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“When | step into a new car
these days, | don’t smell
leather anymore,
| smell software”

hWorks
JITOMOTIVE

Jonn Lantz
Volvo 1r Groug

MATLAB Automotive Conference, Stuttgart, 2015
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John Lauckner, CTO at General Motors
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Recalls in the automotive industry

REFLHI A

Breaking News - Business

Chrysler recalls 630,000 SUVs over defects . |aneaSing NEeWws Of reca”S

(06-06 21:03)

S8 00 4 [
Just two days after refusing a US government request to recall 2.7 million older-mode . H l:l l:l /D E:

leeps, Chrysler has decided to do two other recalls totaling 630,000 vehicles
worldwide.

The automaker will recall more than 409,000 leep Patriot and Compass small sport
utility wehicles across world capitals from the 2010 and 2012 model years to fix air ba
and seat-belt problems. It's also recalling 221,000 Jeep Wranalers worldwide from
2012 and 2013 to fix transmission fluid leaks, according to documents posted today ol

the Natinnal Hinhwav Traffic Safet Administratinn wehsite. AP renorts. " Often d ue to ECU SOftware bug
Daimler to Recall Freightliner Cascadia Trucks for Light Issue . J/?\‘ K @f%u' % ECU E[’(J fl:ﬁfftli éﬁj% IK/FZ:'[

ElRecommend | 3 | | W Tweet ﬁ Share =1 Print This E-mail This

Daimler Trucks North America will recall about 46,000 Freightliner Cascadia trucks due to a software glitcl >—
that may cause the daytime running lights to turn off, the company said in a report released by the federal
government Wednesday.

The problem affects all madel-year 2013 and 2014 Cascadias produced fram May 7. 2012, to March 2, 207 n SW Com pleXity WO rsenS Situ ation

totali g 42,823 in the United States and 3,223 in Canada, DTNA estimated in its March 15 Ep0 t to the

National Highway Traffic Safety Administration.

Lexus Recalls 2013 GS 350 F Sport for
Potential Steering Hazard

By CHRISTOPHER JENSEN

Toyota is recalling about 660 of its redesigned Lexus GS 350 sedans because m EXp ens |Ve d am ag | N g to O E M S

of a steering problem that may occur when leaving a parking space, the

automaker told the National Highway Traffic Safety Administration. i géi\ }E% $ }_‘ ﬁ:ﬁ ,ﬂ—H"‘? 7 II:EI > E]/J 6& :[:I l‘é ): %

The models affected have rear-wheel drive and are eaninned with the F Snort




Recalls in the automotive industry
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SOFTWARE

NOW TO

BLAME FOR 15
PERCENT OF
CAR RECALLS

YOU CAN'T JUST HOLD THE
HOME AND LOCK BUTTONS

TO SOLVE THIS ONE

Bengt Halvorson / The Car

Connection Posted June 2, 2016
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Altran study: Study participants reported that quality improvement was a

strong reason to move to Model-Based Design

Altran®t TR : BHESGERE FKAE TRERITHERZRE

No critical
reason

Strong
reason

Very
strong
reason

A new function with high complexity is being developed ]

5%

28,8%

69.7%

Increase of the product quality

| Shorter development times and earlier Time-to-Market-Time 4,9% 31,1% | 63,9%
4 Cost savings in the software development 6.1% 43,9% | 50%
|5 Reuse of the function in other car lines is planned 6,5% 30,6% | 62,9%

MathWorks Automotive Virtual Conference, June 2013
Dr. Jens Zimmermann, Altran
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MAB 1998

3 Organizations

19984, MathWorks&iH)ZE i< (MAB)

iﬁlgﬂ: /\QE.//\
Alex Ohata Armin Muller Ken Butts
Toyota Daimler-Benz Ford

MAB 2015
Boston: 107 Organizations
FIrst MAB - g Europe, China, Japan, Korea,
Germany india .
1998 20054F, MathWorks%\ﬂﬁcJ\/\ (MAB)
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Model-Based Design Adoption ¥ & T8 s 1t

Partnership Accelerates Innovation

Research | Prototype | Produgtion

Process improvements MAB

1970 1980 1990 2000 2010 2020
Tool improvements :
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Automatic Code Generation has been an Important Motivation for Deploying
Model-Based Design

B3RS E R B2 BN K A EZ TR ST R E RIS /)

Daimler: Vehicle Controller = GM: Hybrid Powertrain Toyota: Hybrid Control Unit CNH: Combine Control Unit
Delphi: Radar Module Continental: Active Suspension Lear: Body Control Module GM: HVAC Module
Caterpillar: Machine Control Delphi: Common Rail Diesel Cummins: Diesel EMS Vodafone: Telematics




MATLAB and Simulink Help Engineers Put ADAS and Autonomous Driving on the Road

MATLAB F1 Simulink 5B T2

Sensor fusion
Two sensors -> One “truth”

~ = Sensors have different advantages

X . * Radar

. + Range (longitudinal)

+ Relative velocit
+ Solid object reflection

- No shapes

- Lateral position

* Camera

+ Object type
+ Object width Redundance

T - + Lateral position required for

g We” “ammglllT” - - Range Stlafl9t11aw
= E - Optical illusions objects

U 3%\

\$) scana
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Model Based Design for fusion

4\ MathWorks

Easy to get nice and readable architecture For-sach systems and Matlab Function blocks,
- - suitable for loops and similar calculations.
| | - - ] I =
- | - = -,
A~ oy = L= =
& - e -
.-. il = £ I| ' -
- - - = L P -
MATLAB is a suitable platform for E' I ————
debugging and visualization. asy debugeing in Matlab Function Bloc
e
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50 km/h - sudden brake

Model-Based Design and Code Generation
for AEB Sensor Fusion
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Surveys from 3 continents, 176 companies representing 30,000+ users

DLTFIEERETF: =AMKRE, 176 XA, £% 73000024 F

Source: 2015 MathWorks Model-Based Design Survey

= Automotive

m Aerospace and Defense

® Industrial Automation

® Rail, Ships, and Other Transportation
m Electronics and Semiconductors

® Medical Devices

m Energy Production

® Communications

m Other

m Metals, Materials and Mining
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Perceived Current Benefit Versus Traditional Methods

SR, B

Desktop simulation 4.17
Graphical authoring of algorithms 4.14
Real-Time Prototyping 4.05
Production code deployment 4.04
Plant modeling 4.04
On target prototyping 3.93
Hardware-in-the-Loop 3.91
Model verification 3.72
Textual authoring of algorithms 3.66

Code verification

3.62

A ETMBDHILH

5 =very high
4 = high

3 = medium

2 =low

1 =very low

4\ MathWorks
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Perceived Current Benefit Versus Traditional Methods

SR, B

Desktop simulation 4.17
Graphical authoring of algorithms 4.14
Real-Time Prototyping 4.05
Production code deployment 4.04
Plant modeling 4.04
On target prototyping 3.93
Hardware-in-the-Loop 3.91
Model verification 3.72
Textual authoring of algorithms 3.66

Code verification

3.62

A ETMBDHILH

MBD Component Benefit

BHRE: mRIRNIEAEMBD,
AR ML FHEATF R
MBD )= O .

1. RHEHE
2. A[ AT B B R iR
3. HRE R R 577 SARIS AR B
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Cummins in 2007

BT, 20074
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MathWorks Automotive Conference
Dearborn, Ml
June 2007
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ummins’ Vision for Embedded e
Controls Development

Cummins generates

models of the Func. Deslgn & Rapid Prototyping 72* Code Generation . produce
controller . T T T e e | automatic
=" lg L"*‘f"’—‘*m_ C-code
e ol P o straight
i = “’ 'szm._\ [ from the
—————to. | i controller
== —— model .
st these models in
inqulation . . . that mteﬁ
e T ' on actual B
e e hardware
S — WV / which is %
mmm—— o%buE g
- TR v
— |
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Difference between perceived current benefit and future benefit
HEI IR R 5 R K ARG S B X 0]

Delta in

MBD Component benefit*

Code verification 0.40 HESRE W IMR IR IEFERN
Plant modeling 0.39 FIMBD, £ TFRIEHERRE
Model verification 0.38 DLW A TH:
Hardware-in-the-Loop 0.34

Desktop simulation 0.32 X X

Production code deployment 0.31 1.3 iE 5 A

Textual authoring of algorithms 0.30 2. XN R EE AR
Graphical authoring of algorithms 0.29

On target prototyping 0.28

Real-Time Prototyping 0.26

16



Model-Based Desigh Maturity Auto Industry Maturity:

REAT I

o
Ny

AR VT B R

-

Top 20%, Average, Bottom 20%

Modeling
100

Simulation and
Analysis

Enterprise
Management

Process, Tools .
Implementation
and Infrastructure

Verification and
Validation

4\ MathWorks
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Model-Based Design Auto Industry Leaders: Trends and Focus Areas

IRZEAT L

= TR RSSE: B 5 RIES

*  Scalable architecture
Enterprise-level Model-Based Design Modeling ° Plant modeling
strategy *  Modeling for reuse
Strategic measures and indicators
Training and knowledge management
Supplier collaboration and
management

Simulation and
Analysis

Enterprise
Management

*  System-level simulation and optimization
*  Virtual calibration capability

*  Multi-core

*  Hardware software co-design

Process, Tools
and Infrastructure
Process definition and improvement
Continuous upgrade strategy
Improved metrics and estimation methods
Regression testing framework

Implementation

e AUTOSAR
. HDL code
. Further reduction of manual tasks

Verification and
Validation

*  Requirements traceability
*  Automated test generation and execution
*  Regulations and standards compliance

=) Low

W) Medium
mmmm) High

4\ MathWorks
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Cummins: Model-Based Design Deployment History

R 3%

\

TR

& TR T A
T FEIHHE SR i) 2 Ak

Cummins MBD (Controls) History

AT HIERE T 52

Accelerating MBD,

Reducing Development Cost

— Software workflow
Improvements

“Hand
Code”

® First
MBD
Controls

!mbedded
Coder

Component
Simulation

* Reduction in engineering SW
builds by 80%

* Integration of Control MIL
with HIL, work flows ($xM/yr)

— But more importantly,
improved test coverage

— Calibration Workflow
— MIL Transient Engine

. MBD

Integrated
Simulation

Pre 2002

2006

2014

Calibration

Investment

MBD capability growth takes continual process improverr

» H0% Test Cell Reduction

Data Classification: Public

Data Classification: Public

Model Based Controls: Moving Beyond Software Domain, Ed Hodzen, Director, Advanced Engineering,

Cummins, Inc., MathWorks Automotive Conference, May 2015, Plymouth, Michigan, USA

19



Cummins: Moving Beyond Software Domain

R B BT A R R A Y B

IERGIT K

MBD Technology Workflow

P —— | MBD
Sub Sys. e 0 . ] » -

Models

Technology

System
Models

Project MBD

Simple .
Detailed
Architecture Controller
Performance ;
Models Model Model with
e coMm

i
1
2D 1D i1 OD Maps Future Shift
il
1
i

Advanced Engineering Product Development

Data Classification: Public

Model Based Controls: Moving Beyond Software Domain, Ed Hodzen, Director, Advanced Engineering,
Cummins, Inc., MathWorks Automotive Conference, May 2015, Plymouth, Michigan, USA
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Applymg MBD is a Step-by-Step Process

X
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TR

Requirements

S
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Graphical
Specs

Simulation

R bvid:pul

Rapid
Prototyping

Real-Time Testing

i

Fully Leverac .«
Model-Based
Design

Simulation
based
Development

Production
Code Gen

Production

‘ MathWorks:
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What Capabilities Can | Leverage?

By

1. System modeling &4

- 51\

2. Verification and Validation &1l

&\ MathWorks
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What Capabilities Can | Leverage?

1. System modeling &4

By

4\ MathWorks
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Full system

TERG

PHYSICAL SYSTEM

SOFTWARE COMPQOSITION

‘ MathWorks:
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¥ HEV_MultiMode_Optim_3 - Simulink
File Edit View Display Diagram Simulation Analysis Code Taols Help

-8 Cek - A== IC R 7S e = N Rl B

HEV_MultiMode_Optim_3

HEV_MultiMode_Optim_3 #

Kph and G rade Demand
Combined 0-60, US06

Mechanical

IVehignals]

14 The M athWorks Inc. Version R2014a

. MultiModeCntrl_KO4
BattSignals

Gen Signals
EngSignals
'Veh Signals

ClutchSignals
MotorSignals Pl Errors
OperatorSignals

Multi Mode and Power Management Control

ControlBus —

Hybrid Electric Vehicle Demo: Multi-Mode Powertrain*

Copyright 20

=== Mﬂ“‘ﬂ
v a4

Electrical
Partition

T <]

o - Mechanical i
Engine Plant Partition 1 =0 Motor Plant Partition 2 Vehicle Plant
Batis
24 ) -lEnﬁigrab] Engine
b9=0 {
)
Trermal ( -—i-lﬂmﬁia“ﬂ Batt
ke Cooling System
, == d P
B> —r L < Garswar]
” E §| peet I [Oper_Cmas] 0OpCmds
ControlB:
Clutch Plant c""'
Calculate MPGe
“Reference Faper:
UL, S R SR DREDEECtaN S TSGR P T SR SAS S O W D
[T
» -
Ready 87% FixedStepDiscrete

System model RS

4\ MathWorks
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Multi-Tool Simulation Integration % T. B4 E:

-_

. )

Track, Tires Control Electronics , ,

! ’ A . Drivetrain Suspension Thermal
Driver [Simulink] [Simscape]

[Tool A] 1.0 R2015a R2014b [Tool B] 2.0 [Tool C] 3.0 [Tool D] 2.3
ﬂ——————\vl— —————————————————
( 3
: [ S-function l : S-function
\ ) -

I

L Simulink as your Simulation Integration Platform

ﬂ' f

4\ MathWorks
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Simulation Integration Platform Characteristics

T AT & KL

Authoring environment Mature and extensive API
for component Models for 3" party component integration
ENGIEER e Eiebib) iAf 82857 RS T2 IR = AR B
[16z |«
[1/z |
Etslip Gdem
= CmdSpd n lm
Speed EngSpd  19Em ]
Demand Transmission
[ Controller :| Engine RFM
rpm T S
Sh S 5pd o]
%_ﬂ @ L(-q-r-—-r-—gr\i@é\-]p Vehicle Speed
EQE;?;E Dual Clutch Transmission VEhiCIell__IIJJxlflnamics
Multidomain simulation Scalable Analysis and Debug
environment environment capabilities
Z I B A B A 552 st 5 RE
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Simulation Integration Platform Characteristics

BT IRRT & HURFAE

Authoring environment
for component Models

AN TRV AP AR ) g S A 35

Mature and extensive API
for 3 party component integration
RS T2 58 = 5t S R

= =™
L’ 1z
Csli
. Gdem
VehSpd

[ Seoess ]
Fuel Economy

NOSpa_Tpi—| ]

Engine RPM

Pdem
mfw | CmdSpd
_..
Speed EngSpd  Tdem
Demand Transmission
Controller

S

5‘!:’-"—‘-—?—
sh o . spd pll 1
D

(o S—

Yehicle Speed

Engine

Vehicle Dynamics

Generic Dual CIutu:Dh&t'glzgsmissinn ol
Multidomain simulation Scalable Analysis and Debug
environment environment capabilities
EZCRNRERINT ) CIEi A2 S st SRR

&\ MathWorks
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Simu

PiFs

ation Integration Platform Characteristics

T HORFAE

T=lo |

- b0 FORA
Fie Edit Semings Add Help
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Physical modeling #J#

Electronics
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)

Fluids
G2

Iy

Multibody
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o

Driveline

§7¢

Simscape
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Simscape Runtime Parameters ( Simscapeiz{Thf

4\ MathWorks

2% R2016a

Vehicle Mass: esmpmmms |-

Shaft Compliance: e{)=—

Final Drive Ratio: es={)w

= During HIL tests

View Display Diagram Simulation Analysis Code Tools Help

Ho-B-eq40Op = [[- =

L ESysMot_TReq ¥ Mot_TReq

DDDDDD

= In protected models

= During iterative
simulation workflows

= For power systems and other
modeling domains

31
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Simulation Integration Platform Characteristics

T AT & KL

Authoring environment Mature and extensive API
for component Models for 3" party component integration
AN R A A AR F ) S A 85 RS T2 IR = AR B
[16z |«
[1/z |
Etslip Gdem
= CmdSpd n lm
Speed EngSpd  19Em ]
Demand Transmission
[ Controller :| Engine RFM
rpm T S
Sh S 5pd o]
%_ﬂ @ L(-q-r-—-r-—gr\i@é\-]p Vehicle Speed
EQE;?;E Dual Clutch Transmission VEhiCIell__IIJJxlflnamics
Multidomain simulation Scalable Analysis and Debug
environment environment capabilities
Z I B A B A 552 oA 5 R RE 7
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Simulation Integration Platform Characteristics

PrIRT & HURFAE
i HERCT 6 L ZUH 4 LR RE
= AT RE %
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- B EAE
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— 2
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¥4 new_simulation_data_inspector ool 3.
File Edt View Display Diagram Simulation Analysis Code Tools Help
=-8 @lw@c)ﬂb'@-w Cm— R R

@ |[%ajnew_smulation_data_inspector B

N
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What Capabilities Can | Leverage?

2. Verification and Validate il

- 51\

4\ MathWorks
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Verification and validation BiF 554\

Automate testing and find design errors B Zh4LRF

7
typedef int 1int32 t;

7 7
int32_t testl(void)
{

7
char *data;

7
data = {(char *)malloc{l00*3izecf (cha

Polyspace

[E] = Modeling Standards for DO-1786
[E] = Modeling Standards for [EC 61508
@ C& Modeling Standards for MAAB
IE& MNaming Conventions

[#] & Check for incorrect file names
[¥] @ Check folder names

[# ‘.i"-., Check subsystem names(’
@ Check port block names

O Check signal labels for incorrect

& Check block names fnrincnrrectfl
ﬁ-ﬁ-nm-n.ummu.c ~

Simulink Verification & Validation

< [« =]

wdemo_fuelsys_logic/Configuration

Design Error Detection

Dead Logic

[speed==0 & press < zero_thresh]/
Sens_Failure_Counter INC

state[SPEED] = 0

[speed = 0]/
Sens_Failure_Counter. DEC

Integer overflow

Division by zero

speed_fail

Check specified intermedig [entry: fail_state[SPEED] =

Simulink Design Verifier

HDL Verifier

4\ MathWorks

R BB R

e orness QI restseauence I restiansoer I

F@

Model Code

Simulink Code Inspector
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Simulink Test New Features in R2016a

Simulink Test ££2016akx4sH

Test Harnesses

‘‘‘‘‘‘‘

—

« Harness list dialog

» Library harnesses

« Simulink functions/export
function models support
(AutoSAR)

« Externally-saved harnesses

* Requirements linking

Tes Sequence

Syntax highlighting

Tab completion

Enhanced symbol sidebar
Message 1/O, function call
Description column
"verify" statement

API

Requirements linking

1 HIHT Zh e

Test Sequence Block

llcies

4\ MathWorks

Test Manager

Coverage

Parallel test execution
Report customization
lterations
Dependency/impact analysis
Test for subsystems
Real-time test cases (SLRT)

36



Simulink Test R2016a:
Author and execute real-time tests #J& HHAT LR N,

4\ Simulink > @ =
Eie Edit View Window . ]
o o samsa = un tests/assessments on Simulin
fargets “HX] & Control Panelaitip v X D TagedClowcip - x [Faete Ti%
E 56 B B s
4 MATU on = .h Pointer .
« 5 TagerCi EEEEEE——T Vode:  Real-Time Multi Tasking = | %%
® Properties 0 10 20 30 % % 6 70 8 % 10 Execution Time < ;_‘:;"<E~_,/ ea - I e ar e
b e ® 3405.83 = Swenied I I I
oN Tk # NumericalUpDownEnt|
WEngineRFN M EngineRFM M Enginef

L - Start simulation tests from model,

€, B —{w000* " . . .

waw e Jav application, connect to running target
[ac] !

: ' B s 1e

B e e 0] 4[] New T

g L

i e - Test sequence assessments to verify
behavior without stopping the test

RREREP = Bring back real-time test data for
: “' o analysis in the test manager

-
‘ - s
-

4\ MathWorks
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Verification &iE
Fast and Small Iterations g 585 /MEAL

\ Certification
2
Requwements tracing \ V4
HIL
\J Test
Slmulatlon management
Code mspectlon
Property provmg Test generatlon
Standards checks  cqge verlflcatlon
N N\
\/ \J

siL £ PIL

‘ MathWorks:
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Summary & 45

Model-Based Design is in widespread use for new product development
PR BB T R AR 22 M
Automatic code generation provides significant benefit

B ZACHSAE pleay oK 1w &

— Often the first technology to adopt by automotive companies

— Widespread usage including high performance and safety critical applications

Beyond code generation H LS A ik DL Ak

— Model verification and closed loop simulation are key to front loading

— System modeling extends the scope and benefit of Model-Based Design

MathWorks focus is to evolve the tooling for Model-Based Design

TR~ 7 T2 PR B e TR st 5 R R

&\ MathWorks
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