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LT e _.-H

Infrastructure integration»s- ass= | '|‘ ! s = =

S
; i m ) S
m h‘i;,li- T e

WA ¥ = L Bofs W0
EEtEd '||‘ I--.H.:

‘ Integration
L - - o |
b - ° o

Mobility A vahicle that can drive

====4  across Narth America 4 .
\_or & sinxke tank of 1 e Nl
on a single tank of gas he ai thay
L F g T My
- N
Uiy ;

Urban spaces

and infrastructure
Interconnected
information society

Harmonization I Cooperation
r
]

“ :

P 1-'; . . . ) :
' .. . - ok
Peaople FEV

P g 2\ )
Utilize electrigity, | |Reduce axhaust (2.1 b
hydrogen and emlssions and COz @{3_
blo-fuels in the atmosphere | [posoenize dangers| Universal :
Energy/Resources Environment desien

Protect agalnst accldents
Vehicle technologies pe—— . }
| e

October, 2009 Ken Butts, TEMA 1

Produot value



Presentation Flow

Control, Electronics, Communication, and Embedded
Software: Enabled Products and Features

Development Complexity and Mitigation
Future Development Challenge: Cyber-physical systems

October, 2009 Ken Butts, TEMA



Vehicle - Safety
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Vehicle — Infrastructure - Safety
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Traffic flow management - Environment

Efforts toward Envirenmental Improvement According to Traffic Volume

Realizing COz Reduction and an Enriched Low Carbon Society
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Environment - Powertrains

Car of the future
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Modern Gasoline engine control

1.Fuel Pump

2.Fuel Pump Reqgister
3.Crank Angle Sensor
R 4.Cam Angle Sensor
5.Air Cleaner
: 6.Intake Air Temp.Sensor
B = ] 7.Air Flow Meter

8.Water TempSensor
9.32bit ECU
(Electronic Control Unit)

= 10.Accelerator Pedal Position Sensor
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\_/ . % 18.Rotary Solenoid Valve
Sak ( for Acoustic Control Induction System )
19.A/F Sensor
20.Three-way Catalytic Converter
21.0xygen Sensor

22. Three-way Catalytic Converter 23.Charcoal Canister 24. EDU(Electric Driver Unit)
25.SCV(Swirl Control Valve) 26.Fuel Pressure Sensor 27.High Pressure Fuel Pump




Engine Controller Complexity
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Process View — Traditional ‘Systems V'

Requirements & D System
Constraints Analysi Va”datfon (Engine +ECU)
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Complexity Mitigation —
Process and Information Management
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Complexity Mitigation — Model-based Development

Virtual World validation
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Complexity Mitigation — Model-based Development

Model-Based Function Development at Volvo Cars

Function Simulation/ Rapid Control Automatic Integration/
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--"'r — --"- _1-*
V "l ESURll snit Quality
-
Fail Safe
New Simulink Communication Simulink _ :
function algorithm | function algorithm via Ethernet  [function algorithm Diagnosis

-,

Conversion to
1 l T 1 Targedink
-
-

Modeling in v -
Simulink VSIM — Compiler
TargetLink

Function function algonthm
Verfication J
n VsiM MicroAutoBox
- for in=vehicle Generation of
prieC— 1 testing lﬂ*ndl,ﬂlnn code
-— - -
+

v —

™M

" Simulation s, .
' Results o
Simulink - Performance ﬁ Transmisson Control
function algorithm

Module

= Fuel economy

Goal:

Use models for

* requirements

* design

« verification

* test case generation
modification
documentation
code generation
run-time monitoring
efc.

dSpace News, Jan. 02



Complexity Mitigation —
Automatic Code Generation (ACQG)
Development time
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Complexity Mitigation —
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Acausal, component based modeling*
- Model diagrams map directly to the physical system System diagram MapleSim model
- Multi-domain modeling
- Symbolic system equations are generated automatically
- Multiple stages of symbolic model optimization

*http://www.maplesoft.com/products/maplesim/advantage.aspx
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Complexity Management — Architecture Driven Rapid Modeling
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architecture =
» AADL (Architecture Analysis and Design S =
Language) - SAE standard
SysML — An OMG initiative o e
Modelica — A subset of Modelica could —p ols Code
potentially be extended for this purpose - Code: bagaty LonHiots tooe
» VHDL-AMS — A subset of VHDL-AMS could be

potentially extended for this purpose e ol N EE T

* . BALL (Syelem ALL) i Other Tools, Domains,

m  Animmediate set of constructs that is bei
developed/used by Emmeskay for its tﬂﬂl?ﬁﬂE Lanuages (e.g. VHDL-AMS)

= Wil pﬂtentialhl,' be reconciled with one or more of
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EMMESEAY, INC.

SAECAS-2C Avionics Architecture Description Language Subcommittee EEE—

Detroit, Ml - April, 2006



Complexity Mitigation —
Verification and Validation

O O
05N 5 ° o: 3 - Style / Rules compliance checking
» Defect pattern detection
* Property checking
* Sensitivity / robustness evaluation
» Dependency analysis
* Model / code slicing

Modal |
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Model / Code equivalence checking*

* Coverage Analysis for Model Based Design Tools, William Aldrich, The MathWorks, Inc.
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Complexity Mitigation — Model-based Calibration

Target Quality Level

Completion of
Prototype Engine
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Workshop on Open Problems and Challenges in Automotive Control — April 2006
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Complexity Mitigation
- AUTOSAR ECU standards*

AUTOSAR
Project Objectives and Main Working Topics

» Maintainability throughout the

» Implementation and
whole “Product Life Cycle"

standardization of basic
system functions as an OEM

wide “Standard Core” solution
# Increased use of “Commercial

Architecture off the shelf hardware*

» Scalability to different vehicle

and platform variants
» Software updates
» Transferability of 32ﬁicu|ggiir€§iemsewer
functions throughout

network » Consideration of

availability and safety
requirements

Application

Ihierfacas Methodology

# Integration of
functional modules
from
multiple suppliers

» Redundancy
activation

AUTOBAR Rusttsra Efvironment (RTE)

Basic Software E

*AUTOSAR Tutorial, Oct. 2008
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Complexity Mitigation
Robust real-time software architecture

 Timing Definition Language (TDL) --> Robust real-time software behavior regarding:
 Implementation architecture
 Function reordering / redesign / addition / subtraction

* Pre-emption Startip delay Preemption
. > \\ // >
20ms T \ / T 22ms fime
T Execution Execution T
starts tt_func ends
LET begins: LET ends:
ECS Architectural
Description
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Original ECS ) TDL Model Generator
4L .
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TDL code

Modified ECS
(wrapped functions

N
N

Timing User
information annotation

, TDL:Machine
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to legacy design environments (CHESS)

Complexity Mitigation
Code-based Legacy -- > Model-based Development

* Innovative Software Simulator to bring modeling and simulation capabilities

* Incremental model-based development
» Mixed code and model components = system level analysis
» Real-time software behaviors: Software execution time

* latency, jitter, schedulability

* pre-emption

« ECU platform services model
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Methods Gap - Cyber-physical systems (e.g. collision avoidance)

» Heterogeneous modeling — hybrid dynamics, wireless networking, dynamic agent scenarios
» Abstractions and refinements for synthesis and analysis — hierarchical systems structures

« Component composability and consistency — systems integration, rapid development

« Verification (within and across) desian and implementation
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Take-aways

. Automotive industry is considering people, society, sustainable mobility, and infrastructure
. Automotive industry is increasingly exciting and dynamic due to Control, Electronics,
Communication, and Embedded Software

. Cyber-physical systems are of great interest to society: Europe, Japan, U.S.

. Aerospace

. Light rail :

AIStorr:iltive Ken Butts' view:
. October 15, 2009 Control Electronics
. Smart grid
. Biological and Medical systems . Embedded
. Communication
. Process and Manufacturing Software
. Environmental management ....

->  What a great time to be an engineer / computer scientist !

T Physics
Karl Astrom's view:

Impact of Control, October 19, 2009

Communication
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