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Project Overview

Timeline Barriers

= Start — October 2014
= End - September 2015 (Maintenance)
— September 2015 (MBSE)

Bring technologies to market faster

= Accelerate technology evaluation

Support requirements definition

Budget Partners

Total Project Funding (FY15)
= Autonomie Maintenance: S400k

= MBSE Enhancements: S250k

LMS/Siemens
MathWorks

Third Party Tool Companies (Gamma
Technology, Mechanical Simulation
ChiasTek, Esse)

OEM users (GM, Ford, Chrysler,
Cummins...)

National Labs users (NREL, ORNL...)
Argonne (MCS & CSE divisions)




Relevance
VTO Benefits

Autonomie is used by a very large number of
VTO projects to define R&D targets, evaluate

the benefits of advanced technologies at a
vehicle system level, provide R&D guidance...

= Examples of FY14 projects related to Autonomie

Projects using Autonomie to perform studies include ANO44, ACEO11, ACEQ16,
ACEO082, FT008, FT016, VANOOS, VSS048, VSS075, VSS087, VSS125, VSS127,
VSS128, VSS133, VSS134, VSS140, VSS141...

Projects using Autonomie results include FC017, ACE022, VANOO1, VANO0O2,
VANOO5, VANO12, VANO14, VSS119...

Projects feeding Autonomie include ANO46, AEPO06, VSS005, VSS030, VSS031,
VSS097...

Autonomie is also used by Gate Programs (T1025), DOT and DOD funded activities
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Relevance
Users Benefits

Due to its large user base (>175 companies
worldwide), Autonomie contributes to

accelerate the market introduction of new
technologies

Example: Production control
development at GM

“Autonomie is a fundamental game
changer for math-based design,
development and engineering of tus Contrls
automotive systems and controls”, o
Mike Steele, Manager, Controls
Modeling and Architecture at GM

(1) Source — GM — LMS Vehicle Conference 2012


http://brotherpeacemaker.files.wordpress.com/2009/02/gm_logo.jpg
http://brotherpeacemaker.files.wordpress.com/2009/02/gm_logo.jpg

Milestones

Autonomie Release Cycle

Rev 14 Development |
Rev 14 Test & Release

Rev 14 SP1 Phase 1
Rev 14 SP1 Phase 2

Rev 14 SP1 Test & Release
Rev 15 Development

MBSE Enhancements

Setup / Preparation I

Porting Old Functionality to
New Framework

Additional Use Cases
New Functionality (e.g. use case editor)
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Approach

Use Virtual Engineering Approach to Accelerate the Vehicle
Development Process

Virtual Engineering Process

Sim: Simulation System Integration
: RP:  Rapid Prototyping 5 i
System Requ"ement4 OTRP: On-Target Rapid Prototyping & Calibration
- PCG: Production Code Generation
Sim ‘\\\ SIL:  Software-in-the-Loop / HIL
PIL:  Processor-in-the-Loop
System Design HIL: Hardware-in-the-Loop Hardware/Software
Integration
RP\ \ / PIL
: Software
Software Design Integration
or N
Coding
PCG
Solution:

OEMs are moving towards an increasing reliance
on modeling to accelerate the introduction of

advanced technologies

Problem:

* Heavy reliance on hardware
leads to high cost and longer
development time

* Integration of new technologies
in a system lowers its expected
benefit

Result:

Wasted Opportunities, Time, and
Resources (People & S)

DOE is leading the way with the development of Autonomie

oy
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Approach

Gather Requirements from Autonomie User Community to

Prioritize Development

/User Community\

* National Laboratories
* Universities,

e OEMs,

e Suppliers,

* Research Institutions,
* Tech 2 Market,
 Other Gov Agencies...
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Approach
Enhance Autonomie Workflow to Expand MBSE Usage

* Going forward, we’re looking at how to best position Autonomie
for future usage

* Two areas of focus have been identified:
1. Large scale simulation
2. Increase Autonomie EcoSystem by integrating additional tools

* These areas of focus are a logical extension of the on-going work
* Integrate processes with multiple vehicles (i.e. BaSce VTO benefits),

e Analyze large databases (i.e. USDrive requirement study),
* Connect additional DOE VTO tools (i.e. BatPac, GREET, MA3T...)



Approach
Enhance Autonomie Workflow to Expand MBSE Usage

Current Flow
Model Process ‘ Generic
Selection - Selection analysis

Issue: this workflow is hardcoded! Not all processes require models, some
processes require multiple models, not all processes require the same
analysis...

Future Flow

Process Model, vehicle

. Analysis selected
Selection ‘ Selectlgn —orno ‘ according to study
selection at all

This extra flexibility will allow us to support the use cases necessary for the
future of the software



Approach

Example of Future Autonomie Use Case

_ Traffic
Polaris (ANL) Si lati with statistical
Imulation information
4 N .
Market & Fleet Off Cycle Credit
technology share Distribution _--"7"| &Cost Analysis
& J
-
Study RWDCs Transportation
Real-World Driving  R--N\"~"~"""""-
p " FY15 . (Rea c;cl]:s) riving . System Model
Temp.
(Thermal condition)
(G J
p . Temperature Real-World Large Scale Energy
VTMS Impact on Energy Consumption
(Veh. Thsi?) Mgmt. Energy Improved VTMS Consumption Evaluation with
(G . J . o
) § Consumption with VTMS VTMS
Different
Powertrains
(G J
Parallel ( HPC
. TR EmTmmmoTTT high performance
Upscale &
Com pUtI ne Stapns(;?afone computing)
FY15 FY16 FY17
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Technical Accomplishments
Main New Features

= Models
— Physical Models
— Thermal Models

= Large Scale Simulation Upgrades
— Model Parallelization with MPI
— Parametric Study on Files
— Simulation Speed Upgrades

= Software
— Graphical Configuration Editor
— Ul Usability Enhancements



Technical Accomplishments
Physical Models

= Physical modeling allows developers to graphically create components
which are physics based, rather than equation based.

— Users build the model without worrying about underlying equations
— Solver optimizes equations for faster execution time

= Models produced using the Matlab Simscape™ or SimDriveline™
toolboxes can now be used directly in Autonomie

— No need to wrap models anymore, can now directly correct physical signals to
each other

=  Examples provided

whi
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Technical Accomplishments

Thermal Models Released ——
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Technical Accomplishments
Model Parallelization with MPI

= A new message passing
interface (MPI) algorithm was " g,
written for Autonomie

— Allows simulations to be
distributed across multiple cores
of a computer

Core 3 Core 4

— Allows model parallelization
without the use of additional
hardware or software (i.e.
clusters, distributed computing
toolboxes, etc.)

= Autonomie procedures
retrofitted to call the MPI
algorithm automatically

AUTDNDMIE\



Technical Accomplishments
Large Scale Study on Files

=  Previously, Autonomie QB r @R
allowed “parameter Systern Path Type Change Urit Run 1 Fiun 2
” wvehhypa Parameter weh. plant.init. mazs. total kg 16580 |
sweeps wvehhwpasfdiplart | Parameter fd. plant.init. ratio 378 |
— Users asked for more wehhvwpatfdiplart | File Initialization n - -
freedom to define runs fd_plant_377_tarus.m s
_ fd_plant_333_priuz.m
Users asked for more td plont 408 au VLIE.m
intuitive interface ) — fd_plant_407_civic.m =
Autonomie’s built-in fd_plant_4113_prius.m =
= Now users can run more tibility checking hel ;g_g::m_ﬁf-rgm U )
combinations by Compa. 1011ty chec l.ng A -
specifying files to vary, with the selections

rather than just

parameters amn # i
] |e Run 1 W|th th|s Systern Path Type Charige it Run 4 Run & Rur &

.. [ Imnport from Excel ] Export to Excel ]eh.plant.init.mass.tu:utal kg
tra nsmission SVSte ml vehiwpahfdiplant | Parameter fd.plant.init.ratio fd_plant_433.m
i n Cl u d | ng p | ant an d vehhwpatfdiplart | File Initialization Syz Mew Sps Mew Sy

. vehhwpatenghplark| File Syztem W
Contr0|, an d RU n 2 Wlth da vehhwpatengiplart| File Initializatian W chaz_plant_1180
d |ffe rent transm iSS i on wehwpahenghplart| Parammeter eng.plant scale. pw_mas_de | W 130
. . Property Tranzmizsion e 5

system, including plant Runs can be specified in Excel
and control and imported into Autonomie



Technical Accomplishments
New Graphical Configuration Builder

-
TF Configuration Builder -— . —
@l 4\ Build | %3 Reset Windows -

oolboi V| o
- Ports a
@n B I

= Toolbox -

=1

: Drag & Drop Systemes,

Eo. Mouse to Resize / Move

m

Blocks

| Environment
| Driver
@ Wehicle Propulsion Controller
Wehicle Propulsion Architecture
Mechanical
E’ Source = o = o
i |ay Engine ». e, | JT S
E}-SinkL£ 9 7 | :Gn 2 ||II i l :Gn
LSE Mechanical Accessory 3 5 03] 5
[®® Vehicle Dynamics
‘|z Chassis 7
H E Chassis - Truck Starter Engine Mhecommo
= Conversion
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Technical Accomplishments

MBSE Enhancements

= |nitial steps taken to prepare
us for the future of
Autonomie

— Decoupled framework
kernel from application

— Example file formats
developed

— Decoupled execution
framework (i.e. Matlab)
from kernel

= “Use case” driven user
interface prototyped

h Heme Tools

@Dus

Help
User

Help

[] &I {Internaticnal Metric)

Runavehicle onacycle [x]
:

Window Help

“e

Define User  Setup Unit
Units... Conversions

Units

Execute Simulation

First test case is the
“original” Autonomie
use case — 1 vehicle on
1 cycle with standard
Data Analysis

» 0 X

elellele

Properties | Messages
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Technical Accomplishments
Large Scale Simulations

= The objective is to be able to launch and analyze >100,000 individual vehicle
simulations automatically through the GUI

Tasks Performed —

&
| | D eve I O p e d p ro Ce S S fo r Drag and drop parameter to add it to a grid. | | Fitter: Drag and drop parameters from the tree view on the left and use them to fiter which vehicle / simulation to load
Search: E] Battery Type: {N/A} Sizing ESS Power: {N/A} Battery usable energy beginning of life: {J}
i i &g Cost - | i e |
performing data analysis on ot B CL—E
. . 1.9 Battery SOC window
I I I .9 Battery total energy begi |= y Main Resutt
arge scale simulation 1 Byt rerey b9 ain Resuts [Pt
8.7 Battery Type m ol
1 S| W} Batiery usable energy b
— Import results into Yy el Sirmucion | Total Batiery Cost. Low case:8}_| Total Batiry Cast M|
L9 Energy of the Battery in &l = =
d b 1.9 Number of Cells in the B HVIFET Cycle 8379.15 696114
a t a a S e 0.9 Sizing ESS Energy Over Acceleration - U.5. Performance Metrics 237915 6961.14
1.9 Sizing ESS Power UDDS Cyele 837915 B961.14
_ U r : nt rf f r 1.9 Sizing ESS Weight HWFET Cycle 848591 7045.83
seri errace 10 1.9 Sizing SOC BV Max ALcceleration - U.S. Performance Metrics 843591 7045.83
. . . i “F-{-’ S:f'”g S0C BV Min _|| Ubpscycie 848551 7049.83
interacting with database S || e Cyck 254 162072
E] Matlab Plats Acceleration - U.S. Performance Metrics 226384 18807.2
— Automated checks using s Corsulon v Gt e o mies =
. Bxample Plot Function - GPRA Database | | 4o cjeration - U S, Performance Metrics 231269 192131
iy ;E”“"e Plot Function - Test data UDDS Cycle 231269 182131
the data base user :E ftery US PHEV 2 Cycle (J1711) with cost and GHG - 3027.12 302712
VA 1S PHEV 2 Cycle (J1711) with cost and GHG 302712 302712
H “" H h k” UUS PHEV 2 Cycle (J1711) with costand GHG  3027.12 3027.12
Inte rfa ce to Sa nlty chec US PHEV 2 Cycle (J1711) with costand GHG  3027.12 302712
simulations e

Displaying Information for 9871 Simulations

= This will become the default
large scale data analysis



Responses to Previous Review Comments

= “The reviewer criticized that this is already being done in industry ”

— There are two parts of Autonomie, the framework and the application. The
reviewer is correct that part of the application (i.e. plant models) is used less
heavily by industry, as they have their own models

— However, the validated vehicle level controllers and framework (i.e. enterprise
level collaboration tools, such as model and system sharing) are unigue

— As proof, several companies use Autonomie as the basis for their MBSE efforts

= “The reviewer noted that one alternative approach for the future is to
investigate Autonomie as a stand-alone tool and wean the tool off its
dependency on Matlab/Simulink.”

— We have been taking steps under the MBSE project to realize this goal for users
who do not require a full simulation environment (i.e. users who only perform data
analysis on existing simulations)

— However, we do not intend to write our own simulation environment. Users who
wish to run simulations will always need a simulation environment, whether that
environment is Matlab/Simulink or something else
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Collaboration and Coordination with Other

Institutions

o = Model Providers
Argonne = National Labs (i.e., NREL)

AAAAAAAAAAAAAAAAAA

= Argonne (i.e., Battery group...)
= Expert Tool Companies (i.e., Siemens,

No=! Gamma Technology, Mechanical SIEMENS

Simulation...)
= Process Definition & Direction
= OEMs (i.e., General Motors, Ford...)

ml = MathWorks

NIRRT = Expert Tool Companies (i.e., Siemens, e GLAN ESRE
ChiasTek, Esse...) —
‘4

= Argonne (i.e., Math. group, HPC...)

—G .
@ /LlOdEIon- A Tjglr;;ogfes carS’m

Mechanical Simulation




Proposed Future Work

= Continue to enhance Autonomie to support DOE VTO R&D
activities by gathering requirements from all users (i.e., Nat Labs,
Univ, OEMs, Gov agencies...), including:

— Expand Autonomie EcoSystem with linkages to additional expert
tools (i.e., link with traffic flow tool to evaluate benefits of
autonomous vehicles...)

— Continue to leverage state-of-the-art standards to facilitate industry
acceptance

— Focus on large scale simulation leveraging High Performance
Computing (i.e., >100,000 individual vehicle packages) and co-
simulation

= Continue to provide guidance for DOE R&D activities.

= Expand Autonomie usage throughout DOE to promote MBSE
approach.
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Summary - ANL Will Continue to Accelerate
Technology Development and Market Introduction

= Support DOE VTO R&D activities
= Support usage of Autonomie for OEMs...
= Support MBSE processes throughout OEMs and DOE

U.S. DOE

National e Models
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