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Motivation for Interoperability Standards

Multi-domain development

= Electric, electronic,
thermal, mechanical,...

Hybrid Electric
Vehicle

= Environment,
infrastructure, traffic
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Multi-platform |

= ASIC, ECU, PC, RT-system cloud based
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Multi-data

» Solvers, rates, steps, exchange formats and
data structures

Multi-tool, multi-vendor
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What is the Functional Mock-Up Interface?

= Emerged out of ITEA 2 Modelisar project (2002) 3
= Developed as a Modelica Association Project T Mi ,f,,”o"ccfﬁga'
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https://fmi-standard.org/

FMI Technology Gap
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The ACOSAR project
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How to Develop Requirements for the Intended Standard? virtual@vehicle

Maintenance and evolution resulting in a new work
item for a revision of the standard

Feedback «
Feedback «¢

Feedback 0—‘

P __________ \
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Wc?rkltem/ 4> Use Ca§e _» | Requirements > N =T Valldatl'on 0 Editorial | _,, Apprc.tval-and —+ |= — Implementation

Project goals | Analysis management and Review I Check Publication = | and use

' |

' |

' |

{ J

Requirement engineering-based process
—_— extension (scope of contribution)

T T_ e | Published

standard
Feedback <

Krammer, Martin, Nadja Marko, and Martin Benedikt. 2018. “Requirements Engineering for
Consensus-Oriented Technical Specifications.” In Proceedings - 2018 IEEE 26th International
Requirements Engineering Conference, RE 2018, 315-24. Banff, Alberta, Canada.
https://doi.org/10.1109/RE.2018.00039.
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Process Artifacts g (VE] @ vehicle

Maintenance and evolution resulting in a new work
l item for a revision of the standard

Feedback #
Feedback
. Requirement engineering-based process eedback
extension (scope of contribution)
o ——————————t e — - ==

Editorial | _, [ Approvaland | — il — Implementation
Check Publication and use

|
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— S | o
Project level [ Project goals ﬁ l Use Cases ‘I
1.* 1.*

1”*
Engineerin

[ Core

requirements Formalized description

of use cases

Technical level Technical
requirements

1.*

Specification level Interface
Specifications

Krammer, Martin, Nadja Marko, and Martin Benedikt. 2016. “Interfacing Real-Time Systems for Advanced Co-Simulation - The ACOSAR Approach.” In CEUR Workshop Proceedings, edited
by Catherine Dubois, Francesco Parisi-Presicce, Dimitris Kolovos, and Nicholas Matragkas, 1675:32—-39. Vienna, Austria: Dubois, Catherine Parisi-Presicce, Francesco Kolovos, Dimitris
Matragkas, Nicholas.
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DCP Communication Architecture
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Communication
protocol

Transport
protocol

DCP Master/Slave

HiL system, test bench, simulation tool, ...
API (vendor-specific)
Standardized DCP data model (XML schema files)
Middleware (vendor-specific)

DCP protocol

Bluetooth/
RECOMM UDP/IPv4 USB CAN
. I 4 H_/
native DCP non-native DCP
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Two-Way
Results

Response PDU

Data PDU
DCP Slave
State Machine

Inputs/Outputs
Notification PDU

DCP Slave

DCP Master

Request PDU
Information
DCP Slave
State Machine

Configuration

One-Way
Data PDU
Inputs/Outputs
Parameters
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Complex Data Types virtual @ vehicle

Binary/String
Position n n+1 n+2 n+3
PDUsin ooloeReeoojololololololojojojolofojojojololololofofo]o
PDUex 0x04 0x00 0x00 0x00
Position n+2 n+3 n+4 nh+5
PDUsin olofiftilojolti1fr1jolofiftjololoft ot o o 1 TR
PDU ex 0x39 OXE6 0x29 0xD2

Arrays — data structure containing collection of variables of same type

Variables may have multiple dimensions P

-----------

E assertions

| {{@constant and not{@linked... |
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Operating Modes — Covering Different Time Domains

Soft real-time (SRT) Synchronous to absolute time,
tolerant to RT violations

Hard real-time (HRT) Synchronous to absolute time,
intolerant to RT violations

Non-real-time (NRT) Independent of absolute time

2.12.2019, Martin Krammer Standards for Connected and Autonomous Transportation 12



State Machine for Simulation Control

virtual@vehicle

A typical simulation cycle - »s e
yp y e G

= Phase 1: Registration e w5

resot [STC_raset]

» Phase 2: Configuration

prepare [STC_prepare]

= Phase 3: Initialization ——— “ui

Initialization

PREPARING

» Phase 4: Running

initialized
[SIG_initialized]

«depStaten
INITIALIZED
de|

prepared [SIG_prepared]

«dopStaten
PPREPARED

configure [STC_configure]

» Phase 5: Computation/Sending (NRT)

send_oulputs i
[STC_send_outputs]

pStaten

«l «depStater
SENDING _|

CONFIGURING

» Phase 6: Stopping

send_complete i
[SIG_send_complete] configured

[SIG_configured]

/ «depSuperStates N\

NonRealTime

«depStatex «depStatan
CONFIGURED COMPUTING
.
= Error handllng > \

initialize step_done

[STC_initialize] [SIG_step_dane]
4 do_step «dopStates
synchronize [STC_run] ISTC_do_slep] COMPUTED

. «depSuperStater
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Image source: DCP specification v1.0 RC 2
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run [STC_run]
«clecpStates
RUNNING

send_outputs_d
[STC_send_outputs]

«dcpStaten
SENDING_D

0

send_complete

\ [SIG_sent_complete]  /

.

resel
[STC_reset]

deregister

«depStater
STOPPED
[STC_deregister]

stop [SIG_stop] slop [STC_stop]

«clopStaten
STOPPING

stopped
[SIG_stopped]
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Integration Method virtual@vehicle

DCP slave provider A DCP integrator DCP slave provider B
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13.000 days / 60 PY

of integration effort saved

#HUseCase over Time

~5-7 Mio €

of integration effort saved

ucl U2 Uc3  uca  uCs  Uc6  UCT Billons € global
W2018 ®2019 ®W2020 w2021 W2022 ®W2023 of integration effort saved
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Standardization virtual@vehicle

The DCP 1.0-RC1 was submitted to Modelica Association
= Non-profit, non-governmental organization, since 1996

= Members from Europe, North America and Asia
= QOpen access standards

- @
m o d e I I C q = Open source software

. . » Addressing cyber physical systems
& Association

Accepted as Modelica Association Project (MAP) in July 2018 dcp Distributed

Co-Simulation
DCP Version 1.0 was released on March 4 2019 Protocol
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http://www.modelica.org/

virtual @ vehicle

Open Access/Open Source

Home
ive

€ aMehs

= CC-BY-SA 4.0 license S s

access DCP 1.0 specification document,
Open

bcep Downloag

CCF"L”HJU(CI'S JfE‘l"&th'e

= BSD-3 license

files
DCP slave description XML schema fi

- DCP CAN mapping

DCP Version 1.9
] lon,
* DCP reference implementatio

Specification

This is the first Publicly releaseq Version of the Distributeq Co-Simulatio
r Specification document

* DCP Teste Version 1.9, DDF['zmg-Ga-m}m

« DCP Test Generator

Additiona] Materialsg

DCP Slave Description Schema

Version 1.0, Zip [20]9-03—01}

DCP can Mapping
Version 1.0, ZIp r2019-03—01}

Dcp Standard on GitHup

GitHuhb Rroject

Editable Specification toming soon, yse issues for feedback

Reference lmplementations
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http://www.dcp-standard.org/

Modelica Association Standards Landscape

Modeling and Simulation Interoperability standards
e.g. SimulationX, Modelon,...

Ssp System Structure

& Parameterization
Version 1.0 released
Description of overall simulation scenarios

\

model:ca

y 4 Language

“«—>
Distributed " Functional
dcp Co-Simulation <*—» f‘ I I [ Mock-Up _ .
Protocol Interface <%
m Version 1.0 released FMI 3.0 coming up
i Distributed/RT co-simulation -
m o d e | lcq | | Pprts and icons
y 4 Libraries o I Binary data
1- s Intermediate outputs
% ~ " Hybrid co-simulation

.

—
+'-
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Summary virtual@vehicle

Automated driving demands new approaches for test

Virtual, real and mixed approaches call for adequate standards
The DCP closes an FMI technology gap

Lightweight specification, efficient execution

Modelica Association maintains open access standards

Supplied by open source software

2.12.2019, Martin Krammer Standards for Connected and Autonomous Transportation 20



virtual @ vehicle

Enabling future vehicle technologies

QUESTIONS?

Martin Krammer
martin.krammer@v2c2.at
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