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1) Jaké metody se pouzivaji pro vyvoj embedded systémui?

Zakladni uvahy o navrhu embedded systému, spolehlivost a komplexnost

Metodika navrhu embedded systému

2) Co je modelové orientovany navrh fidicich (embedded) systému?
V- diagram modelové orientovaného navrhu

Porovnani modelové orientovaného navrhu s tradicnim navrhem.
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- Vyvoj embedded systému

Hlavni pozadavky na vyvoj embedded systémui

Rychle a levné (Time is money)

X

Spolehlivost systému, spinéni norem, pozadavku

!

Rapid prototyping, digital prototyping, rapid application development...
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- Vyvoj embedded systému

Rapid prototyping

Rychly vyvoj prototypu je postup vyvoje od navrhu (ideje) po vytvoreni
fyzického modelu
Mezi zakladni technické nastroje patfi obecné: 3D tisk, CAD systémy, modelovée

orientovany navrh apod.

Rapid prototyping v embedded systémech

Modelové orientovany navrh, automatické generovani kédu,
automatizace test(
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Motivace — spolehlivost fidicich (embedded) systému a SW

Boeing 737 MAX

Chyba SW (Maneuvering Characteristics Augmentation Systém )-> 2 nehody, 346
mrtvych+obrovské ekonomické dopady

Ariane 5
*Chyba SW
Ariane 5 dosahovala pfi startu 5x vySSiho zrychleni nez Ariane 4 (Caste¢né prevzaty SW a HW)

Hodnoty zrychleni se dostaly mimo ocekavany rozsah a pfi konverzi 64-bitového desetinného
Cisla na 16-bitové celé doslo k aritmetickému preteceni

Doslo ke sebeznic¢eni Skoda 500 miliont dolart.

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
NVISTICE DO WAS BUDOUCHDSTE
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Motivace — spolehlivost ridicich systémui a SW

V ¢em je problém spolehlivosti elektronickych embedded systému?

Driver EventData
Night Vision

Monitoring Auto-Dimming Suppression Environment System

Con! !rol.l
Adaptive Front
Ughting ~

Alertness Recorder Cabin Noise  Cabin  Entertainment

Windshield Head-Up Mirror Controls
Wiper Control Display n:admt Battery
Interior VolcefDau Management
Ueh""‘ Comur-catb ns
Airbag Engine Insuumenl
Deployment Control  Parental C!us!ev Correr.mn
| : Ek-c\rom
'l'olloollection

I’In al Tiwrn Sonale

Narust kompIeX|ty embedded systemu SWiHW

Power Steering Antilock \Acllve Suspension

|| i

Electronic Throttle ,d., oao Trﬂnsmlwon E;L’."."" Braking Hill-Hold

Control Control ity Control
Stop/Start Remote Control

Elcctrom: Vlbvanon x”ms Seat Position Parking Regenerative

T arech Control  EntryJ o Control system  Tire Braking
Cylinder Blindspot Departure Active Pressure
De-activation Detection Warning Yaw Monitoring
Control

Typicky automobil (2018) obsahuje:

100 — 300 mikrokontrolér nebo procesor

> 50 komplexnich fidicich elektronickych jednotek
5 — 20 miliond radkua kédu

> 1 mile (1.6 km) kabelU
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V €em je problém spolehlivosti SW?

Motivace — spolehlivost ridicich systémui a SW

Software Size (million Lines of Code)

Facebook

Windows Vista

Large Hadron Collider

Boeing 787
Android

Google Chrome

Linux Kernel 2.6.0

Mars Curiosity Rover

Hubble Space Telescope

F-22 Raptor
Space Shuttle
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P cuexmorecumcd Motivace — spolehlivost fidicich systémi a SW

V €em je problém spolehlivosti SW?

Mac OS X “Tiger”
vi04

—;I. 00 Car soﬁ:war.e
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:ﬁ-’?rnge ’ ‘-“161—'1 hjgh_énd - ----------
Mouse*
Total DNA basepairs in genome
7 I 10 20

Google
net services

50 80 70 80

all interr

Samofrizena auta >> 100M radkd kédu, problém testovani hlubokych neuronovych siti

Komplexnost SW High-end aut se aktualné blizi komplexnosti DNA mysi + nové oblasti —
autonomni fizeni, kyberbezpecnost -> dalSi velky narist komplexnosti SW (poctu radku
kédu)

- .
[ 3
e :_ —
MIIBTERETVD BKOLETVI VEOFSY FOND PO REGONALN ROV OF Vyikum a vive
ook S » INVESTICE DO VAS BUDDUCNOSTE prar Inovice
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Trendy....
VOLKSWAGEN

LLLLLLLLLLLLLLLL

In the future, software will be a main differentiator in the automotive

industry...

Today Tomorrow

* 100 million lines of code per vehicle * > 200 - 300 million lines of code are expected
 Approximately $ 10 per line of code * Level 5 autonomous driving will take

» Example: Navi system 20 million lines of code up to 1 billion lines of code

_ Lines of Code Li f Cod Model
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5.0 book Office Fighter Kernel Chrome
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Podobné trendy i v oblasti elektrické trakce (metro, tramvaje, trolejbusy)

Automatizované (autonomni) metro v Kodani

Prvni automatizovana linka bez ,,fidice“ v Kobe 1981
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Metodika navrhu ridicich
embedded systému
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Motivace — spolehlivost ridicich systémui a SW

Metodika vyvoje embedded systému:

Vodopad (Waterfall)

V-model

lterativni a inkrementalni vyvoj (lterative and incremental development IID)
Spiralni vyvoj (Spiral)

Extrémni programovani (Extreme programming XP)

A dalsi
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P cuexmorecumcd Motivace — spolehlivost fidicich systémi a SW

Vodopad (Waterfall) — hodi se spiSe pro jednodussi systemy

e Pozadavky (zakaznika, normy apod.)

Navrh (HW, SW)

‘I;plementation Implementace (real izace prOtOtyPU)
(N

h
SN

“Verifioation Ovéreni a teSty

A

Maintenance Udrzba

E
VRGPS FOND FRO REGIONALN RODVE) OF Vyskum a
Inovace

INVESTICE DOVAS! BUDOUCNDSTE
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Motivace — spolehlivost fidicich systémi a SW

V-model — umoziuje efektivni navrh slozitych a komplexnich systému (automotive)

Analyza : o
poiadavkﬂ Re'qql::;leyr:iints 2;:1 - . ] LB | I - ] I . | LB | _ Acceptance Akceptacnl testy

Test
Navrh Testovani

Systémovy navrh (z jakych
komponent se bude
systém skladat apod.)

a
“"If’l I N N B N D B D B B EE .

Systémovy test

Navrh archltektur'y — spgojeni Architecture P AP — Integration Integrac":m’ testy
komponent, architektura SW, Design ) Test
zavislosti

. i [AVAY, Component Component 2 g @z
Navrh jednotlivych komponent s e Teat Testovani diléich komponent
(napf. Cidel, regulatord...)

Implementation

Implementace/realizace

VRGPS FOND FRO REGIONALN RODVE) OF Vyakum a vive]
INVESTICE DOVAS! BUDOUCNDSTE e
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Iterativni a inkrementalni vyvoj (lterative and incremental development 11D)

Prabézné zlepSovani navrhovaného systému, mnoho prototypu

Implement Implement Implement Implement
some some

features features

some some
features features

Release Release to
customers
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Spiralni vyvoj (Spiral) muze vypadat podobné jako vodopad, pribézné se opakuje v
cyklech vedouci k priabéznému zlepSovani systému a inovacim

Cumulative cost

Assess risk

Zhodnoceni rizik

Determine objectives

Ur€eni (definovani) cill

Review

| _i_ Prototype  Final
|

Planovani dalsich cykl (zlepseni) fiigEnentace (realizace) a testy

Plan next cycle Implement and test
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Modelove orientovany
navrh ridicich embedded
systému
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- Modelové orientovany navrh embedded systému

V-model pro modelové orientovany navrh SW

Simulace fyzikalniho Real-time test HIL

systemu, Cldla’ aktuatory Verification and validation funkcniho celku

Hardware-in-the-loop
(HIL) testing

Simulation

. Integrace
7 - z _ TN = System Integration
SyStemOVy navrh System Specification and Calibration fidici Jed notky

Navrh algoritml‘], System simulation (export)
, Rapid prototyping
regulaci apod.

Processor-in-the-| Testovani SW na
{PIL) testing , , v
cilové platformé (PIL)

Software Detailed Software

Detailni navrh SW Design Integration Integrace SW do
fidici jednotky

Software-in-the-|
(SIL) testing

On-target rapid prototyping

Testovani SW na PC
Coding (SlL)

Automatické
generovani kodu pro
cilovou platformu

Production code generation
Model encryption (export)



Modelové orientovany navrh embedded systémii

Vyvojovy cyklus - Model Based Design

Pozadavky a
specifikace

Modely prostredi

e e ————

Modely chovani
systému

u Modely prostredl

_ e Implementace
v"‘_——_:_—___—_ﬁu .*'
Pevetielnf model e ooty
- Jednoznacne ; Testy a
- Nedovoluje pruzné —— _‘ o -
B\aﬁ?ﬁalgﬂ%nzace Verifikace
pravda” ' £
! ﬁi}?fé’l?é;?)rototypy B
je potiebu
Peaigrighaiptotn  H5
- BRI rocne Mcu || osp [llFPGA ASIC : L
systematickou

“‘what-if’ analyzu

Autsniatiel§ramovani "
gRBErONRMdGdy ISR

- Redrdigr/fasu a usili = 5 Freadiiairtestethiéni oop
- Minimalizace chyb pfi 1 PRIy SR E9758p

programovani vzhledem ke struktuie
vyvojoveého procesu

Prevzato Humusoft

VRGPS FOND FRO REGIONALN RODVE)

INVESTICE DOVAS! BUDOUCNDSTE 2 e Inovace
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UNIVERZITY

V PLZNI

Modelové orientovany navrh embedded systému

Automatizované
testovani

IN THE LOOP testovani MIL,
SIL, PIL, HIL, FPGA in the Loop

Generovani reportd, testy
coverage, overflow/underflow,
déleni nulou apod.

Staticka analyza kodu Polyspace

FPGA — Mentor iraihics

RICe WWW.rice.zcu.cz © zCU FEL RICE 2015
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Modelové orientovany navrh embedded systémli

Automatické generovani kédu z prostredi Matlab

Embedded Embedded
MATLAB MATLAB

kod function

Produkty MathWorks pro automatické generovani kodu

Embedded C kod HDL koéd

RICE

' Kﬁr Q._\
WWW.rice.zcu.cz © zCU FEL RICE 2015 D
0020 A TSV OmENY pro Inovace
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Model Based Design approach for Automotive applications

MBD versus Conventional Development
Conventional Approach

Func validation

Prototyping through HW ' - . l . I k | | 3
gn _Code generation » (S ||  Compile/Link b T ;r&
Cy— —. - ' s

%9 Function Desi

Engine Test Bench

MBD Approach

System Analysis

W =
Plant Model

@ .k **!‘!‘ " E

SiL

Control Model

A Plant Iudel =
h.' 3

=

- ¢

Front-loading of V&V with simulation, more validations on PC and HiL

Different kind of errors detected at each stage — MiL to ViL

MIL — Model in Loop SIL — Software in Loop PIL — Processor in Loop
RP — Rapid prototyping HIL — Hardware in Loop VIL — Vehicle in Loop

9 RBEI/NE1 | 10/07/2014 | @ Robert Bosch Engineering and Business Solutions Limited 2014. All nghts reserved, also regarding any disposal,

exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights

Modelové orientovany navrh embedded systémli
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Firmy z automobilového, leteckého prumyslu,
vojenského prumyslu, lékarstvi apod:

ZF, Mb-tech, Skoda, Siemens, VW, Bosch, Airbus, Rockwell.....
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