A-SPICE and ISO 26262

,
\

2018. 02.

Jerome Joo



ystem engineering process group Vv.s ISO 26262

[System engineering process group-SYS]

SYS. 1 Requirements Elicitation BP6
SYS. 5 System Requirements s
Analysis
SYS. 3 System Architectural Design BP 6
SYS. 4 System Integratlon and BP9
Integration Test
SYS.5 System Qualification Test BP 7

:<:>

Traceability and consistency

* Engineering process group is divided with system

engineering process group and software engineering

process group (ENG = SYS, SWE)
* Traceability and bidirectional = Traceability and

consistency

= Verification Criteria(SYS.2) : Verification measure and
inputs for system qualification test (SYS.5)

Verification of outputs is emphasized on both A-SPICE and ISO 26262 by verification criteria, consistency and verification activities

Evaluate (SYS.3) : Alternative architecture

[Product development at the system level —Part4]

* |SO 26262 is based on 2™ edition

General topics for the
4.5 product development at RE (6)
system level
4-6 Technical safety concept RE6
SYS.3 System architectural design RE 8
System and item integration RE 4
Y .
5154 and verification (28)
SYS.5 Safety validation RE 4

Traceability and consistency especially in safety functions

System level development initiation(Part 4) > overall
product development(Part 2) and it is only informative,

not requirements

Only refer to cybersecurity concept, but it is other

approach required (i.e. TARA etc.)

Clarify the safety mechanism concept of latent faults

15t 2nd Both are addressing that safety and non-safety
requirements are handled and satisfied in one process

15t 2nd Both are requiring safety analysis should be
necessary but 2" is not addressing quantitative analysis

but only qualitative method.
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hat's a system?
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What is a system in automotive E/E industries?

- It is very important concept in product development process but many R&D dose not define the its concept well
- System is real existence or the upper concept of implementation

Target object : Embedded automotive system

System:

1. combination of interacting elements organized to achieve

ore or more stated purpose.

2. something of interest as a whole or as composted of parts.
3. interacting of elements to accomplish a defined objective.
(Terminology of A-SPICE - ISO/IEC/IEEE 24765, 29119)

4. Element is one of the parts that makes up a system. An
element may comprise hardware, software, mechanical or

manual operations. (A-SPICE PRM)

1
1| Stated purpose || *
| 'p 'p - System
il [ objective I
S — J
Function i
1..%
element
i 1...%
HW/SW/
Mech.

vehicle level

System or array of systems : to implement a function at the

System : set of elements that relates at least a sensor, a

controller and an actuator with one another and the related

sensor or actuator can be included in the system, or can be
external to the system. (I1SO 26262)

-4

ol I
ltem L. :~ Function I
|
i  E ey gl |
HW/SW/Mechanical |
in addition sensors or R R
B System
actuators
- -
\/ i 3%
Function Component Element
.
HW-part/

— — — P :Realized by another instance

——p» : Consists of one or more instances

SW-unit

<O——Pp 1 Aggregation - Consists of one or more instances
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ow to specify the system requirements

L o — ke | o o .
AMAHE M| 7|5E &St A2 022 T > System modeling A|= (Based on UML)
- Xk ST A"l At 3 A|A-O| FAS| oot @M 5| E|0{0F o
- Aol SA-FA-AZof ek A|A" 7| S0| HolkA, A 7H7F & 0foF ;
| System architecture
g @ 724
Vehicle behavior > i ope > S)‘lstem 7
(elements or parts) requirements
| System architecture
/ @ S
System model /
Set of features
Vehicl ) - “what” but shall not fix the “how”
enicle Vehicle level - Requirements or use cases
level === VehickeFeatureMode] — ; - Pre-architecture of vehicle level
| ! g Functional description of the E/E system
. I o _ . . .
Analysis | Pl e 2 e Describe function from requirements
Level : 1| = = o and use cases
FunctionalAnalysisArchitecture | 2/ s < - System boundary of E/E system
Ve g | & S E
. { . \ o Functional description of ASW/HW
Design level o
Design l & I = O Function allocation to HW
Level I FunctionalDesignArchitecture (FDA) U S Function allocation to SW
I
I HardwareDesignArchitecture(HAD) I
\ I Software based implementation
Imple. el _V - SW component is application
Level - AUTOSAR is planform
AUTOSAR System — VFB....
From : EAST-ADL (Architecture Design Language) - http://www.east-adl.info/ v
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—

he method of system requirements’ specification.

SysML, UML (MDD) are useful in system modeling which describes functional concept or requirements.
But it is not appropriate to implementation level = Engineering Model(MBD)

Qxreo EX

— O L O O

MBDZtL EEE

a . .
System requirements analysis

Q/stem requirements Specification

System . ADL [ UML
Analysis
Level System design
System physical architecture
System logical architecture
..
[
[ ]
[
. (( S/W requirements analysis
[
[
. Software Requirements specification
SIW . .
H/W SIW Architecture design

Implementa
tion Level

(

Software static architecture
Software dynamic architecture

Ayxajdwod siwyaioly

Engineering
Model

MDD : Model Driven Development
MBD : Model Based Development

(( S/W detailed design

Software detailed design

n
»

Engineering

Model

UML and
Simulink
Hybrid

Manual
code

Architectural complexity

\ 4

% Usage
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~ [UML Usage]

D requirements an
(@ Interface contro
(3 executable func
@ functional code
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alysis
structure

ional spec.
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: MathWorks
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: ZML description of lane change

System requirements include functional and non functional requirements in lane change function

<<FunctionalReuirement=>
Active Line Change Assistant
=t
<<rrelackasse> qualitaive = The active line change assistant supports the driver
ML Sy Ol changing theline.
Y ervironment = Onimrultilane roads at a spedific speedrange.
| AN A A
i . ' . <<deriveReqt>>
i L
<<Sterectype=> <> | i ! : <<deriveReqt>> |
L -------- [ 1 1
+i Sing i “<deriveRegr> | ' i
+tet: Sirg " P ' i
== alityRequirement > - <<FunctionalRequirenent > '
* SysML Stereotype Requirements - — Hualahility line change v — Line Warming Assistant '
metaclass _ ) Guntitaive= Aualabiity (%] in stations I cualitative= Dirver assistance system i
- wihen the driver expects aline change. - Line \Warning Assistant =active. i
i ] i !
i 1
<Slawtpe> ! P |
1 L] 1 I
+idt Stiing . <<PerformanceRenuirement > HE <<PerformanceRequinement ==
+tesd- String ! Indicater light . Spesdrange
' =3 [ =8
' quentitative= Theindicator light is -===t quantitative= Speedrange [k
<<Semal = ! langer then a certain time [sec] active. ! .
Eh#v'l_‘E:dﬂ'l:h:Ij;?;Imrm 1 ' <<derveReqt>>
+zource: Sting . . !
+ernironment: Sting :qua:;g:: dﬂlﬂlaﬂmumw
1 Syslem boundaries
I ‘?' ‘P I ' id=4
qualitative= System boundaries
<=Bhenactypes> <<Seredtypes> E must be nﬁ =true
MrFundionalRequirerrent SyML-FundiioralFequirement i
+queditative: String +quditative: Siring ' <=gortanment==
+guertitativer String ! |
EI"\‘ : <<MorFunctional Requiremment > <<hbonFunctionalRequirenent > <<honFunctionalRequirenent >
| : . Space line change . Meightioring line . Camerasystem
<<Slerelypes> =<Reredtypes> <<Sterotypes> T s s | e |
. . » - . - 4 - -+ qualitative= Adequate space [m] quaitative= Neighbauring lingls = = = - = = 2>  qualitative=Camerasystem
SyshL-PerformenceRequirement | | SysML- PhysicalRequirerment ChsclyfFlacy inemvent feraline change, detected e detects road marking.
medranical elecincieect ronic
RECUirement M.I Eent

From : K.Gruber, J. Huemer (BMW Group) Integrated Description of Functional and Nonfunctional Requirements for Automotive Systems Design Using SysML
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ngineering steps requiring the some level architecture
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=

Requirements which have no concept of architecture are the fiction

Design level-Sys

\ 4

A\ 4

Analysis level-Sys

Vehicle level -Sys

0= o*EOf|M OF 7 |[ENA 7 BIE|O{OF OtH, 8 FAFO] M= 2 F TIY} &|Ofof DILY,

LvgaAjddns A ZT+

Steering h |
Wheel ;--1 ..... 1.-- |
L Steering sensor g3
Torque m z Sensor I E H
Engine RPM, EEEI.§ = co'I’P"' T L L 3 Interface E'E 4
Vehicle Speed I £ L,rﬂ:r:n - orgye_ An.gle b o3 5;
% Staaring SdRac EPS \ ; iz of--
- Gear Assembl > < s " ! i
ear Assembly I ECU I : _ ; - _-'I'_I
Universal joint I _ § i - Q §+ - _1l + i 2
, Duty Cycle I 3| | 22z & PE
Intermediate v — | S E gy M2 8 g 1e
Shaft | . <[TIEz7 25° «Heze|is
Universal joint I H'Brldge Vi )tdr Current % o g,‘ ! = ? 2 %u— Q: E—
Lower Driver IC a M BEEEE ¥ ¥ [ S as
> PWM I g 1F82g T+ :
. = ! H 1
Rack & Pinion g I H-Brldge | | I ::: i " A i i
| | Circuit EPS 3 3N :
CAN BAT I.|C.I ~ l 2 - g"‘ L E
T — - et ¥ — = : t e izl |
i 8 g 'E w o g & b i .:_; i 1
" gcotmn | Y Motor g il i
- : & G S M — | | 4
i V) I -------
Reduction Gear ! E I | I
e Angle | (warm & Wo e wehaa) | ﬁ Gear a »z z ::
! . > F) 229
i = Assist = £8 E
; ! ] 34 S e
: U/doint f v Torque 3 :‘;: H H é
o | B : £s
Pien E Vehicle Dynamics s E 32 :
H s STelEemeess 2
\ ° Vehicle -
S EE——
:jj Rack D: Dynamics

Refer from : Development of Electrical Power Assisted Steering (EPAS) Considering Safety and Reliability Aspects as per ISO 26262
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ystem engineering process group

System’s requirements analysis

Stakeholder(Customer)’s requirements

compliance matrix

* Structure or hierarchy : System, SW, HW,

Specify

System requirements specification

Mechanical, Testing , constraint(legal,
design etc.), etc.

* From whom, when, R&R

* Defined or not defined

Customer‘s requirements
(ex. documents, mail, meeting
etc.)

= Not hierarchy structure
(System, SW, HW, mixed
etc.)

= Function or non-
functional

= Requirements
contradiction with legal
requirements

» Requirements are not
clearin some cases

* Requirements are

Stakeholders’
requirements

v

Platform requirements detailed and changed as
(ex AUTOSAR, legacy system timeline
etc.) * Requirements include

design constraints in
many case(design,
Internal (ex Manufacturing, algorithm etc.)
purchasing, marketing etc.) or

external(supplier) requirements

J

Structure

Analysis sys
requirements.

Analyze the
impact

Verification

criteria

Traceability and
consistency

* Project: Control the priority
according to system functions,
logical order of project, release
priority etc.

* Product : Function, Non-function,
Mechanical, if need, safety
requirements and constraints etc.

* Product aspect analysis
* Detailed level : defined on the
context (but consistency)

* Especially external I/F
- communication, electrical, physical,
* Operational environmental
SUH(YRE 5 UT) > AYE
- MXt7|(ESD, EMC, EMI 5)
712E e
* Verification measure : AfGA 2|5
* Input of System test : HIAEHO|A

* Stakeholder’s requirements}
system requirements?t2| 2= HZA
o] ot =2|Hol ey We

- ReviewE 59 7t



e_gdirements’ attributes

System requirements shall have same attributes which is required in the requirements engineering

System requirements :

Safety System requirements :
- DROIX| & , .
%;‘anulardanld l.Jfl.wdderstandable o|si 7}{-,% - Unambiguous and comprehensible
- Clear and clarifie

- Atomic and internally consistent
- Verification criteria

Unambiguo - Feasible and verifiable

us

Usable o -J
during Solst
lifecycle QU 3
I 2 E o] Xiggof uf2}
2ARYS| HF L AN
° EARS
Good (Easy Approach
: . Requirements
Modifiable Reqmrement Verifiable Syntax)
A5 7t
A5 7= But there is no
silver bullet.
Bt Feasible -1
%EU} Complaia solution A 753t

From IREB




System level9|M LAY E 7|=017| Yot
- EARS can be converted to UML
- 7 requirements types

Req. Type
e
UB (Ubiquitous)

=0 oIH|- 7|'—

EV (Event-Driven)
OMIE 7|5

UW (Unwanted

Behavior)
O|=5HX| 42 &

Description

A AEIO] AAXZHOA OHEI} 2R 5| A
L} Q52 B2 (When)of Bt BHS

- - O
(Functionality)
=X}

SEfLE (If precondition:

— (o S (
L2 de, 2/ F &l o|E 1F S0 2leh
O] AX| &A= B0 EBFS(Functionality)

Example

<entity>+= <functionality> o OF StC}
y y

<entity>+& <entity>2| <functionality>& (fI0H)EHdH <functionality> ol OF
shr}

<precondition>% Uf (‘& 45HH) <entity>= <functionality>HOF StC}.
<entity>7} <functionality>3S U (S}H) <entity>= <functionality>3HOf
et

Ttk <preconditions> 0| H(SH'H), <entity>+ <functionality> S OF StC}.

Ttk <preconditions> O] (SHH), <functionality>2| <functionality>&
<functionality>2} <functionality>0f| L3l <functionality> 8l OF StC}.

ST (State Driven) E7 ME|E QX|5}7| 8l LE= EX AME| | <in a specific state> &, <entity>+& <functionality> 8 OF StC}.
2FEH S0l =23loF g Y (Functionality) <in a specific state> S9F, <functionality>+ <functionality> 8§ OF $tLC}.
o . . ° = . i . . 6 o E}E .
OP (Optional =g 7|s 90| XtMO=2 mtE|ofof o <feature is included> AL0|& <entity>+£ <functionality> i OF $tC}
Efgtuyrr;) 7|5 (Functionality)ol CHaH 7|& <preconditions>ZA 20= <functionality>+= <functionality>0fl CH&}H
e <funct|onaI|ty> ofiof StC},
( <in a specific state> &2, <precondition>% If (E’d5tH) <entity>=
| . [ qunctlonallty>°H°F etCt.
o
HY (Hybrid) Complex Fiequwenlw_ents*Syntax .1_ e I<precond|‘clons> mf (LristH), TH2F <precondition> O] H (5}H),
l 3t 9] = o= e = U= UX 7|5
23 7|15 (Functionality)ofl i} 7] lfunct|onallty>._ <functionality>8fi OF $tLC}.
: Lin a specific state> S9F, 2H2F <precondition> 0|, <functionality>+=
| kfunctionality>dH{ OF SFC}.
N\ =
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A;B-:S;\-%Method (Continued)

> Hybrid Type : EARSOIA 2Tt 27l O] 2] Type©| 2&E FEICIH Zt Type® AT FA2 2UYA HF 1Y

E7%8 ‘S EHfl| M OHIE Ay O[HIE W A|, Q| =L X| 42 F= E% SE{olA 2| =0t X| k2 FEf
(ST & EV) (EV & UW) (ST & UW)
D State Event Entity Functionality D Event PreCond Entity Functionality D State PreCond Entity Functionality
<While> | <When> | <Who> <What> <When> <If> <Who> <What> <While> <If> <Who> <What>
HiEH 2 HiE 2 o | =R of =xl2 gt
REQ | A2 A o xEE oo | @ xnEs e || req | M AR D o | wey w2 ||| req e ze | T EEE mo aa) JLTEE
= S o o &S o o= o
(2
o 3
& QP oo
A %/\é;s Start > ‘e;t?a
o [ComEnesion )->estpathy Attermative (7RSO st [Cognesor ) >Test Pt
----- >Test Path2 Flow (OP) AFI;cernaI;cC/e ----- >Test Path2
(0] .
( Engine Stop Engine Idle ) ..... )Test Path3 W( ) ( Engine Stop ) ..... )Test Path3
----- D>Test Pathg /Ii\l](t)s\ir(]f_]t\/eV) ----- >Test Pathg
----- s | Q) A i) >est pats
End End
il y=+ H [e] .
STEH Test Scenario®ll EV £ STET Test Scenario®l Uw Z
Seq. # PEEXNEEEE #
7 2 3 4 5 = " . N 2 3 4 5
ID TC| <EV> | <UW> Batt o4 gaAs| H®E ID
atter
TP1 | VTCOT | VTCO2 | VTCO3 | VTCO4 ID | Battery | Motor Chargz Zot | 2o | Zn TP1 | VTCO1 | VTCO2 | VTCO3 | VTCO4
TP2 VTCO5 | VTCO6 | VTCO7 | VTCO8 | VTCQ9 SOC | Fault TP2 VTCOS | VTCO6 | VTCO7 | VTCO8 | VTCQ9
TP3 IVTCO1 | IVTCO2 | IVTCO3 | Alternative T/C 1 Low Off Failure NG TP3 IVTCO1 | IVTCO2 | IVTCO3 | Unwanted T/C
TP4 GO1 G02 GO03 G04 2 OK TP4 GO1 G02 GO03 G04 |
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xt, system architecture

Steering angle Steering angle,
sensor

Steering torque
sensor ——=Steering torque

Vehicle speed via CAN

Vehicle speed

Engine RPM via CAN

Engine control unit

System Context

< <derived from>>

\

uc [package] SysML book [actorfuse casey

System architecture will be the agenda of the next seminar

R-MDPS Control system

<<d

[System Architecture level]

i

compose int

o ———

<

Use case and Scenario

[System Requirements level]

i

[Static View

— il - ol et —Segul . Salety bt ———Power vl

N S — -.“m -m

System Structure (ibd)
with block function definition

<satisfy>>

L



Q&A
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innospijoo@espid.com
innospijoo@gmail.com
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