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Automotive Software Development Process

A-SPICE Model

B HIS Scope
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Request for Proposals
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Supplier Qualification

System Engineering Process Group (SYS)

§YS.1
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SYs.2
System Requirements
Analysis

SYS.3
System Architectural
Design

SYS.5
System Qualification Test

SYS.4
System Integration and
Integration Test

Management Process
Group (MAN)

MAN.3

Project Management

MAN.5
Risk Management

MAN.6
Measurement

Software Engineering Process Group (SWE)

SWE.6
Software Qualification Tes!

W
Software Requirements
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Design Integration Test

WE.

Software Detailed Desig
and Unit Construction
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Software Unit Verification
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Product Release

Supporting Process Group (SUP)

REU.2
Reuse Program
Management
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Automotive shift towards Agile

IDNEO continuously inspects and

Burnup Team ;
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Chief Engineer Developers Coach v—\/\\_ e Customers
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“m_m I T et
o JSprint and fast design iterations pave the road for
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Agile in Automotive Software Development?

O
Customer collaboration over contract negotiation ‘ ,«\6‘\\2\(&9\'
Responding to change over following a plan \)('\\\%\g@x\\
Working software ever documentation ‘ (\goyfo\fg&
People over processes and tools \“\\\\:G(Q@
O

* Quality and maintainability require adhesion to established and audited processes.
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Model-Based Design can help

Model Based Development is a established methodology which helps to
agility...

 Abstraction from HW, early error detection, fast prototyping and . | .
design iterations, improved communication, ... Sl mu at 10N

+
Automation

...but is not sufficient:

» Tools are required to ease process execution and produce
process evidences.

« MathWorks products help from early design phases and design

validation, up to coding and code verification (@IDNEO since
2015).
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From architecture to design

Module
definition
(ARXML

SW modules
defined in
architecture

Design

Model engineers fill in

scaffolding

functional units
with required
implementation

automatically
generated

artifact)
imported into
Simulink

using
AUTOSAR
authoring tool

microcontroller (MCU) and dependent on ECU hardware

| SWCDDO4_PowerlManagement:...
| ® Services layer is independent of X p— -
microcontroller (MCU) and ECU hardware . L
# ECU abstraction layer and complex drivers are independent of X :M"m
. wake_up_source

Application Layer

|
] | AUTOSAR Runtime Environment (RTE)
| SWC008_WakeUpStrategy_10ms
Bas‘c comp'ex function()
O E Abstraction Layer m_m’«_mﬂex_pl_awve»mdlx_wma
Software - ECU N8y Drivers 2 ! _read pt_active_index_pt_active_index
(BSW) ElectoRefuSts_ElectcRefusts
Microcontroller Abstraction Layer wake_up_stae_akn_up_site e
| ——————— — () ¥{wake_up_source_wake_up_source_read wake_up_stals_wake_up_stalo
wake_up_source_wake_up_source WakeUpldx. WakeUpidx_wite NED)
WakeUpldx_WakeUpldx
[@D; /_IgnRunRly_read
4 WakeUpSt WakeUpSt_write 4@
—————#Microcontroller abstraction layer \gnRunRly_lgnRunRly WakeUpST WakeUpSt
is dependent on microcontroller (MCU) SWC008_WakeUpStrategy_10ms_sys
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Traceability requirements <-> design

Are we done yet?

What is this block meant for?

Bidirectional traceability between design and requirements helps to answer those questions

(+ needs to be demonstrated...).

Direct linkage between Simulink design blocks and requirements management tool:

¥ idneo

v2 he SENT diagnostics for th
t_sent_y2 -
LinearAdjustmentTemp d report any error (CRC and
SentComDiag
sent_s:
sent_diag_adc
ent_diag_adc =

SentElectricalDiagnostics
REQ1578 If the P/T sensor is not analog, the analog diagnostics for the P/T sensor analog shall be disabled. ¥ Sw Yes No Mo
REQ1579 T the P/T sensor is not SENT, the SENT diagnostics for the P/T sensor SENT shall be disabled. |'| r N2/2_Req_Global »
REQ1104 ﬂ 3. [Simulink reference: SWCO01_PT_Sensor/.../Digital SENT Sensor/SentComDiag (SubSystem)] . I External Links »

case SENTSersorT - g
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Design reports

* Design reports help at understanding and
reviewing design.
* Full-blown HTML reports very useful for

n: '<S1>/RefreshParameters' incorporates:

development and quality teams: G e
i_-'.'-' , SoundGeneracionParamem |:|
* Browsable design, block configuration rre j e “”’/ - f
parameters, traceability design to code, ... |- ‘ :
s5G H View All | RefreshParameters
[%a SW203_SoundGeneration » [ SG » + Q | ~Main
@ J' ShowPort... FromPortlcor
*  Sometimes too much info for customers: & ! Eﬁ?iﬂm ReadWwrite
PermitHie... All
i PropExec... off

* IDNEO CUStom reports USing Report All constants used in this subsystem are actuslly dependent on the selected soun -~ Code Generation
Generator APl + DOM API to o RTWSyst.. Auto

ot (15) e
+ _Lm » Other
programmatically create PDF documents. - e
13@
[-1Data files - . :l:uennes1
SW203 SoundGeneration da phasest 1'5‘”5@;
| s el ) flaat? (15} e —,
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Design validation phase
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From simulation to design validation

¥ idneo

With Model-Based Design, design and design validation become very

coupled processes.

Design engineer performs exploratory simulations right from the time of |- Simulink

model inception.

Need for testing increases with design maturity:

halysis Code Tools Help

B-D@q@ﬂb AR

* Test suite with controlled (repeatable and maintainable) test cases.

Simulink Test used to create and execute model test suites.

* @IDNEDQ, replaced internal tool that required high development

maintenance effort.
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Simulink Test

Test Manager to Test harnesses Controlled setting Model output
create test suites automatically of inputs and assessment

and define test created for the parameters for based on
cases model under test each test case different criteria

Test Case Templates

imulation Test
SWC008_WakeUpStrategy Simulation Tesf

.—v(() L »{SWC008_WakeUpStrategy_10ms pt_active_index_pt_active_indh 4>®
- pl_active_index Input Output ‘/ Assessment
AcIveToON index? Function-Call > > Criteria

{ Ref I » tat ] >

EleccRefusts_EleceRefusts [-———— | wake_up_state_wake_up_ wake_up_siale »(2)

] Baseline Test
»(3)

wake_up_source_wake_up_source convert wake_up_source_wake_up_source WakeUpldx_WakeUpld:
‘WakeUpldx

wake_up_source
Input Output
_ _—
Signal spec. .
> and routing Assessmen!
IonRunRly gnRunRy [ convert g y_lgnRunRly WakeUpSt_ WakeUpSt[—»— ¢ J v Citeria

File
Signal spec. D on‘;‘);ﬁt;d
pt_active_index_nvm_w — # convert and routing —_— > —:_i
pt_active_index_nvm_w | pt_active_index_nvm Ry :)4

Data Store Read

Int

i Equivalence T
wake_up._tig wake_up_trig Data Store T quivarence est
swedd04_alarm_SetAndStart(alarm_seconds)

Input Output
Harness Inputs [value,ERR] = wake_up_trig_ReadChannel() alarm_sec _’pu n _"P

_up_trig
Input Output
—_—

Assessment
J “ Criteria
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Report Generated by Test Manager
Test results and coverage reports Te w002 Unit Test Report
Author:
Date: 02-Mar-2018 09:22:04
* Native test results report used to keep track Test Environment
Platform: PCWING4
of test status and outcomes. MATLAS: (20172
Summary
Name Outcome (2;';223';)
* Cumulative test coverage computed and Resulls 2012.Mas02 09.17.49 e
[ SW002 AudioDriving 40 54
. [£) Audio Driving L 31
reported for the complete test suite. o o
[#) Audio Driving Enable Cal Off e 8
[ Audio Driving Enable Cal Off Diag o 7
H Results: 2018-Mar-02 09:17:49
* Coverage helps to assess test suite
Result Type: Result Set
. . " n Parent: None
Start Time: 2018-Mar-02 09:17:49
completeness, as well as to identify “dead SeriTme  2016Mar0209 17 45
. . QOutcome Total: 4, Passed: 4
Slmullnk bIOCkS_ Aggregated Coverage Results
YT ——— [anatrzed oser [sien oo [peciniorExecusio]
Execution
— 1003 e
... SN0 Auiolivion e — 100 —
e ; ; o mozar mioa_CH1_ Pomecan P —
* Justification feature useful for audit |1 =i e
p Sy swosz 01 01 002 01 0 e Nominal GEI_Pssehot ENSOT 01 01 feCh Nominl 16 6% mmmmm NA
T sz o @ Nomial CI2 Feraut B 8 % m— 0%
pu rpOSeS- : SF: SW002_AudioDriviag/SW002_01_01 I /SWO02_ 01 02 r_Nominal CH2 PowerOut EN/SWO002 01 01 i h2_Nominal 1] :6 :1; — ::
10.... ... SW002_01_02_AudicAmplifisr PCM_EN 5 100% s— 1007 —
1oL SWae 0103 POM Mg e ——
» P AviaDiti S002 0101 . N o e PCM ENATO0 01 03 PCM Masarer 3 100% mm NA
13 SW002_01_02_AudioAmplifier_TestMode 3 50%  m— 100%  e—
" Sworz o1 29 - Tt 2 5% — A
e | Thiote 2 0% —a
6oL .. S SN AutlivingSWOR7 1.0 ez 102 o1 . o102.01 e | % — A
v 5002 01 02 02 AusioAmiter 2 Teminde 2 0% — A
s o o1 o2 02 Teaoe S ——
® Sz 5302 oL T2 002 @ 2 o2 01 2 @ D Tub 1 % mm—NA
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Code generation

* Once design is ready, Embedded Coder and AUTOSAR support package are
used for production code generation (C language).

* Interfaces and architectural dependencies automatically in-place.

* Straightforward integration into AUTOSAR platform, it compiles right away.
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Code verification

. . * Direct reuse of design test suite by running in SIL
Simulink  [EusEE

Test

® Equivalence test between MIL and SIL.

® Built-in configuration for AGC:
* Reduction of “noise” level in the analysis.

Polyspace

¢ ...and, of course, Polyspace auto-generated reports.
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Products and projects
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Model-Based Design with MathWorks products used in
several projects for different product types...

* AdBlue dosing systems.

* Brake by wire.

* Fuel door lock.

* Engine sound control.

* Water injection for combustion engines.
* Door access module.

* In-vehicle camera monitoring system.
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... and different software architecture layers

* High-level application logic.

® Services layer is independent of
microcontroller (MCU) and ECU hardware

# ECU abstraction layer and complex drivers are independent of
microcontroller (MCU) and dependent on ECU hardware

Application Layer

* Software drivers close to HW.

[ AUTOSAR Runtime Environment (RTE)

Technical Article available in MathWorks site: e —
echnical Article available in Mat OrKs site: S(?:v?‘acre A ) ECU Abstraction Layer

(8SW)

Developing and Testing AUTOSAR Software Components and
Complex Device Drivers with Model-Based Design -

L@ Microcontroller abstraction layer

By Enric Valencia, Ph.D., and Joan Albesa, Ph.D., IDNEO RARRIHOMI LOR BIRERAIDR 5 (N1
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Example 1: Wake-up logic for control unit

Main characteristics:

* “Simple” and small SW component, but in
a full AUTOSAR architecture.

Key takeaways:

* Model template auto-generated from

ARXML
* Auto-generation avoids manual boilerplate =

code.
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Example 2: Driver for DC motor A
In-rush Travel Stall
Main characteristics: /
* Control of HW actuator (DC motor) with t
diagnostics.
Key takeaways: -
e D)
= - e | ou e
* Simulation of driver nominal behavior. S et
* Simulation of HW abnormal behavior -
(diagnostics), difficult to mimic in real e N =
system setup. e ? e S E—Y
@ = e
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Example 3: Engine sound generation

Main characteristics: _ 02
:: 01kh Baseline ]
« Signal processing algorithms: § ' —
digital filtering, linear interpolation, ... 5 0
£ -01
3
_0_2 1 1 1 1
Key takeaways; 0 10 20 30 40 50
Time
« Parameter override for each test case.
« Store test output as WAV for audio
engineer. 2
» Baseline recording in Simulink Test. L
n-D T(u)
Tre%es ho e h@_. A I /\/ Gain  gum of 15 tones
e e SIHUS$:'b\I-eDDkup sd(n) = sum_{1,15)(Ai-sin((2pi-F-t)+phase))
phase from 0 to 2500 (2pi)
3 .‘J convert
pha% Da\mlon
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Conclusions
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Agile practices in automotive SW development

Model-Based Design contributes to agile by means of common
language (model) and faster development time (simulation).

Automation capabilities of MathWorks tools enable agile in
practice without compromising quality standards.
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Quality enhancement

Early error detection from design phase.

Consistent model validation.

Improved code quality.
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Maintainability

Better readability (model vs code).

Enhanced traceability.
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Efficiency gain

A single tool-chain/team,
many different application scenarios
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