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TWT

Digital Product Development
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Managing Complexity
Model Based Systems Engineering

Communication

Constellations

Multiple Spacecraft

B

Energy Management

System
Complexity

Control Units

Robotic
Exploration
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Continous Product Development Process
V-Model

Specification Virtual Integration and Integration
Simulation and Testing

LRG| «

~ . Methods, Tools & Processes [~ ~ = : Acceptance Testing

Continous Requirements
Management

System Testing

MBSE with SysML Integration Testing

Function Modelling Unit Testing

Implementation
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TWT

Standardization
Functional Mock-Up Interface (FMI)

FMI — Standard FMI — Advantages il

ACHIEVEMENT

AWARD
Model Exchange — Open Standard
(www.fmi-standard.org) mmm.,m,.t
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Co-Simulation J Tool independent

Product Lifecycle < ) Traceability —-é- Niteaz

Management
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TWT

Standardization
FMI Modular Approach

Functional Content
Component A (C-Code 7 dII)

Functional Mockup Interface description
(XML)

Zipped FMU 4l 2200KB examplefmu
Binary data 4 1880KB binaries
4 . 88,0 KB win32
% 880KE exampledll

Wl 2B0KB linudd
Wl 240KB darwin32
Wl 240KB darwin6d
Wl 240KB linw32
Documentation W 20,0KB documentation

4 | 8.0KB [2 Dateien]

[ 40KB meodelpng

Compiled dll

Structural information = 40KB modelDescription.xml
4 . 40 KB sources
Component B Source code e  40KE eamplec
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Application of FMI
Co-Simulation

Simulation
Tool

Method 4: Bridged connection with
file communication.

Requires: Simulation tool with API
supporting file handling.

>

FMTC

FMU

Method 5: Functional Mock-up Unit
running inside of the Functional
Mock-up Trust Center.

Requires: Simulation tool supporting
FMU export.

TWT

TCP/UDP

Co-Sim<'
Router

FMU Connector

FMU

Method 3: Bridged connection to a
Functional Mock-up Unit

(shared library).

Requires: Simulation tool supporting
FMU export.

Matlab /
Simulink

Method 1: Direct connection with Java
interface.
Requires: Simulation tool with Java API.

Modelica

Method 2: Bridged connection with
inter process communication

(i.e. sockets).

Requires: Simulation tool with API in
a programming language supporting
sockets.
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TWT

Application of FMI
Functional Mock-Up Trust Centre - FMTC

Encrypted model on dedicated server

Collaborative simulation settings

Execution strictly limited

Shared use of models provided by OEM and supplier Mods! provcer Cosmuation user

Protection of intellectual property is key issue

Further challenge: Product life cycle management
(PLM)
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TWT

Continous Product Development Process
Standardized Interfaces
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Continous Product Development Process

imulation Framework

Control | [} Config

= Co-Simulation Control

Simulations | »
Simulation name Router State Address Simulation Engine Sim Time: Comm step size Sim step size  Rel, Started
ArtSim STOPPED  /127.0.0.1:58652 com.tut,cosim.core.nebwark ... 2345 600 ms 200 ms 200 ms 10 09:07:15- 16.1..
ArtSim STOPPED  f127.0.0.1:58660 com.twt,cosim.core.network,i... 2345600 ms 200 ms 200 ms 10 09:07:15- 16.1...
ArtSim STOPPED  /127.0.0.1:58639 com.twt,cosim.core.network.i.., 2345600 ms 200 ms 200 ms 10 09:07:15- 16,1,
ArtSim STOPPED  /127.0.0.1:58653 com.twt.cosim.care.network .., 2345600 ms 200 ms 200 ms 10 09:07:15- 16.1..
DistPlot STOPPED  /127.0.0.1:56663 cormn.twt,cosim,.core.network.i... 2355 200 ms 1s 5.0 09:07:15- 16.L..
Dist_Ctrl_Driver STOPPED  /127.0.0.1:59025 corn.twt,cosim.core.netwark.i.. 2345 600 ms 200 ms 200 mis 10 09:07:23 - 16.1...
Dist_Cerl_GLI STOPPED  /127.0.0.1:56972 corn.bwt.cosim.core network.i.. 2345 600 ms 200 ms 200 ms 10 09:07:22- 16.1.,
Dist_Ctrl_6L1 STOPPED  /127.0.0.1:56920 corn.twt,cosim,core network.i.., 2343 600 ms 200 ms3 200 ms3 10 08:07:21- 16.1...
Dist_Ctrl_GLI STOPPED  /127.0.0.1:56917 corm.tut,cosim.core.networki... 2345 600 ms 200 ms 200 ms 10 08:07:21- 16.1..
FMDriverl STOPPED  /127.0.0.1:58274 com.twt,cosim.core.network.i... 2345 800 ms 200 ms 200 ms 10 09:07:09 - 16.1...
FMEnvl STOPPED  f127.0.0.1:58273 corm.twt,cosim.core.nebwork i, 2345 800 ms 200 ms 200 mis Lo 09:07:09 - 16, L.,
FMInterl STOPPED  /127.0.0.1:58327 com.twt.cosim,.core,nebwork.i... 2345 800 ms 200 ms 200 ms 10 09:07:09- 16.1..
MBS_Model2 STOPPED  f127.0,0,1:58723 com.twt,cosim.core.network.i.., 2345 800 ms 200 ms 200 ms 10 09:07:09 - 16,1,
Master ALMERIA-1481875217630 PASSIVE J127.0,0,1:56907 com.twt,cosim,core networki., 200 ms 10 09:00:17 - 16, L.,
SimpleMaotor STOPPED  /127.0.0.1:58782 com.bwt,cosim.core nebworkii.. 2345 600 ms 200 ms 200 ms 10 09:07:18 - 16.L..
TL_Controller STOPPED  /127.0.0.1:58376 com.twt.cosim.care.network ... 2345800 ms 200 ms 200 ms 10 09:07:10- 16.1..

Wy

1 Eventlog [ Message Log | T Visualizer | 1 Signal Routing

Event Log
Timestamp Event Type Event
16-12-2016 - 03:07:22,502 RECEWED_MSG  Simulator changed name fram TL_Controller to TL_Controller, description NO_DESCRIPTION, engine com.tat.cosim,care.network.impl.FmuSimulator from address /127,0,0.1:58376
16-12-2016 - 09:07:24,897 RECEWED_MSG  Sirulator changed name from DistPlot to DistPlot, description NO_DESCRIPTION, engine com.twt.cosim.core network.impl.Matlab Sirulator from address /127.0.0,1:58663
16-12-2016 - 03:07:23,143 RECEIVED_MSG  Simulator changed name from Dist_Ctrl GUI to Dist_Ctrl_GUI description NO_DESCRIPTION, engine com twt.cosim.core.network impl.Matlab Simulator from address /127.0,0.1:50920
16-12-2016 - 09:00:57,368 RECEIVED_MSG  Simulator changed name from ArtSim to ArtSim, description NO_DESCRIPTION, engine com twt.cosim.core.network.impl.MatiabSimulator from address /127.0.0.1:57340

8,757 RECEIVED_MSG  Simulator changed hame from FMInterl to FMInterl), description NO_DESCRIPTION, engine com.tat.cosim,core.network.impl FmuSimulator from address /127.0,0.1:57115
16-12-2016 - 09:02:38,750 RECEIVED_MSG  Simulator changed name from MBS_Model2 to MBS_Model2, description Forwards the Co-simulation network traffic over a socket connection and vice versa,, engine comibwt.cosim.cor..
16-12-2016 - 03:07:52,647 INFO Received new step sync confirmation from "FMEnvU’ which is: [FMEnvl, NO_DESCRIPTION, com.twt.cosim, core.network.impl.FruSimulator, 1822711636, 1481875629600, 1.0, 200000000,..
16-12-2016 - 09:02:38,674 RECEIWED_MSG  Simulator changed name from Dist_Ctrl_Driver to Dist_Ctri_Driver, description NO_DESCRIPTION, engine com.twt.cosim.core.network.impl.MatlabSimulator from address /127.0.0.1:57601
16-12-2016 - 09:07:17,62 RECEWED_MSG  Simulator changed name fram ArtSim to ArtSim, description NO_DESCRIPTION, engine com.twt.cosim.core.netwark.impl.MatlabSimulator from address /127.0 58652
16-12-2016 - 09:02:39,53 RECEIWED_MSG  Simulator changed name from ArtSim to ArtSim, description NO_DESCRIPTION, engine com.twt,cosim.core network.impl.MatlabSimulator from address /127.0.0.1:57345
16-12-2016 - 09:07:52,717 INFO Received new step sync confirmation from "FMInterl’ which is: [FMInterU, NO_DESCRIPTION, com.twt,cosim.core.network.impl.FmuSimulator, 2105886827, 1481875629376, 1.0, 20000000,
16-12-2016 - 09:07:17,100 INFO All simulators have reported to be initialized, simulation is ready for step handshake!

7,367 RECEVED_MSG  Simulator changed name from ArtSim to ArtSim, description NO_DESCRIPTION, engine com twt.cosim.core network impl.MatlabSimulator from address /127.0,0,1:57316
16-12-2016 - 09:07:17,117 RECEIVED_MSG  Simulator changed name from DistPlat to DistPlot, description NO_DESCRIPTION, engine com.tt.cosim.core.network.impl.MatlabSimulator from address /127.0.0.1:58663
16-12-2016 - 09:07:20,176 RECEVED_MSG  Simulator changed name from MBS_Madel2 to MBS_Model2, description Forwards the Co-simulation network traffic over a socket connection and vice versa,, engine com.twt.cosim.cor..
16-12-2016 - 03:07:11.721 INFO All simulators have reported to be initialized, simulation is ready for step handshake!
16-12-2016 - 03:02:14,555 INFO All sirnulators have reported to be synced, initizting signal name broadcast!
16-12-2016 - 09:07:13,83 RECEWED_MSG  Simulator changed narme from ArtSim to ArtSim, description NO_DESCRIPTION, engine corn.twt.cosim.core.network impl imulator from address /127.0,0.1:50653

INFO All simulators have reported ta be initialized, simulation is ready for step handshake!
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TWT

Industrial Application of Co-Simulation
Facts & Figures

Interface size > 700 signals

FMU XML size > 12 MB

FMU XML > 300000 lines

Various solver used, e.g. sundials code,
vendor modified dassl solver, ...

Typically developed within speC|aI|zed
departments and modelling tool '
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Model Re-Use
Modularization

Re-use of (sub)-components
Faster development cycle
Lower development costs
Long term stability
Traceability

PLM possible
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TWT

Model Re-Use 11

Responsibility
Single point of truth Integration environment, providing also e.g. driver, track, driving
scenarios :
CoC responsible for all aspects of S Wheel suspensions
owertrain :
component development ) TR Ul
Operational

strategy

gearhox

No re-modelling of ,Department-A-
components' in Department B

Integration of (final) supplier
components

Tool-independence -> re-use of Wheel suspensions

outer world designs
Department A/ Tool 1 Integration tool / Tool 3
Department B / Tool 2 Supplier model / Tool 3
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TWT

Real-time Interaction
FMI and Co-Simulation
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TWT

Real-time Interaction Bl Y 1TEAS
Advanced Co-Simulation Interface ACS

ACI integrates real-time systems and simulation environments
ACI ... Advanced Co-Simulation Interface
ACU ... Advanced Co-Simulation Unit

Drivetrain ; Cooling ‘ F un Cti (0) na.l
| Framework

« Smart Functions
(e.g. adaptive coupling)

Shilodon saflliation ACI Communication Layer

Environment Environment G @ ﬁ @ ﬁ @
Wireless Wired Interprocess (e.g. engine
(Co-)Simulation Environment Communication Communication |Communication testbench)

(e.g. BlueTooth®) (e.g. CAN) (e.g. shared mem.)

Non-RT PC or Computing Cluster Communication Systems RT System

ACU 1 ACU 2
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Holistic Tool Integration
Co-Simulation

Design Space Exploration
Test Automation

Feedback MiL
w‘j Co-Simulation
k_' Heterogeneous Testing
SysML - FMI Systems Models
Model Generation
Codef
Slmulatlon

Strong Traceability
Configuration Management
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TWT

Holistic Tool Integration = ot
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Architecture diagram

Connections diagram

Connections diagram 1

DSE Objectf Definition diagram

DSE Objectf Connections diagram

DSE Parameter Definition diagram

DSE Parameter Connections diagram

DSE Ranking
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Summary

Network i T
communication

\\ Standardization

Global networking

@

e o — -

Cost saving

Functional Mock-Up
Trust Centre

Real time interaction
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Thank you for your attention

Jenny Malig Ulrich Wurstbauer

jenny.malig@twt-gmbh.de ulrich.wurstbauer@twt-gmbh.de
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ACI Architecture (draft)

ACI control API—-
Convencience API, reference
implementation will be available,
not subject to standardization

ACI communication API*
exchange of rx/tx ACI messages

Proprietary or custom API

ACU 1

Model, Function,
Application, ...

TN T

ACI protocol*

(logic)

ACI Driver*

Media Driver

Media (e.g. bus) runs a communication protocol

TWT

Model or Function Key
Subject to integration with * Subject to standardization
other models or RT systems ~ Specification but no standardization

ACI protocol or ACI logic: Defines the
sequence and contents of ACI messages
to be exchanged between ACUs in order
to carry out specified ACI functions. May
be monolithic within model or RT
system.

ACI driver: Standardize mapping
from ACI protocol to transport
protocol. Contains no execution logic.

Media driver: Proprietary or self-written
libraries, executables, scripts, etc., directly
controls the communication media

Seite 23
Confidential



