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SECTION 1
MBSE
DEFINITION, BENEFITS & 
REQUIREMENTS
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Global Fuel Economy Outlook
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Emission Regulations Are Becoming More Stringent
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• Fuel Economy / Emissions Tradeoff:
• Diesel injection timing (NOx vs FE)
• Gas cold start:  throw away fuel for catalyst heating

• Drive quality:  customers will not/should not accept 
compromise



People Spend More and More Time In Traffic 

5



Virtual Engineering Required to Accelerate the 
Vehicle Development Process
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Problem:
• Heavy reliance on hardware 
builds leads to high cost and 
longer development time
• Integration of new 
technologies in a system 
lowers the expected benefit
Result:
Wasted Opportunities, Time, 
and Resources (People & $)

Solution:
OEMs are moving towards an increasing reliance 
on modeling and simulation to accelerate the 
introduction of advanced technologies

Virtual Engineering Process

Sim:     Simulation
RP:       Rapid Prototyping
OTRP:  On-Target Rapid 
Prototyping
PCG:    Production Code 
Generation
SIL:       Software-in-the-Loop
PIL:      Processor-in-the-Loop
HIL:     Hardware-in-the-Loop



Automotive Companies are Moving Away from 
Hardware 
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Product Complexity Drives Math Tool Technologies
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MBSE Definition
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MBSE Requires a Collaborative Environment 
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Models with Different Levels of Fidelity 
Have to be Developed & Integrated 
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Models with Different Levels of Fidelity 
Have to be Developed & Integrated 
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Models Have to be Assembled

 Due to the large number of system combinations (architecture 
x models x controls x processes), building every combination by 
hand would be time consuming and error prone.

 The key is to connect all 
the individual models 
and controls 
automatically to ensure 
model integrity and 
compatibility (i.e., I/O, 
units, data type…).
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Different Methodologies Shall be Considered

Hardware‐in‐the‐Loop

Software‐in‐the‐Loop

Component‐in‐the‐Loop

Model‐in‐the‐Loop
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Software Companies are Developing Generic 
Processes to Capture the “Know‐How” of Experts
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Use Case: Low level control development and 
test through SIL (or VHIL)

(1) Source – GM – LMS Vehicle Conference 2012
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Models Have to be Managed & Accessible
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Will the 
Machines Take 

Over?



Testing will Always be Necessary but 
Its Role Has to Change
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Frontloading Physical Testing and Validation Based 
on Combined Use of Test and Simulation 
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But the Process Needs to be Well Balanced

Traditional Approach

Product Development Spending Profile
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MBSE is the Cornerstone of Future Vehicle 
Development Process (VDP)

• To make MBSE a reality, many challenges have to be 
simultaneously addressed:
– Reusability (i.e., models, processes…)
– Interoperability of multiple entities for control / plant (i.e., Simulink, 

AMESim, GTPower, CarSim, C‐code…)
– Flexibility (i.e., large number of options, simulations…)
– Efficiency (i.e., quickly build a system based on numerous complex 

models, model fidelity vs. run time…)
– Traceability
– Change management (i.e., version control…)
– Perform testing to support MBSE
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SECTION 2
MBSE
IMPLEMENTATION IN 
AUTONOMIE
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System Navigation, 
Integration and Simulation 

Applications

Autonomie is Currently Composed of 
Two Distinct Entities

Empty Interface

XML structure

Fuel Consumption & Perfo

Production Control

Nuclear Waste Processing

…
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System Navigation, Integration and Simulation 
Relies on Four Pillars

Ref. Configuration
- Tool Neutral architecture & 
links (XML)
- Tool Specific layout (XML)
- Large database

Model & Files Definition
- Interface definition (XML)
- Parameter definition (XML)
- Tool Neutral consistency 

check

Composition Configuration
- SLK
- Multi-layer
- Patent

Process 
- Flexible (XML)
- Building algorithm
(modifiers)

Integrated functionalities
through GUI
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1 ‐ CONFIGURATION MANAGEMENT
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Relationships between all Files (i.e., System) is 
Managed by XML

Models Files Configuration

XML XML

XML

Includes documentation, 
parameters, user defined plots, 
bus information, compatibility, 

language, CAD files…

Includes documentation, 
parameters, links to 

models, raw test data, 
calibration files…

Includes list of 
systems, connection 
between systems, 
buses, location in 

Simulink…

…
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Configurations Handled Through Hierarchical 
Architecture

Example of Default Conventional Automatic Vehicle
Vehicle

Level 1 – Vehicle Powertrain Architecture

Level 2 – Engine Plant and Control

Level 3 – Engine Control
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2 – MODEL & DATA SELECTION
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Integrate Plant Models with Different Level of 
Complexity, Language
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• Different models are necessary to study 
different phenomena

• Detailed models are required when technology 
cannot be tested or does not exist!

Steady State Model

Physical Model

Mean Efficiency Model

Highly Dynamic Mode
with Production Code



Interaction with Different Modeling Environments

Model Simulink

S-Function

Modelica

AMESim

GTPower

…

Modelica

AMESim

GTPower

…

- Autonomie model files link to either:
- One Simulink model
- One non-Simulink model via a Simulink S-

Function model
- One non-Simulink model with CosiMate

I/Os for cosimulation
- Currently working on integrating other 

cosimulation platforms (xMOD and ESSE)

- Compatibility / Quality control checks 
performed with the Autonomie files, 
independently of the modeling environments, 
and include:

- Version matching
- Input /Output signals connected between 

models
- Parameters needed by models and other 

files (initialization / scaling / pre-
processing / post-processing files)

Co-Simulation

Native Env.
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Building Vehicle Using Systems Defined by Experts 

dat

init file

ame

init file

sim
file

init file

Engine system

Transmission system

Vehicle  dynamics system
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3 ‐ CONFIGURATION COMPOSITION
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Complete Models are Built Automatically

User Select Options in GUI

Model Build Based 
on Initial GUI 

Selection

Each Model is Put in the 
Right Location & Connected

Empty Simulink
is Open

Individual Models

…

Algorithm protected by Patent

34



Model Plug&Play Capability Provided by “Wrapper”

Legacy Plant

First block automatically built to select 
the required input parameters, change 
units and data type

Last block automatically built to change 
units (SI) and data type before sending the 
information to a bus to make them 
available to other systems

Wrapper manages number of inputs / outputs, units, datatype…
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Quality Control / Check Mechanisms
• Autonomie provides a number of different checks to ensure 

that the final model is cohesive. Compatibilities are used to 
filter selections, so the user is guided to making intelligent 
choices:
– Data files can be compatible with specific model files
– Signal and parameter inputs and outputs are matched, to make sure 

each model has everything it needs to simulate
– Files can be compatible with specific systems (i.e. engine models 

cannot be selected for transmissions)
– Files can be compatible with other software (i.e. AMESim)
– Files can be compatible with external libraries
– Files can be compatible with specific versions of other files
– Parameters are checked against the specified range
– Signals are checked to be sure they are compatible types (i.e. a voltage 

signal can’t be connected to a pressure signal)
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4 – PROCESS SELECTION
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Complex Design Processes are Available

Combined and customize pre-defined 
processes in multiple ways

Use customizable processes to 
predict fuel economy (Inc. standards), 
performance, gradeability…

Integrate custom processes such as 
optimization, validation, calibration, 
Monte-Carlo, etc.
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Simulation Process Adapted to the Application and 
the Model Complexity

 Multi-core => MPI (Message Passing 
Interface) (1) allows Autonomie to launch 
multiple instances of Matlab, one for each 
processor core, and run a vehicle simulation 
on each core

 Multi-computer => Run simulations using 
Matlab’s Distributed Computing Toolbox(1).  
It allows the user to run a separate vehicle 
simulation on each worker node.

 Multi-solver(2) : co-simulation framework 
providing communication protocols to 
dynamically interact between various 
simulation environments

(1) Currently available outside GUI  - Will be integrated into next release
(2) Linkage with CosiMate completed, linkage with EST and xMOD under development

Distributed Computing

CosiMate NetList
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Co‐Simulation Process
Cosimate Example: Model Import

Create / Use Model(s) 
with Cosimate I/Os

Import Cosimate model 
through a Wizard

The model(s) are ready to use in 
Autonomie, just drag and drop them on 
the vehicle systems of your choice
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Co‐Simulation Process
Cosimate Example: Process Selection

The  Co-simate
process is 
automatically 
added to all the 
Autonomie 
processes 
(Cycle, 
procedure, 
acceleration, 
parametric 
studies, SOC 
Correction…)

All the Cosimate Options 
are available to the user
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Autonomie automatically 
build the vehicle model 
without the Cosimate ones

Autonomie automatically adds 
the matching Cosimate I/Os
to interface with the Cosimate
Model(s)

Autonomie automatically generates the matching 
netlist and launches it through Cosimate.exe

Co‐Simulation Process
Cosimate Example: Model Building
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Summary
• MBSE provides benefit to companies. As a result, companies are 

developing plant and control models to increase its usage. 
• Numerous software companies are developing tools and 

processes in parallel.
• Companies are still not sure where to go, but they are still moving 

forward!
• Numerous issues still need to be addressed to make MBSE a 

success, including
– Model fidelity vs. run time
– Growing & maintaining CAE model library(ies)
– Interoperability of multiple entities for controls/plant representation (GT Power, 

AMESim, CarSim, Simulink, C‐code)
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Summary

• Autonomie has been developed to provide a Plug&Play
Software environment to support MBSE 
– Provides ready to go plant, control and processes for fuel consumption and 

performance.
– Build automatically complete simulations
– Allow users to customize models and processes
– Support processes from research to production (MIL, SIL, HIL, RCP, CIL)
– Tool neutral

• But more development still need to be done as well 
with Autonomie to better support MBSE…
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