executetest  ESIVIIRVELin:

; : cases
SimulationX eFMU
LR EN
el " Wi v BN AGENTSCHAP
oz (e

How does it work in practice? 3 ITE A2
eFMI Tool Chain applied to Speed Controller example

MO Broject nalyem Eddors Rt Tools. elp

AEEO P POOG €+ H =
s © g e s Import ProdCode

DJ:.'&:&T T e static code analysis TPT‘ “

i@ Preprocessir 1) Sal Product = faadback y f T:

o rm s R = RuleChecker Astrée
o e 1 1r fandback hF) .
Ao : ; LAl produes = 13 Aedzyis to find rule
Coliiend ] Product = 1. smeanen violations (MISRA
ryese] : ! et. al.)
s o P9dCode FMU
Preprocessed | Cniginal \
" oo Al ProdCode
|0 SpeedCaomederc I
ik Line 177, salurn 4
: i (e ProdCode Manifest
I callémanr@d st sy
AR At
H.'-'“.'_::"..«‘f:? allar_tlef.e-430.2-74 AIgCode
aLam (- float ¥ ot amcluded in [-3 402023%30, 3. 402E13%30)

| cal lmalogs st wstr

Summary Fesoures Monitar
Frojactaumcety. heop@izeed ar astroe_cigilz

AlgCode Manifest

Errors: o cal 1or Fubostaplls T astr
Coda locations with alsrmy callesal_Spesdtostrol lardlal at n«mn«r wller ti n 131434
#am (010 float arathestic range {-inf., =unt.} ret oscluded an 0.3, 4028295e38, 3. 402682150+ ]Bl
Run-gime errors: 18
M
Fiomw amamnbes- 1 eFMU Manifest

®uls velitons 0 Filter: | T * [More fitters | 1 af 16 findings walbke s

Mewmary lecations whth alarms: © Messages at SpesdCantroller.c 105
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How does it work in practice?
ﬁ' eFMI Tool Chain applied to Speed Controller example

M*&SMART Statistics of Memory an
‘iject &Role User Optia

Properties £3 |

o Architecture ‘ W RTADS
[ type filter text

asw_stack?2

a & PF_Injviv (PVAR : B1509_1000.13.0; 2)
4 % IFXUCIDEVS - B Step (TC2%:
b 3 Flash
4 e RAM
a @ RAMZ
4 H ramz

b Gy -bssram2_all
I Gy sdata3
[ E,'> .shss3

u Unuse Rct-R

ram2_free
| vynitia
E_I-) eFMU Manifest
SimulationX eFMU

2 51| AGENTSCHAP
- | I iNNOVA RN )

= ' ONDERNEMEN

Operation Point

‘ Metric

Addee

I Total Size [Byte]

Used Size [Eyte]

Integrate ProdCode in

ECU SW Test Environment manual
= Build SW integration
= Flashon ECU

= Verify results

= Measure CPU time

=  Measure memory demand

Benchmark Bosch ECU

How good does it work?
Performance benchmark

X1 TEAZ=

MO03 SpeedController

]

-
] y

Hand coded
TargetLink

SCODE-CONGRA
o EN

b
; I EE
E 2 b

ProdCode Source | AlgCode Source CPU Time mm

Test Case Multi-Dim | Large Large Sparse Large Number | Compact
Name Maps Maps | Matrices | Matrices of States Code

eFMI Tool Chain

Bosch ECU

Hand a
coded C

Manual discretization |:>

Benchmark

First measurements available

but not yet verified.

so | AGENTSCHAP
Jj VinnovA i INNOVEREN &

= ' ONDERNEMEN
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(l\‘ Who will use it?

=% Usage scenarios and demonstrators

3 ITEAZ
EMPHYSIS

Diversity of applications
* Enginerichness
* Engine vibrations

+ Fault detection (thermal, cooling)

« After treatment

* Vehicle dynamics
» Energy Monitoring
» Torque vectoring

» Active damping

Tool independent format
* No S-Function constraint

o « s AGENTSCHAR
"I::‘.:;‘.n I VINNOVA ?{\J INNOVEREN &

ONDERNEMEN

Control strategies versatility
* Feed forward
* Estimators =
+  Model Predictive Controls =
* Non-Linear Model Predictive Controls
* Linear parameter-varying

+ Kalmanfilters vy v
i Models types Versatility : ’ i
+  Non-linear models LE
* Inverted non-linear models )
- Residuals model N

Non-public, EMPHYSIS internal use only.

* Linearized models
* Neural Networks

.sos Who will support it?

I8 pianned and on-going tool development

X1 TEAZ=

EMPHYSIS

Tool Name

Siemens — AMEsim

Equation Code

Algorithm Code

Production Code Binary Code

Dassault Systemes— Dymola

?
™mL, Bl

Modelon - JModelica

OpenModelica

™My, Kl

ESI-ITI - SimulationX

?

Wy Ed

.Q.Q

)
My # L Bi

ETAS — SCODE-CONGRA L, Bl

Dassault Systemes — AUTOSAR Builder @ ﬂ] @ ﬂ" @
dSPACE — TargetLink (g L [{Jp #®

Absint - Astrée (A4 o il

Siemens — CSD (A L

pikeTec—TPT A4 el

= 1| AGENTSCHAR
B VINNOVA ?{\J INNOVEREN &

ONDERNEMEN

L

Import Export

B e

Planned Prototype
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34 When can | have it?
Schedule

eFMI Supporting Tools

= EMPHYSIS Project ends by February 2021
= All planned tool prototypes will be finalized.

= Product readiness is expected not before mid 2021

eFMI Standard
= First draft has been finalized Mar. 2019

X1 TEAZ=

= After AlgCode and ProdCode have reached a stable state a preliminary version of the

specification is considered to be shared under NDA.

= First official release after the end of the project after consultation of the Modelica Association.

“HAD

f’(\_ INNOVEREN &
Y ONDERNEMEN
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